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FOREWORD 

At the suggestion of a number of 
persons interested in the engineering as-
pects of evaporation, the Civil En gineer-
i ng Department of Colorado A & M College 
held a c onference on this subject April 
12 and 13, 1954. This conference was 
attended by representatives from colleges 
a nd Federal Agencies doing res earch work 
on this importa nt sub ject . F ol lowing the 
conference, a brie f resume wa s issued by 
the college . Many pers ons felt , however, 
that they would like to have an abs tr act 
covering the technical material presente~ 
This is in res p onse to that demand. 

Acknowledgment should be made to the 
efforts of H. J. Koloseus , Hydraulic En-
gineer , U. S. Geological Survey, who 
served as secretary to the conferen ce and 
on whose shoulders fell the bu rd e n of a 
large share of the work involved in or~, 
ganizing and reporting this conference. 
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WIND TUNNEL EVAPORATI ON STUDIES AT COLORADO A&M COLLEGE 

by J. E . Cermak 

Lake Hefne r Model Studies 

Under sponsorship by the Bureau of Ships, Navy Departmc :ttt, 
and in cooperation with the U. S. Ge ological Survey, Colorado 
A & M College h a s conducted a model stu dy of Lake Hefner. Wind 
tunnel investigati ons of the 1:2000 scale mode l have been 
conducted with the foll owin g objective s in mind: 

1. To determine if wind structure over the prototype 
can be modeled or dup licated in the wind t unne l. 

2. To determine if evap orati on rates from the mode l 
may be used to predict evap oration r ates from the 
prototype. 

Results of the invest i ga tion have shown that wind 
structure ( vari ation of h oriz ont a l mean velocity along the ver -
tical) for neutral thermal c onditions is similar for model and 
prototype above an elevat ion correspond i n g t o the laminar sub-
l aye r of the model. Measurements show that ab ove the laminar 
sub-laye r in the mode l and for the prototype, the mean wind 
ve locity varies logarithmically with height. In general the 
prototype elevation corre sponding to the thickness of the 
laminar sub-layer of the model is about 20 ft, 

Measurements of evaporation rate s indicate that the 
evaporation coeffi cien t N is a unique function of the parameter 
R1:- where 

N = EA 2SC 11'e 

v~,. " R" = "V~ ·,.-

E = evap orat i on rate for unit area 

A = area of evap oration surface 

~C = difference between the ambient vapor concentration 
and the sa tura ti_on concentrati on at surface 
temperature 

Ve = diffus i on coeffi c ient of water vapor into air 

V~:- = s hear velocity -J 'To/p at an upwind location 

'T0 = shear at air-ground interface 
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and r = air density . 

Because R1:. for the prototype is about 2000 time s large r than 
that f or the model , n o dire c t p rediction of p rototype has been 
p oss ible . However , t hrough u se of the Reyno l ds analogy a s 
modified by von Karman , N f or both the mode l and the proto-
type ma y be expressed with pract i cal accuracy by derived 
equati ons . 

Further studies h a ve shown that u p stream b arriers have 
n o app r e ciab le effect u p on the r ela tionship between N and 
R.::- if 'To is t a ken t o be the shear which would oc cur if no 
barrier were present upstream a nd the same horiz ontal pressure 
g radien t existed , 

A p ractical impl icat ion of the inves ti gati on is the 
possibility of u sing the relationships between N , and R~:- a s 
given by Reynolds analogy to predict evap orati on rates fr om 
exist ing and p lanned reservoirs . In order t o make thi s 
applica ti on, an estimate of mean annua l or monthly va l u e s of 
v~~ , air temperature, and water surface temperature must first 
be made . 

Evap orati on from Smooth , Plane Boundaries 

Through s p ons orship by the Office of Naval Research, a 
systemati c study of evaporati on rates from smooth , p lane 
boundaries h as been conducte d . The main objec tive of this study 
wa s to determine the effect of varying the dry a pproach l e ngth 
u p stream from the evaporati on surface , F or a l ength of eva p ora-
ti on surface L the leng th of dry appr oach was varied in leng th 
fr om L/12 t o L. Results of this study indicate that the re lative 
length of a pr oach need n ot be considere d a s an independent 
variab le if N is expressed in terms of R.::· • Furthermore , 
data fr om these studies a re well represented by a relationship 
between N and R~:- derived from Reyn olds analogy. 

PROVISIONAL RESULTS OF THE BRUNING EVAPOTRANSPIRATION STUDY 

by O. E. Leppanen 

In s outheastern Nebraska t h e U. S, Ge ological Survey 
conducted a water - l o s s study t o determine whether the 
evap otranspirati on fr om a grass - cove r ed s u rface could be 
a ccurat e l y measu red by use of mass -transfer and ener gy- budget 
technique s . The measurement pr ogram was in operati on from 
May through Septembe r 1953 and March through June 1954 , A 
water - budge t c ontrol was u sed , moisture storage being 
determined by samp ling . Almost continuous re cor ds of 
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t emperature and humidity were obtained at f our leve ls ab ove the 
surface as well as temperatur e variations in the ground and at 
the surface . A Cummings radiation integrator and Eppleys were 
used for energy - budget aspects . The data are now bein g processed . 

Trill FELT LAKE EVAPORATI ON PR OJECT 

by R . K. Linsley 

Unde r the s p onsorship of the U. S. Wea the r Bureau and 
with the acti ve ass is t ance of the U. S. Ge ological Survey, 
S tanford Un ivers ity is undertaking an evaporati on study at Fe lt 
Lake situate d on the Stanford Campus . Felt Lake is an off 
channe l reservoir supplying water for irr igation and fire pro-
tection on the Stanford Campus. , It is formed by a small earth 
dam acr oss the mouth of a small valley . It is filled by 
divers.ion of flow t hr ough Los Trances Canal f rom Los Trances 
Cr . The lake is about 50 ft deep at maximum dep th, 40 acre s 
in area , and contains about 500 acre-feet of water . The local 
tributary area is approximately 70 acres and the normal annual 
rainfall is about 20 in., large ly concentrated in the winter 
months (Decemb er through March) . 

Th e pr o ject will parallel on a more modest scale the 
work done a t Lak e Hefner. An accurate water budge t will be 
mainta i ned b y careful r e cords of lake le ve l, inflow as measured 
wi th a V- notch weir, and outflow as measured with a ve nturi 
me t er in the outlet l ine . The lake is situated on rock and 
soil of the Santa Clara formati on which is hi ghly imper v ious 
and n o signif icant seepage is believe d to occur . No attemp t 
will be made to measure local inflow and day s wi th significant 
rainfall will be neglected in computing the water budget . 

A shore stat i on on the west (windward) sh0re of the 
lak e is equipped with a Class A pan, scre e ned pan, BP I pan, 
and Colorado s unken pan in addition to rain gage , the rmometers, 
a nd hygrothermograph. A raft sta tion will be e qui ppe d to 
measure wind, temperature, humidity at 4 and 8 m. above the 
water surface, wat e r surface temperature, and inc oming and 
r eflected radiation. Peri od i c measurements of the temperature 
distribution in the l~ke p lus inflow and outf low temperatures 
will permit computati on of an energy budget. 

Ob s e r vations on the shore stati on were started in 
January 1954 , Because of instrumental difficulties the raft 
station is not operating as yet bu t is expected to b e operating 
by July , 1954. Tentati ve plans contemplate termination of 
observations in June or July, 1955. Analysis will i n clude 
comparison of pan and l ake evap oration, energy budget comparison, 
and use of the Lake Hefner emp irical e quation, Additional 
studies may be made if the data suggest o ther a ppr oaches. 
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Processed dat a will be available to interested partie s a nd a 
fina l report on the project will be published in some form . 
Be cause of delays in calibrating the inflow weir and the 
outflow venturi mete r no c omparative data are curre nt ly 
available. 

The project is under the direction of Professor Ray 
K. Linsley , De p t . of Civi l Eng ineering , Stanford Univers ity, 
Stanford, Calif. 

THE LAKE MEAD PR OJECT 

by G. E . Koberg 

The instrumenta tion program at Lake 1ead was described 
briefly . The energy- budget method for determining evap oration 
was reviewed, and the methods u sed to evaluate each parame ter 
in the energy budge t were exp lained . The energy- budget results 
were summar i zed , and it was stated that the evap oration from 
July 1, 1952, through June J O, 1953, was 900 . 000 acre - feet, or 
84 inches . The mass - transfer results were summarized, and the 
agreement between the tw o methods was excellent on an annua l 
bas i s; h owever, on a monthly basis the mass - transfer me thod 
differed by as much as 25 percent from the ener gy budget . 
This deviation was pr ob ably due to the stability problem, which 
was very much more in evide nce at Lak e Mead than at Lake Hefner . 
The talk was conclude d and color slides were shown by Mr . 
Garstka of the equipment u sed at Lake Mead . 

EVAP ORATION - SEEPAGE STUDIES I N THE CHEYENNE RIVER BASIN 

by G. E . Harbeck, Jr. 

Studies are planned for the summer of 1954 t determine 
seepage and evaporation losses from selected stock p onds i n the 
Cheyenne River Basin in Wyoming . Ponds underlain by d i fferent 
ge ologi c formati ons will be used in order to study the effect of 
ge ologi c condit ions . 

Seepage losses will be determined using a technique 
developed by W. B . Langbe in. Pond stage will be measu red at 
hal f hourly intervals over a per iod of approximately ~4 hours , 
using several point gages that are direct - re a ding to the 
nearest 0.0001 f oot . Measurements of air temperature, wet -
bulb temperature , and water - surface temperature wil l al so be 
made . A rec ord of wind speed will be obtained . The total 
fa ll in stage ·in a 24- hour period includes both seepage and 
evap oration losses . That part of the total los s attributable 
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to evap ora t ion can be computed on t he b as is of the mass - transfer 
theory . It is assumed that evap oration is directly prop ortional 
t o the product of the wind speed and the vapor - pressure dif -
ference and that evap oration in the abse n c e of wind is ne gli g ible. 
The product of wind speed and vap or - pressu re differe n ce for 
periods of p e rhaps 2 hours in length is plotted a gai nst t o ta l 
fall in stag e during that same p e riod . The intercept on the 
stage axis thu s represents the seepage loss . 

Continuous r ec ords of wa ter level and t emperature , 
wi nd spe e d , air tempera ture , and h umidity will be ob tained at 
s everal p onds . Thermal surv eys will be ma de at weekly interva ls. 
Net incoming radiation will be measured using a Cummings Radiation 
In tegr a tor. Jeekly evap oration will be dete rmi ned us ing b ot h the 
ene r gy - bud ge t and mass - tra nsfer methods. 

SIL1.TER HILL EVAP ORA I ON PR OJECT 

by M. A. Kohler 

Of rec ent years, the Weathe r Bur e au has conducted 
numerous experime ntal projects at i t s Si lver Hill Observa tory , 
j st across the Distri c t of Columbia b oundary in Maryland . 
Part of the regular observa ti onal program for the ashington 
area is based at Silver Hill and, acc ordingly, the station is 
manned by c ommissi oned personne l (21 hours per day, 7 days pe r 
week) . The observatory grou nds cover approximately 5 - 1/2 acres, 
and the site is believed t o be meteorol ogically representative 
of the regi on . When it appeqred that staff and workl oad re -
quirements would permit , plans we re made f or in i tiati on of a 
modest, experimental evaporation project . 

Eva p orati on observations we re begu n June 10, 1953. 
The equipme nt was inop e r a tive du r i n g the winte r months, but 
observations were resumed on Ma rch 9, 1954 . It is h oped tha t 
at least a p ort ion of the equipment can be ke p t in operation 
throughout the coming winte r . 

The objectives of the project are many , and some are 
of a continuin g nature . At such time as it becomes evident 
that sufficient data have been collected t o achieve one 
objective, the observational pr ogram will be revised in 
acc ordance with existing staff and workload. Instrumentati on 
and current observa tional procedure we re establi shed t o serve 
the f oll owing objectives : 

1. Determine pan- to-pan ratios for fur of the more 
widely used types of pans -- Class A, Bure au of 
Plant Industry , Colorado (Sunken) , and Screened 
(Sunken) . 
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2. Study the effe cts of s ome n on - standard operati nal 

practices, particu larly with respect t o t he Class 
A pan . 

3. Study the " splash- out" characteristi cs of the 
various pans . 4. Study practicability and advisabi lity of shielding 
the Class A p an . 

5. Provide furthe r test ing of the derived r e l ation f or 
estimating Class A evap orati on from air t emperatu r e , 
dewp oint , wind and solar r adiati on (or percent 
s unsh i ne ). 

In vi ew of t h e fact that less than six months of data 
are a vailable from the project, it is obvi ou s that results to 
date ne cessarily b order on s peculation . Pe rhaps the most 
striking feature of las t s e ason ' s obs er va tions is the signif-
i cantly and consis tently lower evap orati on from the sunken 
p ans relative to the Class A than h as been observed in other 
localities. Moreover, the magnitude of this differenc e seems 
to be gre a ter the smaller the pan. Transfer of heat through 
the sides and bottom depend on the temperatu re gradient (wate r 
t o air, or wate r to soil, as the case may be). This leads one 
t o wonder if the lake-to-pan ratios for small s u nken p ans may 
n ot be more s u scep tible to climatic variation tha n is the 
Class A pan . 

With r espect to the Class A pan, air temperature is 
readily a vailable and it now a ppears much of the climati c 
variation can be take n i n t o acc oun t. Soil tempera ture s are 
n ot generally observe d at evaporation stat i ons and they a r e 
highly inf lue nced by g r ound cover, soil mo i sture a~d s oil type, 

Studies so on to be reported in a r e search pa per show 
rather conclusive l y that transfe r of heat t h r ou gh the pan can 
a ccou nt for appreciable variations in the pan coeffi c ient --
as low as 0 . 6 in are as where pan water temperatures a verag e 
much lower than air temperatu res and as high as 0 .8 wher e the 
reverse is true. 

Ori g inal p l ans proposed the installat ion of a l arge 
stock tank (15 or more feet in diame ter) . Young and others 
concluded that evaporation from such a tank is r epr e s e ntative 
of tha t from a small l ake and , on this basis , pan t o lake 
coefficients were t o be derived for the site . The tank h as 
n ot been installed, alth ough we still hope to fi nanc e one in 
the near future . 
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PAN AND LAKE EVAPORATION AT LAKE MEAD 

by M. A. Kohle r 

The two objective s of the weather Bur eau in the Lake 
Mead evaporation experiments were (1) t o determine a pan 
coefficient by comp~ring observed annual pan eva p orat i on with 
lake evap orati on · as computed b y the ene r gy budge t and mass 
transfer me t h ods, and (2) t o t est the accuracy of the Weather 
Bureau r elati on for computing pan eva p orati on from mete oro-
logical data . 

In compar ing pan and lake evapora tion, it is ne cessary 
f or c onsiste n cy that the change in energy storage a nd a dve cted 
energy f or the lake be ze ro f or the per iod or a corre ction must 
be made t o the lake evaporation if these quantities are n o t 
zero. If we assume that transfer of he a t occu rs nly at the 
surface of a lake , then the effe ct of advected e n ergy and 
change i n energy stora ge can be approximately evalua te d by 
i ncreas ing the average water temperature and c omputing the 
increased evap oration, -back radiation, and conduction of 
sensible heat . It c an be assumed that s9lar radiation, long 
wave radia tion from the sky, and vap or pressure of t he air will 
n ot be appreciably affected by t h e increased water temperature, 
Preliminary computations at Lake Mead show that a ppr oximately 
60% of the increased energy represente d by an i ncrease in annual 
water temperature will be dissipated by evap orat i on with the 
remaining 40% transferred by increase in back radiation from the 
water surfac e and c onduction of sen sible heat . This means that 
the observed lake evap orati on must be corrected by algebraic 
addition of the factor 0 . 6 (change in ene r gy storag e minus 
advected energy ) in order to compare with the lake evap oration 
computed by app l ying a coefficient t o the pan evap oration . Since 
the 0 . 6 fi gure is an appr oximation and may actually vary from 
0.55 to 0.65, depending upon the period selected t o dissipate 
the excess ene r gy, t he cor r ecti on should probably be made only 
f or annual peri ods . This ad justment for the fir s t full yea r 
(April 1 , 1952 - Mar ch 31, 1953) at Lak e Mead was - 8, 7 inches, 
and f or the last full y ear ( Octobe r 1 , 1952 - September JO, 1953) 
was - 8 . 6 inches . 

Making these adjustments t o the energy budget evapora-
tion at Lak e Mea~ g ives values of 77,9 i nche s and 75. 9 inches 
f or the first and last 1 2- month periods, re s p ec tive l y . Since 
the observed pan evaporation for the corresp onding periods wa s 
108.6 inche s and 112.4 inches , the compu ted pan coefficient s 
are . 72 and . 68, respectively. On the b asis of these figures , 
a coefficient of 0 . 70 for the Boulder City pan se ems reasonable . 
Lake eva p oration computed on the basis of this coeff icient mus t 
be corrected , however, for the change i n energy storage and 
advected energy. 
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Since the publicat ion of the Lake Hefner Rep ort, consid -
erab le time has been spent on investigati on of variation of the 
Class A pan coefficient brought about by t ransfe r of heat through 
the sides of the pan . Thus , in areas where water tempera ture 
tends to be higher than air temperatu re? the pan coefficient 
should be relati vely hi gh and vice versa for areas where wate r 
tempera ture is less than air temp erature . Re sults of this study 
will be published soon in a Weather Bureau research aper . 
App l ying this a pproach t o the Bou l de r City Class A pan yields 
an estimated pan coefficient slightly less than 0 , 70 . 

EVAPORATI ON SUPPRESSION 

by E . R. Lemon 

A discussion was g iven c oncerning the me chanisms of 
mono-molecu lar layer s of surfactants in free water s urfac es . 
Vari ous charac t eri stic s required of mon olayer s to suppress 
evaporation were r evi ewed . r ollowing this , the results of 
lab oratory studies on suppressing s oil mois ture evaporation 
were presented . 

PR OPOSED STUDY OF THE BOWEN RATIO 

by H. J. Koloseus 

The equation sugge sted by Bowe n for the evaluati on of 
the ratio of the h e at lost by conduction t o that lost thr ou gh 
evaporation has be e n the s ubject of numerous discussions . The 
effect of spray , atmospheric stabi lity, and radiative diffusivity 
on this rati o is n o t well understood. Sinc e rec ourse is made 
t o this ratio i n the Energy Budge t determi na t ions of evaporation, 
a better understanding of its eva luation would be helpful . 
Therefore , a wind tunne l study of the Bowe n rati o has been 
prop osed . 

A wind ;tunne l study is p ar ticularly su i table t o this 
work because the influe nce of s pray, stability, a nd radiative 
diffusivity c an b e controlled and evaluated more readily in 
a wind tunne l than in nature . Two p ossible appr oache s t o the 
pr oblem are : 

1 . Use of t wo insulated evap orati on p ans one o f which 
contains water and the o ther a saline solution . 
The simultaneous use of two different solu tions can 
be used t o a dvantage t o eliminate one of the vari -
ab l es of the energy equati on . 

2. Use a sing le insulated evap oration pan t o which 
energy is supp lied at such a rate as to maintain 
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a c onstant water surface t empe rature (steady state 
condi tions). 

Depending on the extensiveness of the program, it may 
be p ossible t o ascertain : 

1 . The effect of var i ous temperature differences 
between the air and the water on the Bowen r a tio. 

2 . The effect of various vap or pressure difference s 
between the air and the water on the Bowen ratio , 

J . The effect of various ambient air velocities on 
the Bowe n ratio . 

The c omplexity of the undertaking increases as the effect of 
spray, stability , a nd radiative diffusivity on the Bowen r a ti o 
is studied . 

Information re garding the Bowen ratio may be of 
industrial value whe r e evap oration is used as a means of diss i -
pating heat . 
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