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A study of evaporation from hypersaline tailings 

Une etude de I’evaporation de rejets de mines hypersalins

T .A . N e w s o n , Y. F u jiy a s u  &  M . F a h e y  -  G eomechanics Group, The U niversity o f W estern Austra lia , W.A., Austra lia

ABSTRACT: A study has been conducted to provide information on the evaporation behaviour o f saturated hypersaline tailings. 

Observations were made o f relative evaporation rates from large tanks filled with tailings situated at mine sites in Western Australia. 

Additional observations were made of evaporation rates from fresh water and saline tailings in the laboratory. In both cases the effects of 

varying salinities on the drying behaviour were found. The results indicated that relative evaporation rates from saturated saline tailings are 

much lower than potential evaporation rates. The influence o f air humidity over the evaporating surfaces had a considerable effect on the 

evaporation. A model proposed to predict relative evaporation rates showed good correlations with the observed laboratory and field data.

RESUME: Une etude a ete menee pour foumir des informations sur le comportement en evaporation des rejets de mine hypersalins et 

satures. Des observations ont ete faites sur les vitesses d’evaporation relatives a partir de gros futs remplis de rejets de mines installes dans 

les mines de l’Australie de l’Ouest. Des observations supplementaires sur les vitesses d’evaporation d’eau fraiche et des rejets salins ont ete 

faites au laboratoire. Dans les deux cas, les effets de variations de salinites sur le comportement de sechage ont ete identifies. Les resultats 

ont indiques que les vitesses d’evaporation relatives obtenues a partir des rejets de mines salins et satures sont beaucoup plus faibles que les 

vitesses d’evaporation possibles. L’influence de l’humidite de l’air sur les surfaces d’evaporation a un effet considerable sur l’evaporation. 

Un modele propose pour predire les vitesses d’evaporations relatives a montre de bonnes correspondances entre les resultats observes au 

laboratoire et sur le terrain.

1 INTRODUCTION

In the arid and semi-arid regions where the gold mining industry 

of Western Australia (WA) is situated, the net annual rate o f 

evaporation is typically 3-4m/year. Much of this gold is extracted 

from low grade ores in large open cut mines, which leads to the 

production of high volumes of tailings. These tailings often 

contain significant clay contents (up to 30% being common) due 

to their extraction from highly weathered ore bodies. Hence this 

material can create long term handling difficulties due to high 

compressibility and low permeability. When this is coupled with 

the fast rates o f disposal involved in modem open-pit operations, 

the tailings may take excessively long periods for consolidation, 

particularly when settling under the effects o f self-weight only.

Tailings in WA are generally deposited sub-aerially from 

spigots located around the perimeter o f tailings storage areas. The 

deposited tailings are allowed to desiccate and desaturate under 

the high evaporative flux that occurs in the region. This reduces 

both the moisture content and compressibility o f the material, 

whilst increasing the density and shear strength. Thus it is 

possible to derive benefits from the high evaporation rates, by 

disposing o f tailings in thin layers, which are then allowed to 

consolidate under the effect o f evaporation before further filling 

takes place. With proper management it is possible to obtain an 

overconsolidated soil profile using this method. This technique is 

dependent on climatic factors, material parameters and drainage 

conditions and can be partially controlled by the rate of 

deposition o f the tailings material.

During the mine operation, the rate o f evaporation from the 

tailings storage surface is an important parameter for a number of 

reasons. In arid areas, the water returned to the processing plant 

from the tailings area is a major contribution to the total water 

needs o f the plant. In assessing the amount o f return, 

consideration must be given to losses in the system. They include 

the amount o f water permanently locked up in the tailings, the 

amount o f seepage through the base and walls o f the storage, and 

the amount lost by evaporation. This may be expressed in a

simple way using the water balance equation :

E = R - D - AW - P (1)

where E is evaporation, R surface run-off, D drainage, AW is 

change in water content and P is precipitation. Application of this 

method is relatively simple since the components are measured 

separately.

Due to the large size o f these storage areas it is generally 

possible for active deposition to be occurring in one area, whilst 

drying occurs in dormant areas. Thus the evaporation rate may 

vary across the storage facility. In order to calculate the overall 

loss due to evaporation, the surface can be sub-divided into a 

number of areas with different relative rates o f evaporation. The 

rates o f evaporation may vary from 100% of pan rate in recently 

deposited areas (where the material is fully saturated) to less than 

10% in areas which have been dormant for some time. Due to the 

potentially high evaporation rates that occur in this region, errors 

in estimates o f total evaporation from the surface of a tailings 

storage facility can be significant with regard to the overall water 

balance o f the structure.

The work described in this paper forms part o f a study 

conducted to investigate evaporation from saline tailings. The 

main emphasis o f this portion of the study is the evaporation from 

recently deposited materials, which at this stage will not have 

developed a surface salt crust. In this state, the material 

represents an upper bound on the rate o f evaporation from the 

storage, and is thus an important factor in the tailings 

management strategies employed in WA.

2 EVAPORATION FROM SALINE WATER BODIES

2.1 Factors affecting evaporation

Evaporation from a soil or water surface can be thought o f as 

water loss by diffusion into the air. There are three independent
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factors influencing evaporation behaviour. The first is the 

availability o f energy at the surface that is evaporating water, to 

supply the latent heat demand. Sources of radiation for this 

include the sun, sky and clouds, and sensible heat transferred 

from the adjacent air or soil. The distribution of energy within this 

system will depend on the albedo (reflective power) o f the 

surface, the thermal diffusivity of the soil and the air, and the 

vertical gradients o f temperature in both the air and the soil. 

These gradients are influenced by the second factor, which is the 

ability o f the air to transfer water vapour away from the 

evaporating surface. This is dependent upon the vertical gradient 

of humidity and the effectiveness of turbulent mixing in the lower 

layers.

The third influence is the availability o f water at and below 

the evaporation surface, which in the case o f soil depends on the 

hydraulic conductivity and the prevailing soil moisture status. It 

must be emphasised that only the solar radiation is truly 

independent o f the above variables. For a given set o f steady state 

conditions, all o f these factors will adjust themselves to produce a 

particular rate o f evaporation. A change in one o f them will not 

cause a proportionate change in the evaporation rate, but rather 

will cause a change in the other factors and leading to a new 

balance for the system.

2 .2 Evaporation from  saline water bodies 

It is well known that evaporation from saline water bodies is less 

than that from fresh water bodies (Calder and Neal, 1984). The 

evaporation rate from a fresh water body Ef can be written with a 

mass transfer type expression (Salhotra et al., 1987) :

Ef =f(u).{etaCTw)-h..eta(T.)} (2)

where Ef is the evaporation rate, e„,(T) is the saturation vapour 

pressure above a surface as a function of temperature, Tw and T. 

are water and air temperatures, h, is the relative humidity o f the 

air and f(u) is an empirical function of wind speed.

The reason that the evaporation rate from a saline water 

surface is less than that from a fresh water surface is that the 

dissolved salts lower the free energy o f the water molecules. 

Hence the saturation vapour pressure above the saline water 

surface e ^ T ,,  S„) decreases with increasing surface salinity Sw. 

The relationship between salinity and the saturation vapour 

pressure is dependent on the ionic composition of the solution; 

different combinations o f salts lead to different saturation vapour 

pressures for a given temperature. The ratio o f the saturation 

vapour pressure over a solution of salinity S to the saturation 

vapour pressure over fresh water (at the same temperature) is 

known as (3, the activity coefficient o f the solution. Thus we may 

express the evaporation from a saline water body E„i in a similar 

fashion (Salhotra et al., 1987), viz:

Eui = flu).{P(Sw).e„i(Tw) - h. eu^T,)} (3)

It should be noted that P depends not only on the ionic 

composition o f the solution, but on the salinity as well. We can 

therefore represent the reduction in evaporation due to salinity 

from a water body by expressing the ratio o f the evaporation from 

saline water and fresh water, (a=Eui/Ef), using:

a  =
P (S ,) .eM,(Tw) - h . . e ^ ( T . )

e„,(Tw) - h . . e u t(TI )
(4)

Thus with a direct knowledge of the saturation vapour pressure 

over the solution, the evaporation can be found from equation 

(4). For very simple aqueous solutions with single dissolved salts, 

data are available from standard tables. For more complex 

mixtures o f salts, the activity coefficient P may be approximated 

by summing the weighted reductions in saturation vapour 

pressure due to each constituent salt. Thus for a solution of total

concentration x containing N salts o f partial concentration x,

P(x) = - £ xi PiM 
x

(5)

where P(x) is the activity coefficient o f water in a solution o f total 

concentration x, and Pi(x) is the activity coefficient o f water in a 

solution of single salt i at a total concentration o f x.

If a fresh water body and a saline water body are exposed 

to the same meteorological conditions, less energy will escape as 

latent heat from the saline body since the vapour pressure is lower 

over that surface. Therefore, the temperature of the saline water 

surface will be higher than that o f the fresh water body. This can 

be accounted for by modifying equation (4):

a ' :
P (S ,)e ,M(T ,) - h . .e ^ (T .)  

em (Tf) — h ,. es„ (T.)
(6)

Figure 1 shows plots o f air relative humidity, h„ against relative 

evaporation, a 1, predicted using equation (6). Each curve 

represents a different activity coefficient p (i.e. reduction in the 

saturation vapour pressure due to increased salinity or ionic 

composition). It has been assumed that the surface temperature of 

the saline and fresh water bodies are equal (i.e. T„=T,=Tf). The 

solid lines represent a case where both the air temperature, Tt, 

and water surface temperatures, T, and Tf are equal at 35°C. The 
dashed lines represent the case where the water surfaces are at 

35°C and the air temperature at 25°C.

The results indicate that increasing air humidity reduces the 

evaporation rate from the saline water body relative to that from 

the fresh water body. This effect is particularly evident where the 

temperatures are all equal. The ten degree differential between the 

air temperature and the water surfaces is possibly excessive and 

differentials found in the field would lie between these two 

extremes. It should also be noted that these data represent 

reductions in the relative evaporation. Hence the actual 

evaporation from saline and fresh water bodies may be negligible 

for high air humidities, depending on the radiant energy levels 

received at the surfaces.

Figure 2 shows a similar plot to Figure 1, but assumes that 

the air temperature, fresh and saline water temperatures are all 

different. It also assumes that latent heat retention occurs in the 

saline water body (thus saline water temperature is greater than 

or equal to the fresh water temperature). The curves all represent
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Air relative humidity, h.

Figure 1. Relative evaporation with air humidity, assuming 

saline and fresh water temperatures are equal
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a single ionic strength or salinity with P=0.75 (approximately that 

for solution saturation for NaCI, 330 g/1 total dissolved solids). 

The solid lines represent an air temperature o f 35°C, with a fresh 

water temperature o f 40°C; the dashed lines represent an air 

temperature o f 25°C, also with a fresh water temperature of 40°C. 

Three cases are presented with increasing saline water 

temperatures (above those o f the fresh water) o f 0, 2 and 4°C.

In comparison with the data in Figure 1, the reduction in 

the relative evaporation is less marked at high humidities. In 

addition, for lower air temperatures (dashed lines) the relative 

evaporation varies less with air humidity. The overall effect of 

retention o f latent heat in the saline water is to enhance the 

evaporation rate and partially compensate for the reduced 

evaporation due to the dissolved salts.

3 EVAPORATION FROM SALINE SOIL SURFACES

3.1 Evaporation from  freshwater soil surfaces 

The actual rate o f evaporation from a freshwater soil surface, E„ 

can vary from close to that o f the potential evaporation, Ep, 

(stage I drying) to almost zero (stage III drying), for desaturated 

soils (Wilson et al., 1994). Stage I drying is controlled by the 

climatic conditions and is applicable to soil conditions at or near 

saturation. Stage II and III drying occur once the soil has begun 

to desaturate and lead to a rapid decrease in the evaporation rate. 

Both the climatic conditions and soil properties (such as hydraulic 

conductivity) control the evaporation rate during this phase. This 

behaviour is shown schematically in Figure 3 as curve (F). The 

evaporation rate from a Class ‘A’ evaporation pan may be 

assumed to be equal to the maximum potential rate Ep, i.e. the 

rate dictated by the environmental conditions. This rate may be 

used as a benchmark against which to evaluate the effects of 

surface drying on the evaporation rate from tailings.

3 .2 Evaporation from  saline soil surfaces 

In the arid mining regions o f WA high salinity groundwater (up to 

300 g/1 total dissolved solids) is used for the ore processing. 

Evaporation o f water from the tailings induces salt transport to 

the ground surface by upward soil water movement. The 

accumulation of salts at the surface causes the development o f a 

thick salt crust that drastically reduces the rate o f evaporation 

from the tailings surface. Figure 4 shows data from a laboratory 

study of artificial tailings mixed at different salinities, which 

shows that even a moderate amount o f salinity can severely 

reduce the relative evaporation rate (ratio o f the soil surface 

evaporation (E.) to the potential evaporation (Ep)) from the

tailings surface, (Fahey and Fujiyasu, 1994).

There are a number o f different stages during this drying 

process that are illustrated in Figure 3 with curve (S). The initial 

stage (I) represents the soil prior to the development o f the salt 

crust. The initial rate o f evaporation a.Ep is reduced compared to 

the evaporation from a fresh water soil, due to the salinity o f the 

pore water. In contrast to the fresh water drying stage I, this may 

have a reducing slope due to the increasing salinity as salt 

accumulates on the surface due to evaporation. The slope of this 

will be dependent upon the initial salinity o f the pore water (the 

lower the initial salinity the steeper the slope). At some point, the 

salinity will reach solution saturation and further accumulation of 

salt will lead to precipitation and the development o f a salt crust 

on the surface. The drying soil then enters stage II drying and the 

evaporation rate drops off very quickly due to the presence of the 

crust. It should be noted that the s iin e  soil remains saturated 

throughout this stage, in contrast to a fresh water soil that 

desaturates during stage II.

The mechanisms involved in reducing the rate of 

evaporation from the salt encrusted soil are an increase in albedo 

and resistance to moisture transfer. The amount o f shortwave 

radiation absorbed by the soil surface is a function o f the albedo 

(reflectance), which can vary from 0.25 for a saturated soil 

surface to 0.75 for a salt encrusted surface, (Malek et al., 1990).

Figure 3. Schematic o f drying stages of fresh water and saline 

soil bodies

Figure 2. Relative evaporation with air humidity, assuming 

latent heat retention in saline water body

Figure 4. Evaporation from tailings surfaces with different 

initial salinities (salinity = mass solute / mass solution)

25 50

Time (days)
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Thus a salt encrusted surface will receive less energy from the sun 

to liberate moisture from the soil surface by evaporation. 

Observations of efflorescent salt crusts on tailings dams have 

shown the salt crust to be a porous, buckled structure that may be 

separated from the soil surface over at least 50% of its area. After 

precipitation, the salt crust dries, shrinking and buckling as it does 

so, to create a deformed structure that separates from the soil 

surface. This reduces the possible sites where moisture in the 

liquid phase can be transferred through the salt crust to the air 

during evaporation. Coupled with this, the high porosity o f the 

salt crust, which drastically reduces the capillary rise o f water, 

prevents liquid phase continuity to the crust/air interface. Thus 

the only effective mechanism o f moisture transfer from the soil 

surface to the air is by diffusion in the vapour phase.

In stage III, the soil will desaturate and the salt crust will 

disintegrate. Finally, the soil will reach a residual moisture content 

in stage IV and will be evaporating only very small amounts o f 

moisture. In contrast to a drying freshwater soil, the pore water 

salinity and hydraulic conductivity are controlling the evaporation 

from a saline soil right from the beginning of stage I. Thus, stage 

I may represent an upper bound on the evaporation rate from 

saline tailings, which may be considerably less than that from 

freshwater tailings given the same radiant energy exposure. It can 

be assumed that only the ionic composition of the soil water is 

controlling the evaporation rate, since the effects o f soil resistance 

to moisture flow will be negligible at this stage. Thus an 

expression such as equation (6) may be used to predict relative 

evaporations from saline materials during stage I drying.

Figure 5 shows evaporation data from laboratory 

experiments conducted on saturated saline and fresh water bodies 

undergoing stage I drying. The curves shown are for a saline 

tailing (from Higginsville, S=180g/1, with a mixture o f CaS04, 

NaCl and MgCh), a fresh water tailing (from Higginsville mine, 

with the salt washed out o f the material) and saline water 

(S=200g/1, NaCl). The tests were conducted with air relative 

humidities ranging from 50-100% and varying radiant energy 

inputs. The slopes of the curves indicate the relative evaporation 

rates for the respective materials. The fresh water tailing plots 

close to the line E,=Ep, thus the rate o f evaporation is the same as 

that from a fresh water body. Both the saline water and the saline 

tailing show a reduction in the rate o f evaporation when 

compared to that from fresh water. The saline tailing has a lower 

slope than the saline water body despite having a lower salinity. 

This is due to the additional MgCl2 in the soil water, which 

reduces the saturation vapour pressure even more than NaCl. It 

should be noted that these slopes represent an average of the 

relative evaporations observed. The higher humidities lead to 

lower actual evaporation rates (Ep < 2 mm/day), with slightly

Figure 5. Evaporation from fresh water and saline bodies 

during stage I drying in the laboratory (salinity = mass solute / 

mass solution)

lower relative evaporations, and conversely the lower humidities 

lead to higher evaporation rates with higher relative evaporations. 

These results seem to agree with the behaviour shown in Figures 

1 and 2.

4 FIELD EVAPORATION STUDIES

4.1 Field study methodology

A number o f mines located around the eastern goldfields o f WA 

were selected for large scale tests o f evaporation and 

consolidation behaviour o f their tailings material. The selected 

sites represented a range of material o f varying salinities from 

freshwater to hypersaline (see Table 1). At each site, large steel 

water tanks (2.2 m high and 3.7 m in diameter) were filled with 

tailings and monitored over a 12 month period. The areas were 

generally semi-arid with a typical annual rainfall o f only 

200-400 mm. The net annual evaporation rates varied between

2.5 and 3.5 m. A berm was constructed around each tank to 

reduce the effects o f radiation on the sides.

The tank tests were considered large enough to give 

realistic results, whilst still allowing control o f filling materials, 

base drainage and surface decantation. This was particularly 

important since it gave accurate details o f the processes occurring 

within the tailings during consolidation and evaporation. 

Measurements made during the study include pore water 

pressure, moisture content, shear strength, soil temperature, 

salinity and vertical settlements for the tank soil profile. 

Meteorological data were collected at a number o f the sites. 

Rates o f evaporation were monitored using micro-lysimetry and 

Class 'A' evaporation pans.

Table 1 : Properties o f tailings materials

Site Name w L Ip Ls G, Salinity

Capel 96 61 19 2.70 0

Granny Smith 26 6 4 2.78 .01

Higginsville 33 14 11 2.74 .18

Kaltails 32 4 2 2.91 .09

New Celebration 38 13 3 2.79 .08

Ora Banda 31 7 5 2.83 .03

In Table 1, wL is the liquid limit in %, Ip is the plasticity index in 

%, Ls is the linear shrinkage in %, G, is the specific gravity o f the 

solids and salinity is in terms of concentration (mass o f solute in 

grams/mass o f solution).

4.2 Tailings material description

Results o f particle size distribution tests on the tailings (Figure 6) 

show that the clay fraction of the tailings was generally less than 

30%, and due to the grinding process involved in the processing 

the majority o f the material would have been rock flour. The 

exception to this was the material from Capel, which was 

predominantly kaolinitic and derived from mineral sands 

processing. Atterberg limit tests indicated that the shrinkage 

potential o f these tailings was quite low and that the liquid limit 

was low, with low plasticity indices. Again the material from 

Capel was an exception, with a high liquid limit and a high 

plasticity index. The specific gravity (G.) o f the solids was in the 

range 2.74-2.91, which is quite high compared to typical soils.

Analysis o f the tailings using X-ray diffraction indicated 

predominantly quartz, kaolinite and traces of other silicate 

materials. This suggests that the clay mineralogy should be 

relatively inactive with regard to swelling in the presence of 

water. The process water o f the tailings varied between fresh 

water to salinities o f 0.18 (200 g/1 total dissolved solids), see 

Table 1. The salts found on the surfaces of these tailings dams 

were predominantly halite (NaCl), with gypsum and anhydrite 

(CaSO*), bischofite (MgCl2) and trace salts.
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Figure 6. Particle size distribution curves for tailings in 

field study

Potential evaporation, E p (mm/day)

Figure 7. Evaporation from saturated tailings in field study 

(salinity = mass solute / mass solution)

4.3 Micro-lysimeter technique

Lysimetric methods are used to determine rates o f evaporation 

directly from the soil surface. The technique involves isolating a 

body o f soil hydrologically from the surrounding soil and 

determining the loss o f water due to evaporation by weighing. 

The validity of the method is dependant on whether the 

evaporation from such an isolated body essentially remains the 

same as that o f the surrounding soil. The solution to this problem 

is usually the adoption of large dimensions for the lysimeter. 

Alternatively, small lysimeters can be used for a short enough 

period to ensure that the disturbed base boundary condition does 

not affect the soil evaporation.

A ‘micro’ lysimeter method was proposed by Boast and 

Robertson (1982). This involves pushing a thin walled cylinder 

(of 76 mm diameter and 70 mm long) into the ground and 

removing it filled with soil. The cylinder is sealed at the base (to 

make it water tight) and its mass is determined. Then the cylinder 

is replaced in the soil, with the top surface level with the 

surrounding soil. The lysimeter is then left exposed for a day and 

re-weighed to determine the loss o f water from evaporation. By 

comparison with very long lysimeters (essentially infinitely long), 

they found that the method was valid for one or two days before 

the results diverged appreciably. This method has been adopted in 

this study, using a slightly larger lysimeter (97 mm diameter and 

119 mm long). All o f the evaporation rates have been monitored 

over a period o f 24 hours.

4 .4 Evaporation behaviour from  saline tailings 

Evaporation data from micro-lysimeter tests conducted in the 

tailings tanks are shown in Figure 7. Evaporation from saturated 

tailings surfaces have been plotted against the potential 

evaporation measured at the sites using Class ‘A’ evaporation 

pans. The data are presented in the same style as Figure 5, such 

that soil evaporation at the ‘potential rate o f evaporation’ would 

lie on the E,=Ep line. The data have been sub-divided into three 

groups, in terms o f salinity, namely fresh water, moderately saline 

(10-30g/l) and hypersaline (> 1 OOg/l).

The data show that only the freshwater tailings approach 

potential evaporation rates, with a slope of 0.9, whilst the 

moderately saline and hypersaline tailings show quite dramatic 

reductions in evaporation (slopes of 0.35 and 0.25, respectively), 

despite there being no salt crust formation at this stage. This 

reduction is partially due to the reduction of the saturation vapour 

pressure over the evaporating surface, but is also due in part to 

the increased air humidity that will occur over saturated tailings, 

(see section 2.2). It should be noted that providing the ionic

composition of the pore water on the saline and hypersaline sites 

are similar, the slope of the saline tailings would eventually 

approach that o f the hypersaline tailings as the surface salinity 

concentration increased with continuing evaporation.

5 DISCUSSION OF RESULTS

5.1 Predictions o f  relative and absolute evaporation 

Predictions of relative evaporations o f laboratory tests described 

in section 4.4 are plotted with actual observations in Figure 8. 

Surface temperatures, air temperatures and air relative humidities 

were input into equation (6) to calculate relative evaporations. 

The data shown appear to correlate reasonably well for both 

saline water bodies and for saline tailings. Measurements of 

surface temperatures were not taken for the large field tests; thus 

predictions o f the relative evaporation rates require estimations to 

be made o f air and surface temperatures. However, measurements 

have been made on a saturated tailings dam at Kaltails and the 

following average values were found: air temperature 15°C, 

relative air humidity 75% and soil surface temperature 20°C. 

Assuming an activity coefficient P o f 0.7, equation (6) predicts a 

value o f relative evaporation of 0.34, which is comparable with 

the values shown in Figure 7.

Whilst it can be seen that predictions of relative 

evaporations can be made using equation (6), predictions of 

absolute evaporation rates require an estimation of Ef or Ep. This 

can be accomplished by either using pan evaporation data or an 

expression such as that developed by Penman (1948) :

- P c p

XEp =■

,( T ) - e

A + y
(7)

where R«, is net radiation flux density (W m"2), A is the slope of 

the saturation vapour pressure-temperature curve (mbar °C'1), p 

is the density o f air (kg m'3), Cp is the specific heat o f air at 

constant pressure (J kg"1 °C), e„t(T) is the saturation vapour 

pressure of the surface at temperature T (mbar), e is the vapour 

pressure o f the air (mbar), r, is the aerodynamic resistance to 

transport o f water vapour from the surface into the atmosphere (s 

m '1), y is the psychrometric constant (mbar °C’'), X is the latent 

heat o f evaporation and Ep is the water vapour flux (kg m'2 s'1).

5.2 The effects o f  relative air humidity on evaporation

The data presented indicate that the air relative humidity over a

saline evaporating surface is an important factor in the reduction
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Observed relative evaporation, E ^E P

Figure 8. Predictions o f relative evaporation rates from 

laboratory specimens experiencing stage I drying

o f evaporation. In both the laboratory and field tests, reduction in 

the rate o f evaporation, due to the humid air over the evaporating 

surfaces, was compounded by a reduction in the saturation 

vapour pressure due to the dissolved salts in the pore fluid, thus 

producing a significant decrease in the actual rate o f evaporation. 

This would be particularly true of the central area of the dam 

(known as the decant pond) where water collects prior to being 

returned to the mill for processing. Humid air from the saturated 

tailings surfaces and the decant area will suppress evaporation in 

these regions and those downwind. As the saturated areas dry 

out, the air humidity would decrease above the tailings surfaces 

but the evaporation would then be hindered by salt crusting and 

desaturation of the tailings material. Thus the evaporation from 

saturated saline tailings prior to salt crusting should be considered 

an upper bound to evaporation from this material. It should also 

be stressed that pan evaporation data should be used with 

caution; the positioning of the pan is quite important and should 

be representative of the evaporation area o f interest.

5.3 Importance o f  evaporation estimation 

The previous sections have demonstrated that the variation in 

actual evaporation rate from saline tailings may be quite 

considerable depending upon their current state. During the filling 

o f the tailings storage, an ideal strategy is to operate only on 

limited areas at any one time. Thus active deposition of tailings 

will only affect a relatively small portion of the overall surface 

area. Other areas will be left dormant to dry before further fill 

material is added. This allows the full benefits o f evaporation to 

be utilised. Hence the tailings storage can be sub-divided into a 

number o f areas where different evaporation rates may be 

occurring (including the decant pond). To obtain the total 

evaporative loss for a water balance calculation requires a 

summation o f the contributions o f these areas.

To illustrate the importance o f this, assume a typical total 

storage surface area of 100 hectares (106 m2) into which tailings 

are deposited at a rate o f 4 million tonnes (dry weight) per year 

(Mt/yr), at a solids content o f 40%. This is equivalent to a water 

input o f 6 Mt/yr. The loss due to evaporation would be between

2.5 and 4.0 Mt/yr if the relative evaporation rate was 100% 

(assuming Ep ranges from 2.5 to 4.0 m/yr). If  the average rate 

was only 20% o f Ep, the loss would be only 20% of this amount 

(0.5 to 0.8 Mt/yr). Clearly, water balance calculations carried out 

without precise knowledge of the evaporation rate from all areas 

o f the storage could be seriously in error.

6 CONCLUSIONS

A field and laboratory study has been initiated to provide more 

detailed information on the evaporation behaviour o f saline

tailings. Part o f the study consisted o f observations of large 

tailings tanks situated at mine sites in Western Australia. The 

effects o f varying salinities on the drying behaviour were 

observed. The following conclusions were reached based on the 

findings o f this study:

• measured relative evaporation rates from saturated saline 

tailings indicate much lower evaporation than potential rates;

•  the evaporation rate from saturated saline tailings may 

represent an upper bound for the rate of evaporation;

•  the influence of air humidity over the evaporating surfaces has 

a considerable effect on the observed evaporation;

•  the proposed model appears to correlate well with the 

observed laboratory and field data.
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