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The San Luis Project, a major new unit in the Central Valley Proj-
ect, is currently under construction, It will transport Feather River
water to the west side of the San Joaquin Valley. The State of Cali-
fornia Water Plan envisions a program of cyclic use of ground
water during periods of deficiency, and storage of excess surface
water when supplies are plentiful. Recharge of underground stor-
age basins will involve the percolation of water through substrata,
and the quality of the percolating water will be influenced by salts
present in the substrata.

A series of papers in this issue present a method of predicting the
quality of percolating waters in substrata (Part III), utilizing field
data obtained from substrata profiles in the west side of the San
Joaquin Valley (Part I). Theoretical considerations and approxi-
mations (Parts II and III) are formulated in the computer pro-
grams, for calculating simultaneously the major physicochemical
reactions that occur during recharge.
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II. A Computer Method for Predicting Salt

Concentrations in Soils at Variable Moisture
Contents””

INTRODUCTION

THE CHEMICAL characteristies of the
solution phase in a soil-water system are
usually determined by analyses for sol-
ute species in the extract. Many differ-
ent methods are available for obtaining
soil solutions, among them the satura-
tion extract (Richards, 1954), the 1:1
soil-water extract, and pressure meth-
ods (Richards, 1941; Baton, Harding,
and Gauge, 1960).

The effect of moisture content on the
concentration and composition of sol-
utes in extraects has been qualitatively
studied by Reitemeier (1946). Hereto-
fore, the most nearly accurate measure
of soluble soil salts has been obtained
by pressure, displacement, or suction
methods, at prevailing moisture con-
tents of the material studied, and meas-
urement of salts in the extraect. At soil-
moisture suctions greater than 1 bar,
however, the soil solution obtained is
generally insufficient for detailed char-
acterization unless large samples are
used. A technique for quantitatively
converting soil-salt data obtained at
higher moisture contents (by satura-
tion or 1:1 extract methods) to soil

1 Submitted for publication May 6, 1966.

salts present under actual field-mois-
ture conditions is necessary in order to
predict the dynamie changes occurring
in soil-water systems.

By utilizing existing principles of
the solubility and dissociation of salts
(Glasstone, 1946) and cation exchange
(Krishnamoorthy, Davis, and Over-
street, 1949), it is possible to calculate
the theoretical concentrations of com-
ponents in a soil-salt system at a given
water content. The -calculations in-
volved in solving the theoretical con-
centration of ion species are necessarily
lengthy due to the simultaneous reac-
tions occurring in the system (Dutt
and Doneen, 1963). The computation
can be made very rapidly, however,
with electronic computers, by employ-
ing iteration methods.

The purpose of this publication is to
present a computer method for prediet-
ing the equilibrium salt concentrations
in a soil-soil solution-gypsum system at
any given moisture content from ex-
tract data obtained initially at a dif-
ferent moisture content.

2 Thig study was partially supported by the University of California Water Resources Center

and State Department of Water Resources.

The University of California Computer Center facilities at Davis, which were available to the
authors, are partially supported by National Institutes of Health Grant No. FR-00009.

[307]



308

Tanji et al.: Computer Method for Predicting Salt in Soils

THEORETICAL CONSIDERATIONS

The equilibrium relationships for the
solubility of CaSO,-2H,0 in soil solu-
tions and the simultaneous exchange of
Ca**, Mg**, and Na* between the solu-
tion and adsorbed phases of these ions
at a given moisture content have been
developed by Dutt (1962) and Dutt
and Doneen (1963) for computer pro-
gramming. Dutt’s program has been
extended to allow for the prediction of
equilibrium concentrations of solutes,
adsorbed cations, and gypsum for any
given soil-moisture content from data
obtained initially at a different mois-
ture content.

For symmetrical cation exchange be-
tween Ca** and Mg* the exchange equa-
tion may be expressed as:

Coa _ 4 Eca
CMg - KEMg [1]

where Cg, and Cy, refer to the concen-
trations of solution Ca* and Mg*, Eca
and Ey, denote the concentrations of
adsorbed Ca** and Mg*, and K is the
Ca*-Mg* equilibrium-exchange con-
stant.

Let y be the moles of Mg+ per gm of
soil that go into solution or are ad-
sorbed. Let the initial concentrations of
Ca* and Mg** be bca and by moles per
liter in the solution phase, and Bc, and
By, be the moles per gm adsorbed on
the soil-exchange complex. The change
in relative composition of Ca** and Mg**
from the interaction of solution and
adsorbed phases is then:

Eco = Bca — ¥ (2]
Evg = Bug + ¥ (3]
Coa = bea + By (4]
Cme = bue — By (5]

where B is the ratio of gm of soil to
liters of solution. Combining equations
[2], [3], [4], and [5] with equation
[1] results in the quadratic expression:

[B(1-K)]y* + [B(Bug + KBca)
+Doa +EKbug]y

+ [bcaBug — KbueBca]l =0 [6]

The nonsymmetrical cation-exchange
system may be deseribed by an equa-
tion derived from statistical thermody-
namics (Krishnamoorthy, Davis, and
Overstreet, 1949). The equilibrium dis-
tribution for Na* and Ca** in the pres-
ence of Mg+ is given by:

CN327N32 _
CCa‘YCa B
K E'Na2
Eca(Exa + 1.5Eca + 1.5Emy)

(7]

where C and E refer to the equilibrium
concentrations in the solution and ad-
sorbed phases, respectively, of the sub-
seripted cationie species. y is the ion
activity coefficient of the subseripted
cationic species and K is the Na+Ca**
equilibrium-exchange constant.

The ion activity coefficient, y; , of ion
species j in solution can be approxi-
mated from an extension of the Debye-
Hiickel theory (Glasstone, 1946) :

0.50975ut
—logv; = == (8]

where Z; is the valence of the ion spe-
cies j. The ionic strength, u, is defined
by:

w=1%> CZ [9]

where 7 is the number of ion species in
the solution, and C; and Z; are the con-
centration and valence, respectively, of
ion species 1.

Let y be the moles of Na* per gm of
soil that go into solution or are ad-
sorbed, and be, and by, be the moles per
liter of Ca** and Na* in the solution
phase. Also let Bga, Buz, and By, be
the moles per gm adsorbed on the soil-
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exchange complex. Now, if S is the ratio
of gm of soil to liters of solution, then
the change in relative composition of
Ca**, Mg*, and Na* from the interac-
tion of solution and adsorbed phases is:

Eco = Bea + ¥ (10]
Ex. = Bxa — 2y [11]
Evg = Bug [12]
Cca = bca — By [13]
Cna = bxa + 28y [14]
Combining equations [10], [11],

[12], [13], and [14] with equation [7]
results in the 4th-power equation:

—[28°] y* + [(4BK yco/v8e) — 26(bxa
+ BBc.) + 48°(Bxa + 1.5Bc.
+ 1.5Bmg] 4 + [48(Bxa + 1.5Bca
+ 1.5Bumg) (bna + BBca) — 0.5bxa(bxa
+ 48Bca) — 4K vcu/v%a(8Bxa
+ bea)] y* + [(K voo/YNaBBN)
+ (4K yca/va Byabos) + bya(Bya
+ 1.5Bca + 1.5Bwmy) (bya + 48Bca)
— (0.5b% Bew)] ¥ + [bNa boa (Bra
+ 1.5Bca + 1.5Bay)
— (Kyca/35a Bia bca)] = 0

The equilibrium distribution of Ca*,
Mg+, and Na* between the exchanger
phase and solution phase may be solved
with equation [15]. For the case of
Na*-Mg** exchange, a similar solution
to equation [7] can be made by substi-
tuting Mg*+ for Ca*.

In addition to cation exchange, pre-
cipitation and solubilization of gypsum
and Iime further modify the ion bal-
ance in soil solutions and the soil-ex-
change complex. The solubility of
CaSO, * 2H,0 is adequately deseribed

[15]
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by the solubility produet constant con-
cept found in textbooks (e.g., Glass-
tone, 1946). Carbonate salts of Ca*
and Mg* have not been considered in
the computer program to date. The
solubility product constant for gypsum
Kcasos , is defined as:

KCaSO. = CCaCso. ')’2 [16]

where Cg, and Csos are the equilibrium
concentrations of subseripted ion
species and y is the mean activity co-
efficient. Let z be the moles per liter
of Ca* and SO, = that dissolve or pre-
cipitate, and C°, and C?yo, be the ini-
tial molar concentrations of Ca* and
SO,~. Then the change in relative com-
position of Ca** and SO~ is:

Cca = COCa + =z [17]

Cso, = C°s0, + [18]

Combining equations [17] and [18]
with equation [16] leads to:

&' + (C& 4 C80,) & + (CeuCo, [19]

- KCaSO./’)’z) =0

In addition, the CaSO,-Ca**, SOs~-
H.O system involves the formation of
undissociated CaSO,. The dissociation

constant, Kcasos; , of ion pair CaSO, is
defined as:

CCaCSO. 'Y2

CCaSO. Y [20]

K[CaSO.] =

where Ccasos 18 the molar concentration
of the ion pair and y for the ion pair
is taken at unity.

Let x be the moles per liter of Ca*
and SO, which form undissociated
CaSO,. If the initial concentrations of
Ca+, 804, and CaSO, are C°a, C°sos,
and C°casos, respectively, then the
change in econcentrations will be:

Cea = Cgs. - X [21]
Cso, = Cso — [22]
Ceuso, = Ctaso, + [23]
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‘When equations [21], [22], and [23]
are combined with equation [20], re-
arrangement yields:

2 2 0 o
v'z" — (v Cea + vCéo, + Kicaso.1) &

Tanji et al.: Computer Method for Predicting Salt in Soils

Assuming ion activities to be ade-
quately defined by equation [8], then
the equilibrium concentrations of ion
species in the solution and adsorbed
phases can be calculated by utilizing
equations [6], [15], [19], and [24]

, [24] : L
20 o o _ or the multiphase system containing
+ (rCelso, = KiewonCeuso,) = 0 soil, soil solution, and CaSO, + 2H.0.
PROCEDURE

Extensive chemical analyses on sub-
strata materials have been reported by
Doneen (see first paper in this series).
The 1:1 extraet method of determining
soluble ions was employed. Since some
of these substrata samples contained
gypsum, an error in estimating soluble-
salt content was possible due to the dis-
solution of gypsum. Thus a method of
converting soil-salt data obtained from
1:1 extraet moisture-content samples to
actual field conditions is desirable. A
computer program was therefore devel-
oped for IBM 7040 Data Processing
System to convert the equilibrium con-
centrations of solutes, adsorbed cations,
and gypsum from a soil sample at a
given moisture content to concentra-
tions at another moisture content.

The source statement for this pro-
gram is given on pages 312-313, and a
diagram on the flow of ecomputation is
presented in figure 1.

Initial molar coneentrations from a
1:1 extract are read by statement num-
ber 21. Cations Ca**, Mg+, and Na* are
represented by A, F, and S, and anions
80,7, Cl-, and HCO,~ are denoted by
G, H, and C, respectively. E5, C5, SA5,
and XX5 refer to exchangeable Ca*,
Mg+, Na* and solid-phase CaSO,
2H,0, respectively, in moles per gm
substrata material.

Exchangeable Na* and Mg* were de-
termined by the ammonium acetate
method. It was assumed that lime pres-
ent in the substrata material was in the
form of CaCO; and that neither nes-
quehonite (MgCO;) nor dolomite (Ca-

Mg (CO;).) was present. From this as-
sumption it was possible to estimate the
amount of exchangeable Ca** from the
difference between cation-exchange
capacity and the sum of exchangeable
Na* and Mg*. Only trace amounts of
exchangeable K* were present in sub-
strata samples.

The equilibrium exchange constant
for Ca* — Mg* and Na* — Ca** are de-
noted by D and DA, while the exchange
constant for Na* and Mg* is computed
internally from D and DA. Values of
0.7 and 7.1, determined on a Yolo soil,
were assigned to D and DA, respec-
tively, in the absence of the real con-
stants for the substrata material. B is
the gm of substrata material per liter
of soil solution; PW1 is initial moisture
content (100 per cent); and PW2 is
final moisture content (field moisture
content).

The factor PW, under statement
number 202, is the ratio of initial to
final moisture content. Since the pres-
ent program does not take into consid-
eration the calecite system, the initial
HCO;~ concentration is held constant
rather than being increased by a factor
of PW. A correction term on Ca* con-
centration is necessary, since 2 moles
of HCO;™ are required in the formation
of each mole of CaCO;.2 The correction
term, —0.5(HCO,~+PW-HCO;"), de-
creases the concentration of Ca* in ac-
cordance with the stoichiometric rela-
tionship if HCOs is to be held constant.
The procedure of keeping HCO;~ con-

# Car* + 2HCOy = CaCO; | +CO, 4 +H.0.
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Fig.1. Flow diagram showing scheme of
computation for predicting the equilibrium salt
concentrations in soil-water systems.

centrations constant is a reasonable ap-
proximation due to the very limited
solubility of CaCOs.

Solutes other than HCO,~ and Ca*
were increased from the initial value by
a factor of PW. Exchangeable Ca*,
Mg+, Na*, and CaSO, +2H,O are rede-
fined to Fortran IV language as ET,
CT, SAT, and XXT, respectively.

The equilibrium cycle, developed by
Dutt (1962) and Dutt and Doneen
(1963), consisting of statements 24

311

through 52 accounts for the changes in
ion balance discussed previously under
theoretical considerations. The changes
in Ca+, SO, undissociated CaSO,, and
solid-phase CaSO, - 2H,0 are computed
in statements 24 to 44 (fig. 1), includ-
ing the branches. Values of 2.4 x10°
(Latimer, 1952) and 4.9 x 10-* (Bell and
George, 1953), were assigned to Kcasos
and Kicasos), respectively, in solving
equations [19] and [24]. Because of
the complexity in the flow of computa-
tion it is suggested that figure 1 be con-
sulted frequently.

The presence or absence of gypsum
(XXT) at PW1 is considered at state-
ment 24. If XXT was initially present
in the system, the flow of computation
proceeds to statement 26, where equa-
tion [19] is solved for x. Symbol U rep-
resents u* in equations [9] and [8],
while EX is equivalent to 1/y2. BB and
CC are the coefficients b and ¢ in the
quadratic expression, equation [19].
CASO is the initial concentration of
CaSO0, ion pair, and CAS1 is the cal-
culated concentration of additional ion
pair that should be present in saturated
gypsum solutions. DEL is defined as
the difference between soil gypsum
present at PW1 and formation of un-
dissociated CaSO, at PW2. When DEL
is equal to or greater than x of equa-
tion [19], branch statement 28 is taken
where A and G are increased by =z
amounts and initial XXT is reduced
by z as well as by CAS1. CASO in
saturated gypsum solution has a value
of KCaSO‘L/K[CaSOH or 4.9 x 103 moles per
liter. The next step for this route is
ion exchange, which will be considered
after the different routes of gypsum
solubility and undissociated CaSO, are
discussed.

Branch statement 27 is taken when
DEL is less than x. Since x calculated
under statement 26 is greater than ini-
tial XXT for this route, the changes in
A and G are limited to an amount
equivalent to XXT, a solution unsatur-
ated with respect to gypsum. Both
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XXT and CAS1 are reduced to zero,
and new values of 4 and y are calcu-
lated. Symbols AA, BB, and CC in
statements 27 and 7 refer to coefficients
@, b, and c in equation [24] which com-
putes CaSO, ion pair. X1, which is z
in equation [24], is calculated, and ini-
tial CASO is then changed by X1 while
A and G are reduced by X1. CASO at
this stage of computation has a value
less than 4.9 x 10-® moles per liter in
contrast to CASO under statement 28.
CASO in solutions unsaturated with
respect to gypsum is defined as ac.asos/
K [CaS04] -

An alternative scheme of computa-
tion under statement 24, branch state-
ment 4, is used when the soil is free of
gypsum at PW1. U and AA are cal-
culated from the first approximation
on concentration of solutes—statement
202 followed by a test for XXT at
PW2, equation [16]. If the activity
product of Ca** and SO, exceeds
Keasos, 2.4 x10°° statement 26 is ex-
ecuted. When the solution is unsatur-
ated with respect to gypsum, the com-
putation proceeds to statement 18. A
test is made successively for the pres-
ence or absence of Ca*t, SO, and ion
pair CaSO, with statements 18, 6, and
1, respectively. If the soil solution is
free of these constituents, the computa-
tion proceeds directly to ion-exchange
considerations, statement 44. The flow
of calculation proceeds to statement 7
if G and A or CASO is present in the
system, and new values are computed
for CASO, A, and G.

The exchange reactions between solu-
tion and adsorbed cations are calcu-
lated by statements 44 through 3 (fig.
1).The exchange between Na*- Ca*,
equation [5], is solved by computations
made through statement 46, while Na*—
Mg** is computed through statement 45.
The exchange between Mg* and Ca*
is caleulated from statements 13 to 3
by applying equation [6]. The Ca*
and Mg** concentrations are compared
at statement 44. If A is equal to or

Tanji et al.: Computer Method for Predicting Salt in Soils

greater than F, branch statement 46 is
taken where IJ is a directional control
symbol. This route considers exchange
between Na* and Ca**. If A is less than
F, statement 45 is used to set up com-
putations for Na*~Mg* exchange. For-
tran symbols for Ca* are replaced by
Mgt in statement 45, and equation
[156] is evaluated by statements 5
through 17. The 4th-power equation is
solved for Z by Newton’s approxima-
tion method. A small value, 10-%, is as-
signed to Z initially, and a closer ap-
proximation to the true root is com-
puted by iteration. Fortran symbols
AA, BB, CC, DD, and EE, refer to the
coefficients a, b, ¢, d, and ¢, respectively,
in the 4th-degree polynomial equa-
tion. EX is defined as the ratio of yc.
t0 y%xa, equation [15], and AAA de-
notes the values enclosed in parentheses
in the left-hand denominator of equa-
tion [7]. At statement 15, the first ZZ
and ZZZ are defined as well as the
second ZZ. An approximate solution to
equation [15] is given by Z, and closer
approximations to the true root are
obtained by evaluating ZZ successively
until it is within + 10-3.

After Z is computed, the concentra-
tions of A, S, ET, and SAT are altered
by Z changes for Na*~Ca** exchange—
equations [13], [14], [10], and [11],
respectively. If statement 45 (Na'—
Mg+ exchange) is taken, the concentra-
tions of F, S, CT, and SAT are altered
by Z. A “conditional go to” statement
is encountered next. If the flow of com-
putation was through statement 46, the
next execution is statement 13. On the
other hand, if Na*-Mg* exchange was
considered (statement 45), the route
shifts to statement 17 where the Ca**
symbols revert to their original form.
The exchange between Ca** and Mg
is considered next. Symbols AA, BB,
and CC refer to coefficients @, b, and c,
respectively, in equation [6]. Y is the
solution to the quadratic expression.
However if (1.0-D) is zero, i.e., co-
efficient @ is zero, the solution of Y re-
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duces to Y =—c¢/b (statement 2). In
statement 3, Y changes are made on the
concentrations of A, F, ET, and CT—
equations [4], [5], [2], and [3], re-
spectively.

A series of approximations are then
made in which the computed Ca** con-
centration, A, after consideration of
equations [19], [24], [15], and [6], is
compared with Ca* concentration, Al,
at the beginning of the equilibrium
cycle. Computation in the equilibrium
cyele proceeds from statements 3 to 24
and back to 3 until the difference be-
tween A and Al, i.e,, DEL, is equal to
or greater than 10 M. The flow of
computation then proceeds to state-
ment 48 where another test is made on
DEL. Calculations are made in the
loop formed by statements 48 to 24 and
back to 48 until DEL is equal to or less
than 10-5 M. The difference in calculated

)
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Ca** concentration, after successive ap-
proximations, is at this point within *
10-° M. In a like manner A is compared
with A2 and A3. A2 is the concentra-
tion of Ca** after consideration of equa-
tions [19] and [24], and A3 is the con-
centration after consideration of equa-
tions [19], [24], and [15]. Thus a series
of successive approximations are made
from statements 3 to 52 until the differ-
ence in Ca** concentrations before and
after equilibrium computation is within
+10° M.

Finally, the theoretical equilibrium
salt concentrations in the soil at a new
moisture content are printed—state-
ment 8. Approximately 5 to 10 itera-
tions are made at statement 52 for each
sample. The IBM 7040 computer sys-
tem requires 1 minute 20 seconds to
calculate 15 samples.

RESULTS

The conversion of 1:1 extract data
of five substrata samples to field-mois-
ture data is presented as an illustra-
tion. The five substrata samples were
selected from the Appendix tables of
the first paper in this series, and differ
in soluble-salt content, cation-exchange
capacity, gypsum content, and field-
moisture content.

The initial solute concentrations as
found in a 1:1 extract represent the
soluble salts present in the material at
a moisture content of 100 per cent.
Cation-exchange capacity and ex-
changeable cation determinations are
based on dry weight of sample; how-
ever, total extractable Na* and Mg
were corrected for soluble Na* and
Mg+, obtained from the 1:1 extract.
Therefore, exchangeable Na* and Mg*
values were dependent, to some degree,
upon the extraction moisture content.
The reported gypsum content is the
amount present at a moisture content of
100 per cent and is expressed as dry
weight of sample.

Thus when the moisture content is
other than 100 per cent, changes in
concentration of solutes, gypsum, and
exchangeable cations are expected.
Cation-exchange capacity and HCO,
concentration are the only fixed values
in the computation.

The data presented at the lower
moisture content (table 1) represent
the predicted values based on theoreti-
cal considerations and assumptions pre-
sented earlier. On the assumption that
Cl- does not participate in solubility
or adsorption reactions, the predicted
Cl- concentrations are equivalent to
the initial concentration times the fae-
tor PW.

Solid-phase CaSO, + 2H,0 in sam-
ples 3-10 and 6-140 increased in con-
centration with change in moisture con-
tents. Sample 8-60, which was initially
nongypsiferous, had trace amounts of
gypsum at field-moisture content. Sam-
ples 3-55 and 3-190 were free of gyp-
sum but contained CaSO, ion pair. So-
lutions saturated with respect to gyp-
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sum theoretically contain 9.8 m.e. per
liter of undissociated CaSO,. The pres-
ence of 8.7 m.e. per liter of this com-
plex in sample 3-55 indicates that its
solution was very near to gypsum satu-
ration at field-moisture content. Under
standard analytical procedures for
Ca* and SO, the ion pair CaSO, is
not differentiated from ionic forms of
Ca* and SO,~. Hence the CaSO, ion
pair is normally included in standard
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salinity determinations, with the ex-
ception of the conductance method.
The concentrations of all ion species,
except HCO,4~, are shown to have been
altered due to a change in moisture con-
tent. With a reduction in water con-
tent, solute concentrations increase,
but the ion balance is simultanecously
modified by cation exchange, formation
of undissociated CaSO,, and precipita-
tion of solid-phase CaSO, - 2H,0.

DISCUSSION

The equilibrium concentrations com-
puted by the method outlined are only
as reliable as the chemical data pro-
grammed and the validity of the under-
lyving assumptions and theoretical con-
siderations of the computation. It is
recognized that the chemical properties
of a soil-soil solution system, particu-
larly in the presence of gvpsum, are
not adequately described by present
analytical methods and techniques.

Additional comments on the deserip-
tion of soil-water systems, which has
been extensively treated by Babcock
(1963), are in order. An assumption
is made on the calculation of ionic ac-
tivities in a soil-soil solution system by
equations [8] and [9]. It is assumed
that the liquid phase in this system
can be deseribed by an extract on the
basis that a discrete solution phase and
a diserete exchanger phase exist in the
system. The concentrations in the ex-
tract are then considered to be the con-
centrations in the soil solution, and
concentration gradients around charged
soil colloids, described by the Guoy
(1910) diffuse double-layer model, are
neglected. Membrane potentials at the
filtering interface and their effect on
the solutes in extracts are also ignored.
Thus the use of the Debye-Hiickel the-
ory in computing activity coefficients
considers only the ion-ion interactions
within the solution phase.

At lower moisture contents, where a
large fraction of the soil water is as-

sociated with soil colloids (Low, 1961),
the computed equilibrium values prob-
ably will vary from measured concen-
trations. However, in the range of field
moisture contents, from saturation to
15 atmosphere moisture percentages,
the activity of ions was found to be of
the same order of magnitude as those
approximated by equation [8] (Dutt
and Anderson, 1965). Moreover, calcu-
lated data have been shown by Dutt
(1962) and Dutt and Doneen (1963)
to be in reasonable agreement with ex-
perimental data for multiphase sys-
tems consisting of soil, soil solution,
and gypsum.

Secondary reactions that may oceur
in a soil-soil solution system have not
been fully incorporated into the equi-
librium evele. Processes that would
probably be included if the program
were to treat the general case are for-
mation of other complex ions and salts,
solubility of carbonate and phosphate
salts, and sorption, among others. The
computer method of predicting equi-
librium salt concentrations is applica-
ble only to soils with ion-exchange
properties adequately deseribed by
equations [1] and [7]. Thus for any
system that involves those processes
and conditions, the predicted concen-
trations may deviate from experi-
mental data. These reactions, with the
exception of carbonate salts, are, how-
ever, of secondary magnitude, and esti-
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mates made by this computer program
can be considered as first-order ap-
proximations. Strictly speaking, the
utility of the program is limited to a
soil-water system that is dominated by
Cl- and SO salts.

This computer program has been

Tanji et al.: Computer Method for Predicting Salt in Soils

tested on five agricultural soil types’
with substantial agreement between
computed and observed values. The re-
sults have been published elsewhere
(Paul, Tanji, and Anderson, 1966).
More recently the ion pair MgSO, has
been included in the equilibrium cyecle.

SUMMARY

A computer program has been de-
vised to calculate the theoretical equi-
librium concentration of solutes, un-
dissociated CaSO,, solid-phase CaSO, *
2H,0, and exchangeable cations at any
given soil-moisture content from ex-
tract data obtained initially at a dif-
ferent moisture content.

The calculations are based on ionie
activities, solubility product constant

of CaS0, - 2H,0, dissociation constant
of CaSO,, and cation-exchange equa-
tions.

The computer program, although
limited in scope at this stage, may be
extended to include additional chemi-
cal reactions and processes oceurring
in soil-water systems, and may eventu-
ally be applicable for wider use.
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