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Ice fog suppression experiments on the Fort Wainwright Power Plant cooling pond were conducted during the
winters of 1974.76. Baseline information studies occupied a sizable portion of the available ice fog weathe r in
1974-75. Then hexadecanol was added to the pond and dramatically Improved visibility by reducing fog rnerated
from water vapor released by the pond at —14°C. Although this temperature was not low enough to create ice fog,
the cold vapor fog created was equally as devastating to visibility in the vicinity of the pond. During the winter of
I 975-76, suppression tests were continued using films of hexadecanol, mixes of hexadecanol and octadecanol, and
ethylene glycol monobutyl ether (EGME). Suppression effectiveness at colder temperatures was studied and limits
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to the techniques were probed. A reinforcing grid was constructed that prevented breakup of the film by wind and
water currents. Lifetime tests indicated that EGME degrades much more slowly than either hexadecanol or the
hexadecanol-octadecanol mix. The films were found to be very effective fog reducers at warmer temperatures but
still allowed 20% to 40% of normal evaporation to occur. The vapor thus produced was sufficient to create some
ice fog1~t lower temperatures, but this ice fog,occurred less frequently and was more quickly dispersed than the
thick fog that was present before application of the films.,....
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ICE FOG SUPPRESSION USING
REINFORCED THIN CHEMICAL FILMS

Terry T. McFadden and Charles M. Collins

INTRODUCTION Many studies on the nature of us’  fog have
been conducted and much valuable information

ke fog has plagued man since the beginning concerning its sources (Robinson 1953 and Ben-
of community deve lopment in Alaska It is a son 1965). its composition (Ohtake 1969) and Its )
direct result of man ’s a tivit ies in t he c old of the distribution (Benson 1970) has been obtained
A laskan winter Studies of ice fog nuclei (Kumai 1964 and 1966)

Ice fog resu lts from ex ess water vapor in the have given additional insight into the origin and
air w hu h ondenss’s and free,es , forming dense behavior of ice fog.
c louds c f  u e partic les SO small (8-35 ~sni) t hat The extremely cold air whu h is ‘ onduc ive to
t hey remain suspended in the atmosphere for the formation of ice fog is usually a result of
long periods of t irns ’ Visibility restriction is an temperature inversions which trap very stable air
obvious danger that results from the fog, and layers ‘n valleys , suc h as the one where Fair-
re( s’nt ly the possibility of health ha,ards has banks is located The hills surrounding Fairbanks
a lso c orns’ to light Many of the nuclei of the ice are often 10°C to 20°C warmer than the valley
partu Is’s h,ivs’ been found to he produc ts of floor. Ice fog, once formed , aci ’ umulates pro-
com bustion (Ohtake 1969), and it is teared that gressively as long as the temperature inversion
respir~itory problems ( ould result from inhaling keeps the air trapped over the city , The thickness
suc h partic les In addition, the c oncentration of of the invers ion layer increases with time, as

pollution produc ts produ( ed by adsorption on dos s the density of the fog
th” i e partic le surf aces has been the subject of With the beginning of construction on the
some s onc ern (Benson 1970) A lyeska pipeline project , a great inf lux of new
I hrough the years . the sources of water vapor cars into the Fairbanks area created some of the

have inc reased. Heating of homes was the f irst worst ice fog in memory during the winter of
souru’. introducing water vapor from ( ombus- 1974-75. This was mitigated somewhat by the
tion products into air too ( old to acc ommodate relatively mild winter of 1975-76 However , the
t he moisture With the introduction of power increased population density in the Fairbanks
plants the problem became more severe , pro- area will remain, and every effort must be made
du ts of com bustion as well as cooling water to reduce sources of ice fog and its harmful ef-
dis harges were cc,rnbinc’d at a single lo anon to fect s on health, highway safety, and aircraft
produ( e a concentrated source of ice fog. The operations. This report describes an investiga-
increasing numbers of automobiles in Alaska tion of techniques for ice fog suppression at one
t ompounded the problem still further Today, of the major sources of ice fog in the Fairbanks
t he fog becomes a severe visibility pollutant in area, the Fort Wainwright power plant cooling
many areas at temperatures as high as IOOC pond.
(-  22°F) 
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ICE FOG FROM COOLING PONDS composed of a large number of eddies and small
convection ( s’I ls whos e dirs ’ tioui v ,t ris’s on

Evaporat ion stantly and randomly, making measun’ment of
T he primary purpose of a cooling pond is to either windspeed or direction very difficult.

dissipate waste heat from the power plant , and
evaporation is one of the primary mechanisms Relative humidity and cold air
by which heat is transferred to the atmosphere Relative humidity is a measure of the air ’s
It accounts for a major portion (on the order of ability to hold moisture , 100% re lative humidity
25 %) of the total heat dissipated from the open is the maximum amount of moisture th,it the air
water sur face during t he winter months I limina- can hold ,It any temperature. ~ igun’ 1 is a low
non of ice fog from power plant cooling ponds temperature psychron ietru. hart — a graphi( ,il
ould be accomp lished by elimination of display of the relationship between air

evaporation from thesi’ ponds Iheref ore, temper ,iture and the amount of wat e r that (an
evaporation suppression and u e fog suppression be held by the air at various relat ive humidities
become synonymous. It shows that air with 100 % humidity at  25°( .

When heat loss is inhibited through evapora- ( — 1  5° F) can hold 0.5 mg of wat e r v ,ipor j )(’ r
non suppression , it must he made up by other gram of dry air. If th is air then cools to - .35° ( , it
means to avoid operating problems at the power can only hold 0.2 nig of w ats~r vapor j )s’r gra m ot
plant. This can be accomplished by a number of dry air . E herefore , warm moisture- laden air (,if
met hods; therefore , a knowledge of the 100% relative humidity) leaving the J)on(l ,ind
magnitude of this heat loss is essential to the cooling must loss ’ some of its moisture I hi’. is
design engineer so that he may incorporate ade- done by condensation ,inci the for mation of ( 5 ’
quate a lternate heat transfer modes into the fog parti h’s or vapor fog droplets
system Severa l investi gators have m easured s’vapor.i.

Since evaporation is a function of many in- tion during ( 01(1 weath er Yen and I andvaite r
teracting variab les , mat hematical predictions (1970) ( ondu ted laboratory esperinients of
are diff icult  This is partic ularl y true in t he evaporation from water into very 5 01(1 air
mu.roc limate around the pond, sinc :s ’ t he size of Ohta ks ’ ( I  ‘)6’)) reported on s’xpvrinn’nts wi th
t he pond creates conditions that d iffer from small nm fi lm s ,ins during i t s ’  fog  t
t hose of laboratory experiments which have in I airbanks Behlke and M( Doug,il (197 5)
been used to predi t evaporation rat s ’s described evaporation from a pan on the top of

Wind is also an important parameter in the the Unive rs ity of Alaska I ngineering l5ui lding
processes of the climate around the pond. F yen during th winter of 597 t , and Ms . l acldi’n t1~)7fi)
t houg h traditional meteorological measure- reported on evaporation from two stancl ,ircl ( of-
ments may indu ,its ’ an absence of wind, t he orado pans floating in the I. ie lson Air I on i’
pond a tuall y produces its own air movement , power pla nt cooling pond d uring the win ter of
caused by the buoyancy of air whR.h is warmed 197 5

by contact with the pond surface . To rep lace this In 1802 John Dalton proposed a formula for
buoyant rising air , co lder air is drawn in around evaporation whic h has become known as
the edges of the pond, prodw ‘ ii air Dalton ’s law. This formula states that evapora-
from the sides across the - t owards tion is equal to some function of winc lsps’s’d
t he center. The air flow thi n rises to produce a multiplied by the difference in vapor pressure
plume and finally drifts away from the pond between the water surface and the air into whu h
vicinity to gradually cool and sett le until it ri’- the water has evaporated. It is stated as
joins the layers of air near the ground While the
air is warming, its abi lity to hold moisture in- L = t(uXe _ — e .,)
creases , and evaporation into this relatively dry
air is rapid As the air leaves the pond surface , it w here I evaporation in the unit time and
begins to cool and its ability to hold moisture area
decreases , its vapor condenses, and formation of e~, = water vapor pressure in air 2 m
ice fog partic les begins The process is difficult above the surface
to measure or estimate since t he air movement is e~ = saturation vapor pressure at tern-
below the threshold of most standard meteoro- perature of water surface
logical wind measurement instruments and is f(u) = a function of the windspeed.2



Dry Bulb Temperoiuce (°C) x

Figure 1. Low temperature psychromet r ic chart.

T he form of the wind function is usually express- In correlating data taken at the Fielson AFB
ed as 1(u) (A + Bu) where A and B are em- power plant cooling pond, t he wind term was
pirica lly derived constants and u the average found to be present although small (Mcfadden
windspeed 2 m above the surface. Many varia - 1976). This equation states that
tions of t his formula have been proposed.
However , only Behlke and McDougal (1973), Q. = (13.1 +0.132uX e ,~—e .) (W/m 2)
Rims haw and Donchenko (1958), and Mcfadden
(1976) have proposed form ulas based on data where Q. = evaporative heat loss
ta ken during winter conditions in the Arct ic. u = windspeed
However , Rims haw and Donchenko describe e.. = saturation water vapor pressure
data taken throughout Russia at many locations and water surface temperature
so sout herly that they cannot be considered arc- e, = saturation water vapor pressure
tu , and it I’, unclear whether the data from these at the air temperature 2 m above
sits ’ s were incorporate d into their equation. Dur- the surface.
ing a regression ana lysis to derive an equation of
t he Dalton form from their data , Behlke and A problem arises in the use of this formula. Since
Mc Dougal (1973) found that the wind tern~ drop- wind data available to the designer are normally
ped to zero. As mentioned earlier , w i n d, as from weather bureau records , these data do not
measured by meteoro logica l instruments , is reflect the convective instability over the pond.
usua lly not detectable during periods of ice fog A modification of this formula was made which
but convective air flow is nonetheless present replaces the wind term with a temperature term
over coo ling ponds. The evaporation pan used in that reflects the driving force for convective in-
Behlke and McDougal s experiments was placed stability. It was derived from data taken with
on top of a building, away from the Colorado evaporation pans on the power plant
microc limate of a cooling pond, and thus would cooling pond at Lielson AFU. This formula states
not be affected by the induced air movement that
caused by the convective heating in the vicinity
of a pond. This is a somewhat different situation Q. = (4.84+0.21(T~— T .)Xe,, — e .) (W1m2)
t han is encountered on a cooling pond itself. A
pond creates its own microclimate with very low where T.~ and 1’~ are the water and air
but observable air movements , even though temperatures , respective ly, For lack of a better
windspeed at the local meteorological station or name, this equation has been entitled the
weat her bureau is recorded as zero. Alaskan Winter Evaporation Equation.

~
j  ‘ii ii



ICE FOG SUPPRESSION A lthough some limited success was achieved in
t he immediate vicinity of the runway using this

Elimination of ice fog has been approached techni que , comp lete results have not yet been
a long several avenues of research. Roberts and published. One of the problems encountered
Murray (1968) demonstrated that electric fields was that the exhaust from the large turbine
cou ld attract at least some types of ice fog par- engines of t he helicopters used was incor-
tic s. Te drow (1969) designed and tested an ex- porated into the downwash , and as this air cool-
haust  gas dehydrator for a 2%-ton truck that v ir- ed, it became an additional source of ice fog in
tua lly eliminated water vapor emissions , and in the general area.
1972 McKay * designed and installed a furnace
dehydrator that also greatly reduced emission of Plastic flims
water vapor. Coutts and Turner (in press) Plastic covers have been suggested for
developed and tested several automobile ex- eliminating evaporation from ponds. Poly-
haust dehydrators; some showed very good ethylene sheeting was proposed by Behlke and
resu lts during the winters of 1974-75 and McDougal (1973). In their experiments using a
1975- 76. sma ll evaporation pan, t hey found that eva-

Suppression of the formation of ice fog from poration, and thus ice fog, :ould be totall y
power plant cooling ponds was first attempted elapinated by use of the plastic film to cover the
using an ke cover (Mcfa dden 1976). The cold pans. But extrapolating this concept to a body of
surface of the ice evaporated several times (as water as large as the cooling pond (over 40,0(X)
muc h as 10 times) more slowly than exposed m2) incorporates some problems of large magni-
areas of the warmer water that it covered. This tude.
tec hnique proved very effective on the Eielson A 6-mil (0.015-cm) polyethylene film large
Air force Base power plant cooling pond, and enough to cover the cooling pond area weighs in
ice fog produced by the pond was reduced to a the neighborhood of 7700 kg (17,000 Ib). The
negligible level. However , the comp lexities of handling of such a film is a major construction
forming and maintaining the ice sheet over the task requirin~- large equipment and a carefully
warm (10°C to 15°C) water made the technique desi gned supporting structure. In order to
difficult to implement (McFadden 1976). dissipate heat from the pond, a film must float in

contact wit h water that is moving through the
A ir movement coo ling pond at approximately 0.113 m/min. This

Serious consideration has been given to the produces ,in average drag on the film of slightly
concept of blowing ice fog away from selected under 900 N (200 lbf), w hich is sufficient to tear
areas suc h as airports For example , a suggestion the film away from its moorings if they are not
was made to install large fans along the edge of care fully designed. A thicker lO-mil film would
the runway and thus draw air from an area free weigh on the order of 12,700 kg (28,0(X) Ib) and
of ice fog, blowing the fog away from the run- compound the handling problem still further .
ways to keep them (:lear for aircraft operation. Polyethy lene film is very susceptible to
However, it was shown that energy requirements degradation from the ultraviolet. Clear film
for this would be excessive and ‘ - “r ice would be good for approximately one year and
fog would form around t i • , t  where would have to be replaced annually. Black film ,
theenergy was generated i ,’ict adden 1976). which is slightly more stable , could possibly last

Anot her variation of this proposal was the use three years before placement , assuming t he film
of helicopters to hover at the top of the inver- cou ld be installed so that it would not be damag-
sion layer. The downwash from helicopters ed by its moorings.
wou ld draw warm ice-fog-free air into the rotors If the film were to tear away from its moor-
and propel it downward to clear the runway. ings, the results could be catastrophic Should it
Since helicopter Operations are very expensive , enter the intake line to the power plant, it would
the costs for this technique are very high. stop cooling water flow to the plant and result in

the shutdown of the plant within a matter of
___________________ minutes. If this happened during an ice fog

R M .Ka~. Professor of Mt’ .han,cat Fngunes’rung. Univ.’rsitv period, the entire Fairbanks power grid would be
of Maska . ix’rsonat commune ailon 1%$ deprived of one of its prime prodw ers at a time

4 
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w hen power demand was very high The ability water falling on the surface will drain to the
of t he other producers to make up for this loss is center and run through the hole into the pond
sub jec t to some question, and at be’- ’ ‘iould re- The costs of this type of installation are con-
quire onsi derabk- time I he clearing of the film siderabl y higher than for the single film. For
from t he intake could require a good deal of ef- coverage of the 46,469 m2 of pond by 5 95 m’
fort since t he intake portion of the pond would rafts , 7,812 units are required. Construction
be covered with ice and the intake submerged. costs should run as follows.
Even the remote possibility of this occurrence is
sufficient grounds for a veto of t his technique by Styrofoam 2 X 4 in. X 9 75 m at
those responsible for operating the power plant. $0.43/rn $ 4.00

Initia l cap i ta l  investment for the insta l lation Plywood structural frame 10 2 cm
of a f i lm to (over the pond is shown below. The wide X 0.95 cm thick 7.27
labor for installation and sealing together of the Bolts — 24 X $0 15 each 3.60
individual 6-rn (20-ft ) wide sections raises the Polyet hylene film — 6 4 m2 at
cost considerab ly $0.21/rn2 1.38

I he following cost es t imate for ovs ’ ring the Glue and nails 0.25
ooling pond wi th  polyethylen e f ilm is based on Tota l for materials $16 75

1977 Fair banks pru s’s fo r  material s and labor
Labor (mass production — ‘/2

(:apital ost for polyethy lene fi lm $10, 300 hr/unit — at $25/br) $1 2.50
Supporting stru ( fume 2 82 Sf )  Tota l $29.25
Labor for insta llation of support

stru to re , 560-man - hours 9,000 - -La bor for mass production of these units shouldLabor for insta lling the film . 200 . .require approximate ly ½ hr. T he total cost forman- hours 9,000 - -7,812 units to cover t he pond is $228 ,515 . and an-
to t a l  $52 , 59() nual replacement cost for the polyethy lene is

$4,182. Insta llation on the pond should require
In addition , I hers’ wou ld he an annual o~n’rating approximate ly 70 man—hours at $25/man-hour or
(.(.)st t in ri’p Ia enu’nt u t  f i lm of i’5,1(X) assuming $1,750. This gives an annual cost over a 10-year
a t hrs ’s ’ -ys ’ ,ir if s ’ t i ms ’ for the hla k polyef hy lene, period at 8% interest of $39 ,980 .
Ove r ~ Pt ys ’~~r period .it 8% interest , t his would As discussed earlier , t he primary function of
give ,in annual tot,il 1 ost for ice  fog suppression the cooling pond is the transfer and dissipation
of $ 12 , ’) 5 l ~2 ’y r of waste heat. The raft proposed above creates a

On:e t he ti lm is installed ( ovs’ring the entire dead-air space between the film and water sur-
pon d. ( 5 ’  fog suppression wou ld be om I) lc’tt ’ face which acts as an effective thermal in-
However , t he f i rs t  snowfal l  — and Fa irb,inks sulator , inhibiting both radiative and convective
averages about 129 c m (50 in ) of snow per year heat transfer from the pond. This interferes
( lohnson and Ha rtman 1969) — would cover ,he severely with the cooling function of the pond,
fi lm and soon melt , rs’su lIin~ in water on top of and the power plant would require additional
t he film which would then produce us ’  fog and means for dissipating its waste heat.
negate the tun tion of the film

Injection wells
Rafts If the water necessary for operation of the

A variation of t he film suppression technique power plant could bc’ drawn from the ground-
w hich has been proposed to avoid the problem water aquifer , used to coo l the condensers , and
of water on top of the film is to construct small then reinlected into the aquifer , the us ’ fog prob-
ra fts (Fig. 2) that have the polyethy lene stretch- lem associated with cooling ponds would be
ed across the top. The film then has a hole cut in completely eliminated. T i e  problems associated
the c:enter and is weighted down so that any with this technique are , however , genera lly

unknown and require some experimentation.
_____________________ In t he early 1970’ s, t he city of Fairbanks tried
‘1 McDougalt and 0 Carlson, ps’rsonal c ommunicaiion, a water inpection we ll for disposal of heated
1974 water at the municipal power plant The well

5 
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F igure 2. Cross-section of pol yet hy lene covered raf t .

was dug into t he gravel on the hank of the Chena One factor that rai se s some prohlems beyond
River , and water was injected into this well the capabil it ies of present technolog5’ is t he low
rat her than being discharged into the river Prob- groundwater level in the aquifer during tin’
lems developed almost immediatel y due to plug- winter months. Should the wells run dry or too
ging of the injection well , and t he volume of low for adequate water supply, the power plant
water t hat could be forced into the well declined could he put into a cooling cr is is Flows ’vv r , an
consi derably. The well was later abandoned as i’mergen y solution to this is to reopen the s oul-
unusab le * ing pond. This wou ld cause i s’ fog, of ourse ,

Anot her problem that must be resolved is the hut would save the power plant f rom a shut -
legalIty of injecting water into the groundwater down
aqui fer Alaska ’s statutes spec f i r  a lly prohibit The cost of drilling a 45-cm- (18-in.-) diam and
any contamination of the groundwater aquifers , 30-rn- (100-ft-) deep hole with a perforated casing
and the aquifer in the vicinity of the Ft. Wain- and the cost of well development come t D

wrig ht power plant is used as the primary water $20, 560. Assuming t hree such wells would be
supp ly by many homes in the area. A legal opin- necessary for adequate backup for injer tion and
ion, w hich could be relatively complu~ated , two suc h wells would be necessary to provide
would have to be obtained on this subject adequate water for c ooling, t he total ost for the

T he above problems , however , do not appear well drilling would he $101,800
to be insurmountable , wit h the possible except- Annual operating ost s of the injection wells
ion of t he legal prob lem. Groundwater inj ec tion are diff icult to assess sin s’ they depend on well
we lls have been operating for many years . and if plugging, water qua lity, and pumping costs If an
proper ly constructe d and operated , the plugging additional 50-hp pump is adequate to supple-
problem should be controllable by present ment present circulating pumps and a pump and
tec hnology. The condenser plugging problem well lifetime of 10 years is used, t he initia l
may require additional manpower for condenser capital cost would be approximately $10,00()
c leaning; however , ot her than the additional Pumping c o s t s  a t  $ . 04 1/ kW h  equa l
cost , no tec hnical problems should be involved. $1 ~,391/year. Increase d labor required for more

‘P,’rsonaf 5 ommunic anon wiih j ,sms’s Moysus , Liis f i iy ‘ th is u t , , iru 1,11,’ ~ ih,’ raU’ c harg.’d b~u t hs’ gOVs’rflflht’fli to is
Manag.’,. .ind ot twr I aurbanks Mune ipat (Ju liu s’s Systs ’m .sgs’n is’s in I ,usrban ks (p~rsona f com m une ,iie,n with Kim
eflgjineers, 1977 Sw,inson , ( f uui ’ i , Uii Istsi ’~ I)uvision , I a~ u f s ’’i’s I nginu’i’rs , I t

W a unw rsg ht l’177)
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f requent ( ls ’aning of ( onde’nss-’ r tubes will basic unit could cool the water for ths’ Ft Warn-
amciunt to 2 ni,in-days per week or 8 ~2 man wrig ht power plant to a temperature of 9°C and
hours/year at $1 Sihour , equa ling $12 ,480 T he remove 615 kW (26,100 ,00() Btu /h)from the on ir-
ys’ ,ir ly ( ost for ths’ in~e .t i on well system ,it 8% culated cooling fluid The cO st of this syste m is
for if) years tota ls $42 ,’; 52 as fo llows.

tJs’spi te t hs’ high ( o-,t , t his is a tec hnique that
di’t inite ly warr , ints further invs’stigation I he I)ry type cooling tower $ 76,190
prob lems , both tin hnu al and soc ial , do not at)- Shipping for 45 ,775 k g (96, 5(X )
ps’ ,ir tc , hi’ insurmounta ble , and t he predominant Ib) 9,6(M)
,iclv,int.igs’ o f  absolute suppression o f  i l l  us ’  fog Site preparation inc luding on-
emanating from t he cooling waters of the p~~ver rete pad and ground work - 

~Ø, 500
plant is very at t r a tive I hi’ c ost o f  evaluating Piping to route the ( oolit ig
hi’ f s ’ ,isihil ity of the inje ’ t ior i wi’l I ts ’ hnique is , water from the onds ’nss ’ rs to

however , we’ ll ,ihove the’ funding level of this the cooling tower and return
stu dy inc luding valve ’s 22 ,000

Pumps capa ble of circulating
Coo ling towers the water at 158 kPa (20 psi)

I.) issipat ion of t he waste heat from the con- pressure 11,0(X)
denss’rs oulcl hi’ , t t  c omplished through the uss ’ I n s ta l l a t i on  and s’ ls’ tn ca l
of dry ooling towe rs Wet (evaporative) cooling hookup of pumps 14 ,000*

tows ’ rs ( (Ju l11 not hi’ used , however , sinc e’ t hey Total $1 43 ,290*
wou ld provide an enormous water surfac s ’ area
whu h wou ld produt e immense’ amounts of i e’
fog. The total cost  of this unit , amortize d over a

I)ry ooling towers , liquid to air heat ex- 10-year lifetime at 8% interest , yie lds a fi gure of
hangers wh i’ rs ’ the liquid is not S r i ’ s ’  t~, $21 ,354 per year

i’v~ipor,i Ii’ into t hi’ atmosphere, wou ld ac.c urn- 
-

plush t hi’ pUrj)Osi’ e, t (l iss ipat ing f hs’ unneeded Chemical films
heat without using the evaporat ive proc s’ss I his Ice fog suppression using long-chain fa t ty
ts ’ c hnique has s ’ rtai n ,uclvantags ’s over ths ’ injs -’c- a lcohols w~ s investigated by Ohtake (W ells ’m
tion we ll t i e  hnique and h,is sonli’ sin t i lar i f  is ’s Ac 1969) who found that he could not maintain the
wit h the use of nf l’s lion we l ls , i t  provides l00% integrity of the alcohol film. McFadden (1976)
supprs’ss ion of t he us ’  fog while’ d issi~)ating t he’ confirmed this observation with experiments in
rs’quirs ’d w ,ists’ heat Flowe’v s ’ r , i t dif fers from t he 1973 at the I ielson AF B power plant cooling
inje ’c tion wi’ ll tin hnicj us ’ in th,ut it dos’s nof rs’ Iy pond In these experiments , it was found that
on t he’ ontinuous input of groundwat e r 1 he even the very light breezes resulting from the
water uss ’c l is trs ’ ,t t i’cl and will not ( ,iuss’ s’x- cooling pond’s natura l convection plume and

i’ss iv i’ ( ci rrosion or plugging of s’ither ths ’ ( on- currents from the normal c irculation of water
denser tubes or the’ ( ouling tows ’r were suffic ient to disrupt the integrity of the’

Iwo main problems s ’xist wi th this method film Howeve r, McFa dden (1976) also found that
I hi’ first ts  the large initial cost , and the sec ond hexadecanol suppressed evaporation (and ,
is t he’ possibility of a freeze-up whs’n the’ system therefore , ice fog) by as mu( h as 80% in stand-
is hs’ing ops’r,ited at outdoor air temperatures as ard Colorado evaporation pans On the basis of
old ,is — .  ~ ‘;O( An equa lly r it ica l problem is ths’se studies and considerations , it was pro-

t hat the ’ syst e m must be kept leak-free Ex- posed to develop and test methods of reinforc-
peris’n( e’ wit h this type of closed ( ir( ulating ing the films This report disc uss i’s the results of
systs’m in ,ur t o conditions does not present an such tests (see next section)
encouraging rec ord However , t his is more of an Suppression with alcohol ti lrns is an attract ive
operating prob lem than a t i’s hnological one, option because costs for chemu a application
and no insurmountable technoloj~y gaps appear are very low. Chemicals cost le ss than $100.00
to ex ist  per app lication, and labor costs are less than

T he’ Rainey Corporation in Tuls a , Oklahoma , ____________________

manufa turs’s c loss’d cooling towers which ‘tui’ms ds’signats’d with the , is is ’ r ,s k ~n’ .‘suimat i’s based on
wou ld ms ’s ’t the requirs’ments for this projs ’ct .  A 1977 I airbanks e m s  s ’s  A ll oih’r uuf ’ms .10’ quous d t)ric~’s
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Table I. Cost comparisons for ite fog suppression.

( ,ipmta! ‘ i ,si ‘\ i nu ,,/ c ost

IS)  I S? !‘,i~b,i(,,I,iy ot s i ll ( i ’ss

l’ulyiti.-li’iii’ l iii, , ,,vi’r 52 ‘~‘ii iN) 12 . 111 ‘, V i- r~ f,,w

I” ,ly’’i tiy ti.~~’ .i I ts  228 , ‘~ 1 5 (MI i’i.’ifll liii ) Ii iw

w i l l s  t i) i ,lllui i tNt 42 . 154 (iii y,1,,ifi’i,ii,’ ii, high
m,~,luii~ , , s s , r . , 14 3 2’Nt (Mi 21 , (54 isi Iligfi

h,’in,i ,iI i l,m ~ -(7 , 5,40 (Mi ~ ‘~rn x i I u g h i,,r i i , im ( i , i t  sl i ) i l ru ’ ss I ’ , , i

$75 00 pe’r app le at ion No expensive unit u,i I sin t in ns by a diks’ extending clown the ’ ni idclle,
apita l inve’s ms.’nt us requirs’cl , ,u Ithough aui leaving the ’ two side ’s ( ‘ onni’( ted at thi’ south s’nd

autom ,u te ’cl dispensing system would I ,e il ita ti by a 1 5-ni-wide ( hanni’l Hot Wa t i’r from liii’
a l ohol apple atuon t he’ s s t  for ,in au tornats ’d power plant us introdu ed at tiii’ north e’nd of I he’
d ispensing system (ds’s rihs’d in A ppendix A l wests ’ rn sin (ion of f hi’ pond, I rc U Li ts ’ ( I
wou ld hi’ as follows ( ounterc los kwus i’ around I he ci ike’ and tak en in

again at t he’ north end of th(’ eastern si’s lion of
Pumps .u nd tan ks $ 1 (MX) 00 the’ pond I hi’ ope’n w at e r  port ion of thi’
Contro ls and turners 5(X).0() 49 ,740-rn2 (492 ,200-t t ’  ) surf ace produ i’s ,i ds’ns i’
Piping and heads’rs 200.00 plume of ice fog (see cover) that drifts with the
Hoops 10,0(X) 0() prevai ling winds over parts of Fort Wainwri ght
Winc he’s , 54 at $220 0() e’ac h 14,580 Of) or across t he Ric hardson Highway where seve ral
Building to house dispensers 5,0(M) Of) automobile accidents have been attributed to
Misc i’llane’ous hardwars ’ 1,5(X) Of) reduced visibility.
Anc hors , 94 at  $100 00 each 5,4(X) 00
Cab le, 12,000 f t  at $ 04/ ft 460.0t) Meteoro logical data collection
Labor , 360 hours at $25.00/hr 9,O()() 00 Me’teoro log ica l data were ‘ oIler ts’d at tlii

Fota l $47 ,640 00 pond site by the I ort W a inwrig ht De’tac liins’nt ,
U.S. Army Meteoro logica l Support A t iv ity

Chemical ost~ per year amount to less than Data taken included wind diree tion, w indsps’s’d ,
$50() and routine’ maintenance ’ s hould not re- ,tmbie’nt ,iir temperature , wat e ’r te ’mpe’r ,iture ’ ,
quiri’ more’ t han 1 man-hcur ps’r wc.’e’k for the 16 re ’ lativ c ’ humidity, and radiation e ’x c . hangi’ . Win d,
s~e’s’ ks of i s’ fog weather , fo r a sos t  of $400 air te’mperature’ and radiation data were taken at
Fota l annual ( . ost for 10-year life ,it 8% in ts ’ r e ’ s t  ths’ do.k midway along the c.ente ’r (like’ . Re lative
is $7,998 (Mt per year , w hich would be substan- humidity was measured approx im,its’ly 4(X) ni
ti ,iIIy lowe’r than for any other te ’c hnique’, ,is can (1 550 t o to the west of the pond and 12(X) iii
he’ se’ i’n in Fable I (40(M) to ) to the south . Ms’teoro logi(.al data are

¶ tabulated in Appendix B.

REINFORCED FILM EXPERIMENT S Floating reinforcement grid
Previous studis ’s have shown that the’ a lc ohol

In order to l e s t  te’ hniqus’s for maintaining t he film is easil y displaced by the wind (Ohtake
integrity of c hemical fi lms for ice ’  fog suppres- 1969, Mc:Fa dden 1976). In orde’r to effectively
sic)n, experiments we ’re’ condu(ted during the suppress evaporation from a water surface with
winters of 1974-75 and 1975-76 at the F ort Wain- an alcohol film , it is necessary to prote( t t he in
wrig ht power plant cooling pond. tegrity of the film. A floating grid offers a means

T his c ooling pond is located outside’ the of reinforcing the’ film so that it will not be
sout heast ( c ,rne’r of the F airhank ’. c i ty  limits (F ig, broken up, blown aside by the’ wind, or c ,irrie’cI
5) P u s  approx ima tely  .505 ni (10Sf) It) long x 1Sf) away by the current.
m (5(X) f t )  wide (Fig. 4). It is duvide’d into unequal
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l wo itus ’ t hsgjs we’re studie d to e’st ,i f )f is h .1 re ’in- Although more onvs’nient , sma ller hoop’. e’n-
f etu ing grid on the ’ sun a s s ’  of fbi’ pond . hla( k ( lose ’ smaller water surf ,o i’ areas than large
l’i~ -in. -diam po lye’thyls~ne’ 5)11)5’ was forme d into hoops , and require more’ pipe’ per square meter
large hoops wh:c. h ws’ns’ floated on the’ pond, and of surface reinforced The it i ie ’st ion therefore
in anot her sect ion of the~ pond, floating poiy- arises as to the optimum size ’  hoop. Since the’
propy lene rope was stret ched from bank to larger hoop diameter lowers the ’ cost of both
hank. The float ing rope initially appeared to be material and installation , maxi m um size was
an e ’ .i’,y and Inexpensive solution to the’ problem , desired , However , t he largest si z e ’ that will still
as i t f loated high on the water and divided the adequat ‘ly support the f ilm had to be’ deter-
surtac e’ unto sma ll discrete units After several mined. ‘ soops with diameters of 2 4, 4.6, 9.1 and
clays , however , the rope “water logged “ Water iS . 2 m ~ts, 15 , 30 and 50 It) were’ fabricated and
infs lt rated betwee’n the fibers of the strands , and placed on the pond. Hoops of 2 4-m (8-tt)-diam
as a result , t he rope floated so low in the’ wafer were found to be very easy t~ fa bricate and
that it only occasionally broke the curiae s’ The transport; however , t hey required tar more
s lightest breeLe would drive ripples and alcohol tubing than was available to cover the area
f il m over the top , negating i ts effect iveness The desired for the test. Hoops with diameters of 9 m
polyethylene hoops, on t he other hand, proved (10 ft) and larger , on t he other hand, were found
to be very e ’ ff sn t iv e ’ and stable , remaining af loat to have poor shape! stability while’ floating on the

mont hs on the pond the film
w it h soft i tent freeboard even at te’r several pond and would not give adequate support to

__ -. 
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Figure 4. Layout of Fort Wainwright power plant
cooling pond.

Difficulties caused by the c old ~f late together in long chains , stretc hed across the sur~
November in Alaska mad, io’i essary to face , and~ secured on each side. It was not
fabricate the hoops indoors and then transport necessary to connect adjacent ( ham s and it was
them to the pond for installation. The 2.4-rn possible to leave up to 3-rn (10-f t) sp,e c’s be’-
(8-ft}-diam hoops were found to be the largest tween adjacent rows of hoops. Figure 5 shows
practica l size that was transportable during the the rows of hoops installed on the pond
co ld without specialized hauling equipment. Alcohol was spread on the water surfac e in-
During warm weather , w hen the plastic pipe was side the different size hoops, and it was found
more flexible , larger diameters could be that after a period of several hours the film was
transported because the hoops could be deform- established and would maintain itself in the
ed into ellipses without cracking or taking a pe r- 4.6-rn (15-ft)-diam hoops. Applying alcohol dur-
manent set. The 4.6-rn (15-ft)-diam hoops were’ ing windy periods required a longer time for the
t hen preferable due to economic considerations establishment phase.

Once the hoops were fabricated and
transported to the pond, they were fastened
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Figure 10. Alco hol film layers ac.
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“-‘ cumulating at the leading edge of the
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figure 11. Pond 24 hours after ,,pplie ,Ition. Note t hat the f i lm is
st i l l  actively suppr essing the fog en the ’ area of the hoops

Figure 12, Pond 48 hours after application. Film st i l l  is intact in the
area of the hoops.

Application of the hesadecanol film con ditions were favorable for an experimental
Suffi ient baseline data had been collected by application of hexadecanol on Tuesday, 4

mid-February 1975 to begin experimental ap- March . Winds were calm , and the sky was over-
plication of the hexadecanol film. It was eas t
desirable to apply the film on a calm , cold day Hexadecanol in a granular form was applied
of — 300C or colder when ice tog would be pres- to the pond from a small boat starting at 0820
ent , but no such day occurred during the re- hours. The boat traversed from the warm to the
mainder of February and into March . Therefore , cool side of the pond spreading approximately 9
a ca lm day at — 14°C was finally selected even kg (20 Ib) of chemical to the warm side and ap-
though only vapor fog was present. Except for proximately 3.5 kg (18 Ib) to the cool side. Final.
the relatively warm temperature, atmosp heric ly, hexadecano l was applied to the areas within

13
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t he film reinforcing hoops. Specific proportion- alone . Howeve’r , due to equipment failure , it was
ing was not attempte d, the only consideration impossi ble to make any quantitative ’ measure ’
being to e’ns ure ’ t hat each s(’( lion of the’ pond ments using either the transmissom ete’r or high
re’ ( e’ ive ’cl alcohol we’ll in excess of that required volume sampler. Clearly more work needs to be’
for a mon omolecular layer The total time for done in this area to confirm or dispute’ any im-
app lu ation was 20 minutes. proved suppression performanc e’ of alt cthol

Photographic coverage was obtained from mixes under ice fog conditions
severa l vantage points to record the appearance
of the tog before’, during, and after application, Ethylene gtycol monobutyl ether
Photos taken from a circling helicopter afforded A chemical marketed by Shell Oil Company
the clearest perspective of the changes in the with the trade name, “Oi l Herder ,” was investi-
fog An overa ll reduction in the fog is clearly ap- gated for its fog suppress io n c apability It is
parent in the aerial photos (Fig. 6-8). Further- primarily used on water for concentrating oil
more, Figure’s 9 and 10 show a remarkable local spills into a small area where they can be’ e’ ,t’,ily
contrast  in the fog . Large areas of the pond show handled. The chemical is ethylene give ol
little if any tog, w hile’ immediately adjacent are monobutyl ether (EGMF), a c lear liquid that has
t hic.k walls of fog marking the’ edge of the film, a high spread pressure and low vapor pressure ’

F rom the ground the film was observed to be Act ording to the Shell Oil Company re ’si ’ ,Ire h
swept s lowly downstream by the surface cur- brochure , it is nontoxic both to humans anti f ish
rent A fter approximately an hour, t he hex- and is biodegradable’
adecanol was found concentrated in layers The hemical was ,mpplie’d to a ooling pond
against t he band of hoops midway down the at the Eielson A FLS power plant and the ’ suppre’s-
warm side ’ , and against a surface dam separating sion effectiveness monitore’d during the’ winter
t he two sections of the pond. Fog was absent ap- Several rows of floating hoops were’ pla( cci on
proximate ly 25 m (80 ft ) upstream of the surface the pond, but their presen(e’ did nc)t appe’ar to be’
dam where’ the hexadecanol film tapered from as Important to film integrity as when the ’ long
t hi( k scum at the dam ’s edge to a mono- chain alcohols were ’ used It is d i f t R ult to ,lssess
molecular layer film upstream (Fig. 11 and 12). t he pre’e ise suppression e’ffe tive’ness of I CMI
A lcohol was also found clinging to some edges due to the lack of funds or time ’ for (e)m;)re’he’n-
of the’ pond where i t  was calmer. sive t e ’ s t s , howev er , laboratory te ’ s t s  inc i i( ate ’ t hat

Atmo s p heric .on ditions were constant it suppress es approximately 60% of the’ e’vapor,i
throughout the hour of photographic coverage tion from an open water sur fa t e’ as c ornp,ire’d to
(0820 to 0920) Win ds remained calm; the sun re- hexadecanol suppression e’ f fe ’ tive’ne’ss ed ,is
maune d shaded by heavy clouds, and the air high as 85% Its increased spread pre’ssure helps
temperature rose only 1°C. The hexadecanol , it to resi s t tears in the film and give’s it .i longer
t herefore , ,ippe’ared to be the only variable lifetime, a distinct advantage over hexac ie’t ~inol
responsib le for the fog suppression During the months while the ’ film w~i’. on t he’

F ieison cooling pond, no ac lve’rse aff e ts to the’
Hesadecanot , oct adecano l mises pond, t he power plant , or any of its operations

I here’ is some evidence that longe’r chain were observed . The’ suppression e’ffe ’ tive’ne’ss
alcohols are more effective ’ th. i~ he’xadecanol in appeared to be good . No c l u a n t i t a t u v e
suppressing evaporation (DressIer 1969). measurements were possible’, however , it was •
However, t he longer c.hain akohols come at a apparent that the pond was not a malor ( i ’  fog
muc h higher pric e Some evidence exists to in- contr ibutor while EGMI was on the’ pond,
dicat e that mixes of the differ ent alt ohols pro- whereas the st acks from the power plant sti l l
vide even greater suppression ability (Noe and contributed significantly In many ins tanc e’s
DressIer 1969) In an effort to tes t  this theory, a visi bility across the pond was unr estri ( ted while’
supp ly of octade c -anol (C 1H 17 0H) was obtained ice fog covered th~ rest of the base. Although i ts
and mixed with the hexadecanol (C ,~H ,OH) The cost is ‘everal times as high as tha t of hex
m i x t u re wa s 20% octadecano l and 80% hex- adecanol , one app lication of FGMI appeared to
adecanol. Neit her superior performance nor be adequate for the entire’ ice fog season,
superior lifetime could be confirmed with the making it  economically co mpetitive
use of this mix when compared to hexadecanol
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u rns (mlii)

F igure IS .  Effect of chemical films on heat transfer rate from water sur-
faces.

LABORATORY TESTS OF pressure of the EGME , separating t he mole.ules
SUPPRESSION EFFECTIVENESS of hexadecanol and resulting in EGMI as the’

only cover over most of the water surface T he’
A test was devised to measure the ability of immiscibility of hexadecanol in EGMF may also

various films to suppress t he evaporation corn- be a factor It has not yet been determined
pone’nt of heat lost from a water surface The whethe’r hex.ade anol will establish a film in the
basis of the test is the a ss umption that presence of EGMI Further studee ’s on this par-
evaporative ’ heat loss is a good quantitative titular sub~ec t and more tests are clearly need-
measure’ of evaporation. Ehe procedure is to
plate’ pans of water covered with various films in Figure 14 shows the ef fects of varying degrees
a e oldroom at varying temperatures The pans of water vapor suppression For example , 3.47
are’ insu late’d on all sides, leaving only the sur- gJm~ mm of water vapor would be produced
f a t e ’  of t he water exposed to the cold of the from an open water surface at --20°C (point A)
re ,eern h eat loss , as t he pan cools , is t hen limited However, air entering t he pond area at 50%
to losses from the’ water surface. ra diation, on- re lative humidity and leaving saturated would
ve ’e lion, and evaporation The conve tive and be capable of absorbing only 0.95 g/m’ m m
radiative’ losses should be equal The only dif- (point B) leaving 2 52 g1m~ mm of excess vapor
fe’rern e’ in t he’ t ooling rate of the’ pans will be to form fog If 80% suppression is acihieved, on ly
t h,it of the’ evaporative e ooling losses due to the 0.6 g/m1 mm wou ld be produced (point C).
different e in suppression effects of various Therefore , no excess vapor would be available

he’mic.als on the surface In this manner , t he to produce ice fog If only 60% suppression is
e’vaporation suppression by various c hemicals achieved, t hen 1.3 gim1 mm is produced (point
can be’ compared to the control pan (water D) and 0. 35 g/m’-min of this is excess and will
wit hout c hemicals) Figure 13 shows the results produce fog (D-B) However , compared to the
of some of these tests Using this technique, it 2 52 g/m~ mEn of fog arising in the case of no sup-

an be seen that hexadecano l is more effective pression , it is apparent that much less of the
t han I CMI , and that mixtures of hexadecanol local area will be affected for considerably less
and o tade’canol are somewhat better than the time.
hexddec anol alone Figure 14 also shows that if 80% suppression

In order to combine the qualities of long life is achieved, fog will not form until — 23°C
and higher spread pressure of EGME with the (— 9° F) ,  w hereas without suppression fog will
better suppre ’ssion inhibiting qualities of hexa- form at —10°C (14°F). U.S Weather Bureau
dcc anol, a mixture of EGME and hexadecanol records show that Fairbanks experiences an
was tested However , the suppression qualities average of 145 days during which the mean
ten ded to be very close to that of EGME alone , temperature falls below — 10°C. However , there
Thus may be caused by the higher spread are only 80 days of — 29°C (— 20°F) or colder.
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T herefore’ , t he’ suppression e f f o r t  re sults in 65 several techniques. I reating the’ film to destroy
fog-f~ ’e’ days or 44 8% fe ’w i ’ t  days of fog the bacteria without harm to other e’ .ologic al

systems may su f f i (  e’ Another alternativ e would
be’ to use fi lms which are not so readily

CONCLUSIONS biodegradable’ , for examp le, et hylene glyc ol
monohutyl ether. This film has been shown to be

T he dramatic improvement in vis ibil i ty from harmle ss to ni,erine life ’ (Shell Oil ( o 1974) and i t

re’du tion of fog af te ’ r app lk atmc )n of hex- is ,ilsu hi li gradable , but at a much lower rate
adec anol sugge ’sts that this te ’ .hnique may be’ than he’x ,idecanol Other advantage ’s include a
very use’fu l b r  e’ .onomu reduction of cooling rnu h highe’r film spread pressure and a liqu i d
I’(h ,d contributions to the’ ove’ rall ice fog blanket state at normal temperatures It is immisc ible in
of t he’ Fairbanks area water and pract u ally invisi ble. Suppression cf

(.hemic al films are ilearly the most economu- fe ’c t ivenes ’, of Fc;M[ is lower than that of hex-
ally at t ract ive me’thod. Although they only par- adecanol , but its longer life and higher spread

tia lly suppress fog, t he (ost of 100% suppression pressure are compensating factors. One applica-
is 267% higher for the ( oolini’ t ’ w e -  ~ipproac h tion per season is sufficient , and a viable film
and 532% higher for the’ inf i’~ uon we ll tech- ( over still appears to be intact at the end of the
nique. No other techniques discussed would winter.
yie ld 100% suppression Further research is needed to identify c)ther

T he’ performance of a gru ’ to reinforce t he . he’micals which will suppress evaporation and
fi lm was very satisfactory anti appeared to func- perhaps even surpass the effectiveness of those
tion muc h as pre’dk te’d le es felt that the prob- investigated in this report. It is apparent that
1cm of maintaining the film integrity has been much of the visibility problem can be alleviated
satis factorily solved for light winds and water with films at a very reasonable cost. l3ut it must
currents Stronge’r winds (that might overcome be realized that chemical films that provide only
t he effect of the reinforcing hoops) would prob- partial suppression (up to 80%) will still allow
ably dissipate ’ the ice fog anyway . some ice’ fog to leave the pond. Since visibility in

The rapid bat ter iaf degradation of the hex- the immediate vicinity of the source is an inverse
adecanol and octadecanol films presents a prob- exponential fun :tion of ice fog density, it quick-
lem which must be approached using one of Iy drops to near zero with only a small amount
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APPENDIX A. DESIGN FOR AN AUTO MATIC THIN
CHEMICAL FILM APPLICATION SYSTEM

T he application of a thin chemical f i l m  to the
pond can be done by a number of methods. An
automatic system wou ld consist of the following

- . . . Powerdevices : a slurry tank with mixing impeller , Piont
capa ble of mixing 0.21 m ’ (55 gal.) of water and
c hemical slurry. (In the case of EGME the
c hemical is applied in i ts natural liquid form.) (W )Wi nch He~~~ r- - - ~~ SIurry Bldg
T he tank is connected to a header which extends 

(AlA hacross t he upstream end of the pond, The header ~~ or

should be 49 m (150 ft) wide and have holes A4 pu leys N
every 5 m (15 ft) (Fig. Al). A pump capa ble of _____________

delivering approximatel y 1.5 X lO’~ m ’/s(% gpm) AA ‘ ‘ - -

to t he header is needed. The header should be W

supported on the pond by floats so that it stays Dock —- - Inst rumen e
at t he water level of the pond, This will keep it in BId~~.

contact wit h the pond level . A common in-
dustrial timer should be used to activate the Coo l i n g
system once every four days. Each time 0.076 m’ Pond

(20 ga l ) of slurry and/or chemical should be
pumped out into the pond. ~~~~~

- .  
____ ow

Eac h i hain of floating hoops across the width owPu)i eysof t he pond should be connected to a ‘4 -in.- 
_________ . .

d,,ini stee l c ,shle (breaking strength of at least 17
kN (4IKK) 1W)) l’he’ cable will extend from an
anc hor ac ross the pond around a pulley and
back at ros; the pond to a hoist capable of lifting 

_________________________

1,130 kg (2500 Ib) (Figs. Al and A2). When the
hoist is activated , it will draw the cable to a ten-
sion of approximate ly 111 kN (2500 lbf) which Figure Al , Design sketch of chemical application
wi ll lift the cable and the attached hoops above system — plan view.
t he’ pond (Fig A 3 )  Floats attached to the cable
wi ll keep it floating at the surface during the
re’ laxe ’d periods to assure that it it does not sink
any of t he hoops The hoops will be attached to Timing of the raising and lowering of the hoop
t he’ (able by a sliding mechanism so that they chains will have to be done during insta llation of
may slide ,~Iong the i ahle as it is drawn up (Fig. the application system . T he timing will be set to
A4) lb’s will raise the hoops off the water sur- raise the hoops so that the film will be allowed
fare and allow the film to pass by After the film to spread and to lower them before the film has
front has passed and spread over the area below completely passed. Once set , this time should
t he’ hoops, the hoops will be lowered, entrapping not c hange. Calculations for the design of t he
t he film within their confines and establishing a raising and lowering device are given below
r ove’r over the entire pond.



— “
~~ A Musing Motor

A B Mj ,ing Tonk(IOOgoI I
C Dispensing Pump

B

F igure A2. Layout of automatic chemical f i lm dispensing sys tem.
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Figure A3. Des ign sketch — chemical application sys tem — hoop
ra ising concept.
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Figure A4, Catenary arc calculation parameters.
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Tab le Al. Cable tension (lbf) vs deflection for one span (Marks
1951, p. 2.57).

/ ss, . 1 ( s b/c - . ( able & hoop ’.

2 00148 i102’te, ( ( ( 1291,  4Sf , 41,7’) 1 (fill S 1 1 1
4 1) 02% (1 0 5 ) 2  1) 05’) 3 228 2 3 3 5  1 IX C S’) 1 35 1
C, 1) 1)444 (( 0888 0 1)88’) 52 1558 1 (1(11 (2 i f S  2
II i) ( (5 ’ ’ !  (1111( 5 ((111,7 111, 1187 1 (1)272 1 1 5 4

Ii) I) (174 1 i) 14134) 1)141,4 ‘12 ‘141, 1 ( 1( 131,5 1 5  5
15 1) 1111 0 2 2 1 3  0211,0 1,2 ~,41 1 11)818 (Ii I
/ll ((14 13 1 (1 2 )4(1 0 2817 48 4’l1 I 0)447 1 t7 i)

Let: w weig ht/ ft Although a lift of m (10 ft )  will not raise the
y = f t  centermos t hoop comp lete ly from t he wat e r , it

2X = 270 f t ( X  135 f t )  will be sufficient to allow the hexade .anol or
I = tension (1W) EGME to flow into the hoop area and he ap-

Z = auxiliary variable ture?d when the hoops are lowered One win h
2S = length of the arc could then handle two spans

for; ‘/4 -in cable (breaking strength >4000 lbf)
w 01 lb/ft for cable + 0 9 2  for hoops A

wx =138 5 ih

If a catenary (Ta ble Al) is such that it touches the f.—-
water surface at y 20 ft and then is further
re laxed until the line lies on the water (Fig. AS),
the total relaxed length s ,

Figure A5 . Calcu lation for arc h t tr ,ng water sur-

L . = (28~ 135 — 20) X 2 286 face at y = 20.

Th’~ str e ’t  he’d length when the .enter of the’
cab le arc is lof t  above the surface is

L . = 1 Y 5 x 2 = 271

Then M = 286 — 271 = l 5 f t / , i r

For a motor pulley to r,, s e- two spans of hoops
wou ld require’ a tak e~up capac ity of 15 / 2 30
f t .

Hoops wou ld have to be free to slide along the
ca ble during the takeup process to avoid en-
tang ling them in the pulleys (Fig. A4).
I le t ric winch units capable of exerting a ten

sion of 8416 N (1892 lbf) are required to lift the
center of each .atenary I m (10 ft) above the
surface , Va -in steel cable should give an ade-
quate sa fety far tor
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APPENDIX B. METEOROLOGICAL DATA.

Ta ble BI. Ft. Wainwright cooling pond meteorological data , 3 February-b March 1976.
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