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ABSTRACT

The increased price of fuel that has taken place since 197¢ hus
enbanced the feasihility of vther sources of energy. For the pro-
cessing of saline minerals in zones of higher solar radiation the
utilization of solar energy lo concentrate brines has proven to be a
vatuable economical alternative to plant processing, especialiy in
desert ar remote areas far from adeguate port factlities and fuel

suppiy.

Consequently, @ study kas been made on the colenlation of vhe
surface areq gf solar evaporation ponds employing the variubles
rate of evaporation, porosity of crystaliized salts and the leckage
rate through the pond botrom. It has been shown that with leak-
age rates in the order of 1 0 emsec,, or more, permenbility is
the main varigble. Evaporazion rate is the must important varf-

INTRODECTION

For the processing of saline minerals in zones of high
solar radiation the tilization of solar energy to concen-
trale brizes has provea to he a valuable economical alter-
native to plant processing. Consequently, a study has been
made on the caiculation of the surface area of solar evapo-
ratiop ponds employing the variable rate of evaporation.
porosity of crystallized salts and the leakage rate through
the pond bottom.

1. DEFINITION

It is assumed that during evaporation, brines are trans-
ferred successively through a series of ponds (each of
which is called a stage or step), each with a higher concen-
tration level. Thus, to calculate the pond area, the initial
and final concentrations in each pond (stage) may be arhi-
trarily fived, generally based upon the compositian of the
crystallized salis that would be deposited during that pe-
riod of evaporation. The area of the solar pend, wili then
be based upon the rate of evaporation (which is a fusetion
of the compaosition of the brine), the phase chemistry of
the brine along the evaporation path, the densities of the
brine and crystallized salts, the salt porosity and the pond
leakage rates.

In the sea water or simifar quinary brine system the fol-
lowing relationships apply for the poiassium fon present:

L1 K,
(i==0.1,2,3... Mass flow ourpui of K in pond i,
present in the Hquid phase (in-
puttopond i+ 1)

1.2 Kecl Mass of K in the occluded {en-
trained) brine in the salts of
pond i
1.3 Kers K crystallized in pond 1
i4 Kf Mass flow of K present in the
brines leaking from pond i
1LY A Evaporation area of pond i
1.6 CK; K concentration in the input
brine to pond i
1.7 YK K concentration in the
crystallized salts { %) in pond i
By definition we have:
LA K'! ~1 7 Kﬁ 75
K
K;,_(— Kocl;
1.9 _"[K—:““ = ek
. K. — Keriy
i.10 T ™ Beris,

In a system of { ponds (steps), {8 > i} -+ 1 variables are
involverd. When using the above terms the following mass
halances gives (3 X i) — i equations.

2. MASS BALANCES
2.1 K;_, = K; + Koel + Keris,

3
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with 1.8, 1.9 and 1.10 this becomes:

Ko =K+ (1 — o) - Ky g+ {1 — ) Koy

RS Tl PER } S

Rearranging the previous equation:

K=K+ Ky — D+ K {ps— 1)

T K (e — 1)
it foltows that:
2.2 K5 Kiet (Mo, + 8+ mig + 1 3)
We can define:
23 Mg = gy F Nons, — 2
= 1= = M) (1~ 599 — {1~ nge)

The following expression is obtained:
2.4 K = Ky iy
Which becomes for stage &

2.3 Ki = Kn Hﬁ ey

The system requires (8 X i) ~ 1 — i equations to be
solved. The remaining relations are obtained with inde-
pendent equations relating the oeclusion (entrainment),
crystallization, leakage rates, pond area and a fixed/or
given variable,

3. GIVEN VARJABLE
For a more general solution, the given variabie in this
study will be Ko, or in other words, the input of K into the
system (in tons/day).
4. LEAKAGE LOSSES IN POND i

The lsakage losses of element K in pond i can be calcu-
lated with D" Arcy's permeability equation:

ki- by CK;

4.1 FK;=Kg = ;
i 1§] Li
where
K = permeability coefficient {(mm/s)

k = height of brine column
L = depth of “impervious” bottom clay

‘We have defined

Sa

4.2 I g = e
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5. OCCLUSION LOSSES OF K IN POND i

We have
Vt = total volame of crystallized salts in pond 1.
Vh = voids.
Vsal = volume of crystallized mass.
51 ¥Vt = Vh + Vsal
5.2 p = porosity (%)
So

53 Vh = p X Vi, and
24 Vsal = (1 —p} Vit
We will define M as:

quantity of element K in entrained brines
total mass of crystallized salts

55 MK =

So

Kool
Salcris

3.7 Kock = Vh X db;- XK
Where

56 MEK; =

db; = density of entrained brines in pond 1.
XK, = % of K in entrained brines (wt. %)
5.8 Saleriy = Vg, - dg,
Where
Ao, = density of crystailized salts in pond i
Dividing 7 by 8, we have

5.9 MKi _ KOC}.i - Vh dbl XK.,

SaI CﬁSi VSB.EE - d‘Saﬁ
) Kocl, _ p-db- XK,
. Mk — =
S0 MK = s (1= p)-dy

In a pond system we can work with a continuous or semi-
batch eperation, the latter by feeding and removing brines
at intervals. In the [irst case, a concentration gradient
along every pond is obtained, from X, to X, where X;_,
is equzal to the concentration of the feed brine to pond 1,

A continuous feed system:

Xy X
A e e i
!
P Xiey - X; §

i
i
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In a semibatch system, we have appreximately the
following:

Xi-“t Xg

The above reasoning is based on the assumption that
the brine vohame in the ponds is considerably larger than
the input or oatput.

So:
Kocl, = MKi X Sal crig;
s.11 Kocl, = p - db; - XK, - Sal eris;
(1 — pldyy
. K crig; Na cris,
5.12 Salcris; = = :
ers YK, Y Na
Where
K cris = K crystaliized in pond i (fon)
Nacriyy = Na crystallized in pond i

HoW

YK; = % of K crystallizing in pond 1.
YNa, % of Na crystallizing in pond i.

it

Replacing these terms in the previeus equations we have:
p-db; - XK - Keris,
{1 ~ p)-dsal- YK,

p - db; - X Na, - Nacris;
{1 — p)-dsal,-Y Ny

5.13 Kook =

5.14 KOCii =

Either 5,13 or 5.14 cou be used to calculate Kock. 5.13 is
recommended when YK, > 0. 1; 5,14 shonld be employed
when YK, = O,

In 1.9 we had defined
KO’C}i = (1 - ’T]Dd‘) 4 Ki""l

. And in 1.10
Keris; = (1 — e} - Ky

By analogy
Nacris; = (1 — erigy,, ) - Ny

303

Replacing in 5.13 and 5.14 respeciively we obtain:
{p)rdby (1 ~ gena) K- KK
{1 - p}-dsaf - YK,
{p}dbj (1 — o) Naj— - XK
(1 — p) - dsal; - YNa;

$.15 (1~ pe)Kiny =

3,15 {1 e ﬂm}i)Ki‘*I -

But
Na;_, _ ChNg;
Kt CKiy
Where
{Na;_, = iaput concentration of Na in pond i.
CK,;.; = input concentration of K in pond i.
Na;_., = ton of Na.lnput inpond i

Ky ton of K irput in pond i,

Replacing in 3.15 and 3.16 we obtain:

prdby (1 — myig) Ko - XK
(1 - P) ’d&'ﬁ ' YKI

517 (1= o) Ky =

518 {l - 'flmli) Ki-—-l
p-db; {1~ fegons) - CNag_ K - XK
(1 — p)-dyy-YNa-CK,4

Rearranging:

MK,
5.19 T~ o, = YK X Berigi)
CNa;_.

MK,
5'20 } - qDC}ki = o :x: (1 o "?msNai} X CKi—l

YNag;

In a continuous system we have to use XK;, and XK;ina
semibatch, to calculate MK, In agitated tank reactors,
XK; must be employed as the concentration of enfrained
brines.

6. CRYSTALLIZATION
Burinig evaporation we have:

a) Changing brine concentratior duc o evaporation.

b) Losses of element K due to eakage.

¢} Losses of element K due to occlusion and crystaliiza-
tion.

We will arhitrarily divide each pond into two, One of
these subdivisions will have an impervious bottonl. In the
second subdivision all leakage losses will take place, but
this pond will not have a brine output. On the other hand,
entrained losses will be calenlated independently.

We have the following for any given pond i:
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T will be defined as a tracer (no crystallization) in pond i
and whose final concentration in the entrained brine is ap-
proximately equal to the concentration in the pond brine
CT:. So

Sad;_; = Inputbrine in subdivision pond (b} of pond i
XTi.1 = % byweightof T in Sad;._,
Tf; = leakage losses of T in subdivision pond (b)
According to D"Arcy we have (see formuia 4.1)

—— . L1
6.1 Tfl - CT; - (hﬂi}L} . ki M Ai = Ti‘—l

We know that:
Ti;
X1
The quantily of input K into subdivision pond (b) is:

Pl XKy
Koy = Sad - XK,y =T, ——
1 a 1 XT,.

6.2 Sad =

63 Ki_;, = CTy-(ho/L)k;- A-—X——-t;

Leakage losses of K in subdivision pond (b) (equal to
ieakage losses i pond i) are:

Kf;= CK{-(R/L) - k- A+,

The difference between K. ; and Kf; is equal to the
quantity of K crystallized in subdivision pond (b).

¥

23
Kcris-i - Ki“‘l - K{i

= CT, (ho/L) K« A - ik .y,

- 6WK| (}.:Ivﬂa‘r[_‘] ki . Af . ti
We will define rK as the % of element K crystallized in
subdivision pond b,
o
Kcris Ki""} - Kfi

64 rg = =
K Ki-1 Ki—

e = 1— v_.,lgf@..,

K-

Replacing Kf; and K, .| in the previous eguation, we have:

CR, (ho/L) k; - A,

=l CT,(ho/L) ks - A; - (XK1 /XTiy)
As:
Ky _ €Ki
XTi-y €Ty
S0
6.5 f — g = g? g:
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We know that {formula 1. 10%

_ Ketis,
- Meris, ™ ”K
i—1

® p
6.6 Keris; = Keris; + Keris;
By definition, in pond (a)
* E
6.7 Keris, = Ko, - NTK,

Where NTK = theoretical crystaliization yield of element
K in pond i. We kncw tha‘t {see 6.4):

=3
4.8 Kcrls =1k Koy
Replacing 6.8 and 6.7 ia 6.6 we obtain:
6.9 Keris = K;., - NTK + by, - Ky,
So
K* K**
6.10 1 — gy s —L ONTK + —
From 6.4 we know that:
o 3
6.11 K"t—l == m["{““g‘“
1 rg
From 1.8
= {1~ - K-

Replacing in 6.11

ek 1— 7
K'l - § = Ki —t* (—WW»:T.WME_)

1- I'K
Replacing in 6.10
Kaf* K**
o gy, = LN
Fesis, Ki—l TK + K. srg
Ko~ K s K
i~ R i1
-------- NTK + =
Ks. Ki—:
*k

I

NTK — (NTK ~ 1g) - (—5‘«4«)
N Kiw?
e _ . K-i'-'l) (I“"?}f"\
NTK — (NTK - ry) (KM = )

612 1 o, = NTK ~ (NTK ~ r)-| ~—:15—)
ey

Let Na be another arbitrary element. By analogy with
element K, we have {see 6,12}

1
643 1 ey = NTNa — (NTNa — ry,)- (—-——»——

By definition, we have:

(1 ) = o
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By mass balance:
Ny CNaj.y
14 =
ol Ko | CKo,
According to D’Arey (see 4.1) we have;
Naf-l —_ ki'Ag 'ﬁ(}'Li_l 'E-ﬁ;‘i'ti

Kf; = ki.‘Ai'}_lﬂ'{"i”l 'fﬁi'ti

Dividing:

6.15 Naf, = Kf, X ( CCN“* )

. CNB-; CKi; i )
i Yo — Kf; ( EEi CNay.¢ Koy

- - )(KM _CNay  CK,., )
7]5‘]( Ki -t f‘j Cx&,_l

In ponds where K does not crystailize, it may be em-
ployed as a tracer. By definition {formula 6.3)

6.17 1””1}{]*::(1”“?]{1{)(1””]:\“)
Replacing 6.17 in 6.13 we chtain:
6.1B 1 nggy,, = NENa ~ (NINa — ) - (1 — 95}

.16 1— Miva

7. COMPUTATION OF THE EVAPORATION
AREA IN POND i

In pond i we have the foflowing water mass balance

A,
Agy ;e — PONDY - A g
| ‘
Aot Ayf Ageris;

Ag;y = Water input in pond 1.
Ag; = Water output in pond 1.

Aqe,; = Evaporation in pond i

Ag,: = Entrained water in pond L

AQ.uq = Water of crystallization.
Aqy = Water loss in leaking brines,

71 AGi. ™ Ag T A, T Aluy T AQs T AQe,

For any given period T of operation, where the evapora-
tion rate for a pond i is equal fo ev;, we have:

7.2 ‘Aqe\ﬂ - Ai -T. €V;

305

Expressing the above equations as a function of the previ-
cusly defined variables we have the following relationships:
According to DY Arcy

Fu,0 = Aqs = k- A+ T (%) -CHYO,

Using 4.1

Using 1.8

7.4 Agy = Eg%?‘ (=) Kiog
The following equaticns apply

7.5 Agi.; = K (Ef—é{i—ll)

CH,0,.
= Kjey - ( : ‘il>

CKi
7.6 Ag = K("}E%{g* = B CE{KO)
2.7 AQe, = K- ( 3{“%&0, ) = Kaa, ( C(I;.{P?}i)
7.8 Ay = Saleris - YHOp = KCﬁSi'(%%)
= Nacris; - \%E“?)

Zi = Water of erystallization (in wit. %) divided by % of
K in crystallized saits.
Rearranging 7.7 and 7.8 we obtain:

7.9 Adpe, = {1 150) ¢ [ ii e

710 Ay, = Zi- (1 =t - Kiv

According to 7.

Ad,..
A = o
Y Teey
Replacing in 7.2
7.1
1 ’ XH,0;. ] XH,0, )
‘\ _ .\ K _— f Sl _ il 1 K
' T'é‘.‘Vi ( i [ KKE..‘; XKi j !
XH,0.  CHO; .
Kooy {1 ) %K, CK, (1~ )

Kt~ 41— ne) Ko
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Element K Element T {teacer)
does not crystaliize
. S .
xi——l POMNI (a} ‘ K.l*" Ki * »
- T, POND (4} T, =T,
— -
I{? K‘ i o * '
w i cris Kacl =0 o
By
i -
feed T
—— -
L] Wi
K POND {b) 1 K;.q
¥ L
-— T i POND () 11}:0
.:—1 -
K & Y
TH+
& * . [ L 3
Ki.; = Kcris + Kool + K|
= NTK K, + Kocl + K,
4 *k ok
Kiy = Kf + Kens
-
= Kf + Keris
. * *¥
Keris,— = Keoris + Keris
*
H;0ev = H,0ev;
& &
HyD, PONDH &) lﬁzoi = B,
¢ ol
- # . *
HyOF = 0 H,00rig, H, 000}
H; -
Yy " ey
Ha0 PONL b} HgOi;:B
!
¢
*#* LA
H.zofi H:OCHSQ

o A gt

o



Modei for Areg snd Performance of Solar Ponds

Utilizing the following relations, and since X;_; is a com-
men factor, we obtain:

2.4 Ki = Ki--'l R ;'}mt;
2.5 K, = K - EI] :"itul',
XH0, _ CHO
XK:' CK,
XH,0 _ CHaO;
XX, CK;
7.12
( ) {( CH?‘OE- ) . ( CHZO; A
A1 T gl CK‘] i Tt CK} )
Cﬁ"ol ffﬁ;[);

- {1l — '?::ristl)i
i ponds where no K crystallizes the last term is unde-
termined becduse
YH,0 =0
YK 0

If we employ any crystalling element, such as Na, we
know that:

Salerist = Aqgeris; _ Nacrisy  Keris,
a ! YHin YNEI.-, YK‘!
YHO,
Aqeris; = Nacris;- [ TNa }ﬁﬂacmi‘z*
Bat
Nat] _ CNai—l
Ki—, CEiwr
and
Macris, = (1 — ’icrismn}Nai«l

So, rearranging

Ageris; = YH;0; - Saleris

" Nacris,
o YH,O;pr |
A S P 1
YHLO, CNa;ﬂ]
= 2 DK | it
. YNg 4 o)+ By [CKiwl
. CNa; ..
703 Ageris, = 2% (1= forgy) Ky -~
i1

This expression teplaces Z;(1 ~ n.) i 7.12 when K

does not crystaltize.

07

g T

K., | CH:0,_; [ CH,0, ]

7. .o -— £
14 A; T -ev; l C i1 4 CK( %?

_ CH,0, CH,0;

K.
— 71— nmﬂ.)} < = Lol ;

In a reactor no leakages take place, except the final out-
put brine. Rearranging we have:

K [ CHO-y [ t:f}izoi}
TS AT T [ CK,_, et oK,
CH,0; , '
-~ {} — T?xi{) [ CK, ! } - ZAi - ‘i'uris‘i;)l

We have then:

A = [KM ].‘(CHQO;_i ! CH;Oi] ‘
' T-ev, CK, cK, 1

—Z(t - nem.]

8. CALCULATIONS

Summarizing the previous relations we have the follow-
ing independent variables:

Ki? i ocks Nerig» Ai

For each of them a relation must be obtained according
to the experimental studies.
'The experimental variables are:

# Conceniration of element K, tracer T, element Na
(crysiallizes), and water in brines and salis.

» Crystallization vields of K and Na.

* Densities of brines and salts.

* Salts porosity.

* Leakage rates and pond characteristics {depih of im-
permeable layer and height of brine column) in order to
caleulate NTK; and NTXa;,

That is to say, we require the following data: K, XK,
CK;, XK, 0, XT, YK, Z, Z':, XNa;, YNg, densities,
porosities and leakage rates. With these the following are
obtained:

r; and M;

EQUATIONS FOR SOLAR
EVAPORATION PONDS

2.4 K= Kier (g F Moo, + Meris, ™ 2)

| Kf,
4.2 lwn'szﬂ
. ej—
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. NTK; — K
6.2 1 gy, = NTK; + ! ‘”"‘f’:“_“"”’*“] {1— gl
MK, } CNa;..., ‘
5200 —p )=} = 1{] — maa ) S
£ "locl,) { YNaiJ{ "?ms.){a,) [ CKi.,,.l _
K.
7.13 A= kol
CONCLUSION

This work shows that it is possible to calculate the area
of solar ponds once the basic data is on hand, utilizing em-
pirical variables and leakage rates as parameters.

The above formilas assume that ponds of any given size
¢an be construected, a sitnation which is not usaally truoe.

If the phase chemistry data can be expressed in terms of
a variable, for instance density, then for a given set {se-
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This can be done with small hand calculators, In this
case, for each pond the initial composition of the brine is
given and iteratively, for different compasitions of the end
brine, areas may be calculated until the given and calcu-
iated areas are nsignificantly different.

EXAMPLES

Example 1
Tntroduction. A brine must be concentrated in solar
ponds between the following compositions:

TABLE 1

Coneentration (grams/Her)

Dexsity K Na Mg SO, H0

quence) of ponds the brine composition along the evapo- 1;‘?3‘3 igﬁ ?{13 122 i:;g :12:1 s %
ration path can be obtained. tnal 2 : :
TABLE 2
Memuoy
Number Ternunology fleseription Data in This Example
0 Ky Potassium feed {tons/day) ()
1 (ho/L) X 0.864 Brine RO factor h, = L = 50 {cm)
clay thickiess
2 NTENa % of input sodium crystallized Caleulated through the program
k| 2/ CHyO* See below 0
4 CH,0 x 1% Water concentration (grams/liter) 865
5 —
6 F Scale factor F=07
; E'i' or e-v] Evaporation rate cquation of meiallic pans g, - 17292;8
9 Cy Evaporation rate equation of metallic pans Cy = —81.62
50 CK, Final concentration of K {g/1) CK; = 31.8
S1 CKiy Initial concentration of X (g/1) CKjy = 21.9
52 CT; Final concentration of tracer (g/1) CE, = 318
53 CTioy Initial concentration of Lracer {g/h) CK;-y = 21.9
54 CNa;..¢ Initial concentration of sodium (g/1) CNay = 100
85 CNa; Final concentration of sodigm (g/B CNagy =
56 YNa Wt.% of Na in crystallized saks YNa = (,393F
57 I— T?C'fisl\in
S8 q~! Coefficient q = 21.61
59 d, Coefficient d, = 1,223
A ey Initial brine density dy_y = 1223
B g Final brine density dy = 1.237
C * p¥ = (p/1 — p) X (1rdgy) X (L/02000); p =03
p = porasity du = 2.10
d .y = salt density
o b Wt.% of K lost through leakape Caleujated
E 1 — el We. % of K iost through enfrainment Calenlated
H b feyier Wi T of K lost by erystallization 0

{W1.% of watcr of crystallization in salis)

*Z% = YH,0/YNa
Wi % of sodium in salts,

{¥Na: in this poad only Nal(l erystaliizes, so theoretivally
Meol, weight of Na
Mok, weight of NaCl

= (.J93

1wy,

T B T B L
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Bt can be acknowledged from Phase Diagram Charts
that sodium chioride is the only saturated salt. In solar
ponds the porosity of the crystallized salts has proves to be
in the order of 34%. In this cxample, and in the follow-
ings, the brine height in the ponds will be 0.30 meters as
well as the thickness of the impervicus bottom seal,

The following parameters are also reguired

{a) Evaporation rate.
In this example we will ase the following equation:

ev = {Co+C-d+Cy-d2}-F
ev = {—T9.58 + 17527 .(d) — 81.62 X (d)}-F

where

d = average density of the brine in each pond.
F = scale factor (between metallic pans and in-
dustrial ponds),

{b) Estimation of crystallized salis.

Tt has bren stated that sodium chloride is the only salt
that crystallizes in this example. The following equation
will be employed (derivation unpublished):

d; ~ dig
q_l - (di---l - du)

NTNa =

309

The first column of this table shows the porassium that
leaves the pond through leakage (1). The pond area re-
quirernent has been estimated for cach of the above stated
potassium losses, as well as the permeability cocfficient of
the bottom seal, the potassium cutput (in ourput brine),
and the coefficient which calculates the potassiom lost be-
cause of entrainment (1 — n.4).

Kf potassiumin leaking brine
K input potasstum

(1 L=y =

Once the real value of k is known, estimated in indepen-
dent expetriences to this calculation, the real behavior of
the pand can be guessed. Assuming that a coefficient of
permeability equal to 3 X 107* cm/second applies, the
pond area requirement is 1,395,000 m2 and the pond po-
tassium outpat is 485 tons/day, approximately.

Exampile 2
Introduction. Now the input brine of example 1 will be
concentrated as follows:

TABLE 4

where Density Cancentralion {grams per liter}
-~ - . igr/ee) K Na Mg SO, H,0
q = coefficient, specific ta this cxample. Feed brine  1.237  31.8 84 168 246 864
di:; = input dfiﬂsrfy Ouiputbrine 1,253 46.4 655 271 397 664
i = output density

d, = 1.223 (coetficient)
Crystallized sodium in pond
input sodiam to pond

N{Na=

Data employed in program (HP-67).

Results, Tt was stated that ne potassium crystaflizes in
this pond, s0 g = 1.

From Phase Diagram Charts it is known that only NaCl
crystaltizes in this pond. H will be assumed that porosity
p = 34% and that the same formulas shown in Example 1,
apply in this example. (N'TNa and ev estimation}.

We know that K;..; = 485 (t/day).

Data employed in program (HF — 67),

TABLE 3
Pond Area & X,

1— il (thousand of m2} (em/se) (tons/ day) o, Tacty i L™
0.005 1593.8 6.76 X 1078 483.1 1.0 0.975 0,995 0.9703
0.010 1590.5 .36 % 1077 482.7 1.0 0.97% 0,550 1.9653
0.0260 1584.0 2N X 7 477.7 1.0 0,975 0.980 {1.9554
0.040 1570.9 5.49 % 107 467.8 1.0 0.976 0,960 0.935%
D.080 1344.8 1.12 % 107 4479 1.0 0.976 8,920 0.8953




310

Sixth Intsrnationaf Symposium on Salt, 1983—Vol. il

TABLE 5
Memgary
Nuwizer Terinodogy Description Pata In This Example
Q Ky Potassium feed (tons/day) 485
i (h,/L) » 0.864 Same as example 1 b, = L= 30 cm.
2 NTNa Same as example § NTNa = {{d}
3 Z*CHLG Same as exampie § 0
4 CHO x 199 Same as example 1 CHa0 = BAS
5 - — -
6 F Sezle factor F =07
7 Cy Same as example § Cp= —79.58
8 C, Same as example ! Cy = +1738.27
4 Cy Same as example | Cy = —81.62
50 CK; Same as example | CK; X 46,4
51 CKiy Same as example 1 CK;..y = 31.8
S CT; Same as cxample 1 CMg;, = 27.1
53 CT;.y Same as example 1 CMe,—, = 16,8
54 Ok Same as example 1 CNa;._; = 84.0
55 CNa; Same as example | CNay = 65.5
56 YNy, Same ag example 1 YNa = 0.376*
57 L= NerisNa Same a5 example 1 Calculated through the program.
S8 " Same as example 1 g = 2.6
59 d, Same a5 example | d, = 1.223
A diny Same as example 1 & = 1.237
B d; Same as example 1 dp = 1.253
C p* Same as example 1 p = 0.34
D 1 — 7 Same as example —
B 1 = gt Same as example | —
F 1 — feriey Same a5 example 1 1 = nepe = 0.02¢

*We have assumed 98% NaCl and 2% other salts as the saits composition.
TH has been assumed that 2% of potassium erystaliizes in the last stages of evaporation in the pond.

Results. During the evaporation (and concentration)
process daily and seasonal temperature differences take
place. It has been assumed that 2% of the potassium
feed crystallizes during the last stages of concentration in
ihe pend, due to brine changes.

TABLE §

Porsd Area k K
I — {thousauds of m?) (crn/sec) {tons/day) Nertug Mooty w had,
8,024 £201.5 7.1 % 108 448.7 0.98 0.969 0.976 0,925
a.0m 1179.1 LI7T X 1077 426.0 0.98 0.970 0,929 0.878
0.143 1145.4 448 X 107 391.9 0,98 .91 0.857 4.808
0.238 1100.6 7.77 % 1977 346.4 0.98 0.972 0.762 0.714

Ik = 5 X 1078 i5 accepted as the pertinent perme-
ability coefficient, then the pond area is 1,220,000 m?
and 430 tons/day the potassiom output, which will be
the input o the next stage of concentration (sylvinite
field).

Example 3

The cutput brine of Example 2, is saturared in NaCl
and KCI; so if evaporation continues, sylvinite should
crystalize. The aforementioned brine will be concen-
irated between the following compuositions:

TABLE 7
Density Concentration (gr. /Hiter}
[_g‘rf'ucl K Na H3B03 H O
Feed 1.233 46.4 63.5 1.2 B59
Final 1.285 37.9 6.0 18.8 RS9

As in Examples T and 2, porosity equals 34% as well as
the density of the erystallized saits will be the same =2.1,
The potassium input (feed) is 450 tons/day.
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Fhe crystallization yleld of potassium can be calculated

with the following expression (unpublished):

3N

The evaporation rate will be calculated employing the

same expression as in Examples 1 and 2,
On the other hand, it is known that the ervstaliized salt

{d, — d; P )
NTK = rd — diy) (sylvinite) has 14.1% of potassium (26.9% KCI).
(5 >‘1 di._l_I)‘{O >< dg_" I.:'
where
L . Data employed In program (HP-67).
d;—,; = brine input density
&, = brine cutput density
yandd = coefficlents {speeific to this example)
TABLE &
Memary
Number Terminology Paseription Datn in This Example
0 K. Same ay previous examples 450 ton/day
1 {ho /1) X (.804 Same as previous examples ho == L = 50 em.
2 NTK Same as previous examples .
3 £/CHA0 i) —
4 CH,0 % 102 Same as previous examples CH,0 = §59
5 - —_ -
0 F Scale Factor 0.6 F =06
7 Cporev ) Same a5 previous cxamples Cy = —79.38
# C, Same as previous examples Cy = +175.27
9 C, J Same as pravious examples Cy = —§1.62
50 CK, Same as previons examples CK; = 379
51 TR Same as pravious examples CK;. ;= 46.4
82 Ty Same as previous examples CH,8G, = 188
53 CT;.-, Saroe as previous exampies CHaBOs_ ) = 1.2
54 CNay . Same as previous examples Chg;..y = 65.5
$5 CNa; Same as previous examples Chg; = 30
56 YK Same as previous examples YK = 14.1%
7 1~ %o na Same as previous examples -
58 5 Coefficients ={.0339
so & Cocfficients ={}.820]
A dig Same ay previous examples diy = 1,253
i d; Same as previcus examples d; = 1.285
C n* Same as previous examples p =034 d,, = 2.1
B 11—y Same as previous exanmples —
E 1— 9001 Same as previous examples -
i Terisge Same as previous examples —_—
iz YH,O (Wi, % of water of crystallization in salés})
Tk (W% of potassium in salts)
TABLE @
Iy Pond Area
tieakage {thousands k K
losses; of m%) i/ sec) {tons/day) Tt Bocky L} Mol
0.0087 1455.2 1.70 X 103 148.3 0.385 0.953 .992 0,330
0,064 144024 Lux 10‘; 135.2 0. 406 0,454 1.5940 0.300
112 1341.6 2.76 X 107 119.9 0.430 0.958 (.880 0.266
0.26 1260.4 4.90 X% 1471 99,4 (462 0.959 0.800 1229
.30 1158.9 800 % 107 4.0 0.503 0.962 0.700 164

I k == 2 X 10™% {cm/sec) applies, then the pond area
required is 1,455.200 m?. The guaniity of K crystallized is

equal to: Ki—; (1 = gge,) = 450G X 0,615 = 276.8 (ton/
day) and 148 tons/day the potassizm pond cutput.

e 3 R
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