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CHAPTER I 

INTRODUCTION 

Evaporation suppression is.by no means an original concept of the 

1966 Lake Hefner Investigation. In 1891, Agnes Pockles of .Germany dis

covered that certain fatty alcohols would spread in thin layers on the 

surface of water~ She.used a primitive tin trough for her experiments, 

Rideal (1925) ccin¢luded that certain fatty alcohols could.reduce eva-:

poration as much aE;i 52%. Mansfield in 1952 experimented.with monomo

lecular alcohol films for reducing evaporation of water under natural 

conditions. · He. cast doubt .o.n widespread use cif the films for large 

reservoirs. Since that time much work has been done·in several coun--

·tries studying chemical monolayers as a method of reducing evaporation. 

Since monolayers are so readily transported by wind the reduction 

of,this adverse effect should provide a higher percentage of evapora-:

tion reduction. After extensive·research, Crow (1964) conc+uded that 

some method of continuous application was the only feasible approach to 

the wind problem on large reservoirs. In the past several years the 

Bureau of Reclamation conducted· exhaustive tests on c,;mtinuouE;i distri

bution systems. They experimented with automatic shore line dispensers, 

boat sprayers and;, or dusters,·pellet dispensers,-and airplane dusters, 

The method of continuous application used in the 1966 Lake Hefner Study 

w~s a submerged·· sprinkler system paralleling the south shore of the· 

lake, 
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The research reported in this thesis was one ~hase of an overall 

research project on evaporation suppression at Lake Hefner. The 

principal investigating agencie~ were the Agricultural En~ineeri~~ 

D~partment of Oklahoma State University and the Water Conse;rvation 

Branch of the United States Burea.u of Reclamation. , The project was 

initiated in 1965 by Oklahoma State :University under contract with the 

Bureau of Reclamation and continued through .the summer of 1966. Water 

budget· and energy budget methods· of c,lculating evaporation were re

searched. · Also studied wer.e· tp.e· USBR. Simplified Method and the Com-

bined· Methods of cc;>mputing evaporation reduct.ion. The· Bureau financed 

and"instrumented the project while Oklahoma.State acquired and evalu

ated·th~ data. 

· · This thesis was limited to a· stu~y of the physical parameters 

inf:l,uencing the. chemical monolayer~. · Lake wind speed received primary 

consideration. Also ~tudied.were· the effects.of wind direction a"Q.d 

chemical application rate on the monolayer. 

Research Location 

· · - · Lake Hefner is 'located in n-orthwes t Oklahoma City. · The lake, 

shown ip. Figure 1, is an approximately circular-shaped reservoir. It 

2 

is situa~ed on high ground where it has good exposure to the prevailing 

souther.ly· winds. The main instrument stations. were the south stat~on, 

the··intake tower, the observation· tower, and the batching plapt. 

· .The south· station was the main instrumen.t station for the 1966 

study-. It was· located near the· shoreline on the southe;rnmost portion 

of· the lake; It has good exp.osure·. to the southerly winds. A thicket 

of trees prevented good exposure.to northeasterly winds. The instrument 



f/ 
r 
I 
I 
I 
I 
I 

\ 
I 
I 

r 
r 

r 
r 

r 
r 

r 
r 

r 
r 

f 
~"" ,, 

RAFT· 2 
l!I 

I .,---1 

g',J'' ?"'\ r\ 
'::! 

0-e-<e> DISTRIBUTION LINE 

SCALE IN FEET 

1000 IOOO 2000 3000 4000 

.. •t1• WATER PLANT· 
- - - - - __ llQD __ 

INTAKE TOWER 
INSTRUMENT STATION 

3 

UNITED FOUNDER'S TOWER ~ 

Figure 1. Map of Lake Hefner Showing the Instrumentation Stations, the 
Rafts, the Batch Plant, the.Observation Tower, and the 
Distr:i,.bution System, for the 1966 Investigation. 



trailer distorted the true readings of easterly winds at the 2-meter 

level. 

The·intake tower had excellent exposure to southerly winds. It 

was located near the dam at the northernmost portion of the lake. The 

anemometer mast was positioned .on the.south side of the tower. The 

dam and the intake tower prevented good exposure to northerly winds, 

especially at the 2-meter level. 

The observation tower had excellent exposure to wind from any 

direction. It was located almost·. due south of the intake tower and 

adjacent to the shoreline on .the· south side of the lake. The anemome

ters· were positioned on the .so.uth' ... side of the tower. For this reason 

the-readings for northerly wind speeds were not accurate. 

4 

· · ·· · The batching plant served as a regulating station for the chemical 

distribution system. It was located just north of the docks and due 

south of the observation tower. 



CHAPTER II 

OBJECTIVES 

The three objectives set for this thesis.were to: 

1. Determine the effects of the lake wind speed and 

direction on the movement and surface coverage 

of a.chemical film applied to suppress evapo

ration. 

2. Determine the variation of wind speed with 

height, with distance across the lake, and. 

with time. 

3. Determine the equation expressing film cover 

on the lake surface as a function of wind speed 

and chemical application rate. 

5 



CHAPTER III 

REVIEW OF LITERATURE. 

Wind Movement 

Webster (1961) defined wind as "air in.motion wi1;:h any degree of 

velocity." The forces acting on wind, or air in motiqn, are gravity, 

friction, and hydrostatic pressure, according to Petterssen (1940). 

Wind is,probably more affected by the immediate surroundings of the 

observation station than by any other meteorological elements, Milham 

(1929) concluded. He stated that wind gusts are .the result of surface 

roughness. 

Winds are caused by slight pr~ssure differences. Atmospheric 

pressure dis;ribution is represented by isobars •. Isobars are lines 

connecting places having the.same atmospheric .pressure at a given 

elevation. The pressure gradient is the measure .of the rate and direc

tion of .the change ,in atmospheric pressure. The pressure gradien,t ac~s 

at right angles to the isobars. Wind speed is inversely proportional. "' 

to the--distance between isobars and directly proportional·to the pres-. 

sure gradient. Petterssen wrote that.wind approaches the geostrophic 

wind or·gradient wind upon good vertical mixing. Trewartha (1954) 

reported that the geostrophic wind blows parallel with the isobars in 

the northern hemisphere, with the high pressure isobar to the right. 

Wind speed and directi9n vary seasonally. The wind speed is 

usually greater in winter and spring than in. summer and fall. The 
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highest average wind speed is usually observed in March. The predomi

nant wind direction varies seasonally at Oklahoma: .. City, as shown by 

the Decennial Census of the United States for 1951-,60 (1963). For the 

decade from 1951 to 1960, the predominant wind .direction was northerly 

for January and February. The remaining ten .months. had predominantly 

southerly winds. A standard sixteen sector compass was used.in re

cording the wind directions. 

Wind speed varies diurnally. Blair and Fite (1965) reported that 

wind speed is greater by day than by night in .. most cases, especially 

in the summer. The highest wind speed during .the day usually occurs 

from 1300 to 1500. The minimum wind speed usually occurs about sun

rise. Fry (1965) found that the maximum diurnal.wind speed occurred 

at 1000 and the minimum at 2000 for Lake Hefner, Oklahoma during the· 

1965 tests. Milham stated that the maximum diurnal wind speed occurs 

between 1200 and 1600, while the minimum occurs ... at·_ sunrise. He ex

plained. the variation as being dl.le to convection .. During the day 

li:ayers of air near the ground· become· heated. As they rise, the colder 

air comes down by convection to replace the rising air. This colder 

air brings.with it·the higher wind speeds of theupper atmosphere. 

Zingg (1949) wrote that the higher daylight wind,sp:eeds were due to 

adiabatic conditions during this time. At higher.levels, the wind 

speed is a maximum at night because the energy is radiated upward at 

night. (Geiger, 1966) 

A slight diurnal variation in wind direction.also exists. The. 

winds shifts slightly in a clockwise direction.during daylight hours 

and shifts back in a counter..-clockwise d,i:rection during the night. 

Milham explait1ed this as due to convection. The upper air currents 

7 
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always blow in a direction turned somewhat clockwise as contrasted with 

the surface winds. When the upper air masses .descend during daylight 

hours, they bring with them a wind direction turned in a sltghtly 

clockwise manner. 

Wind Profiles 

Schwab, Frevert, Edminister, and Barnes (1965-66) maintained that 

"In immediate contact with the soil surface·the air is near
ly at rest beca)-lse of the drag forces between the air and 
the soil surface~ Inter~al shear,of .the air allows an in
creased velocity with height above the soil until all ef
fect of the soil surface is dissipated." 

Petterssen generalized that the friction layer extends from 500 to 1000 

· meter.s above the ground, The thickness of the .friction layer depends 

··on the wind speed, the.air stability, and the curvature of the wind 

path. Trewartha maintained that winds are geostrophic above 1000 me-

ters, or above the friction layer as defined by Petterssen. Marciano 

and Harbeck (1954) concluded that the boundary .. layer over Lake Hefner 

extended as high as 47.4 meters. They felt that. the influence of the 

boundary layer.was not readily detectable above 16 meters however. 

·Linsley, Kohler, and Paulhus (19~8) continued in this line of thought 

by stating 

"Wind speeds are reduced and directions deflected in the 
lower layers of the atmosphere because of friction produced 
by trees, buildings, and other obstacles. These effects 

· become negligible above about 2000 ft, and this lower layer 
is referred to as the friction layer. Over land the sur
face wind speed averages about 40 percent of that just above 
the friction layer, and at sea about 70 per.cent. The re
lationship between wind speed at anemometer height and 
that at some higher level in the friction layer may be-ex
pressed by the empirical formula 

v 
v 

0 

= c!. ) k 
z 

0 

(1) 



where 
v = Wind speed at height z 
v =-Wind speed·at height z 

0 0 z = Anemometer height 
z = Base anemometer height above·the.surface, dependent 

0 on surf~ce roughness. 
k =·Empirical coefficient, approximately 1/7." 

Sutton (1953) wrote that a k _value of 0 •. 14.J·was the ·generally 

accepted power-,-law profile for the turbulent .boundary layer of a·flat 

· plate in a wind tunnel. He added that this· k :v:alue was probably a 

satisfactory approximation to the profile in a .fairly deep layer. 

Depending on temperature stability throughaut, .. the ;profile, k generally 

varied between O and 1, High k values were obtained under exceptio~al 

stability, 

Geiger wrote that a z height of 1 meter was.,.considered normal. 
0 

He further stated that the value of the exponent k.is .the tangent of -

the angle at which the straight line is inclined.to· the ordinate; The 

· straight line is the resultant line from. the .p;J.at· .of the . logarithm of 

·wind speed versus the logarithm of height. The value of k decreases 

with height due to decreasing ground friction •.. · For the .lowest 1. 5 

meters above the ground, k may be considered.constant. Geiter pointed 

out.that the laws governing wind increase with height applied to mean 

values over a long period of time. 

In a study completed at the Agricultural .Engineering Pdhds at 

· Stillwater, Perry (1965) found the k value .in,.(.L);:to vary from 0.07 

9 

· to 0.119 for air movement over water. The pond .was0.28 acres _in area. 

The anemometer levels used were 2 and 4-meters .above the water surface. 

Blair and Fite pointed out the general variation in wind speed 

·with height. At 33 ft above the groµnd the .wind .speed is approximately 

twice that at . 11. 5 ft. At 100 ft the wind speed is approximately 1. 2 . 
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times the speed at 33 ft, 

According to. Cermak (1954), the Pr.andtl-v:on Karm~n rel~tiqnsh;ips 

indicated that fo.r turbulent flow near a boundary u is a linear ~uncz 

tion of ·log z. 

where· uz = Wincl speed at height z 

z = Anemometer height 

According to Marciapo and Harbeck, the velocity in.a fully esta"'.' 

blished -boundary.layer over a plane surface v:at:ieswith :the logarithm. 

of height for turbulent flow ·.without density g-radients. Johnson (J,.965) 

· stated that wind speed.is proportional to the.loga-rithm of height, but 

the exact. manner· in which wind speed changes .. with: .. the logarithm of 

· height depends. on air temperature conditions; ... When'. the air temperature 

is uniform with height, or thoroughly . mixed, . th~ .log height-wind 

· speed curve approaches a straight lip.e. He f.ur.ther· .concludec;l. that -the 

· w-ind profile frqm tqe log height-:-v1ind 1;1peed ctir.v:e·:is convex upward. at 

night when the air is cqoied from below by contact.with tli.e ground. 

In· the.afternoon when the air is warmed from below, the wiµ.d profile 

is concave upwards. 

Harbeck and others (1958) founc;l. no deviation.from the logarithmic· 

wind law between 2 and 8-meters at ·Lake Hefner~ ... This conclusion was 

reached · from data· over periods of three . hours or .. longer, and regard-

less of stability conditions. They found.the 8 .to 2-meter.arithmetic 

wind speed ratio to be_ 1. 237 for Lake Hefner. 

Film Movement 

Much research has been done concerning the-effect of t;he wiqd 

speed on the.surface f:i.lm. Mansfield (1953) of Australia $tudieq the 
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·· continuous loss. of the film due to wind. Keule.g~.--(1951), using a. 60 

· ft wind tunnel, measured the speed of the water ... s.t1rface to be _approxi

. ··mately O. 033 that of the _wind speed for turbulen.t: conditions. Turbu-

lent conditions were defined as tho~e times .when'..:the Reynolds Number 

exceed 30,000. He defined theReynolds Number for h;ls study as 

R .. vd 
µ 

.. 

where R = Reynolds Number,: dimensionless 

v = Surface speed, LT~1 

d = Depth of·fluid, L 

= Fl id K' i i ' L2T-l µ u inemat c .v scosity, 

(2) 

Van· Dorn (1953) , using an 800 ft pond, ve:rif ied .. the results of Keulegan 

concerning surface.movement under turbulent conditions, His study was 

· closely modeled after Keulegan' s experiments~- . _Vines (1962) of Aus-

tralia found the.film speed-wind speed ratio was .0.036 ·for his lake 

· study. His studies were restricted to distances of·. 20 ft. He admitted 

that his measurements were not;: very accurate,.howe:ver. McArthur (1962) 

·conducted tests at Lock Laggan, Scotland. He .found.the ratio of film 

speed to wind speed to vary from 0.04 to 0.07 for lake distances from 

2;500 to 6,700 ft. 

· Keulegan and Van Dorn discounted any effects .£ram wave action on 

the water surface, whether the rate mea1;3urement.was.taken from the 

· leading or the retreating edge of the film. Fitzgerald (19q3) found 

·that.at wind speeds within the range of 3.50 to .7 .• 50 meters/sec, the 

ratio of.film speed to wind speed was markedly·..a.ffected by the damping 

· out of the surface waves. McArthur found that::only .in the first tests·. 

of film speed was the ratio relatively constant·.at· 0.045. Consecutive 

tests showed the ratio to.increase progressively to 0.07. McArthur 
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concluded that the rate of film acceleration was .p.r-oportional to the 

·water temperature, and was.independent of the.method used·to spread the 

film. Davies (1962) gave the following explanation for film accelera-
. ' . . 

tion 

"When a patch or 'slick' of a surface film.af.hexadecanol is 
present, the surface of the water is no .:longer rippling, and 
the energy transferred from the.wind becomes.converted into 
the kinetic eri.ergy of laminar flow of the .underlying water. 
Under such conditions the drag coefficient of .the wind on 
the surface is virtually the same as for a clean, smooth 
surface, and, since there is no slippage between the mono
layer and the underlying water, the water:. will flow a:Long .. 
the surface, and return near the bottom or at· the.sides. 
If the lake is deep, a consicl.erable time .(and length of tra
vel) will be necessary to reach a steady state, when, how
ever, the monolayer should be moving quite rapidly because 
the underlying water .is also moving." 

From this explanation Pavies concluded that 

"The slick should accelerate to velocities considerably in 
excess of Keulegan's limit of (0.033 x wind .speed), because 
the underlying water gains momentum if there.is no turbu
lence. The whole lake will tend to become. 'stirred' by the 
wind in the presence of the monolayer: the warmer (and 
aerated) water near the surface will be carried .down at the 
end of the reservoir if the wind energy can offset the den
sity differences ... 11 

Fitzgerald (1964) questioned the explanation:by Davies. He sug~ 

· · gested that the. increase in the ratio of .film .speed to wind speed was 

due to differing conditions at the points of measurement. He cited 

·Vines' measurements as being on the trailing edge .. of the film while 

McArthur' s measurements were on the advancing edge.. Vines' measure-

ments were unaffected by surface damping. Fitzgerald also stated that 

the laminar flow conditions near the surface did not extend down into 

the body of water. Davies did not allow for acceleration due to the 

spreading rate of the film, he concluded; 

' Fitzgerald maintained that for a wavy surface, as obt~ined with 

clean water, the film speed-,-wind speed ratio had a constaIJ,t value of 
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0.03. With addition of a chemical detergent, cornp:rox, the ratio in-

creased to 0.045. For a fully damped surface the speed ratio increased 

linearly with the wind speed for low wind speeds .and tended to remain 

at 0.045 for wind speeds greater than 550 cm/sec~ (12.3 mph) 

Wind speed was measured at different heights above the water sur-

face for the studies of surface and film movements. Marciano and 

Harbeck concluded that the vapor blanket extended up to 8-meters 

above.the water surface at Lake Hefner. The standard measurement loca-

tion for relative humidity and for wind has been taken as 2-meters, 

however, Keulegan measured the wind speed at .. 10:-centirneters for his 

wind:-tunn~l study, while Van Dorn recorded wind speed at 10-meters for 

-his pond study. Vines used 2-meter wind speed .record for his lake 

research. McArthur took.his wind speed readings at-0.5 meters above 

the lake surface. Fitzgerald measured wind speed at the 2-centimeter_ 

height for his 9 ft wind tunnel research. -

From this previous research, it is obvious·that the ratio of.film 

speed to wind speed does vary. However, the reason or reasons fqr this 

variation are still subject to debate; 

Chemical Distribution 

Work has been done.to determine the relationship among the vari-

ables film cover, application rate, and wind speed. Relationships 

have been derived between chemical application.rate and wind speed, 

between film cover and wind speed, and between film cover.and the two 

variables of wind speed and.application rate. 

For large lakes, Timblin and Florey (1959) concluded that a-corre-

lation did not exist between the application rate and the wind speed. 



They.discounted a direct relationship between the.se two variables be-

cause of the several factors.influencing the .application rate. For 

the 1958 Lake Hefner study, the application rate varied from 0.1 to 

0.5 lbs/acre/day. 

Crow (1961) determined an empirical.equa1;:ion·which expressed the 

relatioq.ship between the wind speed and the application rate per .foot 
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of surface width necessary to maintain a film cover on small ponds, 

R = 0.0000093 u2•02 (3) 

where R = Application rate in.lbs per hour per foot 
of sl,lrface width, normaLtowind direction 

U = Wind speed in mph at .the: .2-meter level 

In the 1958 Lake Hefner study, a linear· .regression analysis was 

made in an attempt·to correlate film cover and .wind. speed. The scatter 

of points showed a _definite -trend, although.the.correlation coefficient 

was· only 0. 56 and the standard deviation was .12.% •. · ·.The Bureau of Recla-

mation concluded that.the limiting wind speed.for chemical.application: 

and·resulting film cover.was 15 mph. The resulting equation was. 

Y = 58.8 - 3.05 X (4) 

where Y = Film cover expressed as a percent of the 
lake surfa~e area 

X = Lake wind speed at the 2~meter level in mph 

Grundy (1962), in Ea~t Africa, found that ther width of·· the film, 

perpendicular to the wind direction, varied with.~the rate of chemical. 

application and with the wind speed. He also.concluded that the film 

was.damaged by waves. The extent of ·the damagev.aried with the wind_ 

speed and.the wind fetch. Several.types of chemical application were 

tried for these tests. The wind speed range.was·::4 to 20 knots. 

Numerous, methods of applying the alcohol have been tried.. The 
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original method of applicati<;>n was the beads .in.raft system, where 

solid alcohol was floated on rafts ,with wire.gauz.e sides. The labo

ratory method consisted of· a solvent application... The alcohol was 

dissolved.in a volatile petroleum fraction and .ethy.1 alcohol for appli-;

cation. Boat application of the chemical showed:the merits of the. 

powder method.· The powdered .alcohol was dusted·. onto the lake from a. 

boat.duster. The emulsion method consisted of an .alcohol-water slurry, 

continuously agitated to retain consistency.· The emulsion, or slurry, 

was sprayed onto the.water surface. Little success was realized in 

using a hot spray 'application. The alcohol .was melted, then sprayed 

into the air where it solidified before hitting .. the water, The 

· spreading ability .of.the hot sprayed alcohol was inferior to that of 

the cooled dusting powder. 

Extensive work has been done in several countries evaluating the 

different .methods of chemical application. A comp:i:ehensive review by 

Frenkiel (1965) gave a critique of the research completed in this area. 



CHAPTER IV 

INSTRUMENTATION AND PROCEDURES 

Measurement of .the pertinent quantities needed for this study re-,, 

quited two instrument stations, an observation.tower, four rafts, and 

a batching plant. The station locations are shown in Figure 1. The 

parameters measured were; 

1. Wind Speed and Direction 

2. Film Cover 

3. Chem.ical Application Rate 

Wind Speed and Direction 

The main instrument station was.the south station, as shown in 

Figure 2. Three-cup totalizing anemometers were used to acquire the 

wind speed records at the 2 and 8-meter levels .. A direction vane lo-'

cated at the 4-meter level of the instrument mast.registered wind di

rection. Wind speed at the 2 and 8-meter levels.and w::lnd direction 

were recorded continuously on a ten channel event recorder. Two chan

nels were used to record wind speed and eight channels were used.for 

wind direction as shown in Figure 4. Wind speed Was recorded in miles 

while wind direction was recorded in 45° increments. The recorder pa

per was time scaled so that wind speed in.mph ~could be read from the 

recorder. Wind direction was read to the nearest 22.5° by interpo

lation. 

16 
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Figure 2, South Station Instrument Site. 

Figure 3. Intake Tower Instrument Site. 



,.4AM 

N E SE s SW w NW 2-M 8-M 

Figure 4. Typical Chart Record Showing Wind Directton 
From Due South.and 2 and 8-Meter South 
Station Wind Tra,vel in Miles From 0400 to 
0800 on.August 6, 1966. 

z 
0 

18 



19. 

With the exception of wind direction data, &:duplicate record of 

wind travel was maintained at the intake tower, .shown in. Figure 3. 

Totalizing anemometers were used to take the .data·at the 2 and 8-meter 

levels. A printer-recorder was used to record the houriy wind speeds 

at·the 2 levels. 

Four anemometers were inst~lled ort the observation tower, sqown in 

Figure 5, Until July 28, 1966, the anemometers .. were positioned at the 

2, 4, 8,and 25-meter levels, On July 28, they·were re-installed at the 

2, 8, 16,and 25-meter .levels. When maps were being made, the 25-meter 

anemometer was read every hour. The remaining ones were read no more 

than twice a day; on the average. 

Lake wind was measured at four locations. A typical instrument 

raft used in measuring 2-meter lake wind speed.is·shown in Figure 6. 

No hourly record of wind travel was.made, although. the anemometers 

were read during each raft check. Since raft.checks were usually made 

each day, a record of total daily raft wind was maintained. 

Film Cover 

An example of film cover on the lake surface ·~is shown in Figure 

7. Hour+y film cover was mapped from the 92 ft observation tower. 

A plane table with alidade was used for mapping. .The map scale was 1 

inch= 1067 ft and a distance·scc;1le was calibrated.to give distances 

on the map corresponding to the alidade readings.·. A different scale 

was used. for each foot of change in lake stage.. The lake ·area covered 

by film was planimetered upon completion of .each.map t0 determine the 

percentage of ftlm cover. The film cover was recorded as a decimal 

fraction of the lake surface area. Since mapping was started at 0600 
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Figure 5. Observation Tower . 

• 

Figure 6. Instrument Raft Measuring Wind Travel. 
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each day and terminated at 1900, nightly film .co:v:erwas estimated. The 

· estimate depended on wind speed, wind direction, and chemical applica

tion rate. · 

Chemic~l Application 

The chemical. distribution system was designed· 'by .. the Bureau of 

Reclamation. Analagous to a sprinkler irrigation· system, the system 

incorporated two dock pumps of 50 and.100 gpm capacity, a branching 

mainline, three laterals, and floating sprinklers. Alcohol was in

jected into the mainline flow at the batching· .plant. From the batching 

· plant the mainline divided with one line going .. to the east lateral and 

another line going to the middle and west laterals~. 

The three laterals were located on the lak~ bed near the south 

shore, as shown in.Figure 1. They had the following length and number 

of sprinklers: East, 3150 ft, 22 sprinklers; Middle; 3000 ft, 21 

sprinklers; West, 2250 ft, 17 sprinklers. Styxofoam floats supported 

the sprinklers on the lake s.udace. Plastic, 3/4-inch risers connected 

the sprinklers to the laterals. 

The alcohol·injection system consisted of a 1155 gallon capacity 

vat, a continuous duty mixer, and a low capacity., high pressure injec

tion pump. The vat and the mixer are shown in.Figure 8. The alcohol, 

in 50.,-lb cardboard boxes, was sifted through .a window .13creen into the 

batching tank; The mixer kept the alcohol in a water suspension for 

··uniform application. A variable speed electric.motor: drove the pump, 

which injected the slurry into the mainline against a line pressure of 

40'"'45 psi. 

The chemical.applicatiort r~te was controlled manually by changing 



Figure 7. Formation of Film Cover on Lake 
Hefner from a Distribution 
Lateral. 

Figure 8. Chemical Batching Tank and Slurry Mix. 
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the·volt.age on the.variable speed· pump motor. Adjustment in the appli~ 

cation rate was also mac;ie by varying the standard mix ratio of.one 11;> 

of alcohol. per gallon of water· to. as low as O. 5 lbs/gal, or as high as 

2.0 lbs/gal. A written log wa-s kept of .. the inche1;3 of s+urry pumped 

from the tank, and the application rate in pounds per hour was computed 

from this data, 

The alcohol used in this study.had the following chemical analy

sis: 2% c14 , 29% c16 , 61% c18 , 5% c20 , and 3% non-alcohol, The maxi

mum particle size was 250 microns. 



CHAPTER V 

ANALYSIS OF DATA 

Wind Speed 

For the 1966 chemical application season, .a total of 2784 hours 

of wind speed records was taken. This period.covered 116 days from 

··June 21 to October 14, divided into 15 thermal survey periods, as 

· ·· shown in Table 1, The thermal survey periods, .or TSP' s, were those · 

time intervals between lake temperature profile .r.ea.dings, 

All wind speed data were punched on computer cards, with one card 

for each 12 hours of record. South Station 2 .and 8."'meter wind speed 

charts were read and hourly wind speeds were recorded. Intake tower. 

2 and 8-meter wind speeds were read from the printer-recqrder by com-

. puting the difference between total mileage readings punched hourly 

by the recorder. Daily total wind travel.at the· four rafts was com

puted from the difference in daily odometer readings. The average 

hourly wind speed by TSP's was computed using .the.total miles of wind 

travel at each of the four rafts, as shown in .Table 2. Observation 

tower wind speeds were obtained from the odometers· of four totalizing 

anemometers. These odometers, though read infrequently, furnished 

wiµd profile data, shown in Tables 3 and 4'. 
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TSP 
.. 1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
. 11 

12 
13 
14 
15 

TSP 
1966 . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

TABLE 1 

THERMAL SURVEY PERIOD DATES AND 
TIME INTERVALS FOR THE 1969 

LAKE HEFNER INVESTIGATION 

Starting Time . Ending Time Hours. Days 

June 14 0815 June 21 0730· ... 167.2 6.969 
June 21 0730 June 28 0800 .. · 168. 5 7.021 
June 28 0800 July 6 1030 194. 5 · 8.104 
July 6 1030 .July 12 0800 141.5 5.896 
July 12 0800 July 25 1000 .. 314.0 13. 083 
July 25 1000 Aug. 2 1230 194.5 8.104 
Aug. 3 0930 Aug. 10 1130 . 170; 0 7.083 
Aug. 12 0930 Aug. 19 1400 ... • 172. 5 7.188 
Aug. 19 1400 Aug. 28 0800 · 210.0 8.750 
Aug. 28 0800 Sept. 3 1700 :153 .o 6.375 
Sept. 4 1730 Sept.12 1700 : .191. 5 7.979 
Sept.12 1700 Sept.21 1600 215.0 8.958 
Sept.21 1600 Sept ,.29 1530 191. 5 7.979 
Sept.29 1530 Oct. 6 1500 167.5 6.979 
Oct. 6 1500 Oct. 15 1130 212.5 8.854 

TABLE 2 

AVERAGE HOURLY WIND SPEED AT RAFTS BY TSP, 1966 

Wind SEeed {mEh) at Raft 
. 1 . 2 3 4 Average 

10.3 9. 7· 10.0 
14.6 14.6 

9.3 9.6 9.4 9. 2 · 9.3 
12.6 13. 2 13 .2 12.9 13.0 
10.1 10.4 10.1 9.8 10.1 
10.7 11.0 10.9 10. 7 .. · 10.8 

7.3 7.7 7.4 7.1 7 .4 
12.3 12.1 11. fr 12.0 
10.3 10.4 10.0 10.2 

11.1 11.8 11. 6 11.1 11.4 
6.3 6.7 6.5 .fr.1 · 6.4 
8.2 7.9 8.2 · 8.1 8.1 
8.3 8.2 8.3 8.3 8.3 

12.5 12.6 13 .1 12.8 12.8 
14.6 15.0 15.1 14.8 14.9 
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TABLE 3 

AVERAGE WIND SPEEDS AT VARIOUS ANEMOMETER LEVELS .AT THE 
OBSERVATION TOWER FOR THE PERIOD JULY 11 - 28, 1966 

Date and Average.Hourly Wind S12eeds in MPH at Height 
Time .Interval · 2-meters 4-meters 8-meters 25-meters 

7/11/1800 - 7/12/0835 11. 69 13.00 14.70 18.20 
7/12/0835 - 7/13/1520 11.92 13. 20 14.70 17.80 
7/13/1520 - 7/14/1248 8.55 9.50 10.80 13. 70 
7/14/1248 - 7/14/1500 8. 77 9.60 10.50 11.50 
7/14/1500 - 7/15/0600 7.90 8.80 9.90 12.30 
7/15/0600 - 7/15/0740 · 3.19 3.40 3.30 3.90 
7/19/1515 - 7/20/0816 6.74 7.44 8.03 9.06 
7/20/0816 - 7/21/0905 7.09 7 .96 8.52 9.12 
7/21/0905 - 7/21/1549 8.93 10.50 10.78 11.12 
7/21/1549 - 7/22/0825 7.40 8.46 9.44 9.75 
7/22/0825 - 7/24/1315 8.38 9.38 10.36 11.23 
7/24/1315 - 7/25/0815 6.77 7.66 8.60 9.37 
7/25/0815 - 7/25/1012 9.69 11.38 12.26 12.93 
7/25/1012 - 7/25/1327 lQ.46 10.98 12.09 13,35 
7/25/1327 - 7/25/1650 13.64 15.15 16 •. 77 18.16 
7/25/1650 - 7/26/0605 9,99 11.13 12.46 14.52 
7/26/0605 - 7/26/1005 13,40 14.85 16.30 18.42 
7/26/1005 - 7/26/1224 16,35 18.07 19.87 23.00 
7/26/1224 - 7/26/1536 12.56 13.90 15 .. 31 17.40 
7/26/1536 - 7/27/0600 10.50 11.85 13.42 15.53 
7/27/0600 - 7/27/1100 6. 72 7.36 7,86 9.28 
7/27/1100 - 7/27/1330 7.14 8.16 8.84 9.92 
7/27/1330 - 7/28}0834 9.87 11.14 12.54 14.22 
7/28/0834 - 7/28/0950 6.59 6.75 6.02 7.86 
7/28/1200 - 7/28/1315 4. 72 5 .12 5.44 6.64 
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TABLE 4 

AVERAGE WIND SP.EEDS AT VARIOUS ANEMOMETER LEVELS AT THE OBSERVATION 
TOWER FOR THE PERIOD JULY 29 - AUGUST 14, 1966 

Average Hourly Wind SEeeds in MPH at Height 
Time Interval 2-meters' 8-meters .. 16-meters : 25"-'meters .. 

7 /29/0600 - 7 /2'i/i.o34 7.27 8;57 9 •. 80 10.86 
7/29/1034 - 7/29)1116 12.29 15.43 17.00 18.57 
7/29/1116 - 7/30/0600 6. 07 · 7. 79· 9 .17 · 9.24 · 
7/31/1315 - 8/1/0600 9.68 12.27 13.83 13.98 
8/1/0600 - 8/1/1200 11.27 13.85 14.90 15.81 
8/1/1200 - 8/1/1927 11.17 14.24 15.64 16.01 
8/1/1927 - 8/2/0600 10 • .56 11. 67 13. 79 14.30 
8/3/1200 ~ 8/3/1930 5.96 6.74 7.42 7.27 
8/3/1930 - 8/4/0645 3.13 ..4 .13 · ... 4.96 4.58 
8/4/0645 - 8/4/1500 2;73 2.59 3.14 3.32 
8/4/1500 - 8/4/1815 · 7.24" 8.34 8.96 8.74 
8/4/1815 - 8/5/0600 4,78 6.27 7.22 6.73 
8/5/0600 - 8/5/0930 2.97 3.89 4.31 4.48 
8/5/0930 - 8/6/0610 . 4 •. 07 .5.21. 6.40 7,12 
8/6/0610 - 8/6/1500· 4.57 5.27 5.96 6.15 
8/6/1500 - 8/6/1930 6.94 . 8.62 9,83 8.92 
8/6/1930 - 8/7/0610 6.64 7,97 9.50 9.29 
8/7/0610 - 8/8/0600 5.04 4.99 6.02 5.92 
8/8/0600 - 8/8/1610 7.64 .7,78 8.86 8.99 
8/8/1610 - 8/8/1925 3.26 3.41 4.41 4 .53. 
8/8/1925 - 8/9/0600 6.43 8.07. 9 ~73 11.48 
8/9/0600 - 8/9/1930 8.56 10.18 11.14 11.65 
8/9/1930 - 8/10/0600 10.20 11.71 .. 13.15 13.95 
8/10/0600 - 8/10/1855 6.67 7.27 7.99 8.32 
8/10/1855 - 8/11/0610 9. 72 10.87 11. ,52 11. 25 
8/11/0610 - 8/11/1210 6.48 7.25 7.75 7.53 
8/11/1210 - 8/12/0810 7.34 9.13. 10~16 . ·9 .54 
8/12/0810 - 8/12/1410 7.98 9.55 10.40 9.97 
8/12/1410 - 8/12/1624 8.17 9.73 10.54 10.13 
8/12/1624 - 8/13/0600 7 .87 · 10.04 11.16 11.10 

· 8/13/0600 - 8/13/1845 7.39 9.45 .. 9 .57 10. 77 
8/13/184~ - 8/14/0600 5.59 7.25 8.23 8.99 
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Wind Direction 

Wind direction, in 22.5° increments from Oto 360°, was read from 

the event recorder at the south station. Some 2784 hourly values of 

wind direction in degrees were punched on computer cards. 

Film Cover 

The initial film cover for 1966 was generated on July 6. Inter

mittent film cover was maintained on the lake until September 29. 

Hourly values of film cover were punched on computer cards to facili

tate the analysis. 

Chemical Application Rate 

The hourly application rate was determined by computing the stage 

changes between alcohol additions to the batching tank. The pounds of 

alcohol used per hour was derived by multiplying the stage change in 

gallons by the mix ratio of pounds alcohol to gallons water, Since 

the stage change was not recorded at regular hourly intervals, some 

interpolation had to be done to gain application .rates for each hour. 

In total, approximately 63,330 lbs of alcohol was applied.to the 

lake from July 6 to September 29, as shown in Tab.le 5. A check was 

made on August 28 to determine the exact weight of alcohol per box. 

The figure gained was used in computing the total alcohol used. From 

0303 until 2310 on August 28, each box was weighed. For this 20-hour 

period, the alcohol weight per box was 44.3 lbs. 
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TABLE 5 

SUMMARY OF ALCOHOL APPLIED AT LAKE HEFNER, 1966 

Alcohol (lbs)* Added To Batch-
ing Tank on Given Date in 

Date July .. . August September 
··1966 1966 1966 

1 . 930 3,990 
2 270 · 3,230· 
3 · 440 2,820 
4 400 310 
5 890 180 1,200 
6 440 310 2,090 
7 180 440 470 
8 890 840 1,320 
9 720 1,060 980 

10 670 930 990 
11 780 350 890 
12 800 820 
13 1,240 690 
14 580 1,330 
15 220 1,860 
16 2,480 
17 2,080 
18 1,150 
19 
20 
21 
22 440 
23 40 
24 2;540 
25 440 2,320 
26 800 1,170 
27 840 
28 750 1,490 590 
29 890 1,880 710 
30 930 2,690 
31 930 1,610 

Total.per month 11,390 24,800 27,130 

Total 63,320 

*Figures· listed denote the alcohol which was 
added to the batching tank and do not indicate 
the amount of alcohol applied to the lake on the 
data shown 
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Completeness of Data 

Failure of the wind speed recorders to function properly resulted 

in several hours of missing wind data for the 1966 chemical application 

season.· The per cent total missing data for the season was 21.1%. The 

bulk of the missing data was due to the faulty 8-meter anemometer at 

the intake tower. The data lost from this anemometer was 78.2%. The 

south station 2-meter record showed.only 3.0% of missing data. Also 

showing little missing data were the 8-meter south station record with 

4.8% and the.wind direction record with 4.7%. The 2-meter intake tower 

wind· speed record had 14.8% of missing data. 

To have complete wind data for the entire season, a method of 

estimating the missing hourly wind speeds was needed. Since daily 

odometer readings were taken during instrument checks, a record of 

daily·wind travel was maintained which proved beneficial for esti

mating the missing hourly values.· The .missing hourly wind speeds were 

estimated from the daily wind travel by the weighting technique des

cribed below. 

South Station 2-Meter Wind Speed 

For each day of missing data in the 1966 season, a ratio was. 

formed between the total miles of wind travel at the 2-meter level for 

the south station and the intake tower. Adjustments were made in the 

wind· travel for the time differentials which existed between the daily 

odometer·readings of the two.stations. The ratio gained was multiplied 

by the hourly wind speed at the· intake tower to estimate the south sta-,

tion 2-meter record. Fortunately, the missing record from tl:ie two 

stations was not concurrent. 
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Intake Tower 2~Meter Wind Speed 

Again a ratio was formed from tl:ie total miles of wind travel at 

the 2--meter level for both stations. The ratio used here was i~t~ke· 

tower total miles over south: station total miles. The daily empirical 

constant· gained from this ratio was·. multiplied by the south. station 

hourly wind record to estimate the intake tower 2-meter missing record. 

South Station 8-Meter Wind Speed 

A linear.regression analysis yielded an equation which closely 

correlated the 8-meter wind· speed· to the 2-meter wind speed at the 

south station. The 2-meter hourly wind speeds were used in the equa-

tion 

U B = 0.9458 + 1.1770 U 2 SS- SS-
(5) 

to estimate the,missing 8-meter hourly wind speeds, from Figure 9. 

Intake Tower 8-Meter Wind Speed 

Due .to. the faulty anemomete·r·· at. the 8-meter level, hourly wind 

speeds were not recorded correctly until September 21. The only miss-

ing· data after this time occurred on three consecutive days, and this 

missing record was not estimated. 

Wind Direction 

The Weather Bureau Climatologi9al Data at Will Rogers World .Air-

port in Oklahoma City was used to s~pply the missing wind direction 

values. 
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U 8 = 0.9458 + 1.1770 U 2 ss- ss~ * 
Carr Coef = 0.968. * 

* St'd .Dev= 1.274 * 
* * N = 1668 

* * 
* * * * 

* 
* * ·,o: 

* * 
* 

* 

25 30 
2- Meter Wind S.peed, mph 

Figure 9. Comparison of the 8-Meter Wind Speed With the 2-,.Meter 
Wind Speed for Southerly Winds.at the South Station, 
1966. (Due tq the magnitude of data, each point on 
tl;ie graph represents one.or more data points.) 
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Estimation of Hourly Raft-Wind 

The-wind speed recorded hqurlyby the.south station _8-meter ane-

mometer was used. as the basis for ·estimating the hourly 2-meter lake· 

wind ,speed.· The· reason for using· this data rather that). the ,other· ane7· 

mometer _records was that· th~s·record.more closely estimated.the daily. 

raft .wind than .did· any other- anemometer. data. A c~rrelatiye studrof 

daily raft .wind and south stat:!:on- 8~eter wind showed. raft·• wind .travel 

to be· 1.10 times· the· 8-meter wind· trayel. . Sine~ no hourly record· of 

lake wind was·,made, the 8-meter-soutI:t station wind speeds were used· 

in, all s t_udies requiring· 2-meter· lake wind speeds. For example, the· 

2-meter lake· wind· speeds are· usually used in. film movement studies·. · · 

The 8-meter south station wind speed was also used in the film cover. 

prediction equation. 

Wind Favorability 

The wind favorability· analysis was a summary of t~ose.periods.when 

film cover.couldbemaintained·on· t~e lake surface. The study was: : 

made to determine the· percentage of operable time during the. season:.;· 

Dt;ie to. the· extensive· amount· of,, data,• a computer program was. written to· 

facilitate the wind· fayorability analysis, The program, essentially: · 

a sorting program, was.used·for· three.studies: a wind speed fayorabi-

lity study, a·wind·di:i::ection° favorability study, and a correlative 

speed and.direction favorability study. 
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Theoretical Film Cover 

To accurately define the percentage of film cover which was pos-

sible for the various increments of wind direction, a study was made of 

the theoretical film cover. Straight lines paralleling the more common 

wind directions were extended to the.leeward shore from each of the· 

three headers. The wind directions.studied varied from 22 to 3-37°. 

The area bounded by the parallel lines, the headers, and the shore was 

planimetered to gain the acreage of film coverage. This theoretical 

film acreage was then compared to the film acreage shown on the maps. 

Film Movement 

A study was made of the rates of.film movement. These film.move~ 

ments were plotted while maps were being made. Stringent requirements 

were maintained for the analysis of these film movements. The ad~ 

vancing film boundary had.to be perpendicular to the wind direction. 

The film had to be compressed uniformly, and the film boundary had to 

be as smooth as possible. 

Variation of Wind Speeds 

Wind Profiles 

Linear regression analyses were made to show the.increase in wind 

speed with height. Correlation studies were made between the south 

station and intake tower wind speed data. 

Wind profiles were studied in more detail at the observation 

tower. Here the wind profiles were plotted on arithmeq.c as well .as 

semi-logarithmic paper. Linear regression analyses were.also made 
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to show the increase in wind speedwith height at the observation 

tower. 

Wind Speed Variation Across.the Lake 

A. study was. made of· ·the wind speed variation a.I11ong. the rafts,· 

usit).g the· average TSP hourly·wind· speed· for each raft;. Also, a linear 

regression was·made between· the:intake tower.and south stat:f:.on 2":"meter 

wind speeds.· This· regression iI).cluded only southerly.winds, to show 

the wind speed variation across the lake. 

Film Cover Prediction Equation 

An.extensive study· was made to· develop a prediction equation-· 

relating the.dependent parameter, film cover, to the independent· para;...· 

meters·" wind speed and· chetI1icaL application _rate. This stu1y wa'l;I 

restricted tC> those periods which··followed the initiation of chemical 

application by· at· least 2 hours·.· ·· This study was. also restricted to 

those periods·of prevailing soutl;lerly winds. 

An interaction· term was included in the prediction equation be.,-· 

cause of· the relationship· between·the application rate .and the wind 

speed. These parameters were·not·indepeI).dent. The application rate_ 

was adjusted for changes in: the'wind speed. 

Adjustments in· the·. alcohol· application rate did not noticeably . 

affect .film cover· until approximately one hour after. such .an adjust-·· 

men t •.. Therefore·; the . film· cover hourly record was, read. one hour · : · · 

behind the· other· records· to· give··a more accurate· accoup..t ·of-. the actual 

effects.· of the other two infl;uencing param,eters. 



CHAPTER VI 

RESULTS 

Wind Favorability Analysis 

The results of a wind speed favorability analysis, considering 

single hour time increments without regard for direction, are shown in 

Figure 10. Taking the Bureau of Reclamation's estimate of 15 mph to 

be the maximum wind speed for chemical application and resulting film 

cover, application could have been maintained 86.2% of the time during 

the 1966 study. From observations by the author, it appeared that· 

approximately 12 mph was the limiting wind speed on the lake. Wind 

· speeds below 12 mph existed only 67.0% of the season. Maximum film 

cover was observed during those times when the wind speed dipped below 

5 mph. This limiting condition was satisfied 14i6% of the time. 

The chemical distribution system was designed for prevailing 

· south winds. A study of 1966 wind data was made to determine whether 

an extension of the distribution laterals would increase the number of 

time periods when film could be successfuly applied. For the existing 

system the favorable operating range for wind direction consisted of 

a 90° sector from 135° to 225°. A computer analysis showed the wind 

to be within this sector 67.2% of the time. By extending a lateral 

along the eastern lake perimeter, application could have been main~ 

tained 79.9% of the time. A supplementary lateral along the western 
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Figure 10. Wind Speed and Direction Favorability Curves. for 
Chemical Application During 1966. 
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· lake perimeter would have extended the operational_period to only 74.6% 

of· the time. 

A wind speed and direction correlation study was made. This ana

lysis determined the favorable periods for chemical application and 

resulting film cover. For example, for wind speeds in excess of 12 mph, 

a south wind was of little consequence. Film cover was lost at these 

excessive wind speeds. For a northerly wind, the maximum film cover 

which could have been generated was approximately 10%, except at wind 

· speeds·below 3 mph. Favorable conditions of wind speed, less than 12 

· mph, and wind direction, 135 to 225°, existed only 39.3% of the season, 

as·shown in Figure 10. 

A wind favorability analysis, shown in Table 6, was made for 

· periods· consisting of 24-hour increments in length. Considering only 

the favorable wind speed range of less than 15 mph, sixty-five 24--hour 

··periods, twenty--six 48-hour periods, and one 216-hour period met this 

· limitation. The wind direction stayed within the 135-225° sector for 

··fifty-two 24-hour periods, nineteen·48-hour periods, and two 264--hour 

periods. Seventeen 24-hour periods, four 48-hour periods, and .only· 

· one 72--hour period met.both wind speed and wind direction requirements. 

· An· analysis considering favorable wind less than 12 mph showed fewer 

· favorable periods for chemical application. Five 24-hour periods and 

one 48-hour period met those requirements for wind speed and direction. 

Film Cover as Influenced by Wind Direction 

Since the chemical distribution system for Lake Hefner was de

signed for operation on the basis of prevailing southerly winds, the;.: 

film cover generated by a northerly wind was not appreciable. For 
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Per±od 

Hr 

24 

48 

72 

96 

120 

144 

168 

192 

216 

240 

264 

288 

· TABLE 6 

ANALYSIS OF-WINDS FAVORABLE FOR CHEMICAL APPLICATION 
AT·LAKE HEFNER~ JUNE 21 - OCTOBER 15, 1966 
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- • • , r · 4 • ~ , , ...... ,., ... 

Number of· Periods of S12ecified.Length With Favorable.Wind. 
Speed L~ss Speed Less Direction _·. Speed Less . Speed Less 
Than 15 mph Than 12 mph 135-225° ·& Than 15 mph Than 12·mph 
& Direction &·Direction Wind Speed. & Direction & Pirection 

0-360° 0-360° 0"'.'35 mph 135-225° 135-225° 
No No No No No 

65 37 52 17 5 

26 10 19 4 1 

13 5 11 1 0 

7 2 5 0 0 

3 1· 5 q 0 

2 1 2 0 0 

1 0 2 0 0 

1 0 2 0 0 

1 0 2 0 0 

0 0 2 0 0 

0 0 2 0 0 .. 
0 0 0 0 0 
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example, a northerly wind could spread the film from the sprinklers to 

form an 8% theoretical film cover, as shown in Figure 11. A southerly 

wind could spread the film to form a 52% theoretical film cover, as 

mapped in Figure 12. As shown.in Table 7, actual film cover.agreed 

closely with theo.retical film cover for the various wind directions. 

A wind speed of 5 mph or .more from any direction other than due south 

usually decreased the percentage of film cover. 

The observed film cover agreed closely with the theoretical film 

cover except for the directional range of 240-330°, as shown in Figure 

11. In this range the observed cover was over 10% higher than the 

· theoretical cover. This discrepancy may. be explained in part by · 

shifting wind direction during chemical application. Some film usually 

· existed on the lake before the wind shifted to this range. This sup

plemental .film, when added to the film spread on the downwind side of 

· the sprinklers by the wind, caused the observed film cover to be 

higher than the theoretical cover. 

Graphical Description of Film Cover 

Many times during the 1966 season, a film was generated on the 

lake during the morning hours only to be lost in the afternoon due to 

high winds. The maps in Figure 13 depicted this occurrence graphi-

. · cally~ From 0700 until 1300 on August 9, the wind speed fluctuated 

· between 6 and 8 mph. The application rate varied from 43 to 64 .· 

· lbs/hour, and the percentage of film cover increased from 6 to 54%. 

Then from 1300 to 1600, the wind speed increased from 7 to 14 mph. 

· The application rate fluctuated between 43 an,d 75 lbs/hour and the 

percentage of film cover decreased from 54 to 8%. These maps illustrate 
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TABLE 7 

COMPARISON OF MAXIMUM THEORETICAL PERCENTAGE OF FILM 
COVER AND THE ACTUAL PERCENTAGE OF FILM COVER FOR 

VARIOUS WIND DIRECTIQNS DURING 1966 

Wind Wind App Actual· Theoretical 
Date Time Dir Spd Rate Film Cover Film Cover. - lb/hr 0 mph % % . 
7 /30/66 . 1100 22 10 60 8 8 · 8/10/66 1600 9 43 6 

9/7 /66 0900 67 · 7 58 11 6 9/7/66 1100 7 51 8 

9/7 /66 0600 90 4 62 9 8 9/7 /66 0800 ·5 66 10 

8/29/66 1800 9 115 20 
9/8/66 1600 135 8 44 30 30 
9/9/66 0700 7 58 26 

8/9/66 1300 158 7 43 54 51 8/12/66 1200 9 50 46 

8/13/66 0900 180 7 51 54 52 8/14/66 1700 13 84 45 

7/29/66 . 0800 9 41 39 
8/14/66. 0800 203 11 62 43 40 8/16/66 1500 13 193 30 
9/2/66 1400 12 145 39 

7/28/66 0900 270 6 65 28 16 9/5/66 0700 4 55 28 

8/13/66 1500 315 6 40 28 14 9/29/66 0800 7 79 26 
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what happened when an increase in wind speed was not compensated by an 

adequate increl:l.se in chemical application rate. 

Figure 14 illustrates film cover conditions for August 28, 1966. · 

Starting at 1000, alcohol was·applied continuously for 4 hours and then 

application was stopped for 2 hours, cooperating with tests conducted 

on the lake by ESSA, By 1400, when application was temporarily stopped, 

a 43% film cover existed. The film cover remained at approximately 40% 

while being blown across the· lake between 1400 and 1600. The receding 

edge of the film reached the·north shore by 1700, aided by a wind speed 

increase frOUi 10 to 12 mph~ An excessive application rate of 195 

lbs/hr generated new film strips at the laterals by this time. This 

graphically illustrated how rapidly.the film was blown off·the lake 

after application was stopped. 

Film Movement 

The average rate of film movement as a ratio of wind speed is 

shown in.Table 8. This ratio varied from 0.032 to 0.047. It was 

interesting to note that the 0.032 ratio was measured from the trailing 

edge of the film while all other measurements were made on the leading 

edge, A typical map showing· the rate of film advance is shown in 

Figure 15. A linear regression analysis showed that the relationship 

between the film movement and the 8-meter south station wind speed was 

where 

M = 0.0371 U 8 ss-

M Film movement in mph 

U · - 8--meter south station wind speed in mph · 
ss-8 

(6) 

A plot of filmmovementwith·respect to wind speed is shown in Figure 

16. ~~e correlation coefficient was 0.907 and the standard deviation 
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Date 

7/7/66 

7/27/66 

7/27/66 

7/27/66. 

7/28/66 

7/29/66 

8/5/66 

Average 

TABLE 8. 

ANALYSIS.OF THE RATE OF FILM MOVEMENT AS A FRACTION 
OF THE 8-METER SOUTH STATION WIND SPEED 
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Time s. Sta. 8-Meter Wind Film Fr.action* of 
Interval Wind ·Speed Dir Movement Wind Speed 

mph 
-0-

mph 

1100-1130 8 158 0.318 0.040 

1215-1245 10 158 0.439 0.044 

1245-1345· 9 180 0.390 0.043 

1410-1440 11 158 0.422 0.038 

· 1000-1030 6 315 0.284 0.047 

1825-1935 · 10 122- 0.324 0.032 

1027-1042 4 180 0.165 0.041 

0.041 

*Computed, by dividing film movement in mph by wind movement in 
mph 
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the Lake From 1245-1345 on July 27, 1966. 
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was 0.0435 for the regression line. The regression equation was forced 

through the origin so a comparison could be made with previous film 

movement ratios. 

The 8-meter south station wind speed was multiplied by the 1.10 

empirical constant to approximate the lake wind more closely. The rate 

of film movement was then 0.034· times, the lake wind speed. This rate 

of film movement was slightly lower than McArthur's progressive ratio 

of 0.04 to 0.07. The Lake Hefner ratio.compared favorably with the 

0.033 ratio calculated by Keulegan and Van Dorn. 

Wind Speed Variation With Height 

South station and intake tower.2 and 8-meter wind speed records 

were analyzed to fit:i.d the wind speed variation with height. The study 

included the period from September 21 to October 14, as this was .the 

extent of the intake tower 8-meter wind record. This study was further 

restricted-to data gained during periods of prevailing southerly winds. 

A linear regression analysis· relating the wind speeds at.the two leyels 

showed·the following results, from Figures 17 and 18. 

u = 1.1014 + 1. 2372 u ss.,-8 ss-2 

uit-8 = 0. 7459 + 1. 2177 u. 2 1.t-

where u = South s~ation 8-meter wind speed in mph ss-8 

u = South station 2-meter wind speed in mph ss-2 

uit-8 = Intake tower 8-meter wind speed in mph 

Uit-2 = Intake tower 2-meter.wind speed in mph 

Correlation coefficients were 0.990 for the south station study and 

(7) 

(8) 

0.977 for the intake tower. The standard deviation was 0.854 for the 

south station and 1. 656 for the in take tower study. 
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U 8 = 1.1014 + 1.2372 U 
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Wind Speed for Prevailing Southerly Winds.at the 
South Station Fro!!l September. 21 - October 14, 
1966. (Due to th~ magnitude of data, each point 
on the graph represents one or more data points.) 
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By forcing the regression li11e through the origin, the equations 

became 

uss-8 = 1.3266 uss~2 

uit-8 = 1.2654 uit-2 

(9) 

(10) 

The correlation coefficient for the_intake tower eq1,1ation was 0.987 and· 

the standard deviation changed to L-083~ The -south stat;ion correlation 

coefficient and the.standard.deviation remained the same. The-results 

pointed out more clearly that the wind profile becomes more nearly ver-

tical across·the lake. 

W;lth no consider.ation· of-wind direction the ratio of·8-meter· to 

2-meter wind speed at the south station was 1.307. This empirical· 

ratio wa~r higher than the· L 237 ratio calculated in the 1950-51 Lake 

Hefner Study. A probable reason for this ratio discrepancy was ._the 

difference in terrain at the south. station between 1950-51 and_. 1966. 

In 1966 a thicket·of trees approximately 125 ft nortbeast of the in-

strument site blocked the northerly winds at the 2-meter level. Also 

an instrument tra:Uer blocked much of the easterly wind at this lower 

level. No instrument tra~ler was used in 1950-51,_ and. the trees. were 

not: t1;1,ll enough to a;fect the·wind significantly. 

Typical wind profiles· at the observation tower are plot:ted,in 

Figures 19 and 20. Wind· profiles for. the 2, 4, 8, and. 25-meter ,wind· · 

speed records· .are· plotted in· Figure 19. The· remaining wind profiles 

pl,otted . in Figure. 20 wex:e· gained, from .. the 2, 8, 16, and 25-meter· wind· 

records. Each set of wind· profil,es was plotted. on semi-logarithmic· · 

paper. As shown in· Figures 21 and 22; the profi],.es were linearized by 

this transformation. -- The' variation of, wind speed with t:he -logarithm· of 

height at the observation tower was approxi~ately linear. Inconclusive 
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data prevented an attempt· to· c1'!,eckthe results of .Johnson. He stated 

that.the wind profi+e was convex upwar~ at night and concave upward 

during the afternoon~· 

Computed "k" values from the 1966 study.are shown.in Table 9. The, 

reason for using average wind speed ratios rather than daily ratios· 

from wind profiles was tha~· the laws.governing wind increase with 

height-apply to mean values over a long period of time. The observa-

tion tower·k values were· iower-than·the commonly accepted k value of 

0 ~ 143. The in take towe~· k value was · slightly higher than this k valµe 

and the south station value was much higher. 

Wind Speed Variation Across t~e Lake 

When the wind was· from·the 1:35-225° sector, the 2-meter wind· speed 

increased across.the lake.· ·A regression analysis of the.data plotted 

in Figure 23 showed that· the·relation between the.intake tower and 

south s~ation 2-meter wind speeds was 

uit-2 = 3.0150 + oi9021 u8 s72 (18) 

The correlation coefficient for the regression was 0.862. The standard 

deviation was 1. 821. 

With no c9nsideration of wind direction, the relation, as shown in 

Figure 24, was 

u.t 2 : 1.8939 + o.8913 u 2 i - ss- (19) 

The standard deviation increased to 2.722 and the correlation coeffi-

cieT;J.t decrea!:!ed to 0. 789. · The main reason for tl:ie discrepancy between· 

the two regresEiions was-the·difference in terrain at the points of 

measurement. For· southerly·winds, the.intake tower wind speed.was 

higher tha~ the south station wind speed because the wind speed 



TABLE 9 

AVERAGE "k" VALUES·FOR LAKE HEFNER 

Lo~ation Dates z z V/V k 
0 0 

meters 

South Sta· (1950-51) 2 8 1. 237 · 0.153 

South Sta (J,.966) * 2 8 1.307 0.193 

South Sta ·. (1966) ** 2 8 1.327 0.203 

Intake Tower (1966)** 2 8 1.265 0~.169 

Obs Tower (1966)*** 2 4 1.101 0.139 

Obs Tower (1966)*** 2 8 1.197 0.129 

Obs Tower. (1966)*** 2 16 1. 337 0.140· · 

Obs Tower (1966)*** 2 25 1.368 0.123 

Commonly Accepted 
"k'' Value 0.143 

*Inclusive of all data from June 21 to October-14, 1966 

**Period from September 24 to October 14, 1966 inclusive 
of t}:lose days when· southerly winds prevailed 

***Inclusive of all data taken from Ju;J.y 11 to August.14; 
1966 
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uit-2 = 1~8939 + 0.8913 uss-2 

Corr Coef = 0.789 * * 
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Figure 24. Compar.ison of !~take Tower 2-Meter Wind Speed With 
South Station 2-Meter Wind Speed for the:Entire 
1966 Season •. (Due to the magnitude of data, 
each, point on .the graph.represents one or more 
data points.) 
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increased across the lake. The terrain south of the south station was 

gently rolling land. For·wind from any d;i.rection, the intake tower 

wind speed was not always higher thari the south station wind speed. 

Both the intake tower and the dam blocked the north~rly wind from the 

2-meter anemometer. For nort\:lerly winds the south station wind speed· 

was usually higher than· the· intake tower.wind speed'. The instrument 

trailer blocked easterly winds at the south station. This was .. not t4e 

case at the intake tower,· ·Since the terrain-at the two stations had 

varying effects on the wind·speed for different wind directions, the 

correlation coefficient· for·. (19) was lower. than for (18). 

During TSP's with prevailing ·southerly winds, the.wind speed at 

rafts.two and thrj~ was·highe'(· than.the wind speed at rafts one and 

· four, shown in Table 2. For example, during TSP 6 ;i.n 1966, the wind 

speeq increase from raft·. four . to raft three was O. 2 mph. 

Without prevailing southerly winds, the raft wind speeds for each 

TSP were approximately the·. same. For example, TSP 13 in 1966 had· 

average hou;-ly wind speeds of 8,3 mph at raft one, 8.2 mph at raft two, 

8.3 mph at raft three, and 8.3 mph at raft four. 

v?ind Speed Variation With Time 

The average hourly lake wind speed varied markedly by TSP's for 

1966. Until September the 1966 wind speeds compared similarly with · 

the 1965 wind speeds, as· shown by Crow and others (1967). In 1966· the 

l!ilke wind decreased.to a seasonal low in early September·and then· in-

. creased to a seasonal· high· in· early October, as shown. in Figure 25. · · 

This reversed the 1965 lake wind speed trend. This discrepancy in wind 
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travel from year to year is typical of _the wind in the.Great Plains 

during September. 
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~- average diurnal variat;ion· in wind speed was computed for: the 

south station 2 and 8-meter·wind speeds.· The daily peak wind speed 

occurred at approximately 1500· each day, as shown in Fi,gure 26. The· · 

minimum daily wind speed occurred at approximately 0400 each day.· 

Again the analysis did not correlate·with Fry's 1965 work. The 1965 

south stat~on wind· record showed a wind speed peak at 1000 and a daily. 

minimum at. 2000. 

Effect of Wind and Application Rate on Film Cover 

When the lake·wind speed· dipped,below 3 mph after several·hours· of 

continuous chemical· application,· good film coverage usually resulte_d:. · 

When-these cond:1.tions·were accompanied by a continually shifting·wind, 

a 100% film cover was· maintained.:.' For example, on July 28, from 1400· 

to 1900, the film cover increased·from 56 to.100%; The wind speed de;.. 

creased from 9 mph·between 1400· and 1500 to 2 mph between 1800 and 1900 

and·the wind direction varied· between 158 and 225°: 

Lake wind within· the; range· of 3 to 13 mph, when mat:ched with an 

· adequat;e application rate; spread the film over large areas of the .: · · 

lake~ This wind speed range was the,normal·working range for chemical 

application. 

When the . lake. wind ,speed reached• 13 mph, only a cl:).emical applica;..· 

tion rate in exc~ss of 150 lbs/hr· kept a f:i,.lm body op. the . lake~ · For· 

example,· from 1500· to· 1600 .on· August 14, the . film cover increased· from 

41% at· 1500· 'to· 51%· at· 1600·. ··The· increase· in _film cover w~s, due· to: an 

increase in chemical application.from 60 to 180 lbs/hr at.1500, The· 
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wind speed increased from 10 to 13 mph· between 1400 and 1600, and the . · 

wind direction varied from 158· tol80P. When the lake wind reached:15 

mph, the film was blown off·. the· lake in almost all cases r~gardless· of 

t}:ie chemical applicatiot). rate. For example, on September 1, from 0800'-

1100, the wind speed increased from 10 to 15 mph, and the application 

rate increased from 180 to 215 lbs/hr. The film covel;' decreased from 

40 to 9%. 

The attempt to gain a prediction equation expressing film cover 

as a function of wind· speed and·chemical application rate was fairly 

successful. A quadratic model with interaction gave the. relationship 

F = 0.8645 ;...· 0.09518 U + 0.002306 u2 + 0.000889 R 

where 

- 0.000004· R2 + 0.000063 (U*R) 

F = Film cover expressed as a decimal fraction of 
the lake surface 

U = 8'-meter south·stationwind speed in mph 

R = Application- rate in lbs/hr 

(20) 

A total of 408 hourly values of· data were used in obtaining the pre"' 

diction equation. · The correlation coefficient wa!'i 0.732 and the stan'-

dard deviation was o·.119. · In reviewing the equation, the most signi'-

ficant of the parameters affecting film cover was the wind speed. ·• The 

interaction between the wind speed and applicatioI). rate was. notable · 

when considering the magnitude· of.their product. A response surface, 

shown, in Figure 27, · was developed from t}:ie prediction equation. The: · · · 

range · of wind speed was· from l· to· 19 mph and the range of application · 

· rate was from· 8. to· 220 lbs/hr.· · The equation was derived fro111 data 

taken during periods of prevailing southerly winds. 
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Effect of ,Sprinkler Spacing on Film Cover 

The .design sprinkler spacing- was 150 feet, and the design opera

ting pressure was 75 psi for each· riser. The design spacing was met in 

constructing the system, although· .the operating pressure at the 

batching plant was only 45 psi. · Due· to the inadequate water pressure, 

the· sprinkler application patterns were not ac;ljoining. Each sprinkler 

produced a separate f:ilm strip, with the individual film strips gradu,

ally merging at a distance beyond· the lateral to form a film body. 

· The merging of the separate· strips was dependent on the applica

tion- rate. The application.rates· used grossly exceed the empirical 

relation for small experimental'. ponds derived by Crow, Equation (3), 

as discussed in the Review of Literature. For example, on August 9 at 

1100·, · the wind speed was 8 mph.·· The application rate was 52 lbs/hr, 

and· the·film. cover was increasing. · From the above formula, the pre

dicted·. application r~te R was . 000595 lbs/ft/hr, or 6. 8 lbs/hr for 

the· 11, 500 foot reservoir width·.· · The actual application rate necessary 

to·maintain a complete f:.i,.lm exceeded this calculated rate by an approx-. 

imate· factor of eight. 

··Either increasing the nozzle· pressure or reducing the sprinkler 

spacing·would have improved the film· distribution. If one or both of 

these· stipulations had been met·,· the observed application rates might 

have agreed more closely with the calculated rates. 



CHAPTER VII 

SUMMARY AND CONCLUSIONS 

Summary 

The' research for this thesis was performed·as part of a large 

evaporation s1,1ppression·project.· This project was-staffed by Oklahoma 

State University, under ·contract ·with the· Bureau of Reclamation·,···· 

Objectives of· this· study· were as. follows: determine the· effects· 

of the lake wind speed and·. direction on the film cover; determine· the 

· variation of wind speed· with· height, distance across the. lake, and·. 

time; and determine the film· cover prediction equation from the vari-

ables wind speedand· chemical·application rate. 

The rate of film moverµent· over. the lake surface was measured for .. 

various· wind speeds·.·· The· equation expressing film movement as a func-

tion of wind speed was 

M = O·. 0:371· U 
ss-8 

The correlation- coefficient· was O·. 907. 

A wind speed and direction favorability analysis showed that 

only five 24~hour periods: were favorable for· chei:p.ical application. and· 

resulting film· cover.··· Favorable wind speeds were· defined as being less 

· that 12 mph,· and. favorable· wind· direction was between 135 and 225-°·, · · · 

Considering single. hour, periods, favorable operating conditions .existed 

only 39.3% of the 1966 season. 
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The wind speed at the· in1;:.ake tower was higher than the south sta-· 

tion wind speed for southerly winds~ Also, the wind profile was more· 

·nearly vertical-at the intake tower than at the south station for 

southerly-winds. 

The wind· profiles.a1;:.·the.observation tc;>wer were,approximately· lin-

earized by·· plotting· w:ind· speed versus the logarithm of height. Average 

· · "k" values·at· the observation tower were lower than the commonly ac-

cepted.value· of 0,143. 

A multivariate re1;1ponse· surfacewas_obtained which expressed· film 

cover as a function· of·the·wind:speed· and chemical application rate. 

The equation of.the response·s':3-rface-was 

F = 0.8645· --· 0~09518 U + 0.002306 u2 + 0.000889 R 

2 · -- O·, 000004· R + 0. 000063 (U*R) 

The correlation· coefficient· was O-. 732. · 

The application rate·required to maintain a filill grossly· exceeded 

the rate calculated from· Crow·'s· empirical equation for small ponds. ·· · 

For tl:;le chemict;il distribution system, the maximum possible theore-

tic.al film cover. was 52%. This film cover. was generated by winds from 

180°. 

Conclusions 

1. The· rate· of film· movement· as·. a function of lake wind speed· was· 

approximately· the· same· for Lake· Hefner as· it. was in previous studies·.· · 

2; Wind· speed _increased across the lake from the south station to 

the intake tower. 

3. The·wind speed variation with the logarithm of height at the ·, 

observation tower was approximately linear. 



71 

4. Lake surface film cover was predicted with a fair degree of· 

accuracy from the equation involving the variables wind speed and chem

ical application rate.· · 

5. The design sprinkler spacing was. too wide for the observed 

line pressure. 

Recommendations 

1. It is recommended· that either the line pressure should be· in'"" 

creased for-the distribution· system or the sprinklers should be spaced 

closer together on the· lake·.· · 

2. After satisfying· the· first recommendation, it _is recommended· 

that a study be initiated· todete:rmine an equation giving the applica'

tion rate as a function of· the lake wind speed for the sprinkler dis

tribution sys.tern on Lake Hefner. 

3. It is recommended· that an attempt be made to.use the 1966 Lake 

· · Hefner film cover prediction" equation in future tests while keeping 

in mind the range of data from which the equation was derived. 
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TABLE A-I 
SOUTH STATION 2~METER WIND SPEED IN MPH AT !,AKE HEFNER, 1966 

OlOO 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 J:200 1300 1400 1500 lGOO 1700 1800 1900 2000 ·2100 2200 2300 2400 Avg Mo Da 

1.0 8.o 1.0 ~.o 6.o 6.o 1.0 10.0 12.0 12.0 11.0 11.0.11.0 11.0 11.0 12.0 11.0 11.0 a.o 6.o 6.o 6.0 1.0 1.0 8.8 6 21· 
a.o R.o 8.o s.o a.o s.o 9.o 11.0 12.0 12.0 13.o 12.0 11.0 11.0 12.0 11.0 13.o 12.0 12.0 9.o a.o e.o 9.0 9.o 10.1 6 22 

10.0 9.0 11.0 10.0 8.0 10.0 12.0 11.0 12.0 12.0 12.0 12.0 12.0 12.0 11.0 .12.0 12.0 11.0 12.0 10.0 9.0 10.0 9.0 9.0 10.8 6 23 
9.0 9.0 s.o s.o 8.0 10.0 12.0 12.0 11.0 14.0 13.0 14.0 15.0 14.0 13.0 14.0 15.0 12.0 13.0 10.0 12.0 12.0 11.0 12.0 11.7 6 24 

12.0 12.0 10.0 9.o 10.0 10.0 13.o 13.o 11.0 1s.o 1s.o 15.0 16.o 14.o 14.0 14.0 14.o 13.0 11.0 1.0 5.o ·s.o 4.o s.o 11.2 6 25 
s.o 10.0 9.o 10.0 9.0 10.0 10.0 10.0 11.0 9.o 8.o 9.o 9.0 12.0 11.0 10.0 11.0 9.0 1so 6.o 1.0 1.0 8.o 1.0 9.o 6 26 
5.o ~.o 5.0 6.0 8.o 9.0 9.0 10.0 12.0 11.0 12.0 11.0 12.0 io.o 11.0 12.0 11.0 9.o 9.o 9.o 10.0 9.o 9.o 9.o 9.3 6 21 
9.o a.a 9.o 8.o 9.o 9.o 10.0 12.0 12.0 11.0 11.0 9.o 1.0 11.0 9.o 10•0 9.o 9.0 s.o 4.o 6.o 6.0 6.o· 8.o 8~6, 6 28 
1.0 1.0 6.0 6.o 6.o 6.o &.o 1.0 a.a 8,o 9,0 9,0 9.o 9.0 9.0 9.o a.o 1.0 5.o 4.0 4.0 4.0 6.0 s.o 6,8 6 29 
6.o 4.o 4,0 3.o 2.0 2.0 1.0 s.o 6.o 5.0 4.o 3.o 6.0 s.o s.o 5.o 5.o 4.0 4.o 3.0 2.0 1.0 3.o 4.o 1~8 6 30· 
3.o 1.0 3.o 4.o 4.o 3,0 3.o 6.o 1.0 6.o 6.o 4.o s.o 6.o s.o &.o 13.0 13.0 9.o 1.0 e.o 9.o 9.o 8.o 6.2 1 1 
6.o 8.o 1.0 6.o 5.o 6.o 6.o 1.0 a.o R.o 1.0 1.0 1.0 1.0 1•0 a.o 1.0 6.o 6.o 1.0 9.0 a.o 1.0 6.o 6.9 1 2 
6,0 7.0 6.0 7.0 6,0 6.0 6.0 6.0 6.0 5.0 3.0 5.0 5.0 6.0 5.0 4.0 4.0 5.0 6.0 8.0 10.0 10.0 9.0 ·9.0 6.3 7 3 
1.0 7.0 6.0 7.0 6,0. 4.0 6.0 6.0 8.0 7.0 6.0 6.0 6.0. 5.0 6.0 5.0 5.0 12.0 12.0 11.0 9.0 9.0 11.0 10.0 7.4 7 4 
9.o 9.o 9.o s.o 8.o 1.0 8.o 9.o 8.o 8.o 6.o 1.0 9.o 9.0 8.o a.a· 11.0 11.0 11.0 10.0 9.0 a.o 9.o 9.0 e.1 1 5 
9.0 9,0 12.0 10.0 10.0 9.0 12.0 11.0 11.0 11.0 11.0 10.0 9.0 8.0 7.0 B.O 7.0 B.O 7.0 7.0 9.0 9.0. 9.0 s.o 9.2 7 6 

10.0 9.0 11.0 8.0 5.0 2,0 2.0 2.0 6.0 9.0 1.0 7.0 6.0 s.o 8.0 7.0 7.0 1.0 9.0 12.0 10.0 8.0 10.0 10.0 7.5 7 7 
10.0 10.0 8.0 B.O 9,0 9.0 11.0 11,0 13.0 11.0 12.0 12.0 12.0 12.0 13.0 15.0 14.0 11.0 11.0 8.0 8.0 10.0 9,0 9.0 10.7 7 8 
9.0 10.0 11.0 9.o 9.0 11.0 11.0 11.0 11.0 11.0 11.0 13.0 12.0 12.0 10.0 11.0 9.0 9.0 10.0 a.o 9.o 10.0 11.0 9.o 10.4 1 9 
9.o 10.0 1.0 6.o 6.o 1.0 9.o 11.0 14.0 14.o 13.o 14.0 13.0 13.0 13.0 14.o 13.0 11.0 10.0 1.0 4.o 5.o a.o a.o 10.0 7 10 
9.o 10.0 10.0 9.o 9.o s.o 12.0 12.0 14.o 13.o 12.0 13.o 12.0 13.o 13.o 12.0 11.0 12.0 13.0 10.0 11.0 10.0 12.0 11.0 11.4 1 11 

11.0 9.o 10.0 10.0 10.0 s.o 10.0 11.0 13.o 13.0 12.0 11.0 12.0 12.0 13.0 12.0 12.0 11.0 11.0 11.0 9.o 9.0 a.o a.o 10.7 1 12 
a.o 1~0 10.0 a.o a.a a.o 10.0 11.0 n.o ·14.o 14.0 13.o 12.0 n.o 11.0 11.0 10.0 10.0 10.0 10.0 s.o 1.0 1.0 6.o 9.9 1 u 
6.0 1.0 4.0 1.0 1.-0 a.o a.o 9.o 9.o io.o 9.o 1.0 a.o a~o 9.o 1.0 6.0 1.0 1.0 1.0 s.o 10.0 10.0 9.0 1.a 1 14 
a.o 1.0 6.o 6.o 6.o 5.o z.o 4.o 5.o 3.o 3.0 4.0 4.o 4.o 6.0 10.0 10.0 1.0 3.o 6.o 4.o 6.o 5.o 3.o 5.3 1 15 
4.0 6.o 3.o 4.o 3.0 .3.o &.o 5.o 10.0 10.0 11.0 9.o s.o 1.0 3.o 3.o 1.0 4.o 4.0 3.o 1.0 6.o 1.0 1.0 5.7 1 16 
5.o 4.o 3.o 2.0 3.o 4.o 5.o 6.o 4.o 4.0 5.o ~.o 6.o 1.0 1.0 11.0 9.o 1.0 1.0 a.o 9.o 9.0 9.o a.a 6.2 1 11 
1.0 6.o 6.0 s.o 1.0 a.a 9.0 10.0 s.o 6.0 5.o 4.0 5.0 1.0 a.o 9.o 9.0 12.0 12.0 12.0 12.0 11.0 10.0 9.o s.2 1 1s 
9.0 9.0 10.0 9.o a.o a.a 12.0 10.0 s.o a.o 6.o 1.0 6.0 6.0 a.a a~o 1.0 a.o 12.0 10.0 2.0 3.o 4.0 5.o 1.6 1 19 
4.0 5.0 2.0 4.0 9.0 11.0 5.0. 4.0 5.0 4.0 4.0 5.0 6,0 7.0 7.0 7.0 6.0 7.0 6.0 4.0 3.0 4.0. 4.0 5.0 5.3 1 20 
4.o 4.o 6.o 6.o 4.n 5.o 12.0 1.0 a.o 6.o 5.o 1.0 9.o 9.o 9.o a.o 8.o 6.o 5ao 4.o 3.o s.o 4.0 6.o 6.3 1 21 
1.0 5.o 8.o 1.0 8.o a.o 1.0 9.0 9,0 9.o 10.0 10.0 12.0 11.0 10.0 a.o 9.0 9.o 9.0 s.o s.o 10.0 12.0 11.0 s.9 1 22 
8.0 8.0 s.o 6.0 9,0 9.0 9.0 s.o 9.0 10.0 s.o 7.0 7.0 6.0 1.0 5.0 4.0 5.0 6.0 3.0 3.0 4.0 5.0 4.0 6.6 1 23 
4.0 2.0 4.0 4.0 4.0 4.0 7.0 6.0 5.0 3.0 7.0 7.0 s.o .7.0 5.0 7.0 7.0 4.0 5.0 6.0 1.0 7.0 5.0 5.0 5.4 7 24 
6.0 6.0 6.0 6.0 5.0 6.0 s.o 9.0 10.0 10.0 9.0 11.0 12.0 14.0 17.0 16.0 13.0 12.0 14.0 12.0 12.0 12.0 12.0 11.0 10.4 1 25 

11.0 11.0 10.0 10.0 11.0 12.0 15.o 12.0 11.0 12.0 13.o 13.0 12.0 11.0 11.0 10.0 10.0 11.0 9.o 9.o 9.o 9.o e.o 9.0 10.e 7 26 
10.0 10.0 9.o 9.o 8.0 a.o s.o 6.o 6.o 5.o a.o a.o 1.0 9.o 9.o 9.o 9.o 10.0 e.o a.o a.o a.a 1.0 e.o a.1 1 21 
1.0 9.0 9.o 9.o 10.0 10.0 8.o 1.0 1.0 5.o 4.o 5.0 6.o 1.0 4.o 5.o 2.0 2.0-·- 1.0- - 2.0 1.0 3.-o 5.o 1.0 5.6 1 2a 
1.0 1.0 9.0 9.o 8.o 1.0 3.o 6.o 9.o 8.o 10.0 13.0· 12.0 11.0 9.o 8,0 e.o 1.0 e.o 6.o 5.o 3.o 2.0 2.0 7.4 1 29 
1,0 1.0 1.0 2.0 5.0 4.0 6.0 6.0 5.0 5.0 6.0 7.0 s.o s.o 7.0 8.0 7.0 6.0 6.0 11.0 5.0 2.0 3.0 4.0 5.2 1 30 
2.0 1.0 1.0 3.o 1.0 4.0 3.0 1.0 s.o 3.0 2.0 4.o s.o 5.o 1.0 1.0 1.0 a.o 9.0 1.0 5.o 9.0 10.0 10.0 5.0 1 31 
9,0 11.0 10.0 10.0 10.G 9,0 11.0 11.0 11.0 9.0 10.0 10.0 9.0 10.0 11.0 11.0 10.0 11.0 10.0 10.0 10.0 10.0 9.o 12.0 10.2 8 1· 

11.0 9.0 1.0 9.o a.o 10.0 10.0 ij.o s.o 10.0 10.0 9.o 10.0 9.o 11.0 11.0 13.o 12.0 9.o 1.0 6.o 4.o 1.0 2.0 8.6 8 2· 
1.0 2.0 2.0 1.0 4.0 4.0 4.0 3.0 z.o 2.0 2.0 5.0 6.0 4.0 5.0 4.0 5.0 5.-0 5.0 2.0 o.o 1.0 2.0 4.0 3.1 8 3 
4.0 3.0 3.0 1.0 z.o 2.0 3.0 3.0 3.0 3.0 3.0 3.0 4.0 4.0 4.0 4.0 5.0 6.0 7.0 5.0 4.0 3.0 1.0 2.0 3.4 8 4' 
3.0 2.0 2.0 2.0 1.0 2.0 2.0 1.0 4.0 4.0 3.0 2.0 3.0 3.0 2.0 2.0 3.0 3.0 5.0 4.0 3.0 4.0 3.0 4.0 2.8 8 5 
4.0 5.0 5.0 7.0 4.0 3.0 5.0 6.0 6.0 6.0 4.0 3.0 4.0 3.0 3.0 5.0 6.0 7.0 7.0 7.0 7.0 6.0 5.0 6.0 5.2 8 6 

11.0 6.o 6.o 1.0 2.0 1.0 4.o s.o 1.0 a.o a.o 1.0 6.o 6.0 5.o 4.0 2.0 1.0 4.o 6.0 3.o 1.0 2.0 o.o 4.8 a 1 
4.0 6.o 5.o 3.0 3.0 3.0 3.o 3.o 1.0 11.0 1.0 s.o 11.0 10.0 8.o 6.o s.o 3.o 2.0 1.0 e.o 6.o 5.o 1.0 5.6 a 8 
1.0 1.0 1.0 1.0 6.o 1.0 s.o 8.o 5.o 4.o 5.o 6.o 6.o 5.o a.o 10.0 10.0 13.0 11.0 12.0 11.0 11.0 11.0 11.0 1.1 a 9 

21.0 20.0 17.0 1.0 4.0 4.0 3.0 3.0 4.0 4.0 5.0 3.0 5.0 6.0 1.0 1.0 6.0 5.0 6.0 7.0 s.o 6,0 6.0 5.0 7.0 8 10 
4.0 6.0 6.0 5.0 6.0 4.0 5.0 6.0 4.0 3.0 3.0 5.0 4.0 4.0 6.0 4.0 6.0 8.0 s.o 8.0 6.0 7.0 5.0 3.0 5.3 8 11 
z.o 3.0 6.o 9.0 1.0 1.0 6.o 6.o 1.0 1.0 1.0 9.o 8.o a.a 1.0 e.o 9.o 10.0 9.o a.o 1.0 1.0 6.0 6.o 1.0 8 12 
1.0 e.o 6.o 6.o 4.o 5.o 3.o 1.0 10.0 6.o 6.o 6.o 2.0 2.0 5.o 5.o 10.0 a.o 5.o 5.o 3.o 2.0 3.o 5.o 5.4 a 13' 
6.o 3.o 5.o c.o 1.0 a.o 5.0 9.o 9.o 6.o 4.0 2.0 ~.o a.o 10.0 11.0 10.0 10.0 12.0 10.0 10.0 10.0 10.0 10.0 1.a e 14 

10.0 12.0 10.0 11.0 10.0 10.0 9.o 10.0 13.0 14.o 14.o 13.0 14.0 15.o 15.o 14.0 14.o 15.0 12.0 10.0 10.0 10.0 10.0 10.0 11.9 ·a 15 
9.o 9.o 10.0 9.o 9.o 10.0 11.0 11.0 12.0 11.0 11.0 10.0 11.0 10.0 10.0 11.0 10.0 9.0 10.0 9.o a.o 9.o 9.o 10.0 9.9 a 16 

10.0 9.0 10.0 9,0 8.0 1.0 1.0 10.0 9.o 10.0 10.0 8.o a.o a.o 9.0 11.0 11.0 11.0 9.o 10.0 9.0 9.0 9.0 11.0 9.3 e 11 '-' 
9.o a.o 9.0 1.0 1.0 b.O 1.0 9.o 1.0 5,0 10.0 10.0 11.0 9.o 9,0 10.0 9,0 9.o 11.0 11.0 16.o 5.o 4.0 6.o ~-8 a ts CJ'\ 



TABLE A-I c.cormr:µEDl 

U.1.-UU u.dJO 0300 0400 u5UO 0600 07UU U8UU 0900 lOUU llOu 1200 1300 1400 15GO 1600 17Uu l.~Uu l900 2000 210G 2200 2300 2400 ... v,. ho Da, 

5.o 5.o e.o 1.0 4.o 3.o s.o 5.o 4.o 1.0 e.o q.o 1.0 9.0 6.o 6.0 6.0 16.0 10.0 ·1.0 e.o 1.0 s.o 10.0 1.1 8 19 
9.o 9.o q.o 11.0 1.0 1.0 a.o 8.o 10.0 11.0 12.0 12.0 12.0 11.0 10.0 11.0 11.0 12.0 12.0 10.0 1.0 s.o s.o 11.0 9.8 a 20 

10.0 11.0 11.0 10.0 a.o 9.o q.o 1.0 1.0 8.0 1.0 5.o 1.0 9.0 6.0 8.o a.o 1.0 8.o 10.0 11.0 ,~o 5.o 6.0 e.1 e 21: 
4.o 5.o 5.o 5.o 4.o 2.0 1.0 3.o s.o 4.o 6.o s.o 6.o 6.o 6.0 a.o 10.0 1.0 1.0 4.o 4.o 6.o 5.o 4.o 5.2 s 22 
5.0 4.0 7.0 7.0 2.0 5.0 3.0 1.0 6.0 1;0 6.0 3.0 8.0 1.0 6.0 4.0 7.0 7.0 s.o 3.0 3.0 4.0 3.0 4.0 5.1 8 23 
4.o s.o 4.o 5.o 5.o 4.o 5.o 4.o s.o 3.o 2.0 3.o 2.0 3.o 3.o 4.o 4.o s.o 5.o 3.o 3.o 3.o 3.o 4.o 3.B 8 24; 
2.0 3.o· 2.0 2.0 1.0 2.0 1.0 4.o 3.o 4.o 4.o 4.o 5.o 6.o 6.o 1.0 1.0 1.0 4.o 4.o 3.0 3.o 4.o .4.o 3.8 a 25 
3.o 4.o 4.0 4.o 4.o 4.o 4.o 6.0 1.0 10.0 12.0 12.0 10.0 11.0 11.0 11.0 11.0 11.0 a.o 4.o 6.0 1.0 6.0 0.0 7.4 8 26; 
~o 1.0 a.o a.a 9.0 9.o R.o 9.0 11.0 (1.0 10.0 10.0 a.o a.o s.o 9.0 1.0 6,0 6.o 5.0 6.o 9.o 1.0 1.0 a.o a 21 
9.o 1.0 s.o a.o 6.o 1.0 1.0 9.o 11.0 10.0 9.o a.a 6.o 9.o 1.0 s.o 9.o 1.0 5.o 5.o 5.o 1.0 1.0 1.0 7.5 a ze 
1.0 1.0 &.o 1.0 6.o 6.o 1.0 e.o 9.o 10.0 ~.o 6.o 9.o 9.o 9.o 1.0 1.0 e.o 1.0 6.0 6.0 6.0 s.o 4.0 1.0 s ~9 
4.o 5.o 4.o s.o 4.o 4.o 4.o 5.o 6.0 1.0 1.0 0.0 1.0 9.0 9.o 9.o 10.0 10~0 9.0 1.0 6.o 6.o 6.o 6.o 6.5 8 30 
5.o 1.0 8.o 1.0 ~.o s.o 1.0 0.0 9.o 9.0 9.0 9.o 9.o a.o 10.0 9.0 10.0 9.o 1.0 6.0 s.o 1.0 1.0 a.o 7.9 8 31 
6.o 1.0 5.o 6.0 5.o &.o 6.0 a.a 9.o 12.0 11.0 11.0 12.0 15.o 13.o 10.0 10.0 9.o 1.0 5.o 6.o 1.0 9.o 0.0 8.5 9 1 
9.o 10.0 10.0 11.0 11.0 11.0 1.0 6.o 11.0 10.0 13.o 13.o 12.0 14.0 13.o 11.0 9.0 9.o 1.0 9.0 a.o 0.0 0.0 6.o 9.8 9 2 
4.0 3.o 2.0 2.0 5.o s.o 9.o 1.0 J.o 3.o 4.o 8.o 10.0 10.0 8.o 8.o 6.o 4.o 5.o 1.0 1.0 1.0 1&.o 5.·o 6.3 9 3 
5.o 2.0 3.o 4.o 5.o 4.o 1.0 8.0 a.o s.o 6.0 4.0 4.0 1.0 9.o 10.0 6.0 5.o 4.o 2.0 1.0 1.0 o.o 1.0 4.6 9 4 
3.0 1.0 2.0 1.0 2.0 2.0 4.0 4,0 4.0 3.0 2.0 2.0 3.0 1.0 2.0 2.0 1.0 1.0 2.0 3.0 2.0 3.0 4.0 6.0 2.5 9 5 
s.o 6.o 4.o 3.0 o.o 4.o 1.0 11.0 10.0 9.0 10.0 10.0 1.0 6.o 6.0 6.o e.o a.o s.o 3.o 3.o 4.0 3.o 3.o 6.1 9 6 
2.0 5.0 5.0 5.0 2.0 2.0 3.0 3.0 3.0 s.o 6.0 5.0 4.0 5.0 4.0 s.o 5.0 7.0 s.o 2.0 1.0 2.0 2.0 2.0 3.8 9 7 
2.0 1.0 3.o 3.o 4.o 4.o 3.o 6.o a.o e.o 6.o 5.0 s.o 4.o 6.o 1.0 6.o 6.o 5.o 4.o s.o 3.o 4.0 2.0 4.6 9 e 
4.0 3.0 2.0 1.0 1.0 3.0 2.0 3.0 8.0 7.0 6.0 2.0 2.0 2.0 5.0 6.0 6.0 5.0 6.0 ·6.0 s.o 4.0 3.0 5.0 4.0 9 9 
3.0 1,0 4.0 2.0 2.0 3.0 1.0 2.0 6.0 5,0 3.0 4.0 3.0 4.0 5.0 7~0 7.0 7.0 6.0 5.0 3.0 3.0 3.0 3.0 3.R 9 10 
1.0 1.0 2.0 1.0 1.0 2.0 z.o o.o 1.0 1.0 1.0 i.o 2.0 2.0 4.o 1.0 ·4.o 4.o 4.0 4.0 4.o 2.0 2.0 2.0 2.2 9 11 
1.0 2.0 2.0 3.o 3.o 2.0 1.0 3.0 4.0 4.o 3.o 3.o 2.0 5.o 6.o ·e.o 6.o. 1.0 4.o 3.o 2.0 2.0 3.0 3.o 3.5 9 12 
?.o 4.o 5.o 6.o 1.0 6.o 4.o 1.0 10.0 10.0 10.0 12.0 12.0 12.0 11.0 .13.~ ·IO.b 10.0 8.o 10.0 9.o 10.0 14.o 15.o 9.o 9 13 
6.o 3.o 6.o 1.0 4.o e.o 1.0 4.0 10.0 14.o 11.0 13.o 12.0 13.o 11.0 10.0 1.0 s.o s.o 6.o &.o ·1.0 6.o 6.o 7.9 9 14 
s.o ~.o 5.o s.o 5.o 1.0 10.0 9.o 1.0 8.o s.o 3.o 3.o s.o 4.o 6.o 1.0 5.o 2.0 2.0 2.0 1.0 2.0 o.o 4.7 9 1s 
2.0 1.0 o.o 1.0 4.0 5.0 5.0 4.0 3.0 3.0 2.0 2.0 2.0 2.0 3.0 2.0 1.0 3.0 4.0 5.0 4.0 3.0 4.0 4.0 2.9 9 16 
2.0 2.0 2.0 3.o 3.o 1.0 1.0 4.o 1.0 3.o 4.o 4.0 3.o 3.o 5.o 1.0 6.0 ·5.0 1.0 2.0 1.0 1.0 1.0 1.0 2.s 9 11 
2.0 1.0 1.0 1.0 3.o s.o 9~0 4.o 1.0 s.o 1.0 9.0 13.o 14.o 13.o 12.0 10.0 9.0 6.0 6.0 1.0 10.0 s.o 1.0 6~8 9 18 
6.0 e.o s.o 1.0 1.0 10.0 10.0 8.o ·a.o 9.o 11.0 11.0 13.o 13.o 12.0 12.0· 11.0 9.0 1.0 1.0 5.o 8.o 9.o 9.0 9.1 9 19 

10.0 9.0 11.0 11.0 10.0 10.0 11.0 10.0 11.0 10.0 11.0 13.0 12.0 13.0 11.0 12.0 10.0 9.0 6.0 3.0 1.0 2.0 ·2.0 1.0. 8.7 9 20 
1.0 1.0 2.0 2.0 1.0 3.0 L.O 2.0 2.0 3.0 3.0 3.0 2.0 3.0 1.0 1.0 0.0 0.0 l.O 2.0 3.0 3a0 5.0 4.0· Z.O 9 21 
6.0 6.0 5.o 1.0 8.0 1.0 13.0 11.0 12.0 11.0 11.0 13.o 12.0 13.o 9.o 9.0 a.o 6.o 1.0 1.0 2.0 o.o 1.0 1.0 1.3 · 9 22 
2.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 2.0 2.0 3.0 3.0 2.0 2.0 2.0 3.0 1.0 2.0 2.0 3.0 2.0 4.0 5.0 2.0 9 23 
4.0 s.o 4.0 6.0 s.o 2.0 3.0 5.0 7.0 9.0 11~0 11.0 13.0 12.0 11.0 12.0 11.~ 10.0 9.0 9.0 11.0 12.0 13.0 12.0 8.6 9 24 

12.0 11.0 11.0 12.0 12.0 14.0 11.0 13.0 12.0 8.0 6.o 5.o 1.0 e.o 8.o 1.0 1.0 4.o 3.o 4.o 5.o 4.0 1.0 6.o ~.2 9 25 
6.0 4.0 2.0 2.0 o.o 3.0 7.0 8.0 4.0 1.0 2.0 2.0 7.0 6.0 7.0 6.0 7.0 5.0 5.0 4.0 4.0 4.0 6.0 5.0 4.5 9 26 
s.o 3.o 6.0 5.0 1.0 1.0 s.o 1.0 s.o 1.0 8.o 4.0 s.o 11.0 1.0 6.0 8.o 6.0 1.0 s.o s.o 5.o 5.o 4.0 6.3 9 21 
7.0 6.0 5.0 5.0 3.0 7.0 5.0 4.0 4.0 4.0 5.0 3.0 2.0 2.0 4.0 5.0 5.0 6.0 2.0 3.0 3.0 5.0 8.0 9.0 4.7 9 ZR· 
Q,O 11.0 12.0 9.0 5.-0 5,0 4.0 5.0 6.0 3.0 2,0 1.0 3.0 4.0 6.0 8.0 9.0 9.0 6,0 6.0 R.O 10.0 11.0 12.0 6.8 9 29 

11.0 11.0 10.0 lR.O 22.0 16.0 18,0 20.0 17.0 15.0 13,0 17,0 17.0 20.0 20,0 17.0 15.o. 9.0 6.0 4.0 5.0 6.0 7.0 6.0 13.3 9 30 
3.0 3.0 3.0 2.0 3.0 3.0 4.0 2.0 3.0 1.0 2.0 3.0 2.0 4.0 5.0 6.0 6.0 s.o .4.0 5.0 6.0 6.0 6.0 1.0 3.9 10 l· 

10.0 13.0 13.0 13.0 15.0 15.0 15.0 13.0 11.0 19.0 21.0 21.0 21.0 21.0 21.0 21.0 21.b 20.0 19.0 17.0 18.0 17.0 17.0 16.0 17.3 10 2 
16.0 16.0 13.0 13.0 10.0 10.0 13.0 11.0 17.0 18.0 17.0 ·16.0 16.0 13.0 12.0 10.0 · 4.0 4.i 4.0 8.0 4.0 3.0 6.0 12.0 11.1 10 3 
13.0 10.0 9.0 11.0 13.0 10.0 9.0 10.0 10.0 7.0 11.0 8.0 9.0 8.0 7.0 6.0 5.0 4.0 5.0 5.0 6.0 6.0 6.0 6.0 8.1 10 4 
5.0 3.0 2.0 3.0 2.0 6.0 3.0 4.0 3.0 2.0 2.0 4.0 2.0 3.0 3.0 3.0 o.o 1.0 2.0 2.0 2.0 2.0 3.0 3~0 2.7 10 5 
1.0 3.o 3.o 1.0 1.0 3.0 2.0 3.o 1.0 5.o 1.0 e.o 9.o 9.0 8.o 9.0 s.o 6.0 4.o 5.o 5.o 5.0 4.o &.o 5.2 10 6 
6.o 4.o 4.o 5.o 6.o 1.0 8.o 10.0 12.0 12.0 12.0 11.0 12.0 12.0 12.0 11.0 10.0 9.o 8.o a.o 10.0 s.o a.o 10.0 9.o 10 1 
8.o 10.0 9.o 11.0 10.0 10.0 10.0 12.0 12.0 13.0 12.0 13.o 11.0 11.0 16.Q 14.o 12.0 10.0 1.0 &.o 4.0 1.0. 8.0 e.o 10.2 10 a 
9.0 10.0 11.0 11.0 12.0 11.0 ·10.0 10.0 10.0 6.o 6.o 6.o 6.o 4.o 4.o 5.o 15.o 16.o 10.0 a.o 6.o 6.o 4.o 4.o 8.3 10 q 
5.o 1.0 1.0 s.o 3.0 2.0 1.0 2.0 4.o 1.0 1.0 6.o 6.o 5.o 5.o 4.o 4.o 2.0 1.0 2.0 1.0 3.o 1.0 ·o.o 1.9 10 10 
l.O 3.0 1.0 4.0 2.0 4.0 6.0 7.0 8.0 10.0 11.0 11.0 10.0 11.0 11.0 11.0 12.0 11.0 10.0 10.0 12.0· 12.0 12.0 13.0 8,5 10 11 

14.0 11.0 10.0 ·9.o a.o q.o 8.o 9.0 12.0 14.0 lR.o 18.o 1a.o 1s.o 11.0 16.o 16.o 15.o 12.0 12.0 14.o 15.o 16.o 16.o 13.s 10 12 
14.n 14.0 12.0 12.0 n.o 12.0 n.o 12.0 15.o 14.0 14.0 14.o 14.0 16.0 14.0 14.0 13.·o 12.0 10.0 u.o n.o l'!,O 11.0 15.o 13.5 10 13 ..__. 
15.3 14.0 1s.o 15.0 11.0 11.0 1s.o 11.0 1a.o 16.o 1s.o 1a.o 20.0 21.0 21.0 zs.o 2b.O 21.0 zs.o 29.o 30.0 31.0 ze.o 2s.o 21.J 10 14 -..,1 



TABLE A-II 

~OU-fl_! STATION 8-f'.ETER HIND SPEED W MPH AT U\YJ: HEFili::R. 1966 

0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400Avg Mo Da 

9.o 9.o 9.o a.a s.o 1.0 a.a 11.0 12.0 ts.a 12.J 12.J 13.o L3.o 12.0 13.o 14.0 12.0 9.o 1.0 1.0 1.0 1.0 s.o 10.1 & 21 
9.0 1.0 9.0 9.0 a.a 9.0 a.a a.a 11.0 1s.o 16.o 1&.o 13.o 15.o 14.0 14.0 11.0 1&.o t4.o 12.0 11.0 11.0 11.0 12.0 11.9 o 22 

13.0 13.0 13.0 13.0 Ll.O 12.0 15.0 14.0 15.0 14.0 15.0 15.0 .16.0 15.0 14.0 15.0 15.0 15.0 15.0 13.0 13.0 12.0 17..0 12.0 13.8 6 23 
12.0 12.0 10.0 11.0 11.0 12.0 15.0 15.0 15.0 17.0 16.0 18.0 18.Q 18.0 17.0 18.0 18.0 16.0 16.Q 15.0 15.0 15.0 15.0 15.0 15.0 6 24 
lb.O 14.Q 13.0 13.0-12.0 13.0 15-.0 fi.o .16.0 19-;0 113:o 19.-0 19-:-019.0 16--:0-19.0 17.0 17.0 l't.O 9.0 8.0 7.0 6.0 7.0 l~ I> 25 
LO.O 13.0 13.0 12.0 12.0 12.0 13.0 13.0 13.0 11.0 10.0 12.0 12.0 15.0 14.0 13.0 14.0 12.0 9.0 8.0 9.0 9.0 10.0 9.0 11.6 6 26 
1.0 1.0 7.0 8.0 10.0 12.0 12.0 13.0 15.0 14.0 15.0 14.0 15.0 13.0 14.Q 15.0 14.0 12.0 12.0 12.0 13.0 12.0 12.0 12.0 12.1 6 27 

12.0 10.0 12.0 10.0 12.0 12.0 1~.o 1s.o is.a 14.0 14.0 12.0 9.o 12.0 12.0 12.0 12.0 10.0 1.0 1.0 a.o 9.o 8.o 10.0 11.1 & 28 
9.o 10.0 1.0 9.o 8.o a.o 1.0 9.o 10.0 10.0 10.0 12.0 11.0 12.0 12.0 11.0 10.0 a.o 8.o 5.o 6.0 6.0 1.0 1.0 8.8 6 29 
9.0 7.0 1.0 7.0 5.0 4.0 2.0 7.0 1.0 6.0 5.0 4.0 7.0 7.0 6.0 6.0 6.0 4.0 6.0 5.0 4.0 2.0 -5.0 7.0 5.6 6 30 
5.o 3.o ·5.o 6.o 1.0 5.o 4.0 1.0 a.a 1.0 s.o 6.o 5.o A.a 6.o e.o 16.0 16.o ~1.0 10.0 11.0 12.0 11.0 10.0 8.1 1 1 
9.0 11.0 9.o a.a 1.0 s.o s.o 9.o 9.o 11.0 9.o a.o a.o 9.o 9.o 10.0 a.a 9.o 1.0 10.0 11.0 10.0 9.o a.o a.9 1 2 
9.o R.o 9.o 9.o s.o a.a a.a s.o 1.0 6.o s.o 5.o 1.0 1.0 1.0 5.o s.o 7.o s.o 11.0 13.0 13.0 12.0 11.0 e.2 7 3 

10.0 9.o 9.o 9.o s.o 6.o s.o a.o 10.0 9.o ,.o 1.0 1.0 1.0 _1.0 6.o 6.0 1s.o 1s.o 1s.o 11.0 13.0 13.0 13.o 9.5 1 4 
12.0 12.0 12.0 10.0 10.0 9.o 10.0 11.0 10.0 9.o e.o a.o 11.0 12.0 10.0 10.0 13.0 14.o 14.0 13.0 11.0 11.0 12.0 12.0 11.0 1 5 
12.0 12.0 16.0 12.0 12.0 13.0 14.0 15.0 13.0 14.0 13.0 12.0 11.0 10.0 9.0 9.0 9.0 9.0 10.0 10.0 12.0 12.0 11.0 11.0 11.7 7 6 
13.0 12.0 t3.o 11.0 6.o 3.o 3.0 1.0 1.0 10.0 9.0 a.a a.a 10.0 10.0 9.o 9.o e.o 11.0 16.0 n.o 11.0 13.o .n.o 9.5 1 1 
13.o 12.0 11.0 11.0 12.0 12.0 13.0 15.o 15.o 1~.o 14.o 15.o 14.0 15.o 1~.o 1a.o 19.o 14.0 13.0 10.0 10.0 14.0 11.0 12.0 13.5 1 a 
13.0 13.0 13.0 12.0 13.0 13.Q 13.0 16.Q 14.0 14.0 13.0 16.0 15.0 14.0 13.0 13.0 12.0 11.0 12.0 IZ..0 12.0 12.0 14.0 13.0 13.2 7 9 
l2.0 12.0 9.0 8.0 8.0 10.0 11.0 15.0 16.0 16.0 16.0 16.0 11.0 16.0 16.0 17.0 16.0 14.0 12.0 9.0 7.0 1.0 10.0 11.0 12.6 7 10 
12.0 13.o 12.0 12.0 11.0 12.0 14.o 16.0 11.0 L6.0 16.0 11.0 ·15.0 16.o 16.o 15.o 16.o 1s.o 13.0 1•.o 14.o 14.0 1s.o 14.o 14.4 1 1~ 
13.0 13.0 13.0 12.0 13.0 11.0 12.0 14.0 16.0 16.0 14.0 15.J 14.0 15.ry 15.0 15.0 15.0 14.0 14.0 13.0 13.0 11.0 11.0 10.0 13.4 7 12 
10.0 10.0 13.d 10.0 11.a 11.0 12.0 14.o 15.o 11.0 14.o 1s.o 15.o 14.o 14.0 13.o 13.0 13.o 13.0 12.0 10.0 9.o 9.0 9.0 12.3 1 13 

9>0 s.o 1.0 9.o ·10.0 10.0 10.0 12.0 11.0 11.0 11.0 a.a 9.0 11.0 10.0 a.o 9.o 8.o 9.o 11.0 14.0 12.0 12.0 11.0 10.0 1 14 
10.0 9.0 a.a a.a 8.o 6.0 4.o 4.0 1.0 1.0 4.0 4.0 6.o 6.o o.o 11.0 1&.o 9.o 6.o a.a 6.0 s.o 6.o ~.o 1.1 1 15 
6.0 1.0 s.o 1.0 6.0 5.n 1.0 1.0 12.0 12.0 14.0 11.0 9.o 9.o 4.0 3.o 4.o s.o 6.o s.o 9.o a.o 10.0 9.0 7.5 1 16 
6.0 5.0 l.O 4.0 5.0 5.0 7.0 5.0 5.0 6.0 7.0 8.0 8.0 7.0 10.0 13.0 11.0 9.0 9.0 10.0 10.0 12.0 12.0 10.0 7.A 7 17 
9.0 8.0 7.0 R.O 5.0 2.0 12.0 13.0 10.0 8.0 7.0 8.0 10.0 11.0 11.0 16.0 17.0 16.0 14.0 15.0 15.0 12.0 12.0 12.0 10.8 7 18' 

12.0 12.0 12.0 10.0 10.0 14.o 11.0 10.0 10.0 1.0 a.a 8.o 1.0 9.o 10.0 5.o 4.0 1.0 12.0 4.o 4.o 5.o 5.o 2.0 s.1 1 19 
2.0 7.0 3.0 6.0 12.0 14.0 7.0 6.0 6.0 5.0 6.0 5.0 7.0 9.0 10,0 11.0 10.0 9.0 11.0 9.0 7.0 6.0 6.0 -5.0 7.5 7 20 
7.0 6.0 6.0 8.0 7.0 6.0 7.0 13.0 12.0 ll.O 7.0 a.o 9.0 11.0 12.0 12.0 11.0 9.0 R.O 6.0 4.0 6.0 6.0 6•0 8.3 7 21" 
9.0 7.0 10.0 9.0 11.0 10.0 9.0 11.0 12.0 12.0 13.0 13.0 15.0 13.0 13.0 11.0 12.0 11.0 11.0 10.0 11.0 14.0 15.0 14.0 11.5 7 22 

12.0 10.0 11.0 7.0 12.0 12.0 11.0 10.0 12.0 12.0 10.0 s.o s.o 8.0 7.0 7.0 5.0 6.0 8.0 5.0 4.0 6.0 7.0 5.0 8.5 7 23 
5.o 6.0 h.O 5.0 5.o 5.o 10.0 9.0 6.o 5.o 9.0 9.0 10.0 a.o 1.0 9.o 9.0 6.0 6.0 s.o 10.0 s.o 1.0 6.0 1.1 1 24 
a.o 8.o 9.o 8.o &.o 1.0 11.0 11.0 13.o 11.0 9.0 11.0 12.0 l4.0 11.0 16.o 13.o 12.0 14.o 12.0 12.0 12.0 12.0 11.0 11.2 1 25' 

11.0 11.0 10.0 10.0 11.0 12.0 15.0 15.0 14.0 13.0 12.0 16.0 15.0 13.0 13.0 13.0 13.0 14.0 11.0 10.0 12.0 13.0 11.0 11.0 12.5 7 26 
13.0 12.0 12.0 11.0 11.0 10.0 10.0 8.0 7.0 6.0 10.0 9.0 9.0 11.0 11.0 12.0 12.0 12.0 10.0 11.0 12.0 10.0 10.0 9.0 10.3 7 27' 
9.0 12.0 12.0 12.0 13.0 12.0 11.0 9.o a.a 6.o 4.o 1.0 6.o 9.o 5.0 6.o 3.o 2.0 4.o 4.o 2.0 4.0 1.0 9.o 7.3 1 ?a 
9.0 11.0 11.0 12.0 10.0 9.0 4.0 s.o 9.0 11.0 14.0 15.0 14.0 10.0 10.0 10.0 9.0 10.0 9.0 6.0 5.0 4.0 4.0 4.0 9.1 7 29 
4.o 2.0 2.0 4.0 8.o 1.0 9.o 10.0 1.0 a.o 8.o 10.0 11.0 10.0 11.0 10.0 11.0 9.o 9.o 14.o 1.0 4.0 4.o 6.o 1.1 1 30 
1.0 1.0 3.0 4.0 4.0 5.0 4.0 4.0 6.0 4.0 3.0 ~.O 6.0 7.0 9.0 8.0 10.0 10.0 11.0 8.0 R.0-11.0 14.0 13.0 6.7 1 31 

12.0 14.0 13.0 13.0 12.0 12.0 14.0 14.0 14.0 11.0 12.0 12.0 11.0 13.0 14.0 14.0 13.0 14.0 14.0 13.0 13.0 12.0 13.0 14.0 13.0 8 l 
14.0 11.0 9.0 10.0 8.0 11.0 14.0 11.0 13.0 13.0 13.0 14.0 14.0 16.0 17.0 18.0 1800 17.0 13.0 10.0 8.0 6.0 2.0 3.0 11.9 8 2 

1.0 3.0 3.0 2.0 6.0 6.0 6.0 4.0 3.0 3.0 4.0 5.0 6.0 6.0 6.0 6.0 8.0 8.0 7.0 4.0 1.0 O.O 3.0 5.0 4.4 R 3 
6.0 5.0 4.0 3.0 3.0 3.6· 4.0 4.0 4.0 4.0 '4.0 4.0 4.0 5.0 5.0 7.0 7.0 10.0 11.0 R.O 4.Q 5.0 3.0 4.0 5.0 8 4 
4.0 3.0 4.0 2.0 2.0 3.0 2.0 2.0 6.0 5.0 4.0 1.0 3.0 3.0 3.0 3.0 3.0 5.0 6.0 6.0 5.0 5.0 5.0 7.0 3.9 A ~ 

6.0 7.0 7.0 9.0 6.0 6.0 7.0 ,.o q.o 7.o· 5.0 4.0 4.0 4.0 5.0 6.0 B.O 10.0 9.0 9.0 10.0 7.0 e.o R.O 7.0 A 6 
14.0 1.0 9.0 A.a 4.0 2.0 5.o a.a 8.o '9.0 10.0 1.0 1.0 8.0 1.0 5.o 2.0 2.0 6.o e.o s.o 2.0 2.0 2.0 6.1 a 1 
4.0 7.0 5.0 4.0 4.0 4.0 4.0 4.0 9.0 12.0 B.O 11.0 14.0 12.0 10.0 8.0 4.0 4.0 3.0 9.0 10.0 9.0 5.0 3.0 7.0 8 8 
~.O 2.0 9.0 9.0 9.0 LO.O LO.O 8.0 6.0 6.0 7.0 A.O 6.0 7.0 10.0 12.0 14.0 16.0 14.0 15.0 15.0 14.0 15.0 14.0 9.9 B 9 

z4.o 21.0 20.0 9.0 4.o 4.0 4.0 6.0 5.o s.o 6.o 4.o 4.o s.o 9.0 9.o ~o 9.o 11.0 10.0 11.0 11.0 9.o 9.o 9.3 e 10 
6.o 9.o R.o 8.o s.o 1.0 a.o q.o 1.0 4.o 5.o 6.0 6.o 5.o s.o 1.0 a.o 11.0 1.0 10.0 1.0 9.0 6.0 4.0 1.2 8. 11 
3.o 4.0 9.o 11.0 9.0 9.o 9.0 a.a s.o 9.o s.o 10.0 9.o 11.0 ?.o 9.o 10.0 12.0 10.0 10.0 10.0 e.o 8.0 s.o· a.a s 12 

10.0 10.0 7.0 9.0 5.0 6.0 4.0 A.O 13.0 7.0 7.0 5.0 3.0 3.0 5.0 6.0 14.0 9.0 7.0 6.0 4.0 4.0 5.0 6.0 6.A R 11 
a.a s.o 6.o 9.o 9.o 10.0 1.0 11.0 1I.o 1.0 4.0 3.o 8.0 10.0 12.0 n.o n.o n.o 15.o n.o 14.o 12.0 n.o n.o 10.0 a· 14 

14.0 14.0 14.0 13.0 13.0 12.0 12.0 12.0 16.0 17.0 lBwO 16.0 17.0 19.0 19.0 18.0 18.~ 19.0 16.0 13.0 12.0 14,0 lZ.O 12.0 15.0 8 15 
12.0 12i0 13.0 11.0 11.0 13.0 l3.0 13.0 15.0 13.0 14.0 12.0 13.0 13.0 12.0 13.0 13.0 12.0 12.0 11.0 11.0 12.0 13.0 13.0 12.5 8 16 
12.0 12.0 n.o 12.0 10.0 9.o 10.0 11.0 12.0 12.0 11.0 11.0 10.0 9.o n.o n.o n.o 13.0 13.n 12.0 12.0 n.o 12.0 14.o 11.a ij _17 -..J 
11.0 11.0 12.0 9.0 9.0 9.o 9.0 11.0 9.0 6.o 16.0 16.0 14.o 14.o 13.o 14.0 13.o 13.o 14.0 ?3.o 18.0 s.o 6.0 a.o 11.9 a 1a 00 



TABLE A-11 (CONTINUED) 

0100 02u0 0300 0400 0500 OoOO 07JO 0800 G90U 1000 1100 1200 13UU 1400 1500 1600 1700 1800 1900 20JO 21DJ LLuU L3UO 2400 Avg HO Da 

b.O 8.0 10.0 11.0 5.0 4.0 5.0 7.0 4.0 7.0 10.0 11.0 10.0 10.0 9.0 7.0 8.0 20.0 13.0 10.0 10.0 9.0 11.0 13.0 9.1 8 19 
12.0 11.0 12.0 14.0 10.0 10.0 11.0 10.0 12.0 14.0 16.0 16.0 16.0 14.0 14.0 14,0 15.0 16.0 l6.0 14.0 10.0 10.0 12.0 14.0 13.0 8 20 
12.0 15.0 15.o 14.0 10.0 13.0 12.0 10.0 8.o 10.0 9.o 1.0 6.o 10.0 s.o a.o 11.0 10.0 11.0 10.0 14.0 11.0 10.0 0.0 10.5 s 21 

A.o 0.0 s.o 1.0 6.o 4.0 4.0 5.o 1.a 1.0 e.o 1.0 9.o 9.o 8.o 12.0 13,0 12.0 10.0 6.0 1.0 9.o 1.0 6.o 1.a a 22 
8.0 5.0 13.0 11.0 3.0 7.0 6.0 9.0 10.0 10.0 LO.O 6.0 12.0 10.0 8.0 7.0 10.0 10.0 8.0 4.0 5.0 6.0 5.0 6.0 7.9 8 23 
1.0 6.o 1.0 6.o 8.0 1.0 a.a 5.o &.o s.o 3.0 4.0 2.0 4.o 3.o 4.o s.o 6.o s.o 4.0 4.0 4.0 s.o 5.o 5.1 s 24 
4.0 3.0 3.0 3.0 3.0 2.0 2.0 4.0 4.0 4.0 5.0 5.0 7.0 1.0 8.0 8.0 10.0 8.0 1.0 6.0 4.0 6.0 6.0 7.0 5.3 8 25 
5.o 1.0 6.o 1.0 1.0 6.o o.o 1.0 9.o 13.0 1s.o 15.0 12.0 14.o 1s.o 13.o 14.0 13.0 11.0 1.0 a.o 9.o 9.o 11.0 10.0 A 26 

10.0 10.0 10.0 10.0 12.0 11.0 11.0 11.0 1s.o 1s.o 1s.o 13.0 12.0 10.0 10.0 11.0 10.0 16.0 s.o 1.0 s.o 11.0 10.0 10.0 11.1 a 21 
12.0 10.0 10.0 10.0 9.0 8.0 10.0 12.0 13.0 13.0 13.0 10.0 9.0 10.0 11.0 9.0 10.0 12.0 9.0 7.0 7.0 7.0 9.0 9.0 10.0 8 28 
10.0 9.o 9.o 9.o a.o s.o 9.o 11.0 12.0 12.0 1.0 8.o 11.0 12.0 11.0 9.o 10.0 10.0 9.o a.o 9.o 8.o 1.0 1.0 9.3 8 29 
5.0 7.0 6.0 6.0 6.0 5.0 6.0 7.0 7.0 10.0 9.0 9.0 10.0 11.0 11.0 12.0 13.0 13.0 11.0 9.0 s.o 8.0 s.o 8.0 8.5 8 30 
7.0 9.0 10.0 9.0 10.0 7.0 9.0 10.0 12.0 11.0 12.0 11.0 11.0 11.0 12.0 17.0 13.0 12.0 8.0 8.0 11.0 9.0 10.0 10.0 10.2 8 31 
8.0 9.0 8.0 8.0 6.0 9.0 s.o 10.0 12.0 15.0 13.0 15.0 16.0 19.0 16.0 13.0 12.0 11.0 10.0 7.0 1.0 10.0 11.0 11.0 11.0 9 l 

11.0 13.o 13.o 13.o 15.o 14.0 s.o 1.0 1s.o 12.0 16.o 16.o 16.0 11.0 11.0 14.o 14.o 12.0 16.o 12.0 10.0 10.0 12.0 e.o 13.o g 2 
5.0 5.0 3.0 5.0 7.0 11.0 12.0 9.0 4.0 3.0 7.0 10.0 13.0 12.0 10.0 9.0 9,0 6.0 7.0 8.0 9.0 10.0 18.0 R.O 8.3 9 3 
6:o 4.0 4.0 6.0 7.0 6.0 9.0 10.0 9.0 5.0 7.0 5.0 5.0 7.0 11.0 13.0 B.O 7.0 6.0 3.0 3.0 2.0 l.O 2.0 6.1 9 4 
4.0 2.0 2.0 3.0 3.0 3.0 5.0 4.0 4.0 3.0 3.0 3.0 3.0 2.0 2.0 3.0 3.0 l.O 5.0 6.0 3.0 6.0 7.0 9.0 3.7 9 5 
8.o s.o s.o 6.o 6.0 1.0 a.o 13.o 11.0 10.0 11.0 13.o 11.0 9.0 s.o 9.o 10.0 11.0 1.0 6.o s.o &.o 4.o 5.o s.3 9 6 
4.0 7.0 8.0 1.0 3.0 3.0 4.0 5.0 5.0 7.0 7.0 1.0 1.0 6.0 6.0 8.0 7.0 9.0 7.0 3.0 2.0 4.0 3.0 3.0 5.5 9 7 
3.0 3.0 4.0 5.0 5.0 5.0 5.0 7.0 10.0 10.0· 8.0 6.0 6.0 7.0 8.0 8.0 8.0 s.o 6.0 6.0 6.0 6.0 4.0 4.0 6.2 9 8 
5.0 5.0 4.0 1.0 3.0 3.0 4.0 7.0 10.0 10.0 7.0 3.0 3.0 3.0 6.0 7.0 8.0 7.0 8.0 8.0 7.0 s.o 6.0 1.0 5.7 9 9 
4.0 3.0 5.0 2.0 4.0 4.0 2.0 3.0 6.0 6.0 6.0 6.0 4.0 6.0 7.0 9.0 9.0 s.o 9.0 7.0 5.0 4.0 5.0 6.0 5.4 9 10 
1.0 2.0 3.0 1.0 2.0 3.0 2.0 l.O 1,0 2.0 1.0 2.0 3.0 3.0 5.0 5.0 5.0 6.0 5.0 5.0 6.0 4.0 3.0 3.0 3.l 9 II 
3.0 3.0 4.0 4.0 4.0 4.0 4.0 4.0 5.0 5.0 3.0 3.0 4.0 5.0 8.0 9.0 8.0 9.0 6.0 4.0 4.0 5.0 5.0 4.0 4.9 9 12 
5.0 6.0 8.0 8.0 9.0 8.0 6.0 9.0 14.0 12.0 13.0 15.0 15.0 16.0 14.0 16.0 14.0 13.0 11.0 12.0 13.0 13.0 20.0 19.0 12.0 9 13 
8.0 4.0 8.0 10.0 6.0 9.0 9.0 6.0 12.0 18.0 15.0 17.0 18.0 18.0 16.0 15.0 11.0 12.0 s.o 8.0 9.0 9.0 8.0 1.0 l0.8 9 14 
7.0 7.0 1.0 9.0 8.0 9.0 13.0 11.0 10.0 11.0 6.0 5.0 5.0 5.0 1.0 8.0 8.0 8.0 3.0 3.0 3.0 2.0 3.0 1.0 6.6 9 15 
?.o 1.0 1.0 2.0 5.o a.o 6.o 6.0 4.o 4.o 4.0 2.0 3.0 3.0 4.0 2.0 1.0 6.0 1.0 1.0 4.o s.o 5.o 5.o 4.0 9 16 
-.,, """ , • ., 4.G ,.v <•u s.o s.o 5.o 3.0 6.o 4.0 4.o s.o 6.0 10.0 a.o 5.o 3.o 3.0 3.0 2.0 1.0 3.0 4.2 q 11 
2.0 3.o 4.0 1.0 4.o 1.0 10.0 4.o 2.0 6.0 1.0 11.0 14.o 16.0 15.o 13.o 11.0 11.0 a.o 6.o 8.o 11.0 10.0 a.o s.o g is 
1.0 8.0 10.0 1.0 s.o 11.0 11.0 8.0 10.0 11.0 12.0 13.0 15.0 15.0 13.0 15.0 13.0 12.0 10.0 1.0 1.0 8.0 10.0 10.0 10.5 9 19 

10.0 11.0 12.0 12.0 10.0 11.0 12.0 11.0 12.0 11.0 12.0 14.0 16.0 15.0 15.d 14.0 13.0 10.0 7.0 5.0 1.0 3.0 3.0 3.0 10.1 9 20 
2.0 2.0 3.0 1.0 2.0 4.0 2.0 3.0 2.0 4.0 3.0 3.0 3.0 4.0 1.0 1.0 o.o o.o 2.0 4.0 5.0 6.0 s.o s.o 3.0 9 21 
9.0 9.0 8.0 10.0 9.0 9.0 15.0 14.0 14.0 13.0 14.0 15.0 16.0 15.0 12.0 12.0 10.0 8.0 2.0 1.0 3.0 o.o o.o 1.0 9.1 9 72 
2.0 2.0 2.0 2.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0 4.0 3.0 2.0 3.0 2.0 4.0 3.0 3.0 5.0 5.0 b.O 7.0 8.0 3.3 9 23 
8.0--7.0- 8.0 9.0 9.0 5.0 6.0 7.0 10.0 11.-o 14.0 15.0 16.0 i&.o.u.o 14 .• 0 15.ff-14.0 11.-0-13.0 15.0 14.0 18.0 16.0 12.0 Cl 24-

16.Q 14.0 15.0 15.0 16.0 18.0 15.0 16.0 16.0 10.0 9.0 7.0 9.0 10.0 10.0 9.0 9.0 7.0 6.0 7.0 7.0 b.O 7.0 7.0 10.9 9 25 
1.0 s.o 4.0 3.o 1.0 3.0 q.o 10.0 5.o 2.0 3.o 3.o 9.0 1.0 9.0 9.0 0.0 5.o 1.0 6.0 s.o 4.0 5.o 5.0 5.5 9 26 
7.0 3.0 R.O 6.0 8.0 8.0 9.0 9.0 B.O 7.0 8.0 5.0 7.0 10.0 8.0 9.0 9.0 9.0 9.0 8.0 7.0 8.0 7.0 7.0 7.7 9 27 
9.0 s.o 8.0 7.0 4.0 10.0 7.0 5.0 5.0 5.0 7.0 4.0 2.0 3.0 5.0 6.0 7.0 8.0 5.0 5.0 5.0 9.0 10.0 13.0 6.5 9 28 

12.0 15.0 16.0 11.0 8.0 6.0 6.0 6.0 1.0 3.0 2.0 2.0 4.0 6.0 8.0 10.0 12.0 13.0 9.0 11.0 12.0 14.0 14.0 16.0 9.3 9 29 
14.0 15.0 15.0 21.0 28.0 25.0 25.0 27.0 24.0 22.0 20.0 25.0 24.0 26.0 24.0 23.0 19.0 14.0 8.0 b.O 6.0 8.0 10.0 7.0 18.2 9 30 
5.0 4.0 4.0 4.0 4.0 4.0 5.0 3.0 3.0 2.0 2.0 3.0 l.O 3.0 7.0 8.0 8,0 8.0 6.0 8.0 9.0 9.0 8.0 11.0 5.5 10 l 

13.0 17.0 18.0 16.0 19.0 21.0 19.0 18.0 22.0 25.0 27.0 27.0 28.0 27.0 27.0 28.0 28.0 26.0 25.0 23.0 24.0 24.0 22.0 22.0 22.8 10 2 
21.0 21.0 lA.O 18.0 14.0 14.0 17.0 15.0 22.0 23.0 23.0 22.0 19.o 18.0 16.0 14.0 6.0 7.0 7.0 10.0 B.O 6.0 8.0 16.0 15.l 10 3 
19.0 15.0 15.0 17.0 17.0 17.0 15.0 16.0 15.0 13.0 15.0 14.0 14.0 13.0 11.0 10.0 9.0 7.0 8.0 8.0 B.O 9.0 9.0 8.0 12.o 10 4 

7.0 3.0 4.0 4.0 3.0 6.0 4.0 5.0 3.0 2.0 3.0 4.0 3.0 3.0 3.0 3.0 1.0 2.0 3.0 3.0 5.0 5.0 6.0 5.0 3.8 10 5 
6.0 s.o 6.o 5.0 6.0 4.0 5.o 4.o 3.o 6.o 10.0 10.0 11.0 12.0 10.0 12.0 11.0 0.0 1.0 s.o s.o 1.0 6.o a.o 7.4 10 6 
9.0 7.0 6.0 6.0 9.0 11.0 11.0 13.0 15.0 16.0 16.0 14.0 16.0 15.0 16.0 15.0 13.0 12.0 11.0 11.0 13.0 11.0 11.0 13.0 12.l 10 7 

12.0 13.0 13.o 14.0 12.0 14.0 13.o 16.0 16.o 11.0 16.0 11.0 14.0 1s.o 20.0 1a.o 15.o 13.o 11.0 1.0 1.0 10.0 11.0 11.0 11.5 10 a 
12.0 14.0 14.0 16.0 15.0 15.0 14.0 13.0 12.0 7.0 9.0 7.0 6.0 6.0 1.0 8.0 20.0 21.0 16.0 16.0 9.0 10.0 6.0 8~0 ll.7 10 9 
6.0 10.0 10.0 8.0 6.0 3.0 2.0 2.0 6.0 9.0 10.0 9.0 9.0 7.0 1.0 6.0 5.0 4.0 4.0 4.0 4.0 6.0 4.0 2.0 6.0 10 10 
6.0 4.0 3.0 7.0 5.0 7.0 8.0 10.0 ll.O 12.0 15.0 13.0 13.0 14.0 14.0 15.0 16.0 15.0 13.0 14.0 15.0 17.0 16.0 17.0 11.7 10 11 

1e.o 15.o 14.0 12.0 11.0 12.0 11.0 11.0 16.o 19.0 23.0 23.0 23.o 24.o 21.0 22.0 21.0 20.0 16.o 11.0 19.0 21.0 21.0 21.0 1s.o 10 12 
10 n lJ.O 17.0 15.0 18.0 15.0 17.0 16.0 19.0 18.0 19.0 18.0 19.0 20.0 19.0 18.0 l~.O 15.0 13.0 16.0 18.0 20.0 22.0 21.0 17.e 10 l3 ·"'-I 
19.0 19.0 20.0 21.0 22.0 22.0 23.0 ?3.0 22.0 22.0 18.0 23.) 26.0 26.0 27.0 30.0 32.0 31.0 29.0 34.0 35.0 35.o B.O 28.0 25.8 13 H '-0 



TABLE A-Ill 

iNTAKE TOHER 2-METER wrnn SPEED Ll MPil AT L~KE HEFNER, 1956 

0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400Avg Mo Da 

12.0 12.0 13.o n.n n.o 12.0 13.o u.o 14.o n.o n.o 15.o 13.D u.o 12.0 14.0 14.0 H.o 11.0 lf,.o n.o i-2.0 13.o 15.o n.5 6 22 
15.0 15.0 15.0 14.0 14.0 12.0 13.0 14.Q 13.0 12.0 13.0 12.0 12.0 13.0 13.0 14.0 14.0 14.0 15.0 15.0 14.0 14.0 14.0 13.0 13.6. 6 2.3 
14.0 14.0 13.0 13.0 12.0 13.0 13.0 14.0 13.0 13.0 14,0 14.0 16.0 lb.O 14.0 12.0 16~0 15.0 15.0 14.0 14.0 16.0 15.0 16.0 14.l 6 24 
16.0 1~.o 15.o 14.0 12.0 13.o 13.o 15.n 15.o 14.0 15.o 11>.o 1s.o 15.o 15.o 14.0 1s.o 14.o 15.o 13.0 9.0 7.0 6.0 6.0 13. 3 6 25 

8.0 10.Q 12.0 12.0 11.0 11.0 10.0 10.0 10.0 11.0 14.Q 7.0 8.0 9.0 11.0 11.0 10.0 12.0 12.0 9.0 a.o a.o s.o 10.0 10.1 6 26 
9.0 7. 0 7.0 7.0 10.0 11.0 12.0 10.0 11.0 11.0 11.0 12.0 11.0 10.0 9.0 12.0 12.0 12.0 12.0 11.0 l?.O 11.0 11.0 12.0 10.5 6 27 

12.0 11.0 11.0 11.0 11.0 10.0 10.0 13.Q 14.0 14.0 13.0 11.0 a.o 10.0 9.0 10.0 10.0 9.0 a.o 6.0 6.0 1.0 1-.0 9.0 10.0 6 ZR 
10.0 9.0 a.n a.a R.O 7.0 6.0 1.0 1.0 8.0 s.o 1.0 a.o 9.0 9.0 a.o 8.0 1.0 6.0 ·5.0 4.o· 4.0 5.0 6.0 7.2 6 29 

1.0 a.a <>.a a.a 6.0 6,0 5.0 1.0 6.0 4.0 3.0 3.0 3.0 4.0 3.0 4.0 4.0 3.0 6.0 4.0 3.0 3~0 4.0 5.0 4.9 6 30 
5.0 4.0 7.0 6.0 7.0 5.0 4. 0 a.a 6.0 5.0 5.0 5.0 3.0 5.0 5.0 6.0 16.0 17.0 12.0 10.0 11.0 12.0 12.0 10.0 7. R 7 l 

10.0 10.0 10.0 9.0 a.o 10.0 3.0 8.0 R.O a.a 6.0 5.0 7.0 1.0 9.0 1.0 7.0 1.0 a.a 10.0 13.o 11.0 10.0 a.o 8.5 7 2: 
10.0 10.0 11.0 10.0 9.0 9.0 8. 0 7.0 f>.·o 5.0 3.0 2.0 4.0 6.0 4.0 4.0 3.0 5.0 9.0 12.0 13.0 13.0 13.0 11.0 7.8 7 3 
11. 0 10.0 9.0 9.0 7.0 8.0 9.0 a.o s.o 6.0 6.0 4.0 5.0 4.0 4.0 4.0 4.0 15.0 14.0 14.0 11.0 12.0 13.0 12.0 8.6 7 4 
11.0 l!.O 11.0 10.0 10.0 9.0 10.0 11.0 9.0 1.0 5.0 6.0 0.0 7.0 10.0 10.0 10.0 11.0 13.0 12.0 10.0 11.0 12.0 12.0 9.8 7 5. 
12.0 12.0 14.0 14.0 12.0 13.0 12.0 13.0 12.0 10.0 11.0 9.0 9.0 7.0 6.0 1.0 1.0 8.0 s.o 9.0 12.0 10.0 10.0 10.0 10.3 7 6 
11.0 11.0 12.0 11.0 7. 0 b,O 4. 0 3.0 1.0 1.0 7.0 5.0 6.0 a. o 1.0 1.0 1.0 6.0 9.0 14.0 12.0 10.0 12.0 12.0 8.4 7 7 
12.0 11.0 11.0 10.0 12.0 11.0 13.o 13.o 1~.o 11.0 12.0 11.0 12.0 11.0 11.0 16.o 16.o t3.o 12.0 10.0 10.0 13.0 12.0 13.0 12.0 7 8 
13.0 14.0 14.0 13.0 12.0 12.0 13.0 14.0 12.0 11.0 9.0 11.0 11.0 10.0 9.0 9.0 10.0 8.o 11.0 11.0 11.0 13.0 14.D 13.o 11.6 7 9 
12.0 12.0 9.0 s.o 9. 0 9.o 11.0 14.o 16.o 1s.o 14.0 12.0 14.o 13.0 12.0 14.0 14.0 12.0 10.0 9.0 s.o 6.0 9.0 12.0 11.3 7 10 
12.0 12.0 13.0 11.0 11.0 11.0 14.0 14.0 14.0 13.0 14.0 13.0 12.0 11~0 11.0 11.0 12.0 12.0 12.0 12.0 13.0 13.0 15.0 13.0 12.5 7 11 
13.D 12.0 12.0 12.0 13.0 12.0 13.0 14.0 15.0 14.0 12,0 12.0 11.0 ·12.0 12.0 12.0 12.0 i1.o 12.0 11.0 10.0 10.0 10.0 10.0 12.0 7 12 
9.0 10.0 12.0 11.0 10.0 11.0 13.0 16.0 16.0 17.0 17.0 16.0 15.0 11.0 10.0 10.0 9.0 10.0 11.0 11.0 s.o 9.0 10.0 s.o 11. 7 7 13 

11. 0 7.0 7.0 8.0 9.0 9.0 9.0 9.0 11.0 9.0 8.0 6.0 6.0 7.0 1.0 6.0 8.0 6.0 6.0 6.0 10.0 12.0 13.0 11.0 8.4 7 14 
R.O A.O a.o 1.0 1.0 2.n 7. 0 s.o 2.0 2.0 o.o 3.0 4.0 3.0 4.0 6.0 13.0 s.o 6.0 1.0 0.0 6.0 4.0 6.0 5.6 7 15 
6.0 10.0 7.0 9.0 6. 0 5.0 R.O 7.0 13.0 12.0 10.0 s.o 6.0 6.0 2.0 3.0 3.0 4.0 4.0 4.0 8.0 9.0 9.0 15.0 7 .• 3 7 16 
s.o 1.0 5.0 5,0 1.0 7.0 7. 0 4.0 4.0 3.0 3.0 4.0 s.o 5.0 6.0 13.0 11.0 0.0 s.o 10.0 12.0 12.0 11.0 11.0 7.3 7 17 
9.0 8.0 9.0 a.o 9.0 10.0 11.0 12.0 10.0 7.0 6.0 5.0 6.0 1.0 6.0 8.0 a.n 1.0 14.0 15.0 14.0 14.0 12.0 11.0 9.4 7 18 

11.0 ll.O 12.D 12.D 12.n 10.0 10.0 L3.0 11.0 a.a 7.0 4.0 6.0 4.0 0.0 b.O a.a 1.0 s.o 6. 0 4.0 4~ o 4.·o 1.0 8.0 7 19 
s.o 4.0 3.0 5.0 11.0 13.0 6.0 4.0 6.0 5. 0 5. 0 5.0 8.0 9.0 10.0 10.0 9.0 10.0 13.0 9.0 1.0 7.0 1.0 1.0 7.5 7 20 
9.0 8.0 1.0 10.0 7.0 7.0 a.o 6.0 q.o a.o 1.0 a.a 10.0 12.0 n.o 12.0 12.0 9.0 7.0 6.0 4.0 1.0 6.0 9.0 B.4 7 21 

!l.O 1.0 12.0 11.0 12.n 12.0 11.n 13.o 14.0 13.o 13.o 12.0 12.0 12.0 12.0 10.0 10.0 12.0 12.0 12.0 13.0 11.0 14.0 15.0 11.9 7 22 
14.0 13.0 11.0 10.0 1.0 14.0 15.0 13.0 11.0 12.0 12.0 10.0 1.0 8.0 s.o 7.0 8.0 4.0 5.0 9.0 6.0 6.0 1.0 e.o 9.3 7 23 
s.o 5.0 4,0 4.0 6.0 6.0 R.O 11.0 9.0 6.0 6.0 8.0 8.0 9.o s.o s.o a.o 1.0 1.0 1.0 10.0 10.0 9.o a.o 7.4 7 24 
1.0 9.0 10.0 10.0 9.0 B.O a.o 10.0 10.0 11.0 9.0 9.0 9.0 10.0 12.0 12.0 13.0 12.0 12.0 14.0 13.0 12.0 12.0 13.0 10.6 7 25 

12.0 12.0 12.0 11.0 12.0 12.0 14.0 14.0 14.0 15.0 16.0 14.0 12.0 12.0 12.0 12.0 11.0 11.0 11.0 11.0 10.0 10.0 10.0 11.0 12.1 7 26 
12.0 12.0 11.0 11.0 10.0 10.0 9. 0 7.0 1.0 6.Q 10.0 10.0 9.o 11.0 11.0 10.0 10.0 12.0 12.0 11.0 11.0 12.0 11.0 i1.o 10.3 7 27 
10.0 10.0 11.0 13.0 13.0 12.0 17.0 10.0 s.o 6.0 5.0 3.0 4.0 4.0 b.O 4.0 4.0 2.0 2.0 2.0 2.0 2.0 5.0 6.0 6.5 7 28 
a.a 10.0 10.0 11.0 9.0 9.0 4. 0 4,0 12.0 10.0 12.0 12.0 12.0 9.0 7.0 6.0 1. 0 1.0 10.0 s.o 1.0 6.0 4.0 5.0 8.3 7 29 
4.0 3.0 3.0 4.0 7. 0 8.0 10.0 12.0 7. 0 0.0 1.0 B.O 10.0 11.0 10.0 9.0 10.0 a.a 8.0 10.0 a.o 4.0 6.0 7.0 7.6 7 30 
5.0 2.0 2.0 6.0 5.0 7.0 5.0 4.0 s.o 3.0 2.0 3.0 6.0 5.0 7.0 7.0 10.0 10.0 12.0 10.0 9.0 12.0 14.0 13.0 6.8 7 31 

13.0 13.0 14.0 13.0 12.0 13.0 13.0 13.0 12.0 9.0 10.0 1.0 11.0 12 •. 0 13-.0 13.0 12.0 13.0 12.0 13.0 13.0 11.0 10.0 11.0 11.9 6. l 
12.0 12.0 1.0 2.0 2.0 2.0 s.o 1.0 10.0 9.0 10.0 11.0 11.0 10.0 12.0 11.0 11.0 10.0 8.0 6.0 5.0 3.0 1.0 2.0 7.5 8 2 

1.0 2.0 2.0 1.0 3. 0 3.0 3.0 2.0 2.0 2.0 3.0 4.0 4.0 4.0 5.0 7.0 7.0 6.0 8.0 4.0 2.0 2.0 2.0 9.0 3.7 8 3 
10.0 a.a 6,0 1.0 6.0 6.0 6.0 4.0 5.0 3.0 2.0 2.0 2.0 4.0 4.0 1.0 1.0 11.0 11.0 9.0 6.0 1.0 5.0 7.0 6.0 6 4 
s.o 1.0 1.0 6.0 5.0 3.0 3.0 3.0 6.0 5.0 5.0 3.0 2.0 4.0 2.0 3.0 2.0 5.0 7.0 9.0 7.0 0.0 7.0 0.0 5.2 8 5 
9.0 9.o 1n.o 10.0 8.0 1.0 9.0 s.o s.o 6.0 4.0 1.0 2.0 3.0 3.0 6.0 6.0 9.0 10.0 10.0 9 •. o u. o 10.0 9.0 7.3 8 6 
9.0 9.0 8.0 2.0 6.0 2.0 2.0 2.0 s. 0 4.0 5.0 4.0 4.0 4.0 5.0 3.0 2.0 2.0 6.0 2.0 4.0 2.0 2.0 2.0 4.0 8 7 
1.0 1.0 1.0 o.o 2. 0 2.0 2.0 2.0 4.0 4.0 3.0 4.0 4.0 4.0 4.0 4.0 3.0 3.0 4.0 a.o 11.0 11.0 9.0 5.0 4.0 8 8 
4.0 4.0 10.0 12.0 10.0 1s.o 12.0 10.0 5.0 5.0 5.0 5.0 5.0 6.0 a.o 9.0 11.0 13.0 12.0 15.0 14.0 15.0 14.0 15.0 9.8 8 9 

14.0 19.0 18.0 8.0 7. 0 6.0 5. 0 5.0 4.0 4.0 3.0 2.0 2.0 4.0 4.0 4.0 6.0 1.0 s.o 7.0 6.0 6.0 4.0 6.0 6.6 8 10 
s.o 7.0 6.0 1.0 1.0 a.a 6.0 8.0 1.0 s.o 3.0 3.0 4.0 5.0 1.0 6.0 9.0 11.0 11.0 12.0 8.0 10.0 8.0 6.0 7.0 B 11 
5.0 7.0 11.0 13.0 10.0 10.0 11.0 10.0 1.0 8.0 a.a R.O 9.0 l! .O 1.0 s.o 9.0 11.0 12.0 12.0 10.0 10.0 9.0 10.0 9.4 B 12 

12.0 11.n 10.0 10.0 1.0 6.0 4.0 10.0 12.0 4.0 3.0 3.0 2.0 4.0 3.0 6. 0 15.0 !l.O 1.0 1.0 6.0 1.0 5.0 9.0 7.3 8 13 
9.0 9.0 1.0 10.0 11.0 10.0 10.0 10.0 9.0 1.0 2.0 3.0 5.0 12.0 9.0 10.0 11.0 10.0 14.0 13.0 15.0 13.0 13.0 13.0 9.8 8 14 

13.0 1s.o 1s.o 14.o 14.0 13.o 12.0 13.o 14.o 15.o 15.o 14.o 15.o 15.o 11>.o 1s,o 16.o 11>.o 15.o 12.0 12.0 12.0 13.0 12.0 14.o ·a 15 
13.0 13.0 13.0 13.0 12.0 12.0 12.0 10.0 11.0 12.0 12.0 11.0 10.0 11.0. 12.0 10.0 10.0 9.0 11.0 11.0 12.0 12.0 13.0 12.0 11.5 8 16 
12.0 12.0 12.0 12.0 11.0 11.0 10.0 11.0 13.0 12.0 10.0 9.0 9.0 11.0 s.o 10.0 11.0 11.0 12.0 13.0 12.0 13.0 13.0 13.0 11.3 6 17 
12.0 !l.O 11.0 9.0 B. ~ 9.0 10.0 11.0 10.0 8.0 17.0 16.0 13.0 13.0 11.0 12.0 11.0.10.0 13,0 20,0 lR.O .6.0 5.0 1.0 ll.3 8 18 00 

6. 0 6.0 9.0 8.0 'i.O 3.0 l>.O 6.0 5.0 a. o 9.0 10.0 a.o 11.0 1.0 1.0 7.0 20.0 16.0 12.0 9.0 13.0 13.0 15.0 9.1 8 19 0 



TABLE A-III (CONTINUED) 

0100 0200 0300 040U U500 0600 0700 0800 0900 1000 1100 1200 1300 l4UO 15uu l6vJ 1700 1800 "1900 2000 2100 2200 2300 2400Ay6 Mon~ 

11.0 13.o 11.0 11.0 11.0 11.0 11.0 11.0 12.0 12.0 13.0 13.o 14.o 12.0 13.0 14.o 14.o 1s.6 1s.o 11.0 9.o 10.0 10.0 ·i4.o 1!~5 a· zo 
12.0 14.0 14.0 13.0 10.0 11.0 11.0 9.0 9.0 10.0 9.0 6.0 9.0 8.0 5.0 7.0 7.0 6.0 7.cr 9.0 10.0 6.0 4.0 5.0 B.B 8 21 
4.0 4.0 4.o 4.0 4~_o 2.0 3.o 3.o_ 4.0 4.o 'hQ___!t_.__Q__ 5.o 5.o ~-~.o- 3._o 4.0 z..o 2.0 5.o 4.o z....g_ 3.7_ !!_R 
3.0 4.0 5.0 7.0 4.0 5.0 2.0 6.0 7.0 11.0 10.0 6.0 s.o 9.0 5.0 4.0 6.0 6.0 4.0 3.0 3.0 4.0 3.0 4.0 5.4 8 23 
4.o 5.o 4.0 4.o 4.o 4.0 4.o 4.o 4.o 3.o 2.0 3.o 2.0 3.o 3.o 3.o 4.o 3.6 4.o 3.o 3.o 3.o 1.0 1.0 3.s s 2~ 
6.o 3.o 4.o 3.o 3.o 4.o 1.0 1.-0 3.o 4.o 3.o 4.o 3.o 6.o 6.o 1.0 a.a a.o a.a 1.0 1.0 s.o a.o 9.o 5.3 s 25 
1.0 9.o a.o 7.o s.o 1.0 a.o 10.0 10.0 12.0 13.0 12.0 12.0 11.0 13.0 12.0 12.0 12.0 11.0 a.o 9.o 12.0 11.0 12.0 10.3 s 26 

11.0 11.0 12.0 12.0 11.0 13.0 12.0 12.0 13.0 11.0 13.0 11.0 11.0 10.0 9.0 10.0 10.0 s.o a.o 9.o 11.0 13.0 12.0 10.0 11.1 a 21 
13.0 13.o 12.0 11.0 12.0 12.0 11.0 11.0 13.0 11.0 11.0 10.0 1.0 a.a a.o s.o a.o 11.0 a.a 10.0 9.o 9.o 10.0 12.0 10.4 a 20 
12.0 10.0 11.0 11.0 11.0 10.0 10.0 13.o 11.0 10.0 5.o 5.o 9.o 12.0 13.o 10.0 10.0 11.0 10.0 a.o s.o 8.o 1.0 6.o 9.6 a 29 
5.o 1.0 6.o 1.0 6.o 5.o 6.o 1.0 8.o 10.0 10.0 11.0 10.0 12.0 10.0 10.0 10.0 12.0 14.o 12.0 11.0 9.o 9.o 9.o 9.0 a ~o 
1.0 10.0 12.0 10.0 12.0 s.o 10.0 12.0 14.0 13.0 12.0 11.0 10.0 12.0 14.0 13.0 14;0 13.0 10.0 9.0 11.0 10.0 10.0 11.0 11.2 8 31 
9.o 10.0 1.0 9.o 1.0 9.o 9.o 12.0 13.o 15.o 16.0 16.o is.a 1s.o 16.0 12.0 12.0 11.0 9.o 6.o 1.0 9.o 11.0 10.0 11.3 9 1 

11.0 12.0 12.0 13.0 13.0 11.0 9.o 1.0 13.0 12.0 16.o 16.o 15.0 11.0 14.0 12.0 9.o 9.0 1.0 9.o s.o a.o a.o 6.o 11.2 9 2 
4.0 3.0 2.0 2.0 5.o a.o 9.o 1.0 3.o 3.0 4.o a.o 11.0 11.0 9.0 9.o 6.o 4.o s.o 1.0 1.0 8.o ~1.0 5.o 6.5 9 3 
5.0 2.0 3.0 4.0 5.0 4.0 7.0 9.0 8.0 5.0 6.0 4.0 4.0 7.0 10.0 8.0 6.0 4.0 3.0 2.0 1.0 1.0 o.o 1.0 4.5 9 4 
3.o 1.0 2.0 1.0 2.0 2.0 1.~ 4.o 4.0 3.0 2.0 2.0 3.o 1.0 3.o 3.0 1.0 1.0 3.o ,.o 3.o 4.0 6.o a.o 2.9 9 5 
1.0 s.o 5.0 4.0 s.o 6.o 9.o 14.0 12.0 11.0 10.0 10.0 1.0 6.o 6.0 6.0 9.0 a.a 5.0 3.o 3.0 4.o 3.0 3.o 1.-0 9 6 
2.0 5.0 5.0 5.0 2.0 2.0 3.0 3.0 3.0 5.0 6.0 5.0 4.0 5.0 4.0 5.0 5.0 7.0 4.0 3.0 5.0 6.0 s.o 6.0 4.5 9 7 
s.o s.o 1.0 5.o 6.0 6.o s.o A.a 10.0 10.0 1~0 6.o s.o 5.o 10.0 9.o a.o 9.0 a.o 1.0 7.o 1.0 1.0 1.0 1.0 9 e 
1.0 1.0 7.o 3.o 6.0 6.o 5.o a.a 10.0 9.0 6.0 2.0 1.0 1.0 s.o 6.0 1.0 s.o 10.0 10.0 a.o 1.0 1.0 9.o 6.5 9 9 
6.0 6.o 1.0 5.o s.o 4.o 5.o 4.o 3.o 3.o 2.0 2.0 3.o 5.o 1.0 ~.o 10~0 10.0 10.0 s.o 1.0 1.0 s.o a.o 6.o 9 10 
6.0 5.0 .3.0 1.0 5.0 4.0 3.0 2.0 1.0 1.0 2.0 2.0 2.0 3.0 4.0 4.0 5.0 5.0 8.0 9.0 A.O 7.0 6.0 7.0 4.3 9 11 
6.o &.o 6.o 1.0 6.0 &.o 6.0 5.o s.o 6.o 3.o 4.o 2.0 5.o 6.o 8.o 9.o 9.0 a.o 6.o 6.o 6.o e.o 6.o 6.0 9 12 
8.0 a.o 10.0 10.0 10.0 11.0 a.o 12.0 14.0 11.0 13.o 13.o 14.0 13.0 13.o 14.0 13.0 12.0 13.o 12.0 14.0 11.0 19.o 1a.o 12.3 9 13 
1.0 6.o 12.0 11.0 9.0 2.0 2.0 3.o 4.0 5.o 5.o 1.0 ij.O a.a a.o 1.0 6.o 4.0 2.0 4.o 5.o 5.o 3.o 2.0 5.1 g 14 
3.0 5.0 3.o 5.o 4.0 a.o 8.o 8.o 9.0 6.o s.o 4.o 4.o 5.o s.o ,.o 1.0 1.0 s.o 4.o 3.o 2.0 2.0 1.0 5.o q 15 
2.0 1.0 1.0 1.0 2.0 5.o 1.0 6.0 4.o 4.o 4.o 4.o 3.o 3.o 4.o 3.o 1.0 3.o 3.o 3.o 3.o 4.o 6.o a.o 3.5 9 16 
6.0 5.0 5.0 1.0 1.0 5.0 5.0 7.0 4.0 4.0 5.0 4.0 2.0 s.o 6.0 11.0 9.0 6.0 2.0 1.0 1.0 4.0 o.o 4.0 4.8 9 17 
5.0 3.0 1.0 2.0 5.0 5.0 4.0 2.0 1.0 4.0 3.0 4.0 5.0 5.0 5.0 4.0 4.0 2.0 1.0 o.o 3.0 2.0 o.o 3.0 3.0 9 18 
2.0 3.0 1.0 3.0 3.0 2.0 3.0 3.0 4.0 3.0 3.0 4.0 5.0 5.0 4.0 4.0 3.0 2.0 1.0 1.0 4.0 3.0 2.0 3.0 3.0 9 19 
3.0 2.0 2.0 2.0 4.0 5.0 3.0 4.0 4.0 3.0 5.0 6.0 5.0 5.0 4.0 5.0 4.0 1.0 o.o 1.0 1.0 3.0 5.0 4.0 3.4 9 20 
4.o 3.o ,.o 2.0 2.0 3.o 2.0 2.0 1.0 3.o 2.0 3.0 2.0 3.o 2.0 2.0 3.o 1.0 2.0 4.o 5.o 6.o 10.0 a.o 3.3 9 21 

11.0 11.0 10.0 11.0 1.0 e.o s.o 3.o 4.o 3.o 5.o 4.o· 5.0 4.o 4.o 4.0 ?.o 2.0 1.0 o.o 2.0 o.o 1.0 2.0 4.5 9 22 
3.0 4.0 3.0 1.0 4.0 3.0 3.0 2.0 2.0 1.0 1.0 2.0 2.0 2.0 1.0 3.0 1.0 1.0 3.0 4.0 6.0 6.0 8.0 8.0 3.1 9 ?3 

10.0 10.0 9.0 10.0 10.0 a.a a.o 9.o 9.0 9.0 11.0 13.o i4.0 11.0 11.0 11.0 14.o 12.0 11.0 12.0 14.o 13.o 14.o 16.0 11.3 9 24 
15.0 14.0 11.0 15.o 1s.o 15.o 15.o 16.0 13.0 s.o a.o 5.o 5.o e.o 6.o 5,o 5.0 1.0 2.0 3.o 4.o 3.o 5.0 5.o a.e 9 25 
s.o 3.0 2.0 2.0 o.o 2.0 5.0 6.0 3.0 1.0 2.0 2.0 5.0 5.0 5.0 5;0 5.0 4.0 4.0 3.0 3.0 3.0 5.0 4.0 3.5 9 26' 
4.o 2.0 5.o 4.0 s.o 5.o 6.o s.o 6.o 5.o 6.o 3.o 6.o a.o 5.o 5~o 6.o s.o 2.0 2.0 1.0 o.o o.o o.o 4.0 9 27 
o.o 1.0 1.0 3.0 2.0 4.0 3.0 2.0 2.0 2.0 3.0 1.0 1.0 1.0 4.Q 6•0 1.0 _1.0' 7.0 7.0 7.0 9.0 12.0 13.0 4~4 9 28 

15.0 16.0 17.0 10.0 6.0 7.0 6.0 3.0 4.0 2.0 2.0 3.0 2.0 3.0 7.0 7.0 JO.O 11.0 9.0 11.0 11.0 13.0 14.0 15.0 8.5 9 29 
13.0 15.0 15.0 11.0 9.0 15.0 9.0 8.0 9.0 10.0 11.0 10.0 1.0 1.0 6.0 s.o 5.0 3.-0 1.0 2.0 1.0 2.0 2.0 2.0 7.4 9 30 
4.o 5.o 4.o 4.0 4.0 4.o 3.o 5.o 2.0 1.0 1.0 3.0 2.0 2.0 6.o -~.Q _ a.o a.o 8.o 10.0 12.0 11.0 12.0 13.o 5.e 10 1 

15.o 16.o lij.O 18.o 19.0 19.0 1~.o 19.a 19.o 24.o 22.0 22.0 21.0 25.0.,/hO 23::..:~?4.0 24.o 21.0 21.0 22.0 22.0 22.0 20.0 20.a 10 2, 
20.0 19.0 11.0 16.0 11.0 15.0 17.0 16.0 20.0 22.0 21.0 18.0 18.0 16.0 14~0 12~0 · 5.0 .5.0 4.0 4.0 4.0 4.0 2.0 s.o 13.0 10 3 

1.0 6.0 6.0 1.0 s.o 9.o 9.o 9.o 9.o 8.0 a.a s.o 9.o a.a b.o i:-_;o _ 4.0 - 3.0 2.0 2.0 1.0 2.0 1.0 1.0 5.a 10 4 
1.0 1.0 2.0 2.0 3.0 3.0 3.0 3.0 2.0 1.0 2.0 1.0 2.0 1.0 2.0 2,.p .2.0, 2.0 4.0 4.0 4.0 s.o 6.0 7.0 2.7 10 5 
a.a 9.o a.a 1.0 6.o 5.o 6.o 5.o 4.o 5.o 1.0 9.o 9.o 9.o 9.0_- 10.-0 9.o ,_ 1.0 1.0 1.0 a.a 9.o s.o 10.0 7.5 10 6 
s.o s.o a.a 8.o 11.0 12.0 13.o 14.o 16.o 1s.o 15.0 12.0 14.o 13.0 13.0 13.o f1.o iJ.o 11.0 11.0 12.0 11.0 11.0 12.0 11.9 10 1 

12.0 12.0 12.0 13.0 12.0 13.0 12.0 14.0 14.0 15.0 14.0 14.0 11.0 13.0 16.0 12.0 13.0 12.0 9.0 6.0 1.0 10.0 12.0 13.0 12.1 10 8, 
14.0 13.0 13.0 12.0 12.0 13.0 14.0 12.0 8.0 5.0 6.0 6.0 4.0 s.o 3.0 4.0 6.0 5.0 6.0 2.0 1.0 3.0 2.0 2.0 7.1 10 9: 
2.0 4.o 1.0 1.0 1.0 3.o 6.o 2.0 3.o 9.o 9.o 8.o a.o 8.0 s.o 5.o 5.o 4.o 4.o 4.0 4.0 s.o 4.o 4.o 5.o 10 10 
6.0 5.0 5.0 1.0 1.0 10.0 10.0 11.0 11.0 11.0 11.0 10.0 11.0 10.0 11.0 13.0 12.0 14.0 11.0 13.0 14.0 16.0 16.0 16.0 10.9 10 11 

16.~ 16.0 12.0 13.0 13.0 12.0 12.0 11.0 12.0 15.0 16.0 20.0 21.0 19.0 19.0 18.0 18.0 11.0 14.0 16.0· 11.0 18.0 19.0 19.0 16.0 10 12 
17.0 14.0 16.0 16.0 15.0 16.0 l&.O 15.0 16.0 16.0 14.0 15.0 15.0 17.0 14.0 15.0 14.0 14.0 12.0 14.0 17.0 19.0 19.0 19.0 15.6 10 13 00 
17 0 17.0 17.0 l9o0 20.0 21.0 22.0 21.0 23.0 20.D 17.0 21.J 24.J 25.0 27.0 27.0 25.0 21.0 18.0 17.0 17.0 14.0 12.0 9.0 19.~ lO 14 I-' 



TABLE A-IV 

INTAKE TOWER s:..METER WIND SPEED IN MPH AT LA!~ HEFNER>l966 

0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 Avg Mo Da 

·4. 0 3.0 4.0 2.0 3.0 4.0 3.0 3.0 2.0 3.0 2.0 3.0 3.0 3.0 4.0 2.0 2.0 2.0 3.0 5.0 6.0 6.0 11.0 10.0 3.9 9 21 
11.0 12.0 11.0 11.0 8. 0 9.0 7.0 7.0 8.0 9.0 10.0 10.0 11.0 11.0 9.0 8.0 6.0 5.0 3.0 1.0 2.0 1.0 1.0 3.0 7.3 9 22 
3.0 6.0 3.0 3.0 4. 0 4.0 4.0 3.0 1.0 1.0 2.0 1.0 2.0 2.0 2.0 2.0 1.0 2.0 4.0 5.0 6.0 8.0 8.0 10.0 3.6 9 23 

11.0 11.0 11.0 11.0 11.0 10.0 9.0 9.0 11.0 11.0 14.0 17.0 18.0 16.0 15.0 15.0 18.0 16.0 14.0 15.0 18.0 16.0 19.0 19.0 14.0 9 24. 
3.0 2.0 3.0 4.0 3.0 4.0 4.0 3.0 4.0 2.0 3.0 2.0 2.0 2.0 4.0 7.0 8.0 9.0 8.0 7.0 8.0 11.0 14.0 15.0 5.5 9 28 

18.0 18.0 19.0 10.0 6.0 8.0 6.0 4.0 5.0 2.0 3.0 3.0 3.0 5.0 1.0 11.0 13.o 15.o 12.0 14.o 15.0 17.o 18.o 19.o 10.5 9 29 
17.0 11.0 18.0 16.0 18.0 22.0 16.0 16.0 16.0 16.0 17.0 16.0 15.0 14.0 15.0 13.0 11.0 7.0 3.0 3.0 2.0 3.0 3.0 4.0 12.4 9 30 
4.0 5.0 4.0 4.0 5. 0 5.0 4.0 5.0 2.0 1.0 2.0 3.0 2.0 3.0 6.0 8~0 10.0 10.0 10.0 11.0 14.0 13.0 14.0 11.0 6.8 10 1 

19.0 23.0 23.0 24.0 24.0 23.0 24.0 24.0 24.0 30.0 29.0 29.0 30.0 32.0 31.0 31.0 32.0 30.0 27.0 26.0 29.0 29.0 28.0 26.0 27.0 10 2 
25.0 25.0 21.0 20.0 21.0 20.0 20.0 20.0 25.0 28.0 26.0 22.0 23.0 20.0 16.0 16.0 10.0 8.0 7.0 6.0 6.0 7.0 5.0 11.0 17.0 10 3 
13.0 10.0 11.0 11.0 13.0 15.0 13.0 i4.0 14.0 11.0 11.0 13.0 12.0 12.0 10.0 9.0 8.0 5.0 5.0 4.0 3.0 4.0 3.0 3.0 9.5 10 4 

2.0 1.0 2.0 3.0 4.0 3.0 3.0 3.0 3.0 1.0 2.0 2.0 2.0 1.0 3.0 2.0 2.0 3.0 4.0 4.0 5.0 5.0 s.o 7.0 3.1 10 5· 
8.0 8.0 7.0 6.0 6. 0 5.0 6.0 6.0 5.0 6.0 9.0 11.0 11.0 12.0 11.0 13.0 12.0 9.0 9.0 9.0 10.0 10.0 10.0 12.0 8.8 10 6 

10.0 10.0· 9.o 10.0 12.0 15.0 16.0 10.0 20.0 19.0 10.0 16.0 1s.o 16.0 16.o 17.o 14.o 11.0 14.0 14.0 1s.o 14.o 14.o 16.0 14.9 10 ·1 
14.0 15.0 15.0 15.0 15.0 16.0 15.0 17.0 18.0 18.0 19.0 17.0 14.0 11~0 20.0 17.0 17.0 15.0 12.0 8.0 10.0 13.0 16.0 16.0 15.4 10 !I 
16.0 16.0 16.0 15.0 16.0 16.0 17.0 15.0 9.0 6.0 8.0 8.0 6.0 5.0 6.0 6.0 14.0 13.0 10.0 6.0 5.0 6.0 5.0 4.0 1.0.2 10 9 

5.0 6.o R.O 8.0 8.0 4.0 2.0 3.0 4.0 10.0 10.0 9.0 9.0 9.0 6.0 5.0 6.0 5.0 6.0 s.o 5.0 6.0 5.0 5.0 6.2 10 10 
6.0 7.0 6.0 8.0 9.0 11.0 13.0 .12.0 11.0 13.0 13.0 13.0 14.0 13.0 15.0 15.0 11.0 18.0 16.0 16.0 18.0 20.0 21.0 21.0 13.7 10 11 

20.0 20.0 16.0 16.0 15.0 15.0 15.0 14.0 15.0 19.0 20.0 26.0 27.0 26.0 23.0 25.0 22.0 22.0 19.0 21.0 21.0 24.0 24.0 24.0 20.4 10 12 
22.0 J~.o 19.0 20.0 20.0 20.0 20.0 19.0 20.0 22.0 1s.o 19.o 20.0 21.0 19.o 20.0 20.0 1s.o 17.o 20.0 22.0 25.o 25.0 25.0 20.4 10 13 
22.0 ~2.0 23.0 24.0 ~5.0 27.0 28.0 26.0 28.0 23.0 22.0 25.0 27.0 32.0 31.0 31.0 26.0 23.0 21.0 21.0 23.0 21.0 21.0 18.0 24.6 10 14 
20.0 20.0 15.0 17.0 14.0 12.0 a. o 9.0 .14.0 13.0 11.0 12.) 12.0 11.0 9.0 1.0 8.0 4.0 2.0 3.0 1.0 o.o o.o 2.0 9.3 10 15 

00 
N> 



TABLE A-V 

HOURLY \·ill1D DIRECTION m DEGREES AT LAKE HEFKER, 1955 

0100 0200 0300 0400 050C 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1500 1700 1800 1000 2000 2100 2200 2300 2400 Avg Mo Da 

158. 180. 180. 15 R. 158. 158. 158. 180. 180. 158. l'l 5. 158. 158. 15 8. 158. ns. l35. 158 .. 158. 135. !,5. 15R. 13'1. 158. I =i"6 .. 6 21 
135. 135. 135. 135. 135. I 35. 135. 135. 158. 15 8. 158. 158. l i::; g. 158. 158. 13'1. 13c;_ ns. 135. 15q. ns. 135. 111:i. 135. 141. ~ 72 
l 35. l 35. !58. l 5 A. 158. 180. 158. 158. 15 A. 1sn. l AO. 180. 158. 15 8. 158. l ~ fl~ I ~R. 1350 135. 13">. ns. l 3'i. l "..\~ .. 135. 151. 6 ?3 
158. 158. 158. 15 8. 158. 15R. 158. l RO. lii.i:t .. 158. I 58. 15 8. 153. 158. !5R. 158. l5B. lAC. 180. l RI). l 5R. 15 R .. 158. l")A. If>?. 6 24 
158. 158. IR1. !RO. 180. 1i=io. 180. 18 o. 180. 180. I RO. !RO. [ BO. 180. 180. lRO. l'l;l .. l 'iR., !RO. 180. l"i8. IS R. lAO. lAO. 175. 6 25 
l '3-8. !RO. urn. 1Ar1. 180. !RO. l 80. l so. 180. 1 RO. 158. ns. 180. 158. 180. 158. lRD .. l ':>R ... 1 '18 .. 15 R. 1 RO. l 80. ]80. 1 P:0 .. 172. h ?.fl 
l RO. !RO. l~O. 180. 180. t 80. 180. [RO. 180. 20,. 203. 203. lR'). lRO .. UH). lBO. 180. urn .. 1.qo. !RO. 180. !RO. I 80. IR(). l A1. 6 27 
l RO. 180. 180. 180. 180. 203. l 80. 203. 203. 201. 2'.J3. ;)'.)3. 203. 180. !RO. 180. 180 ... 180 ... !BO. 1 80. 180. l RO. p:io. iqo. un. '?8 
IBJ • !RO. 180. !RO. 1 AO. 203. 180. 203. 203. 201. 203. 1 i,o. 180. [RQ. 158. 180. l80$ 180. 180. lRO .. lRO. lA0.. I an. urn. 184. 6 29 
180. 203. 225. 203. ?03. l RO. 180. 225. 225, 225. 225. mo. !RO. !RO. 203. 203. 203. 18('. 135, I 35. 115. 135. 135. 180. 186. f, 3!1 
l PJ • 15 8. 180. 180. l RO. 180. 158, 15 A. !RO. 180. !RO. I RO. t 80. 15 R. 135. 135. 135. 135. 135. ns. 115. ns. 135. 158. 159. 7 I 
180. 180. !RO. 158. J 80. l RO. 180. !RO. !RO. !RO. I SR. l 5 8. 158. ns. ns. 113. 135. 113. l 3S. 11.s. 135. 135. 135. 135. l "-4. 7 2 
135. 135. 135. 13 s. JSR. I SR. 158. t 5 R. 158. 158. ns. 13 "· 135. 135. 90. 113. 135. l}S. qo. go. J"l5. 115. 135. 135. l 34. 7 3 
135. 135. l 35. 1 RO. l RO. D5. 135. 13 5. ! '58. lA(),. 180. 158. 203. 158. !RO. lfH1. 1 ~5 .. 135. 11"5. l "i A. 158. ! '58. l ~C'. 180 .. 159. 7 4 
18'.J. !RO. 180. 181). 180. urn. !AO. !AO. 180 .. I 80. I RO. P~O. !RO. 180. ] 58. I i;q~ I PO. 1 RO .. l RO. urn. IR!'). !RO. !RO. 1so. t 7P. 7 '5 
180. l 80. l BO. 180. 18 0. l 80. 180. 180. l!30. l BO. 180. !AO. l BO. !AO. 15 8. 180. JSR. 11": .. 15q., l <iR. lFn. I AO. 180. IAO .. 174. 
180. !RO. 1 RO. 180. 180. 180. BO. 180. !RO. l RCl. 1 513. 158. l '58. 158. 158. 158. 158. 15B. l5A. lR:!). 180. 180. 180. p:10. I 7?. 
I RO• l RO. l AO. !AO. 180. !BO. 180. 18 o. !RO. 1A0. 180 .. 180. 180. 180. 180. 158 .. }'5q,. ti:::A. }SR. 180. }r:;R. urn. lPO. !RO. 17"- .. 7 p 

JSR. !AO. !AO. 180. !AO. 180. !AO. [80. 180. ]RO. 203. lRO. !BO. !RO. 180. lF.O. ['58. 1'58. 1 5R • [SR. 180. I SR. 15 R. 1ss. l 74. 7 g 

I RO. I 80. 180. !RO. 180. !RO. l RO. 1so. 180. 2·01. 203. !AO. 203. 203. 203. 180. 203. l BO. 180. 180. l A.I). 180. 180. 1AO. l 86. 7 l O 
180. l P:.O. 180. 180. !AO. !RO. 180. l AO. I RO. 180. 18'.J. 180. !RO. 180. l 80. 180. lAO .. 1R0. l 80. l i:,8. ]80. l RO. 1 r:; A. 18 o. t 78. 7 II 
180. 180. !RO. !RO. lAO. !RO. !RO. 180. 203. 203. 203. 203. J 80. 180, l RO. 180. !AO. !RO. 180. l RO. 180. 180. 180. l Pt). I 84. 7 I? 
!RO. 180. 180. lRO. 180. 180. 180. !RO. 225. ~I)~ .. ?01. 180. 203. 2D~. 180. 160. !RO. 180. !RO. 180. !RO. l A(). 1 RO. lfl:0., 1 R6 .. 7 11 
l AO. I AO. t RO. 180. 180. 180. 180. 180. 225. 201'. 225. 203. mo. 283. I RO. lF-O .. 2cn .. 180. l SIJ. 18')., ISA. 158. l Br,. 1 AO. IP6. 7 14 
l 8'J. urn. 180. !BO. IBO. l RO. ?15. 180. 180. 225. 203. 203. 18'.l. 180. 158. 315. 45 .. 6R. AB. 90 .. 113. 1315. 13'5. in. 1Az. 7 15 
135. 135. 135. 135. 90. qr. 90. 90. 135. 158. l RO. !RO. l AO. lAO. 180. tR1. AR. !AO,. 135. 1 ~5. ISO. 13~. 180. 1 "if!. 144,. 7 J(1 
180. l RI). I RO. 180. 180. l RO. l RO. lg o. l~O. 2'.11. [R'.l. !SA. l '58 .. 15 B. 158. 115. 135. 13'5. !RO. lAO. 180. lRO. 3]c;. ~15. 183. 7 17 
t RO. I.RO. l RO. 180. 180. 180. 158. 15 8. 158. !RO. 180. 203. 180. 203. I 58. IBO. lflO .. l SR. ! "-'l. 135. l~O. !RO. 180. !RO .. 175. 7 I A 
180. l AO .. !AO. lflO. l RO. !RO. !RO. t 80. I RO. 225. 203. 203. 203. 180. 158. !RO. 180. lR!J. 13'5. 135. 135. 315. 315. 315. ] 95. 7 19 

q'). ()Q. qQ. o. o. o. 90. 90. 90. 68. 68. 68. 90. 90. 68. qo. qo. 90. <}()., 90. 90. 90. 90. 90. 75. 7 ?0 
90. 113. I U. 113. 135. 135. 135. 270. 23. 33R. 68. Q:)., 113. 135. 135. 135. 135. 135. 135. l 35. 1 v,. 135. 13c;. ns. 134. 7 21 

135. 11':i. t 35. 115. 135. 90.· 135. 135. t 35. 135. 1 11i. 135. 159. 158. 18J. 180. l t;R. 115. 135. l -1.,. l v,. 115. 135. 158. 141. 7 ?2 
l RO. 113. I 35. 135. t 35. 135. !SB. 180. 180. 180. 180. 203. 203. 270. 203. ] RO. 180. 2()1. l 58. } <i R. 1 ',A• o. o. o. 151. 7 ?3 
!13. 113. 113. 135. 115. 135. 90. 90. 90. 90. 90. GO. 9). 90. 90. 135. 135. 135. 180. ] 81). t R:J. 135. 135. 135. 121. 7 24 
t 35. 135. !1'5. 13i:::. l 35 .. 135. 0. o. o. [58. 158. 15 s. 135. 13 5. l 35. 1 58. l '58. !RO. l '5 ~. } "i8. l 'lR. l"iR. 158. 158. 13!. 7 ?'5 
158. 158. l '5 R, 158. 158. 158. 158. 15 B. BO. t RO. I RO. 1 8 o. !AO. !AO. 180. 1'58. 15$3. 15P. 1~0 .. 1 f!O. ) "iR .. 115. l ":\"i,. } 'l~. I 64. 7 ?':, 
l RO. l RO. l so. !RO. 180. 180. l RO. !RO. !RO. 338. 23. 158. [AO. t 58. 15 8. 15 8. 158. n5. 135. 115. 135. 115. 135. 15R .. 163. 7 77 
!5R. 158. 180. 15 A. 15 8. I RO. !RO. J 5 8. !AO. 270. 315. 315. 2 2'5. t8rr. !RO. l~R. 7f\3. 2/5. !RO. I RO. }Rn. 158. 15!=1:. !AO. l 97. 7 ?A 
180. !AO. I RO. !RO. l RO. 180. 203. 270. ?03. l RO. 180. ]AO. l 90. !RO. 158. l'iA. t "iR,. l 'iR. 135. 113. 113. 13 5. 113. l!3. 167. 7 29 
l 13. 113. t 11. 6.13. 90. 90. 90. go. 6A. qn .. 6A. 23. 45. 613. 6R. 45. 68. ~8. 6A. 701. !SR. 15 A,. l 5R. 135. 94. 7 31 
I 35. l 35. 135. 135. 135. us. t 35. 13 5. 158. t 81). I 58. 135. 135. [ 58. 135. 15 8. 13:::. !JS. 13"i.,\ 135. ]'3"i. 158. !SA. l5A. 144. 7 31 
158. 15 8. !RO. lRO. !RO. 158. 180. !RO. l RO. l RI). !RO. !AO. !AO. !RO. 158. l '58. l 5Ft. 158. l '58.' 135. 158. 158. 1 an. 2 70. 173. A I 
:?4~. 203. 248. 315. 3\5. 315. 315. 315. ?3. 23. 23. ?3. 23. 2). ?3. 23. 73. 23. 23. 73. 45. 4'5. 4'5. 45. 114. A 2 
45. n. 73. 23. 23. 23. . 23. 23. 23. 45. 1 .. 5. 4i:,. 0. 23. 23. o. o. 45. 45. 90 • 91]. 90. 90. 9('. 40. A 3 
90. 90. 90. QO. 90. 90. 90. 113. l5R. !RO. ;>93. 270. 770. 315. 23. o. o. 45. 45. 90. 90. 90. 90. 90. lib. 8 4 
90. I 13. t 13. t l 3. 113. l 35; 13'5. 135. JSR. 18'1. I AO. !AO. l 35. 23. 23. l'iA. 74A. !RO. 158. 13'5. 135 •. 13 '5. 15?. JAO. 138. 8 5 

180. l RO. t AO. !AO. !RO. !RO. l so. ISO. }AO. urn. 180. !RO. t 58. l 5 8. l 35. [35. 135. 135. 13'5. 135. 115. 135. 135. 135. 159. R 6 
Z 25. I RO. t RO. 45. 90. qo. 23. o. 0. 11 i:;. o. o. <). 338. o. o. 293. 293. (). 23. 45. qo. 90. 135. 107. 8 7 
270. 315. 315. 'ns. o. 23. 23. 4 5. 45. 45. 45. 4.5. 45. 45. 45. 45. 45. 23. o. 180. 180. ??5. 201. !AO. 109. A R 
t 80. 180. 158. ]RO. ?0'3. 7?5. 225. 225. ?25. 1 AO. 180. 158. 158. 1 ~ g. 1'5A. 158. l'lft. !5R. ]80. 158. 158. 159. 181. 180. [7R. A 9 

315. 203. 293. 21n. !AO. !5A. 15 A. AR. 23. 23. 23. ?3. o. o. o. o. 23. 23. 23. 23. 45 • 45. 2'. 45. 87. A 10 
45. 45. A8. 90. 45. 68. 45. AA. 90. 90. 45. 23. 23. 23. 23. 45. 90. 9C. 9!1. 113. 135. ns. 135. 135. n. A II 

135. 135. 135. !5R. t 58. 135. 158. 15 A. 158. 15 A. 158. t 5 B. 15A. !SA. 158. J 'iA. 135. 135. 135. 135. 158. 158. 158. 180. 151. B 12 
158. 158. pm. 15 A. 158. 158. 725. 158. 15 A. lW). 248. 315. 338. 338. 315. 315. 90. 135. 158. !RO. !RO. ns. l '5R. 1 ~o ... 199. A 13 
I AO. 180. 180. 180. 180. 180. 180. 20,. 203. ??5. 270. I RO. 158. 158. !BO. 180. !RO. 180. 180. 158. 158. !5A. 180. l•O. 183. R 14 
I RO. 1 RO. 180. !RO. !RO. l AO. !AO. ?01. 203. 203. 203. 201. 203. 203. 203. 203. 203. l 80. 180. 180. 180. !RO. 180. 180. 100. B 15 
l 80. !RO. !RO. 180. 180. I RO. lAO. 1 RO. 203. 203. 225. 225. 203. 203. 203. 703. 180. 180. [80. 15.s. l 58. 158. 180. !RO. 187. A 16 
180. 1'80. 1 AO. !RO. !RO. I RO. !RO. 203. 225. 725. 225. 225. 203. 201. 203. ·JAO. I RO. 1 qo. 15A. 115. ns. 158. 158. 158. 184. R 17 co 180. 180. 180. !AO. 180. 180. 180. 201. 225. 22 5. ":-,~. 68. 91. 90. 90. 90. 90. QO. 90. 338 .. o. QO. t 35. 90. 130. 8 l R w 

90. 90. QQ. ?1. 90. 45. on. qo. 90. qn .. 1-::\"i. 111 .. 1 l5. 1 "i A .. 1'1"i·. 11 "i. l":\-"i. lA.!'L 1 ~c;. ll.r;. 1 V:i .. 1·v;. l ':\';. Pitt. 114 .. A JQ 



TABLE f,-V (CONTINUED) 

Ol.UO 0200 0300 0400 0500 OoOO ,070u u8UU u~l)U .LUUO 1100 120U 13Uu .J.'+00 ltiUO ltiUO 17UU HUU 190U 2uuu. 2l0u 2:iuu 23uu 21.fllO Avg 110 :Ua 

158. 158. 180. 180. 180. 180. 180. 180. lAQ. 180. 180. 158. 158. 158. 158. 158. 135. 158. 158. 158. 158. 180. 158. 158. 166. 8 2!> 
158. UlO. 180. 180. 180. 180. lRO. 203. 225. 225. 225. 248. 293. 315. 315. o. 315. 315. o. o. o. o. o. o. 163. R 21 

45~ 45, 45. 45. 45. 45, 68, 68. r,a. '+5. 45. C.'i. 68. 68. 68. o. o. o. o. o. o. o. o. o. 3lt. 0 n 
45. 45, 45. 90. 9:). 90. 45, 45, 45. 45. 45. 45, '.). o. o. ft 5. 45. 45. 68. 68, 68. 90. 90. 90. '54. 8 23 

135. 135. 135. 45. 45. 45. 293. 293. 293, 29~. 293. 293. 270. 270. 270. ?93. 293. 293. 315. 315. 315. 270. 270. 770. 239. 8 24 
225. 180. 180. 203. 180. 180. 180. 180. 180. 180. 180. 180. 180. 180. 180. 180. lRO, lAO. 180. 225. 225. 203. 203, 203. 189. 8 25 
203. 203. 203. 203. ~03. 20,. 2".!3. 180. 158. 158. 158. 158, 183. 180. 180. 180. 180. 203. 180. -180. 180. 203. 203. 180. 1~6. 8 2', 
180. 180. 180. 180. 180. 180. 135. 135. n5. 15A, l'rn. 158. 180. 180, 180. 15R. 158. l5R. 135, 158. 180. 180. 180. 158. 165. 8 27 
158. 158. lRO. l 80. l RO. mo. 180. 15 a. 158. 158. 151'. 158. 158. 158. 158. 158. 15A. 158, 158, 158. 158. )RO. 180. 180. 165. 8 28 
180. 180. 158. 135. 135. 113. 135. 158. 180. 180. 180, 180. 180. 180. 180. lRO. 180. 15A, 158. 158. 158. 158. 180. 180. 165. 8 29 
180. 158. 158. 180, 115. 135. 135. 135. 15A. 135. 135, 135. 135. 135. 135. 135. 13'5. 135. 135. 135. 135. 158. 135. 135. 143. 8 30 
158. 158. 158. 158. 158. 158. 135. 1'15. 135. 135. 135. 158. 158. 158. 158. p;s. 158. 158. 180. 180. 203. 203. 180. 180. 161, 8 31 
180. 180, 180. 180. 180. !AO, 158. 15 8. 13'> ~ 135. 135. 158. 158. 180. 180. 180. 180. 180. 270. 203. 181. 180. 180. 180. 175. 9 l 
!BO. 180, 203. 203. 203. 180. 180. 203. 180. 203. IBn. 180. 180. 293. 90. 113. 225. 180. 180, 180. 180. 180. 180. 203. 1R6. 9 2 
203. 225. 2?5. 248. 225. 225. 7.03. 203. l!!O. 225. o. B5. 135. 135. 180. 225. 270. 270. 270. 270. 293. 315. 315. 315. 220. 9 3 
315. 315. 315. 45. 45. 45. 90. 90. 90. 90. 'l:>. !JO. 45. o. o. o. o. o. o. 270. o. o. o. o. 81. 'I 4 

o. o. o. 315. 315. 315. 270. tao. 180. 180. 180. 180. 203. 203. ?03. 203. 270. 248. 248. 270. ?70. 270. o. o. 188. q 5 
23. 7.3. 23, 23. 45. 45. 45. 45. 4'i. 45. 68. 1>8. 68. 68. 68. 68. 90. <JO. 90. 90. 90. 68. 6R. 68. 59. 9 5 
90. !JO. 90, 90. 90. 68. 45. 45. 45. 45. 45. 45. 45. 45. 45. 45. 45. !JO. !JO. 113. 135. 158. 135. 135. 78. 9 7 

113. 135. I 15. 135. 135. 135. 135. 135. 135. 135. 135. 135. 135. 135. 135. 135. 135. 135. 135. 135. 90. 180. 180. 225. 140. I) R 
710. 248. 180. 180. 11!0. }80. 180, lRO. 180, 180. 180. 180. 190. iao. 7.03. 22s. 225. 210. 710. 210. 315. 315. o. o. 199. 9 9 

o. 90. 90. 113. 135. 135. 135. 135. 158. 158. 158. 158. 158. l'iR. 158. o. o. o. 113. 113. 135. 135. 270. 270. 174. 9 10 
203. lPO, !RO. 180. lRO, 158, 135. 135. 135. 135. [35. 135. 90. mo. rno. 180. 180. 225. 225, 180. 748. 27.5. 203. 180. 174~ q 11 
203. 225. 180. 180. 180. 180. 180, HIO. 180. 180. 190. 180, 180. 180. 180. 190. 180. 180. 180. 1 BO. 180. 158. 158. 158. 180. 'I 12 
158. 1~8. 15R. 180. 180, 180. 158. 158. 158. 113. 113. 180. 180. 22". 225. 775. 225. o. o. 315. 1qo. o. o. o. 145. 9 13 

o. o. o. o. 23. 23. o. 45. 45. 45. 45, 45. 45. 45. 45. 23. 23. 23. 45. 45. 45. 45. 45. 45. 31. 9 14 
45. 45. 45, 45. 45. 68. 90. 90. 90. 90. 90. 90. 180, 270. 270. 270. 45. 4~. 45. 90. 45. 90. 90. 90. 98. 9 l'i 
go. 90, 90. 225, 203. .. ~. 23. 45~ 45. 45. 90, 113. 135. 135. 135. o. o • o. 180, lRO. 158. 135. 135. 135. 101. 9 16 

l 80. 190. 158. 135. 135. 135. 135. 225. 775, 225. 225. 225. 225. 180. 225. ?25. 225. ?70. 315. 315. 225. 315. 338. 338. 224. q 17 
o. 338. 338. 338. 315. 338, o. o. 338. 338. 338. 338. 138. 0. 338. o. 315. 315. 338. 338. 338. o. 338. 338. 2'51. 9 18 

338, 338. 338. 338. 338. o. o. o. o. 338. 318. 315. 33R. 338. 338. 33R. 315, 315. 315. 315. o. 338. 315. 338. 262. 9 19 
33!1. o. o. 338. o. o. o. o. a. 338. 338. 338. 338. 338. 338. 338. 338. 338. 338. 338. 338. 33!!. o. o. 211. 9 2'0 
339. 338. 338. 33q. 338. :na. 338. 338. 2rn. ?.03, 22s. n5. ,z5. 225. 225. 225. ?70. 270. 315. 315. 338. o. o. o. 249. 'I 71 

o. 0, o. 0, o. o. o. O. 315. 315, 33R. 338. 315. 315, 315. 315. 315. 315. 315. 315. 315. 315. 315. 315. 212. 'I 22 
315. 315. 315. 33q, 338. 338. 338. 293. 225. 225, 225. 725. 225. 225. 225. 225. 72'5. 225. 225. 725. 203. 203. 203. 180. 253. 9 7; 
180. 180. ?03. ?.03. 180. lRO. 180. 180. 180, 180. 180, lAO. 180. 181). 180. 180. 203, 203. 203, 203. 203. 27.5. 225. 248. 193. 9 24 
225. 225. 225. 203. 180. 180. 180. 180. 1qo. 180. 338. o. o. 23. 90. 113. 90. 68. o. o. 45. 45. 23. 21. 117. 'l 25 
203. 203. 203. 203. 203. 180. 1110. 23. 23. 23. 45. 45. 23. 23. 23. 23. 45. 23. 23. 45. 45. 23. 23. 45. 79. 9 26 

o. 23. 23. 23. 23. 23. 23. 23. 73. 23. 23, 45. 23. 23. 23. o. o. o. 293. 293. 293. o. o. o. 'il. 9 27 
o. o. 270. 248. ?25. <25. 203. 203. 703. 203. 225. 27.5. 225. 225. 248. 248. 270. 270. 271). 293. 315. 315. 315. o. 218. 9 28 

135. 158. 180. 180. 180. 180. l 90, 180. 180, 130. 180. 180. 203. 203. 225. 315. o. 23. 23. 23. 23. 23. 23. 23. 133. 9 ?9 
2·l. o. o. o. o. o. 23. 23. 45. 23. 23. 23, o. 338. 315. 315. 315. 315. 315. 315. 315. 315. 315. 338. 154. 9 30 
45, 315, 770. U5, ;>25. 203. 180. 203. 725. 203. 203. 203. 180. 180. 180. !RO. 180. 180, 180. 1 BO. 180. 180. 203. 203. 195. lJ l 

2 03. 203, 180. 15 8. l 58. 158. 158. 15 8. 158. 158. 158. 158. 15q, 158. 158. 158, 158, 158. 151!. 158. lRO. 203. 703. 203. 169. 10 2 
203. 203. 203. 203. 203. 203. tao. 293. o. o. o. o. o. o. 23. o. o. o. 23. o. o. 23. n. 23. 74. 10 3 

o. 23. 23. 23. o. 23. 23. o. o. o. o. o. ,. 23. o. o. o. 338. 315. 315. 315. 315. 315. 315. 99. lJ 4 
315. 315. 315, 315. 315. ll5, 315. 315. 315. 270. 270. 270, 270. 270. 270, 270. 270. 203. 135, 135. 135. 158. 158. 180. 254. 10 5 
180. 180. 180. 180. 180. 180, 180. 180. 190. 180. 180. 180, l AO. 183. 180. 180. l'iR. 158. 158. 158. 15'1. 15A. 15R. 151!. 173. 10 6 
158. 158, 180. 15R, 15A. 158. 158. 158. 158. 15R, 158, 158. 158. 158. 158. 158. 158. 158. 158, 158. 156. lRO. 158, 158. 160. l'.l 7 
18D. 180. 158. 180. 180. 18(). 180, 18'). 135. 158. 158. 158. 158. 158. 15'1. lRO. 180. 180. 180. 180. 180, 203. 225. 225. 176. 10 8 
248, 293. 31"· o. 338. o. o. o. o. o. o. 23, 23. 45. 45. 68. 90. 90. 90. !JO. 90. 90. 90. 90. RR. 10 9 

~8. (,8, AR. 68. 'In, 90. 90. 90, 113, 135. 135. 135. 135. 135. 135. 135. 135. 180. 158. IBO. 180, lRO. 180, 180. l2R. 10 1, 
203, 203. 203. l~rJ. !AO. 158. 15~. 15 a. 158. 158. 158, 158. 180. 158. 158. 158. 135. 135. 1~5. 135. 158. 158. 158. lRO. 163. 10 11 
158. lRO. 180. 180, l~O. 180. 158. l <; 8. 15R. 15R. 158. 158. 180. 180. 180. 180. lRC. 180. 180. 180. l~O. 180. 180, l~O. 174. 11 12 
180. 180. 180. 180. 180. 158. 158. 158. 158. 158. 158. 158. 158. 158. 180. 180. lRO. 180. 180. 203. 203. 225. 24~. 770. 182. 10 13 00 
?70. 270. 270. 210. 2Q3. 293. 293. 315. 315. 315. 315. 315. 180. 180. 180. 180. 180. lAO. lRO. 180. Jl!O. 180, 11!0. 180. 237, 10 1't .;:,-
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TA3LE a..:r 
FIU1 COVER EXPRESSED AS A DECIMAL FRACTIO!J OF THE SURFACE OF LAKE HEFNER', 1966 

0100 02·00 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 Avg Mo Da 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.04 0.05 1.11 0.24 0.33 0.25 0.18 0.20 0.20 0.26 0.22 0.1~ 0.14 0.18 0.11 7 6 
0:14 o.1s 0.20 0.24 o.3o o.3o o.66 o.39 0.30 0.24 0.21 0.20 0.12 0.02 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.15 7 T 
6.oo o.oo o.oo o.oo a.no a.no a.no o.oo o.oo o.oo o.o3 o.04 o.os 0.01 0.11 o.os o.l9 0.10 0.11 0.12 0.08 0.10 0.12 o.1s 0.06 7 9 
0.16 0.24 0.30 o.40 a.so o.5~ o.34 0.20 o.oo o.oo o.oo o.oo ~.oo o.oo o.oo c.oc o.oo n.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.11 7 10 
o.oo o.oo a.co o.oo o.oo o.oo o.oo o.oo o.oo 0.02 o.o3 o.o4 0.04 0.01 0.06 0.04 0.02 0.01 o.oo o.oo o.oo o.oo o.oo o.oo 0.01 7 11 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.20 0.33 0.31 0.26 0.43 0.1~ 0.11 0.20 0.24 0.20 0.22 0.28 0.13 7 14 
0.30 0.32 0.36 0.30 0.26 0.24 0.48 .0.42 Q.70 0.67 0.83 0.65 J.76 0.65 D.27 0.12 0.05 0.06 0.00 0.00 0.00 0.00 O.OO 0.00 0,31 7 15 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.06 0.09 0.09 0.05 0.02 0.01 0.02 0.01 0.03 0.03 0.03 0.04 0.02 0.04 0.04 0;02 7 25 
0.06 0.04 0.06 0.08 0.10 0.05 0.02 0.01 0.01 o.oo 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.04 0.06 0.04 0.04 0.03 7 26 
0.06 o.o4 0.06 0.09 0.12 0.11 0.12 0.12 0.11 o.68 o.33 o.3l 0.11 o.31 o.o9 0.06 o.r4 0.06 o.o4 c.b4 0.02 o.o4 o.os 0.10 0.19 7 27 
0.16 0.16 0.10 o.oo o.oo o.oo o.oo o.oo o.oo o.2s o.oo 0.02 o .• 55 6.56 o.65 o.73 o.1a 1.co 1.00 o.98 1.00 1.00 o.90 o.74 o.49 7 2R 
0.60 0.48 0.3A 0.30 0.28 0.28 0.45 0.39 0.32 0.16 0.04 0.02 0.02 0.20 0.35 0.4A 0.50 0.49 0.4A 0.52 0.56 0.5R 0.60 0.64 0.3A 7 29 
0.10 o.74 0.10 0.50 o.3o o.o3 0.03 0.03 0.09 0.01 o.o9 o.os o.os 0.04 o.os o.o5 0.06 o.o4 0.11 o.o~ 0.06 0.06 0.06 0.30 0.16. 1 30 
0.60 o.66 a.so 0.10 o.64 o.59 o.54 o.59 o.62 o.81 0.15 0.11 1.67 o.49 o.45 o.44 o.3n 0.20 0.11 0.10 o.oe a.co a.on o.oo_0.47 7 31 
0.06 o.oa 0.06 o.oa o.o~ 0.09 0.02 0.01 0.06 0.16 0.11 0.13 o.14 o.oa o.oo o.04 0.04 o.o3 0.02 0.02 0.02 o.o4 0.06 o.oa 0.01 il l 
0.12 0.16 0.24 o.36 o.4o o.42 0.26 o.oo o.oo o.oo o.oo o.oo J.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo a.co o.oA A 2 
o.oo o.oo o.oo o.oo a.coo.co o.oo 0.08 0.32 o.69 o.1a 0.11 0.15 0.12 o.o9 0.01 0.06 o.o5 o.o5 o.os 0.12 o.30 0.34 o.34 0.13 8 3 
o.34 o.34 o.38 o.40 o.40 o.38 0.40 0.42 o.57 o.76 o.sa o.A9 0.68 o.R4 0.40 0.25 0.10 o.o4 o.oo o.oo o.oo o.oo o.oo 0.02 o.36 R 4 
0.02 0.02 0.02 o.o4 0.10 0.22 0.31 0.15 0.10 0.13 0.20.0.56 o.59 o.78 o.h5 o.so 0.24 o.ze 0.24 0.18 0.12 o.o4 o.oo o.oo 0.24 11 5 
o.oo o.oc o.oo o.oo o.oo o.oo o.oo o.oo 0.06 a.21 0.53 0.34 Q.48 0.48 0.48 0.46 0.35 0.28 a.JO 0.10 0.08 0.10 0.14 D.16 O.lH 8 6 
0.10 o.o~ o.oa 0.10 0.12 0.31 0.26 0.13 0.11 0.03 o.os 0.14 0.14 o.1n 0.11 o.63 n.11 0.20 0.13 0.10 0.17 0.20 0.30 o.4o 0.20 R 7 
0.40 o.36 o.3~ 0.32 o.32 o.32 o.32 0.25 0.15 0.11 0.13 a.ca o.on 0.10 0.13 o.1s 0.24 o.45 o.35 o.3o c.20 0.20 0.30 o.40 o.zs R A 

a.so 0.60 a.so 0.40 0.10 o.o5 0.06 0.15 0.23 0.32 o.49 o.59 o.54 o.53 0.19 c.os 0.04 o.o3 0.06 0.01 a.Ob 0.06 o.os o.o4 n.24 8 9 
0.02 ().04 0.10 0.20 0.30 0.49 0.52 0.43 0.31 IJ.28 0.56 Q.58 0.22 0.18 0.13 0.06 0.06 0.41 0.02 0.02 0.0? 0.04-0.04 0.04 0.21 A 10 
0.06 0.06 o.o~ 0.10 0.10 tJ.10 0.10 o.oe o.os 0.12 0.20 0.20 0.14 a.on o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.06 ~ 11 
o.oo o.oo o.oo o.oo o.oo o.oc o.oo O.OR o.1q 0.30 0.3~ 0.46 0.46 0.31 0.35 0.35 0.35 0.28 0.22 0.22 C.24 o.~o 0.36 0.40 0.22 8 l? 
o.42 o.44 0.50 o.48 o.56 o.60 o.60 o.48 0.,2 o.54 o.65 0.68 0.89 0.98 a.as o.2a 0.15 o.24 0.31 0.40 o.46 o.s2 o.58 o.~9 o.52 JJ n 
0.60 o.62 o.64 o.58 o.54 n.58 0.43 a.so o.43 0.41 o.65 0.10 0.12 0.32 0.41 o.s1 o.46 o.45 0.31 0.03 0.03 o.o4 0.04 0.06 o.42 A 14 
0.12 0.16 0.18 O.lR 0.20 0.18 0.13 0.21 0.22 0.08 0.03 0.02 0.03 0.00 0.00 0.00 0.03 0.05 0.05 0.05 0.14 0.14 0.14 0.14 0.10 A 15 
o.1a 0.20 a.ta 0.16 0.12 0.10 o.os 0.06 a.oh 0.01 0.11 0.11 1.15 1.29 0.30 0.30 o.37 o.43 o.45 o.45 a.so o.44 0.40 c.36 0.24 a l '-
D.36 0 0 34 0.34 0.34 0.40 0.37 0.37 0.40 0.29 0.10 0.15 0.10 0.19 0.30 0.27 0.33 0.33 0.25 0.09 0.09 0.12 0.15 0.12 0.10 0•25 R 17 
0.12 o.14 0.12 o.30 n.so 0.62 o.62 o.62 0.50 0.41 n.46 0.04· o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.19 R· 18 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oQ o.oo 1.00 o.o~ o.oo o.oo o.oo a.co o.oo o.no o.oo o.oo o.oo o.oo o.oo g 19 
0.00 0.00 0.02 D.08 0.18 0.32 0.33 0.25 0.05 0.00 0.05 0.05 0.28 0.43 0.43 0.40 0.15 0.15 0.07 0.20 0.24 0.24 O.OR 0.12 0.17 8 ZR 
0.18 o.1a 0.19 0.12 0.06 0.2& o.2s o.1a 0.06 o.o9 0.11 o.zs o.3~ o.34 0.29 o.os 0.01 0.13 0.20 0.26 0.26 o.34 0.40 o.43 0.21. 8 ?9 
o.48 o.5o o.52 o.5o o.4R o.48 o.47 o.39 o.34 o.2s o.39 o.5? o.52 o.54 o.5o o.37 0.08 0.02 o.o4 0.02 0.02 0.02 0.01 0.02 0.31 8 30 
0.02 0.02 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.03 0.09 0.12 0.20 o.?6 o.2a 0.30 o.34 o.36 o.os R 31 
o.36 o.36 o.38 o.44 o.44 o.42 o.so 0.40 o.o4 0.01 o.og 0.02 0.01·0.02 0.10 0.20 0.05 0.13 0.19 0.12 o.36 o.34 0.26 0.24 0.24 ') l 
0.24 0.22 0.22 0.20 0.18 0.11 o.36 0.10 o.os o.os 0.03 0.11 0.02 0.03 0.01 0.20 0.13 o.41 0.45 o.37 0.28 0.22 0.11 0.13 o.19 .9 ? 
o.u o.o9 o.oa o.o9 o.o'l 0.10 0.11 o.39 o.74 J.i,4 o.o1 o.65 o.55 0.30 0.2·4 c.24 0.24 0.31; o.34 0.30 0.24 o.2R 0.14 o.oo o.29 Q 3 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo a.no o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.06 0.22 0.23 o.24 o.2s 0.21 ~.2& 0.01 9 4 
o.ze o.29 0.29 o.2a 0.2~ 0.28 o.2R o.?9 0.25 o.89 o.R7 0.19 1.10 o.66 o.63 o.5A 1.00 o.61 o.57 o.53 o.sz 0.52 o.46 o.44 o.51 g· 5 
o.40 o.40 o.38 0.40 o.36 o.36 0.40 0.35 o.2s 0.21 0.10 0.10 o.o9 o.oa o.os o.oo 6.oo o.oo o.o3 0.10 0.14 0.11; 0.10 o.oA 0.19. Q 6 
o.os o.os o.oa 0.06 o.oa 0.09 0.21 0.10 0.11 0.09 o.os o.oe 1.10 0.01 o.o4 o.oo o.oo o.oo o;oo o.oo o.oo o.oo o.oo 0.11 0.06 'l 7 
0.20 0.22 0.20 -0.20 0.20 0.22 0.23 0.24 0.29 0.26 0.33 0.35 0.41 0.3~ 0.33 0.30 0.25 0.19 ~.22 0.22 0.22 0.24 0.26 0.26 0.26 9 R 
r.26 0.24 0.30 0.16 o.34 o.2a o.2n o.2s· 0.29 0.28 0.35 0.90 o.ao 0.62 o.66 o.55 o.3B o.36 0.3& 0.1• o.3A o.JA 0.11; 0.1~ o.4o 'l 9 
0.40 0.42 0.46 0.54 0.60 0.71 0.65 0.62 0.59 O.Rl a.AO 0.85 0.88 o.51 0.58 0.49 0.41 0.28 0.15 0.12 0.14 0.16 0.16 0.20 0.48 9 10 
o.40 o.4A o.60 o.6a o.1e o.a6 1.00 1.00 1.00 1.00 1.00 o.a4 o.e5 0.10 o.63. o.64 o.64 o.A2 o.&2 0.60 o.66 0.10 0.10 0.10 o.74 9 ll 
0.64 0.64 0.62 0.64 0.68 0.68 0.68 0.68 0.68 0.73 0.6~ 0.68 0.63 0.61 0.62 0.39 0.37 0.26 0.24 0.24· 0.16 0.10 0.02 0.02 0.48 9 12 
0.04 0.12 0.24 O.lA 0.22 0.23 O.OO 0.02 0.04 0.03 0.04 0.02 0.02 0.00 0.00 0.00 O.OO O.OO Q.00 0.00 0.00 0.00 O.OO 0.00 0.05 g· 13 
Q.00 0.00 0.00 0.00 0.00 0.00 O.OO 0.00 Q.00 0.19 O.lR 0.30 0.42 0.35 0.3A 0.48 0.59 0.70 0.72 0.74 0.70 0.70 0.50 0;20 0.30 . . 9 25 
0.05 0.10 0.25 0.30 0.70 0.50 0.20 0.05 0.99· 1.00 O.R5 0.69 0.29· 0.47 0.65 0.62 0.59 0~40 0.20 0.00 O.OD 0.00 O.OJ 0.00 0.37 9 26 00 
o.oo o.oo o.oo o.oo o.oo o.oo 0.1• o.1a 0.26 0.91 ~.75 a.so o.45 0.32 o.42 0.24.o.on o.oo o.oo o.oo o,oo o.oo o.oo o.oo o.1s .9 29· °' 
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TABLE. C-1 

CHL:UC~.L APPLICATIOii RATE rn LBS/HR AT LAKE HEFNER, 19GG 

0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 16GD 1700 1800 1980 2~00 2100 2200 2330 2~02 Avg Ho Da 

o. o. o. a. o. o. a. o. o. 100. 95. 95. 95. R5. 1,2. so. 63. 65. qo. 6~. 35. '15. 20. 20. 42. 1 f, 

o. ~o. 12. 37. 35. 60. 10. 39. 65. a. a. o. o. o. o. o. o. o. o. o. o. o. o. o. 13. 7 1 
o. o. a. a. a. o. o. o. o. a. o. o. a. o. o. o. o. o. C). o. o. a. o. o. o. 1 8 
o. a. o. a. o. o. o. o. o. o. 100. 125. l [7. 105. l!O. 125. 1!5. 70. 50. o. llO. 60. 77. 72. 52. 7 9 

123. 75. 8A • B 3. 75. 95. 70. 75. 30. a. o. o. o. o. o. o. o. o. o. o. o. a. o. o. 30. 7 10 
o. o. a. o. o. o. o. o. o. 160. 135. [56. ! BO. 120. l 12. 121. a. o. o. o. o. o. o. l). ',}. 7 11 
o. o. o. o. o. o. o. (). a. o. o. 125. 165. 50. a. o. o. %. BO. [9. 38. 12. 40. 40. 77. 7 14 

41. 59. 60. 43. 63. 50. 20. 40. 32. a. a. a. 32. 50. 55. 25. a. o. o. a. o. o. o. o. 24. 7 15 
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