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Evaluation of seepage losses in artificial ponds 
Evaluation des pertes par infiltration dans les étangs artificiels

G.Auvinet & J. F. Rodríguez -  Instituto de Ingeniería, UNAM, Mexico

ABSTRACT. Techniques to evaluate seepage losses in artificial ponds built to store valuable or contaminant fluids are reviewed. It is 

shown that estimations based on seepage theory and field and laboratory measurements o f soil conductivity can be complemented by field 

observations of temperature and natural chemical tracing substances and by mass and energy balances. This approach is illustrated by 

results obtained for the 1400-hectare solar evaporation lake of the Cerro Prieto geothermal field in Mexico.

RESUME. Un révision des techniques disponibles pour l’évaluation des pertes par infiltration dans les lagunes artificielles utilisées pour 

le stockage de fluides à haute valeur commerciale ou polluants est présentée. On montre que les estimations basées sur la théorie des 

écoulements et sur des mesures en place et au laboratoire de la conductivité du sol peuvent être complétées par des observations portant 

sur la température et sur des traceurs chimiques naturels et par des bilans de masse et d’énergie. Cette approche est illustrée par les 

résultats obtenus sur la lagune d’évaporation solaire de 1400 hectares du champ géothermique de Cerro Prieto au Mexique.

1 INTRODUCTION

The need to store large volumes of water or other valuable or 

pollutant fluids for agricultural, industrial or ecological purposes 

leads with an increasing frequency to the construction of large 

artificial lagoons (Auvinet and Esquivel, 1986). In these facilities, 

losses by seepage into the subsoil are generally critical and must 

be carefully assessed. Some techniques that have been used to 

monitor the amount and location o f seepage losses are presented. 

Application of these techniques is illustrated with observations 

and measurements performed on the 1400-hectare solar 

evaporation lake o f the Cerro Prieto geothermal field in Mexico.

2 LAGOONS DESIGN

Artificial lagoons are commonly formed simply by building a 

perimetral earth dike above the natural ground. When the 

permeability o f the ground and o f the levees and the nature of the 

fluid make it necessary, the inner slopes and the bottom of the 

storage must be covered by a clay or geomembrane liner.

Fig 1 presents the general layout of a series o f lagoons built in 

1981 on the Cerro Prieto geothermal field near Mexicali, Baja 

California, Mexico, in order to store and concentrate the brine 

extracted from geothermal wells (main 1400-hectare solar 

evaporation pond) and to collect crystallized sodium and 

potassium chloride (80-hectare crystallization ponds).

The levees o f the main pond, made of compacted high 

plasticity clay, are 38 km long and up to 3.5m high. Depth o f the 

pond varies from 0 (some islands) to 2.5m. The ten crystallization 

lagoons were also formed by building earth dikes. A compacted 

clay liner was placed on the bottom of those smaller ponds to 

prevent losses o f valuable concentrated brine (Auvinet, 1983).

In 1994, a measurement program aimed at estimating losses by 

seepage into the subsoil from the main pond was undertaken.

3 SEEPAGE ESTIMATION

Among the main techniques that can be used to assess the

magnitude and location of losses by seepage, the following can be 

mentioned:

- Computations based on theory o f seepage through porous 

media.

- Use o f artificial or natural tracers

- Mass and energy balances

In what follows, the basic principles of these techniques are 

reviewed and some aspects o f their application to the solar 

evaporation pond o f Fig 1 are presented.

3.1 Theoretical estimation

3.1.2 Principle

Losses by seepage can be estimated using the theory of flow 

through porous media. For saturated soils, Laplace equation is 

solved in the flow domain using for example the classical flow

Inflow
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Fig 1 General layout of main and crystallization ponds
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Fig 2. Well setup

net theory. For this kind o f estimation to be valid it is necessary 

to obtain accurate data regarding the subsoil characteristics below 

and around the pond and to perform field and laboratory 

permeability tests. In the field, absorption tests in wells can be 

performed following Nasberg, USBR E-19 or Lefranc-Mandel 

procedures. However, whenever possible, large scale 

permeability tests should also be performed since soil 

conductivity tends to increase with the size o f the flow zone due 

to the existence o f discontinuities in the soil at different scales. In 

the laboratory, for fine soils, best results are obtained with 

flexible walls permeameters equipped with a backpressure 

saturation system (Auvinet, 1986; Daoud, 1996).

Accurate geotechnical data are essential to define the seepage 

mechanism. It has been shown that the existence o f permeable 

layers acting as drains within the subsoil can drastically modify 

this mechanism (Auvinet, 1986).

3.1.3 Application

For the Ceno Prieto pond, the following methodology was 

followed:

a) Evaluation o f subsoil characteristics. In addition to the deep 

borings available at the site, 34 exploration wells, 5m deep and 

located every 500m (Fig 2), were bored outside the pond along 

the external levee (Fig 3).

The following information was obtained in each well:

• Soil profile (Fig 4).

• Index properties

• Depth o f water table.

• Temperature of water

• Salt content o f water.

•  Soil permeability

In each well, USBR E-19 or Lefranc-Mandel tests, depending 

on the position o f the water table, were performed using a simple 

device allowing automatic control o f the water level in the well. 

The average permeability coefficient obtained from the 34 tests 

was 1.5x10'5 cm/s. Additional tests were performed in shallower 

(1.5m deep) wells in order to assess the influence o f superficial 

cracks due to drying of the upper layer. As an average, measured

permeability was eight times higher in the superficial wells 

(1.2X10"1 cm/s) than in the deeper ones.

Laboratory tests were also performed on undisturbed samples 

o f the typical Colorado river sediments found in the area:

•  CH and CL clays

•  MH silt with 27% fine sand

• Fine sand SM, with 25 % fines

A variable head flexible wall permeameter, initially developed 

for compacted fine soils, was used (Fig 5). The specimens, 5.5cm 

high and 10cm in diameter, were saturated applying backpressure 

before testing. Measured values of soil permeability varied from 

3x10^ to 4x10“' cm/s and were found in general agreement with 

field tests results.

b) Estimation o f losses by seepage.

Losses were estimated by standard flow analysis techniques 

Flow was considered to be induced by the gradient resulting from 

the difference o f level between the surface of the brine in the 

pond and the water table outside the pond. Soil properties were 

assumed to be constant along the tributary length of peripheral 

dike associated to each well. The presence of a pervious 

superficial layer was taken into account. Losses by seepage could 

then be estimated in 401/s.

c) Large scale test. In order to confirm field an laboratory tests, it 

was considered useful to perform a large scale permeability test 

in controlled conditions. Part o f a draining canal (Drain # 324)
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parallel to the east earth dike was isolated. Water was pumped 

form the canal and the rate of recovery of the water level was 

observed during the 06/28/95 to 08/11/95 period. Fig 6 shows 

that recovery was extremely slow in spite o f the short distance 

from the site to the pond confirming the low permeability o f the 

subsoil at least in this area.

3.2 Use o f  tracing substances

3.2.1 Principle

Tracing substances can be used to detect local leakage and zones 

in which seepage concentrates. As an example dyes can be used 

to identify the paths followed by the water into the ground. 

However, natural tracers, such as salt concentration and 

temperature of the fluid can, in certain conditions, be equally 

useful.

3.2.2 Application

It was attempted to locate the zones along the peripheral earth 

dike with largest leakage using chemical composition and 

temperature of the fluid as tracers. The idea was that, in areas of 

high permeability, salt content and temperature of the fluid in the 

subsoil (or the exploration wells) and in the pond should be 

similar.

Water samples from 17 peripheral wells and from points o f the 

pond located in front o f the wells were analyzed. Temperature

Fig 8. Temperature in peripheral wells and pond

was also measured in each well and in the pond. Fig 7 shows 

comparisons o f sodium content in the wells and in the pond. 

Temperatures are also compared on Fig 8.

Chemical analyses and temperature measurements contributed 

to confirm the idea that losses by seepage are small since, in 

general, no correlation was found between salt content and 

temperature in the wells and in the pond. However, it could be 

observed that in wells 7 y 9 located near the north earth dike, both 

salt content and temperature in the wells and in the pond do 

coincide. Larger leakage should thus be expected in this area.

3.3 Mass and energy balances

3.3.1 Principle

When data regarding water level in the pond, inflow and outflow 

volumes and evaporation measured during a sufficiently long 

period are available, losses by seepage can be determined from a 

mass balance equation. This is only possible when the data are 

extremely accurate. As a matter o f fact it is always convenient to 

eliminate some of the terms of the equation (and consequently the 

uncertainty attached to them) suspending outflow (and if possible 

inflow) from the pond during a long period. As shown below, 

mass balance can also be complemented with an energy balance.
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Fig 9. Mass balance

3.3.2 Application

For the Cerro Prieto pond it was possible to collect the 

information required to solve the mass balance equation:

Seepage (Qj) = Inflow (Qg) - Outflow (Q$) - Evaporation (Qev) - 

Accumulation (Qq ) (1)

Outflow was suspended during a 12 days period so the 

corresponding term could be eliminated :

Q f = Qe~ Qev -  Qa (2)

The evaporation measured with evaporimeters was corrected 

by a factor o f 0.64 to take into account the scale effect. Results 

are presented on Fig 9. Computed losses by seepage were o f the 

order o f 100 1/s. This value is quite compatible with the 

objectives o f the project. It should further be stressed that, in the 

mass balance, no consideration was done to take into account the 

additional evaporation induced by the heat flowing up from the 

ground to the pond in this geothermal area. This factor can be 

quite significant since high temperatures are registered in some 

wells and geothermal manifestations such as mud volcanoes are 

not uncommon in the pond area. To take this factor into account, 

mass balances should be complemented with energy balances to 

check the hypothesis that the temperature o f the brine in the pond 

is significantly higher than the expected temperature, due to 

geothermal heat sources.

According to Hiriart (1980), energy balance equation can be 

written:

E, = E „„ + E*,n ~ E'*a ~ Ecom ~ E,aj- (3)

where

•  Esoi. Short wave solar radiation received by the pond

• Eatm- Long wave radiation coming back from the clouds

•  Erad- Long wave radiation emitted by the brine

•  Econv. Heat transfer from the brine by convection

• Eevap- Evaporation, function of temperature of the brine in 

contact with the atmosphere, vapor pressure of the brine, partial 

pressure of the air, and of the atmospheric pressure and relative 

humidity.

Temperature of the water can be deduced from this equation, 

assuming no external source o f heat (Ej = 0). If the actual 

temperature is higher, it can be concluded that this source is

significant ( E, > 0). Evaluations along these lines are being 

performed for the Cerro Prieto pond.

4 CONCLUSIONS

Losses due to seepage in large artificial ponds are always difficult 

to estimate due to the many uncertainties involved in estimating 

the permeability characteristics o f the subsoil. It was shown in 

this paper that it is possible to use different approaches, including 

use of tracers and mass balances, to obtain at least an order of 

magnitude of these losses.
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