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ABSTRACT

The availabitity of Landsat imapery adds a new dimension to
selecting und evaluating solar evaporation sites. Landraf imagery
is particularly nseful early in u project when comventionel maps
and oir photos are not availoble. This paper presents information
on imagery fnrerpretation and its application o locating suitable
areas for sizing solur evaporation ponds. Remote sensing images
at avatleble scafes provide a rapid and inexpanyive dimension or
tool for screening lurge areas and selecting sites with potentiolly
favorable geohydrelogical conditions, Processed mulii-spectral
and single band imugery provide additionael date for evaluating
specific solar évaporation pund site churacterisiivy ro Qssist in de-
sipn and engineering,

Saiellite imagery was applied o evaliuuting geolagy and hydrod-

vgy at ¢ nitmber af locations, tncluding three sites in Venezuela
where storm lides and excessive surface water run-off posed o
patential problem. Expension of solar ponds and crystailizers
was complefed at one of the lncations after sofving many unigus
problems. A Phase I expunsion has been completed ar the sec-
anel site, and the third remaing under investipation.

An extensive study of technical reports on solar evaporation
was muade in connection with the Venezuelan site evaluations.
Thiy paper presents ¢ aumber of fnvaluable graphs, charts,
numographs and formulae compiled during vhe sewdy and ap-
plies these date to solay evaporation pond design, consiruction
and operational procedures.

INTRODUCTION

Salellite imapery is an invalnable tool to select and
evaluate sites for solar salt production, Large-scale im-
ages covering thousands of square miles can be reviewed
in a matter of minutes to select and compare sites for fur-
ther study. Magnified and processed images in black and
white and faise color provide more detailed data on site
conditions for evaluating the feasihility of pond construc-
tion at selected locations.

Solur evaporation pond site selection is usually carried
out on a regional or country-wide basis to determine the
loeation of surtable land areas in proximity to fransporia-
tion and shipping factities. After initial site selection,
evaluations are directed to obtaining detailed data on
geological and hydrological factors affecting pond design
and engineering.

IMAGE PROCESSING

Images ohtained by lLandsat remoie sensing are ex-
tremely useful for both studies. The unprocessed image
area for a single frame covers about 13,00 square miles.
An image is obtainable in usable form for site selection
procedures with a scale of about 1:250,000. The image

can be rapidly scanned to locale sizeable areas with tonal
variations signifying flat ground or low-Iying swarapy
areas potentially suitable for solar pond construction.
Landsat semsors ebtain images in four or more separate
bands or wave lengths. Site screening and selection
studies can be based on tonal vartations for a single band
that provides indications of soil moisture and surround-
ing terrain characteristics. A Band 3 [mage generally
gives the best display of geological features, soll moisture,
angl the lecation of the land-water interface (Figure 1),
Bands 4, S and 7 are composited fo vield an image in

-false color for detailed site evaluation prior to field

studies. The variations in color and tone on the image
show the health and distribution of vegetation, moisture
content of the soil, depth of water adjacent to the area
and site geomorphology, It is often helpful 10 enlarge or
magnify the image by photographic processing to a scale
of either 1:20,000 or 1:50,000 for detailed site cvama-
tions. Single bands can be used jointly or separately with
multi-spectral false color to provide data on soil molsture
and geomatphology. We have found the combination of
Bands 4, 5 and 7 provides usable data at the least cost for
both site selection and evaluation.

The enlarged imagery scales recommended for sife
evaluation studies are commonly used as a base for topo-
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Figure 1. Band 5 black and white of arca near Ganaine, Halti
The north-south distance is approdmately 22 miles,

graphic mapping. If topugraphic maps are avatlable for a
sefected sife, a clear overlay of the map should he pre-
pared to match the scale of the image enlargement. When
field investigations are implemented, features on the im-
age can be directly referred to topographic map features
and elevations. It may also be heipful to obtain images for
a particular site during the wet and dry season. Our ef-
fores to obtain useful seasonal data have been nnsuceess.
ful, cither because of local or seasonal cloud cover in the
area of interest or the sateilite image sensors were turned
off,

SENSOR DESCRIPTION AND COMPARISONS

As previcusly noted. Landsat images are available in
four separate bands. The four bands designated 4, 5, &
and 7 oceur in two visible and two invisible portions of the
spectrum, ranging from green through red to near in-
frared. The various sensing bands and their wavelengths
are as follows for Landsat 1 through 3:

Band Number Wavelength in Micrometers

4 0.5 to 0.6 visible-—green

5 0.6 to 0.7 visible—red

) 0.7 ta 0.8 invisible—near infrared
7 0.8 to 1.1 invisibie~near infrared.

Sub-scene images of each individual wavelength from &
Landsat Multispectral Scattner (MS5} ranges in tonal
variation from white through grey to black, depending
upon the wavelength reflected from the object. As stated
succinetly in Petroleum Enpineer International, “these
images are invaluable to the geologist because of their
synoptic aspects—a single scene surveys a wide variety of
terrain, geology and fandform types under near optimum
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viewing conditions thar ephance or emphasize the rela-
tionships of surface features.” (Sept. 1980, p. 146) Vege-
tation shows up best in the near infrared and water is best
indicated in the green band. On false color composites,
using Bands 4, 5 and 7, healthy vegeration appears in red
and clear deep water in black, 1n a sparsely covered area
typically selected {or additional stady, false color varia-
tions, appearing as red, green and black. are used rfo
identify or infer geolegical and hydrological fearires im-
pacting on pond construction and operation. Interpreta-
tons of favorable and unfavorable siting characteristics
are alt suehject to field confirmartion.

The possible use of Landsar imagery for interpreting
techaical and environmental solar evaporation siting fac-
tors are shown below in Table 1. This table is adapted
from a publication by David 1. Barr (1972).

APPLICATION TO SITE INTERPRETATION

Landsat imagery was used for siting studies in a2 num-
ber of countries with varying terrains, As one example, we
were assigned ta locaic a suitable site for solar ponds near
& proposed petrochemical complex on the Arabian Gulf
in Saudi Arabia. Standard azerial photography was not
available because of government regularions, A Landsat
image was readily available in Band 5 und we were able to
identify three flat sabkha or swamp areas about 15 miles
from the proposcd complex. The satcllite fmage was
taken during the wet season, so we were Teasonably as-
sured the areas were nof normally subject to flooding by
Arabian Guif storm tides or seasonal surface warer dis-

TABLE !
Siting Factors and Sensor Eise
BIAGERY
SITYNG FACTOR SATELLITE

Topography I.F
Site Size M
Existing Land Use B
Existing Bodies of Water D
Extent of Yegetative Cover D
Dispased {affected) Vegetation I-F
Regional Ceology I-F
Local Geology and Soils ¥
Lacal Erusion ¥
Deposition-Silfation B-F
Soit Muisture Condition I-F
Regionzl Hydrology I

Local Hydrology IF
Polfutional Discharges ;

Lagoon Leaks I-F
Dischurge Dispersion I-F
Flooding Potential I.-F

Kzy: M = Measure
1 = Infer with high contidence
1-F = Isfer subject to field check
D = Detect
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charge. One of the areas selected for soil borings and per-
meability tests had variations similar to the ronal signature
at two saline deposits about 60 miles away, The available
Hlerature indicated thart this salt deposit was both Hmited
in size and fhin. Field invesrigations confirmed the image
interpretation, revealing a large 20-square-mile salt de-
posit, Later drilling showed the mineable salf thirkness
excecded 23 feet. At the other two Saudi Arabian sites,
testing showed permeability coefficients ranging from
poor to fair and a recommendation was tendered w0 ex-
plott the sabkha salt deposit,

Two later assignments involved selection and evalua-
tion of sites in Haiti and the Dominican Republic. A
number of Band 5 images for coastal areas in both coun-
tries were obtained and examined. Some of the preferred
locations were too small to provide the requisite saft ton-
nage. Other areas had excessive water depths behind bar-
vier heaches with drainage patterns indicating high sur-
face water run-off. Three sites were selacted for further
imnvestigation and magnified false color images were ob-
tained for detailed studies. Tuspection of false color image
of the three sites selected for detailed evaluation revealed
an extensive drainage system that was not apparent on
the Band 5 image or ropographic map. Through a suhse.
gueat inquiry, we found that an agricultural land recla-
mation program would eventually incorporate part of the
area needed for solar ponds. This consideration nullified
the need for additional evaluations.

Standard aerial photography and topographic maps
were available for the remaining two sites. At the only
Hazitlan site, imagery studies confirmed with a field check
indicated & potential for inundation of proposed concen-
tration and crvstallizer pond locations from storm tides
and the possibitity of breaching the landward side of the
crvstallizer dikes from flash flooding due to seasonal pre-
cipitation in the mountainous interor.

Problems at the third site located in the Dominican Re-
public differed significantly. Comparison of the Landsat
imagery and air photos with available geclogic maps
showed that the mapped boundary of a water-bDearing
karstie [mestone was noi correctly located. After adjust-
ment of the land area, the facility was reduced by about
40 percent. A further interprevation of vegetation pat-
terns and tonal variations suggestive of soil meisture indi-
cated the karstic Hmestone dipped geatly scaward below
the site with ground water rising near the surface through
the overlying soil and rock. This local hydrologic condi-
tion was confirmed by field cbservations of underwater
springs offshore and seeps and springs along the beach

- bordering one side of the site.

{n summary, the use of sateliite imagery adds a new di-
mension for locating sites for solar cvaporation ponds.
Imagery has been successfully used as a tool for site selec-
tion and cvahuation to determine competing land use, the
extent of vegetalive cover, regional and local geohydro-
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togic conditions, local geomorphology and other factors
of interest to solar pond design and engineering.

Use of a positive Landsat image in & single band is rec-
ommended in selecting sites for further evaluation. Use of
a false color image generated by compositing three ar four
bands is an acceptable alternative, especiaily when geo-
jogic and fopographic maps are not available.

It is usually necessary o expand ithe scale of an image
to conduct a further evaluation of a selected site for
design and engineering. The expanded or processed im-
age shonld match the scale of available cartography.
Many factors affecting solar pund construction ¢an be in-
ferred from the expanded image prior to visiting the site.
We recommend confirming all inferences obtained
through tmage mterpretation by field inspection at the
prospective site.

PROCEDURE FOR DETERMINING SOLAR SALT
MAKING CAPABILITY OF A SITE

Before this procedure was prepared to evaluate sttes in
Venezueln an extensive review was made of technical re-
ports on the art and science of solar salt making and solar
evaporation. Procedures were devised to evaluate the fac-
tors affecting the productive capability of a site. For the
sake of brevity, recognition of the many contributions by
these authors is restricted to the annexed bibliography.
The principal precaution offered is to be wary, as no two
salina sites have completely comparable condifions.

Weather Station Data

Procedures are well established and documented for re-
cording pertinent weather data. Good judgment is re-
quired when extrapolating hisrorical data from a weather
station to apply to a prospective solar salt site. The
weather can vary drastically within a few miles and the
author has observed serious mistakes made in attempting
to extrapolare data from one area to another.

Evaporation

The starting point for determining salt production
begins with the measurement of fresh water that evapo-
rates per 24-hour period measured in millimeters from a
48-inch diameter, 18-inch-high galvanized pan placed on
2" X 4" supports al ground level called a standard U.S,
Class A evaporation pan. There are also other standard
pans.

In most cases evaporation data for a sife being evak
uated does not exist. Untif a weather station can be pro-
vided and at least a year of recordings made, an approxi-
mation can be caleulated from wind speed by use of one of
several formuias. A plot of the findings of six different
authors of evaporation per day, versus wind speed in M/
sec was assembled by Salin du Midi, From the writers ex-
perience the Penman B formula E = .14 {1 + 0.83V)]},
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or Sutton’s formula, corvelates pond evaperation of fresh
water and wind spead. Wind records more frequently are
available than evaporation recoxds, i.e.. airports, large
farming operations. At Araya, Venezuela, for example,
the wind speed haid been recorded by Salina personnel at
33.7 Km/hr, while at another location several miles away
at 22,3 Km/he, At 33.7 Km/he wind velocity there would
be an evaporation of fresh water of over 5.0 M/yr which
was obviously In error. The location having 22.3 Km/hr
checked out with fresh water pan evaporation records of
3.391 M/yr,

Penman confirmed that in areas having wind move-
ment in excess of 1.34 M/S, fresh water fake evaporation
was approximately equal o fresh water pan evaporation.,
Below 1.34 M/S an appreciably lower ratio existed be-
tween ponds and evaporation pans.

Evaporation Factar

The evaporation factor is necessary fc cstablish for a
site the ratic of the evaporation of brine to fresh water and
is greatly affected by the vapour pressure (which in turn is
influenced by Mg™ ¥ content of the brine); therefore, the
higher the salinity (Mg™ ¥ content) the lower the evapora-
tion factor {Figure 2),

Salins du Midi published data that the company had
gathered io demonstrate the relationship between tem-
perature of fresh water, relative humidity and of vapour
pressure of brine (v.p. of fresh water vs temperature is
known} and presented a formuda for calculating the evap-
oration factor using a derivation of Sutton’s formula.
These data have been plotted into a nomograph for ease
of use and accuracy by Dale Krrmse Ph D, P.E., Univer-
sity of Florida (Figure 3).

Relative Hamidity

Relative humidity data taken over a one-year period
provided fairly reliable data but should be recorded on a
24-hour basis. Such data very seldom exists at a new site;
however, there may be readings taken at a nearby airport
at 7 a.m., 1 et and 3 py. The dallv mean RH,, from the
authors’ experience, will approximate the average of the
7 am. and | pas readings, The 3 paa. reading should be dis-
carded in defermining the mean. This can be verified fora
site by asing a recording R.H. Meter over a period of sey-
eral weeks, Caution s neaded in osing published R.H.
data, since the observer may not have realized the impor-
tance of taking R.H. at the specified time of day and in his
accuracy of measurements. The mean R.H., given at
3-hour tntervals around the clock, and the average of the
7 am. and 1 p.u. readings, at Palisadoes Airport, Kingston,
Jamaica was 74% between 1955 and 1971 and the average
of the 7 am. and 1 pM. eeadings was 73%, which is reason-
able agreement,

By use of the nomograph the evaporation factor for
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Araya, using 28°C fresh water evaporating pan tempera-
ture, R.H. of 76% and average brine Be’ of 28 (25 g/1
Mg* ), is read at .57 of brine in crystallizers or 3.391 X
£.57 = 1.93 meters evaporation.

Rainlall

Excessive rainfall makes solar salt production imprac-
tical in many sites. In caleulating the net evaporation it
must be remembered thar rainfall evaporates at a rate
cqual to brine, i.e., {gross evap. X evap. facior) minus
rainfall = nei evaporation. Errors have been made at
times by deducting rainfall from gross evaporation and
then muitiplving by the evaporation factor, i.e., (gross
gvap. minus rainfalll X evaporation factor. This caleu-
tates to an erroneously high net brine evapotation.

Careful study of rainfali patterns for the site is essentizl,
Le.,

Average monthly rainfail

Maximum one-day and two-day rainfall per month
Variations in rainfall per monih

Determine if there is a pattern of wind direction and
velocity during and after rainfali, {evaluate suitability
of using automatie floating decants in crystal-
lizers and saturated brine ponds to remove top sur-
face weak brine

3. Determine best months (o harvest

6. Evaluate chances for catastrophic rainfall reducing
or eliminating salt harvest,

S e

At Araya, Venezuela net evaporation becomes (3391 M
¥ 0,37)—0.188 M rainfall = 1.742 M. Then deduer for
time the crystallizer will be drained, harvested and refilied
{1.742 = 350/365 = 1.671),

BRINE RECOVERY IN CRYSTALLIZER

Salt recovery from original feed brine to crystallizer is il
tustrated in Figure 4. When dumping brine from crystalli-
zers at 29.0 Be* {bittern), 76% of the NaCl is recovered
(Figure 4). Saturated brine containg 271 g/1 NaCl, so that if
76% of the salt in brine is recovered, 200 g/1 is deposited.
Sakt deposited then becorses 3,442 M ton/ha [10,000 M2 X
1671 M X 206 X 108/10¢] (Figure 1).

At this point losses in harvesting, washing, stockpile
shrinkage and scale losses are then applied to aryive at the
salt saleable, But this is ancther subject.

SERIES OPERATION

Tests have been recorded indicating that 10% more salt
is produced in crystallizers by operating ecrysiallizers in
series of 3 or 4 ponds to maintain a lower average 27.6 Be”
brine (lower Mg™ ™}, compared to operating in parallel of
28.2 He'. By use of nomograph the evaporation factor
would be reduced from (.57 to 0.48 or 16% less (Figure 3).

S g



B L et o e i P L S A

273

Sofar Evaporation Sita Analysis.

L %%&M} a
-

e

L

!

. )

i

e

St

SR
. .Mﬁ%.“._p? i
RS

s

e
S

0

e

L

i

ety
s

?:amww -

Ry
S

,z:ﬁ 1

o

T

ata from Boek)

b

aph Mgt * vs Be’

Gy

Figure 2



T L L4 T L

sh Water Vapor Fressuvre

\

Ll

24
s .
”ﬁ-
Ta
§T
13
g
A
S
as| |
=
41X
9
L
i W 8%
A -
-l «

1T

Vapa:r Pressure of Brine / Fi

Sixth international Symposivm on Spit, 1983~ Vol, §}

]

8. %

L

£

ki

o4

i

A

L -5

L

\Rate of Brine Fvaparation

0.6

o7

=

| G.B

0.9

1se

Figure 3. Nomograph to determine evaporation factor between brine and water at varions fresh water
wemperatares, Be’ {Mg content) and relative humidity from data by Salin du Midi. (Dale Krrmse Ph.D., P.E.,

University of Florida).

HYDROBIOLOGY OF SALINAS

In many salinas the microorganism population is out of
balance, causing an accumulation of a highly viscous by-
product of Coccochloris-organic suspension that seriously
suppresses evaporation. By operating the crystallizers in
series, the retention fime of brine is reduced and conse-

guently lessens the biotic effects on the viscosity. At Araya
the operating practice was to operate crystaliizers in
paraliel and discard bittern at 27 Be’ because of high vis-
cosity with & recovery of only 3G% of the NaClin the brine
fed to crysiallizers. A program was recommended
to recuce the input of putrients (fron bird droppings) and
lo increase the biotic consumers of organics. Typically,
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these are certain grasses, a limited shell population and
Artemia (brine shrimp). The biotic popuiation was in bal-
ance at Cumeragra, Venezuela and the problem of viscous
brine did not exist. The subject of the hvdrobiology of solar
poads and control has been well docurnented in recent
Years.

SEEPAGE

New salinas historically have seepage problems af vary-
ing ‘degress that have been corrected by adding trace
amounts of fertilizer for one to two years to enhance the
growth of algae. The light transmission of pond brine is
reduced to 55-70% as measured by a light spectrometer.
Colloidal algal particles plug voids in sandy silty soils and
atso deposit a rubbery algal blanket on the pond botiom.
(Figure 6 demonstrates reduction of percolation of vark-
ous soils before and after depositing an algal blanket).

ALGAL SPLIT

Where rainfall does not permit the maintenance of a
silt base over the crvstallizer, a proven technique to pre-
vent sitt (as i colleets) from adhering to the crystallizer
floor is to create an algal sfime on top of the crystaliizer
bottom. This mimimizes accumulation of rock and dirt
from the crystaliizer. The procedore is to fill ervstallizers
after harvest with 10 to 12 inches of 10~12 Be® brine, and
while filling add diammonium phosphate at the rate of
about 0.7 ppm to the brine. During the rainy season & slime
of algae is grown. When the rainy scason is over this brine is
recurned to the saling and erystalizers are changed with
the usual saturated brine. This procedure has the added
advantage, when used in new crystallizers, reduce fill
voids and pereclation.

Crystallizers once having a salt crust rarely have a seep-
age problem.

4
H
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monthly (Bradley).

AUTHORS' COMMENTS

The scope of this paper does not inclide the theory of
solar salt crestallization and its relation to impurities
trapped on surfaces and within individual crystatls nor
the degree to which imparities are possible to remove in a
wash plant (Figure 7). The authors, however, would bike
to strongly recommend careful study of the paper pre-
sented by Masuzawa at the 5th Salt Symposiam (1879)
and the practical use of his findings for crystaflizer and
wash plant operation. Breaking up salt clusters in a wash

plant is essential Lo expose impurities to achieve optimum
quality.

it was enece believed that the cumbersorne, costly, high
maintenance equipment such as Aikens washers, drag
washers, etc., were effective, A much more effective and
simple, less costly system of washing consists of using an
apent impellar pump o break up salt clusters, a hvdrocy-
clone o remove gypsam and silt particles, and a woven
wire mesh convevor to remove Mg ¥+ and to dewater. In
developing countries having high fuel costs, limited capi-
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Figure 7. Photomicrograph of hopper salt crystals {PDow
Chentea),

tal and technical personnal, a fow cost and simple method
is being developed to purily solar salt into table and food
consumption products without the rtecessity of dissolving
salt to form a brine, and vacuum evaporating, drying,
ete.

ACKNOWLEDGMENT

Acknowledgment 15 given 0 Dale Eamue, Ph.D., PE, of
Chemical Engineering Dept., University of Florida, for prepara-
{ton of the Nomograph Il to calculate evaporation [actor, His
technical mterests are in Design & Analysis of Energy Systems
and Computer Aided Design & Control. Current research is in pro-
cess engineering of biomass to methana conversion operations,

REFERENCES

Barr, David I, 1972, The Application of Remote Sensing Tech-
niques to Environmental Problems in the Mineral Industries,
Prepeint 72.1-321, SME-AIME; October 1820, 1972,

Bhatr, R, B. 1975, Manutacture of common salt by series feed-
ing system. Salt Research aad Indusiry, vol. 11, no. 7, pp.
9-12,

Black, M. R, et al. 1951, Solar evaporation of salt brines. Indus-
trial & Pngiceering Chemistey, vol. 43, vo. 7, pp. 154453,

Bogyihon, €, W. 1974, Faclors determining the rate of solar

Sixth Intarnational Symposivm on Sali, 1983—Vui.

gvaporation in the production of salt. World Sakr Symiposium
32, pp. 152-167.

Bradley, H. L. 1981. Manicbra Sakmuera ¢ Salina Cumeragua
1/15/81.

Davis, J. 8. 1974, Importance of microorganims in solar saly.
World Salt Sympaosium, 4th, vel. 2.

Davis, 1. 8. 1978, Biologieal commanities of a nutrient enriched
sabina. Aqg. Bul. 4:2], 42.

Fergusun, J. 1952, The e of natural evaporation from shallow
ponds. Aucsiralian Journal of Scientific Research, Series A,
vol. 3, pp. 313.330.

de Flers, P. 1969. Solar salt production. Werld Salt Symposiem,
pp. S1-61,

de Flers, P. 1969. A new process for washing of solar salt. World
Salt Symposinm,

Free, K. W, 1958, The production of solar sale, Transactions
Tnsen. Chem. Eng., vol. 36, pp. 115-122.

Garrett, D, E. 1969, Factors in the design of solar salt plans.
Part 1. Optimum operation of solar ponds. World Salt Sym-
posiam, pp. 176-187.

Gallone, P. 1974, Extraction of sodium ¢hjoride from seax water,
Translation of Ullmane Encyclopadie der techuischen Chem.,
4th Edition, pp. 1-20.

Garrett, D, E. 1969, Factots in the design of solar salt plants.
Part 1. Optimum operation of solar ponds and Part [ Pond
jayout and consmruction, World Sait Symposinm, pp.
1468-175.

Harbeck, G. E. 18985, The effect of salinity on evaporation.
{eotogical Survey Professionat Paper 272-A, pp. 1-6.

Harbeck, G. E. 1962, A practical field technique for measuring
reservoir evaporation otilizing mass-rransfer theory, U5,
Geulogical Professional Papers, pp. 101-105.

Hughes, G. H. 1967, Analysis of techniques used to measure
evaporation from Satton sea, {alif. Geological Survey Profes-
sionat Paper 272-H, pp. 151-176,

Jones, A. G., el al. 1969, Biorechnology solar sait field. pp.
i-16.

Kalterud, M. 1. 1969, Advances ta solar salt-solar evaporation
in mulicomponent process, World Salt Symposiom, pp.
41-46, .

Kaufmann, Dale. 1960. Sodium Chlotida Am. Chem. Soc.
Monograph 145, p. 73

Kohter, M. A. §952., Lake and pan evaporation (Lake Hefner).
Geglogicat Survey Professional Paper 269, pp. 127-157.

Masuzawa, T, 1979, Tmpurities contained inside the crvstais of
solar and vacuum evaporated salts. World Sall Symposium,
pp. 463-473,

McArthur, 1. N, 1979, An approach to process and guality con-
trol relevant fo solar salt field operations in the northwest of
western Australia. World Salt Symposium, pp. 326-334.

Meyers, D. M. and C. W. Baynthan, 1958, The theary of recov-
ering salt from seawater by solar evaporation. Journal Appl
Chem. v. 8, pp. 207-219.



Solar Evaporatian Site Analysis

Penmannt, H. L. 1948, Natural evaporation from open water,
bare soil and grass, Proe. Royat Soc. vol. 193(A), 120-145,
Rands, D. G. 1973, The effect of magnesium on the solar evap-
oration process. World Salt Symposium, pp. 358-363.

Rehwer, €. 1933, Evaporation from ssli solutions and from off
covered waker surfaces. Journal of Ag. Rescarch U.S.A., vol,
44, pp. 715-729,

Rothhaam, H. P. 1938, Vapor pressure of sed waler concen-
trates. Chemuical & Engineering Chemisiry, vol. 3, no. 1,
pp. 50-52,

Schieider, §. and H. A. Munter. 1979. Sait works—Natural

279

laboratories for mivrobiology and geochemical investigations
during evaporation of sea water, World Salt Sympogium,
pp. 120

Satton, O, G, 1934, Wind structure and Evaporation in a tur
bulent atmoesphere. Proc. Royal Soclety, pp. 701-722.

Sutton, W. G. 1943, On the equation of diffusion in a turbulen
media. Proc. Royal Society.

Union Saltnera de Espana. 1979, Memaoria. Ensal.

Ver Planck, W. E. 1957, Salt in California. State of Calif. Dnv,
Natural Resources Bulictin 175, pp. 1-16K.

R

T S T 4



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

