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environmental risk assessment for landfills do not take into consideration the specific risk that leachate
dams may represent for the environment. In this paper a methodology to improve the environmental
safety is presented according to the parameters used in their construction and management. In order to
do that, the following characteristics of the dam must be known: (1) geotechnical stability, (2) erosion
of downstream slope, (3) type of sealing of the dam, (4) overtopping probability, (5) volume of leachate
stored inside the dam and (6) pollution load of leachate. Once these parameters have been calculated, they
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Constructive characteristics of the dam are transformed by means of rating curves into homogeneous units, so as to make it possible to operate
Pollution load between them. From the study and analysis of these parameters an environmental risk index for a dam for
Rating curves leachate can be calculated. If the environmental risk index exceeds an established value then it involves a

dam for leachate with high environmental risk, therefore preventive measures in its design, construction
and management would be necessary.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

There are different types of dangerous liquids such as the
leachate from landfills and composting plants, municipal wastewa-
ter and industrial wastewater which are often stored in earth dams
and, therefore, present a considerable environmental risk.

The liquids stored in dams or deposits contain a great amount of
polluting substances and compounds, including organic and inor-
ganic chemical substances and heavy metals [1-3]. In fact, leachates
can involve the main source of pollution on groundwater and sur-
face water [4-7].

If one of these dams breaks, the liquid would pour out forming
an avalanche that would advance along the line of maximum slope
oftheland, which would cause an important environmental impact.
So, it is necessary a maximum precaution in their construction and
management.

Dams for toxic liquids, particularly for leachates, in Spain were
observed by orthophotography and their location was analysed.
Results showed that 20% of them are located less than 2000 m
from a river, lake or water stream. If a dam breaks leachate would
be led downstream to reach that water body [8]. Moreover, in the
surrounding areas of the leachate dam different environmental ele-
ments could exist which would also be affected by the leachate.
Therefore it is necessary to assess the environmental risk that
leachate dams generate so as to be able to calculate the potential
environmental impact associated to them.

Generally speaking, in order to determine and quantify the
environmental risk of a dam for leachates, the dimensions of envi-
ronmental damage and the frequency of the event have to be
considered [9]. Taking these criteria into account, several different
methodologies have been developed to assess environmental risk
by organisations such as the U.S. Environmental Protection Agency
[10,11], the World Health Organization [12-14], the New Zealand
Landcare Research [15] and the Spanish Normalisation and Cer-
tification Agency [16,17]. All of them calculate the environmental
risk from the multiplication between the probability that an event
occurs by the gravity of the consequences.

In addition to the general methodologies for environmental
risk assessment, there are other specific methodologies based on
deterministic models that are designed to determine migrations of
pollutant liquids or gases from the source to the receivers, through
different paths [18-27]. The more restrictions are introduced, the
more complicated these models become. In the end they may be so
complex that results can be a long way from reflecting the real sit-
uation. Nevertheless, environmental risk assessment, as a method
of analysis, is an effective tool to protect the environment in the
presence of risks generated by a composting plant or landfill [28].

The computer models used to assess environmental risk in land-
fills are limited to assessing the risks deriving from leachate and
from the biogas generated by wastes [29-31]. Therefore, the envi-
ronmental risk caused by the storage of toxic liquids in a dam or
deposit is not considered. Due to the weakness of the described
methodologies in this research, an alternative model is designed to
valuate specifically the environmental risk of the leachate dams.

This method would permit to assess the environmental risk
without the need to gather historical data of accidents or sub-
jective and ambiguous scenarios, which is necessary in traditional
methods.

2. Materials and methods

Most of the leachate dams existing in Spain are constructed with
compacted earth sealed with geomembrane [8]. The parameters
which define the structural safety and the stability of a dam are the
geotechnical stability of the dam’s slopes, the erosion of the down-

stream slope, the type of sealing and the probability of overtopping
due to intense rainfall. From the environmental point of view, the
parameters that can influence risk are the volume of stored toxic
liquid and its pollution load.

The methodology for calculating the environmental risk of a
leachate dam described in this paper is based on the parameters
which define the structural safety and characteristics of the dam.
The values of these parameters are measured in different units and
therefore, once the values have been calculated, they have to be
transformed into homogeneous units (Fig. 1). To do so, a group
of Spanish technicians were chosen and asked to trace the rating
curve for each parameter. The rating curves relate the heteroge-
neous units of each parameter of safety on dams with the units
of the environmental risk index (ERI). They are the average rating
curves supplied by technicians.

Furthermore, the group of technicians were asked to rate the
weight of each parameter according to the environmental risk gen-
erated by each of them. The value of environmental risk index of
the dam parameters (ERI DP) can be calculated by combining the
values of environmental risk and the weight of each parameter.

2.1. Geotechnical stability of the slopes

A properly geotechnical stability in slopes constructed with
earth is necessary in order to guarantee the lack of slides. The
geotechnical stability of a slope is known by means of the safety
factor (SF). The schematic procedure for calculating this value is
shown in Fig. 2. In order to calculate the slope SF it is necessary
to know: the geometric properties of the dam (downstream slope,
upstream slope and height); mechanical properties of the material
(effective cohesion, effective friction angle and density); and the
seismic coefficient of the region. The methods most commonly used
to calculate slope stability are analytical methods [32-38] or com-
puter programs. Most of the different regulations about dam design
that have been studied are mainly concerned with earth dams and
reservoirs for water storage and require an SF value between 1.0
and 2.0 [39-42]. A value of SF> 1.4 is recommended.

2.2. Erosion of downstream slope

Intense rainfalls can provoke loss of materials in earth slopes due
to erosion. If the loss material has a high value, the stability of the
slope can diminish. In order to calculate the value corresponding to
the loss of soil due to erosion (A [t/hayear]') the universal soil loss
equation (USLE) is used (Fig. 3). Eq. (1) is recommended for inter-
national purposes [43]. The USLE equation provides techniques for
numerically evaluating effects of climate (rainfall factor), soil prop-
erties (erosion soil factor) topography (length of the embankment
factor), crop-productivity level (crop factor), time and method of
seeding, crop sequence, residue management and special conser-
vation practices (cultivation of the soil factor), and other pertinent
variables that effect soil erosion.

A=R-K-L-S-C-P (1)
where R is the rain factor (Jcm/m? h); K the soil erosionability fac-
tor (tm? h/ha]J cm); L the slope length factor (dimensionless); S the

slope factor (dimensionless); C the crop factor (dimensionless); P
is the soil conservation practice factor (dimensionless).

! ha: hectare =10,000 m? =2471 acres.
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Fig. 1. Parameters and steps to elaborate ERI DP.

2.3. Sealing of dam

An adequate sealing of an earth dam is necessary to avoid
seepage, leakage and its consequent piping which could cause
the collapse of the embankment. When a leachate dam is being
constructed, different rules and regulations have to be applied
according to the country in which it is being built in. For example,

in Spain leachate dams have to be sealed in a similar way to a solid
waste landfill, that is to say, using a compacted clay liner and a syn-
thetic geomembrane. Thus, a permeability coefficient K< 10~2 m/s
is guaranteed [44].

The materials most commonly used to waterproof landfills and
leachate dams are high density polyethylene (HDPE), polyvinyl
chloride (PVC), chlorosulphonated polyethylene (CSPE) and chlo-
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Fig. 2. Parameters to calculate SF.
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Fig. 3. Parameters to calculate A.

rine polyethylene (CPE). The thickness of these geomembranes can
vary from 0.5 mm to 3 mm, although a thickness above 1.5 mm is
recommended [44-49].

According to the different systems employed, four types of seal-
ing were defined. A value from 1 to 4 was assigned according to the
increasing safety of the sealing system (wp). In the worst type (type
1; wp=1) no sealing system is installed and the liquid is poured
directly onto the soil until it percolates into the subsoil or is drained
by artificial methods. The second type (type 2; wp=_2) involves a
dam sealed with a compacted clay liner with low permeability. The
third type, (type 3; wp = 3) the most widespread system, use a com-
pacted clay liner that is separated from a synthetic gecomembrane
by geotextile. In the fourth type (type 4; wp=4), besides the com-
pacted clay and geomembrane liner, a drainage liner is also installed
between the geotextile and compacted clay.

2.4. Overtopping probability

Capacity of the earth dams have to be calculated according to
meteorological data and above all, precipitation data. If this param-
eter is not correctly calculated, intense rainfalls can fill the dam and
provoke overtopping which would erode the slopes, diminishing
their stability. In order to calculate the probability of overtopping
due to intense rainfall it is necessary to know the data represented
in Fig. 4. The data concerning 1-in-100 year 24-h period return rain-
fall can be obtained from the closest meteorological station. The
geometric data (top surface of the dam, surface which pours into
the dam and capacity of defence) are stated in the project of dam.
The resulting value T(%) represents the probability of a rainfall that
exceeds the storage capacity of the dam.

2.5. Volume of leachate storage inside the dam

The environmental impact that leachate can cause depends
directly on the volume of leachate stored in the dam and on its
pollution load. To obtain the volume data, an average of the maxi-
mum volume contained, in normal conditions, in the dam (m?3) has

2.6. Leachate pollution load

The pollution load of leachate is measured by means of analyti-
cal data of the liquid which include organic compounds, inorganic
compounds and heavy metals. The higher be the pollution load,
the higher be the environmental risk. The analytical method estab-
lished by Kumar and Alappat [50] was applied in order to obtain
the pollution load of the leachate. This method proposes a leachate
pollution index (LPI) from the composition and characteristics of
the leachate. It need data from the organic compounds, inorganic
compounds and heavy metals and by means of rating curves get a
value of LPIL. Necessary data are shown in Fig. 5.

2.7. Rating curves

Following the calculation described in the previous items, the
next step consists in generating the rating curves from the con-
structive characteristics of the leachate dam, the safety factor of
the outer slope (SF), loss of soil due to erosion (A; t/hayear), type of
sealing used in the dam and the probability of overtopping (OTP;
%). Each parameter is measured using different units and there-
fore they cannot be operated together. The resulting units are cited
as environmental risk index units (ERI) and six rating curves are
required to perform this conversion. The ERI values of each param-
eter vary from O to 1.

To calculate these rating curves a representative group of Span-
ish technicians was asked, by means of a questionnaire, to draw
up the statistical correlation between the dam safety factor and
the environmental risk index. These technicians were researchers
and scientists working on soil stability and mechanics, experts from
construction companies, engineering companies, civil servants, etc.
According to a statistical data (Statistical Spanish Institute), an aver-
age number of 3000-3500 persons are working or studying themes
relating to this purpose.

Because of the difficulty to get surveys, an error level of 10%
is tolerated and 95% of confidence level has been chosen for the
result. A total of 243 mails were sent out to people responsible
for the design, control, monitoring and management of landfills. As

to be calculated.
RAINFALL 1-in-100 year 24
hour PERIOD

|V.LV(] AHV88!33N|

SURFACE WHICH POURS
INTO THE DAM

| CAPACITY OF DEFENCE

GUMBEL
TOP SURFACE OF THE DAD STATISTICS OVERTOPPING
DISTRIBUTION e LRl

Fig. 4. Parameters to calculate T(%).
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Fig. 5. Parameters to calculate LPI(%).

Table 1 Table 2
Distribution of sent and received polls asking rating curves Distribution of sent and received polls asking weight factors
Received polls Sent polls Received polls Sent polls
Polls sent by professors at 43 95 Polls sent by professors at 45 95
universities universities
Polls sent by engineers of private 27 78 Polls sent by engineers of private 27 78
offices offices
Polls sent by civil servants from the 17 58 Polls sent by civil servants from the 18 58
Spanish Ministry of the Spanish Ministry of the
Environment Environment
Polls sent by individual engineers 6 12 Polls sent by individual engineers 9 12
Total 93 243 Total 99 243

shown in Table 1, 93 correctly completed polls were received which
can be acceptable according to the error level tolerated.

When the questionnaires had been collected, they were
grouped. Different points were taken to build regression model (a
sample is showed in Fig. 6). A statistical analysis was performed
in order to investigate whether the results were statistically sig-
nificant and whether they could be used in the IRA equation. The
computer program Statgraphics Plus 5.1. was utilised to do this.

2.8. Weight factors

In order to assign the weight to each leachate dam safety param-
eter, a second questionnaire was sent out to collect information
from the group of technicians. These technicians were researchers
and scientists working on soil stability and mechanics, experts from
construction companies, engineering companies, civil servants, etc.

0.751

ERI wp

0.25

Sealing system

Fig. 6. Received polls asking the rating curve of sealing system.

According to a statistical data, an average number of 3000-3500
persons are working or studying themes relating with this purpose.

Because of the difficulty to get surveys an error level of 10% is
tolerated and 95% of confidence level has been chosen for the result.
A total of 243 mails were sent out to people responsible for the
design, control, monitoring and management of landfills. As shown
in Table 2, 99 correctly completed polls were received which can
be acceptable according to the error level tolerated.

3. Results and discussion
3.1. Safety factor of the downstream slope

The approved value for the SF which indicates a safe dam is
considered to be above 1.4. From these data, the rating curve of the
ERISF (environmental risk index of the safety factor) was calculated.
The regression analysis calculated from the linear model of the data
obtained by the questionnaires has the following values:

Correlation coefficient=—0.95.
R%2=90.36.
P-value<0.01.

The adjusted linear model equation is:
ERISF = 0.9522 — 0.3680SF (2)

Because the P-value in the ANOVA table is lower than 0.01, there
is a statistically significant relation between the ERI SF and down-
stream slope SF with a confidence level of 99%. The graph with the
values from the statistical treatment and the regression line are
shown in Fig. 7. The R? statistic indicates that the model explains
90.36% of the variability in the ERI SF. The correlation coefficient is
equal to —0.95, which indicates a relatively strong relation between
the variables.

3.2. Loss of soil due to erosion

The soil material which is lost because of erosion depends on the
rainfall data for the region, the morphology of the dam and geolog-
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Fig. 7. Rating curve of SF.

ical properties of the earth. The regression analysis calculated from
the linear model of the data obtained by the questionnaire has the
following values:

Correlation coefficient=0.79.
R%2=62.01.
P-value <0.01.

The adjusted linear model equation is:
ERIA = 0.0597 + 0.0087A (3)

Because the P-value in the ANOVA table is lower than 0.01, there is
a statistically significant relation between ERI A and eroded mate-
rial with a confidence level of 99%. The graph with the values from
the statistical treatment and the regression line are shown in Fig. 8.
The R? statistic indicates that the model explains 62.01% of the vari-
ability in ERI A. The correlation coefficient is equal to 0.79, which
indicates a relatively strong relation between the variables.

-
Af—=

K

000 @ C
0

0’75 - / | / [-T|
0,5 - . /

I 1 ]
0,25+ ;i/

ERIA

(=]
m—o-0-m

0 25 50 75 100

Eroded material (t/ha.year)

Fig. 8. rating curve of eroded material.

1

NN 5
: \\ N :
0,25: \ N\

ERI wp

1 2 3 4

Waterproofing system

Fig. 9. Rating curve of waterproofing system.

3.3. Sealing system

The regression analysis calculated from the linear model of the
data obtained by means of the questionnaire about the sealing sys-
tem has the following values:

Correlation coefficient = —0.94.
R%2=88.15.
P-value <0.01.

The adjusted linear model equation is:
ERIwp = 1.2537 — 0.3076wp (4)

Because the P-value in the ANOVA table is lower than 0.01, there is a
statistically significant relation between ERI A and eroded material
with a confidence level of 99%. The graph with the values from the
statistical treatment and the regression line are shown in Fig. 9. The
RZ statistic indicates that the model explains 88.15% of the variabil-
ity in ERI wp. The correlation coefficient is equal to —0.94, which
indicates a relatively strong relation between the variables.

3.4. Overtopping probability

The overtopping probability (OTP) can be calculated from know-
ing the capacity of the dam and the maximum annual rainfall in a
24-h period. The probability that the amount of rainfall exceeds the
capacity of the dam can be found from the overtopping probabil-
ity environmental risk index (ERI OTP). So when the OTP is 100%,
then the ERI OTP is equal to 1. If the OTP is 0%, then the ERI OTP is
equal to 0. The regression analysis calculated from the linear model
of the data obtained by the questionnaire about the probability of
overtopping has the following values:

Correlation coefficient=0.87.
R2=75.01.
P-value <0.01.

The adjusted linear model equation is:

ERIOTP = 0.0336 -+ 0.00950TP (5)
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Fig. 10. Rating curve of overtopping probability.

Because the P-value in the ANOVA table is lower than 0.01, there
is a statistically significant relation between ERI OTP and the over-
topping probability with a confidence level of 99%. The graph with
the values from the statistical treatment and the regression line are
shown in Fig. 10. The R? statistic indicates that the model explains
75.01% of the variability in ERI OTP. The correlation coefficient is
equal to 0.87, which indicates a relatively strong relation between
the variables.

3.5. Volume of leachate stored in the dam

The bigger the volume stored in the dam (V.), the bigger the
environmental risk (ERI Vi ) will be because, in the case of dambreak,
the flow released will be more harmful. The regression analysis
calculated from the linear model of the data obtained by means of
the questionnaire about volume of leachate stored in the dam has
the following values:

Correlation coefficient =0.90.
R%=380.90.
P-value <0.01.

The adjusted linear model equation is:
ERIV, = 0.0210 + 0.00005V;, (6)

Because the P-value in the ANOVA table is lower than 0.01, there
is a statistically significant relation between ERI V; and volume of
leachate with a confidence level of 99%. The graph with the values
from the statistical treatment and the regression line are shown in
Fig. 11. The R? statistic indicates that the model explains 80.90%
of the variability in ERI V.. The correlation coefficient is equal
to 0.90, which indicates a relatively strong relation between the
variables.

3.6. Leachate pollution index (LPL%)

When the LPI has been calculated it is necessary to transform
it into ERI units. The regression analysis calculated from the linear
model of the data obtained by means of the questionnaire about
volume of leachate stored in the dam has the following values:

1

0.75 < J 3/
- / 7
[}
L 3 ]
L . ]

0.5 I /'

<
N
R

0.25

0 0.5 1 15 2

Volume of leachate (x10000 m3)

Fig. 11. Rating curve of volume of leachate.

Correlation coefficient =0.94.
R%2=87.87.
P-value<0.01.

The adjusted linear model equation is:
ERILPI = 0.04359 + 0.0097LPI% (7)

Because the P-value in the ANOVA table is lower than 0.01,
there is a statistically significant relation between ERI LPI and
LPI with a confidence level of 99%. The graph with the values
from the statistical treatment and the regression line are shown in
Fig. 12. The R? statistic indicates that the model explains 87.87%
of the variability in ERI LPI. The correlation coefficient is equal
to 0.94, which indicates a relatively strong relation between the
variables.

1
0.75
D
D
]
5 o5 4
E ] 0
L
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F D,
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Fig. 12. Rating curve of LPL
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Table 3
Weight factor of each ERI
Safety parameter (%) s VC (%) wf (weight)
ERI SF: safety factor of the downstream slope 3.824 1.143 30 0.260
ERI A: loss of material due to erosion 3.167 1.505 48 0.214
ERI wp: waterproofing of the dam 4.556 0.634 14 0.308
ERI OTP: probability of overtopping due to intense rainfall 3.222 1.176 36 0.218

4 _
Total (Zizlx,-) 14.769 1.000
Table 4
Results of ERI DP in different dams from different landfills

SF A wp OTP VL LPI(%) ERI DP

Rejects landfill [1] 3.51 26.03 3 0.22 13,600 29,386 0.037
Composting plant [1] 5.17 165.40 3 7.55 22,000 28,703 0.109
Non-hazardous wastes landfill 2.08 438.70 3 0.98 14,000 37,316 0.103
MSW landfill [1] 1.88 77.41 3 9.44 27,000 34,655 0.134
MSW landfill [2] 2.50 34.50 3 6.05 10,000 40,211 0.044
Composting plant [2] 1.75 100.39 3 10.01 25,000 22,354 0.107
Toxic wastes landfill 2.88 33.34 4 1.25 15,000 68,351 0.047
Rejects landfill [2] 1.41 45.30 3 11.21 9,000 31,661 0.054

3.7. Weight factors

The technicians were asked to evaluate from 1 to 5, from lesser to
higher importance, each parameter of the leachate dam according
to its influence on the safety of the dam and, therefore, its influ-
ence on the risk associated to the leachate dam. The summary of
the results from the data analysis is represented in Table 3 with the
mean average (x), standard deviation (s) and variation coefficient
(VC). The value with biggest relative dispersion is the loss of soil,
which reveals a large degree of variability between the data pro-
vided by the panel of technicians. The sealing of the dam, however,
displays little variability, which shows a large degree of heterogene-
ity between data obtained from the group of technicians.

To calculate the weight factor of each of the dam safety param-
eters, the arithmetical summa of the importance values (Z?:17i)
have to be calculated, and then the mean value of each parame-
ter (X;) must be divided between the sum of every parameter. So,

Z?:‘l Wfi =1

X
7 (8)

> i Xi

Wf,‘

3.8. Equation of risk generated by a leachate dam

The ERI resulting from the leachate dam safety parameters
depends on all the factors described previously, i.e. the safety factor
of the slope, loss of material by erosion, sealing system, probability
of overtopping due to intense rainfall, volume of leachate stored in
the dam and the leachate pollution index.

By applying rating curves the units of every parameter can be
turned into homogeneous units and, therefore, ERI units can be
obtained, that is to say, ERI SF, ERI A, ERI wp, ERI OTP, ERI V| and
ERI LPL The values of the first four environmental risk units are
multiplied by their weight factor and they are then added because
each of them is independent of the others. The sum is multiplied
ERI V| times and ERI LPI times to get the overall influence on the
environmental risk. The resulting equation is:

ERIDP = (0.260ERISF + 0.214ERIA + 0.308ERI wp
+0.218ERIOTP)ERI VL ERI LPI

The values of ERI DP belong to the interval [0,1]. The bigger ERI DP
is, the higher the environmental risk generated by the leachate dam
will be.

3.9. Applications

The methodology described here has been applied to 8 cases
of different existing leachate dams in Spain (Table 4). These are
eight leachate dams which are located in eight different types of
facilities: landfill of rejects (2 cases), composting plant (2 cases),
non-hazardous wastes landfill (1 case), municipal solid waste land-
fill (2 cases) and toxic wastes landfill (1 case).

Eight cases correspond to leachate dams in use, and no acci-
dents have beenregistered in over 5 years’ operation. The calculated
values of ERI DP are below 0.14.

The ERI DP methodology has been validated by means of these
eight real cases which enables to define the threshold value below
which a leachate dam can be considered as safe from the environ-
mental point of view. This value can be set at 0.15. Nevertheless, to
make the sample representative, a larger number of real applica-
tions have to be calculated.

4. Conclusions

The safety of a leachate dam depends on different parameters
related to the morphology and structure of the dam. These param-
eters are the safety factor of the downstream slope (SF), loss of
material due to erosion (A), the sealing system (wp), the probability
of overtopping due to intense rainfall (OTP), the volume of leachate
stored in the dam (V) and the polluting load of the leachate (LPI).

The units of each parameter are different and therefore it is not
possible to operate between them. To do so, it is necessary to use
rating curves, which homogenise the units to environmental risk
index units (ERI) according to the parameter: ERI SF, ERI A, ERI wp,
ERI OTP, ERI V|, and ERI LPL.

Because not every parameter has the same importance or weight
as regards safety, a weight is assigned to each parameter.

The different parameters, measured in homogeneous units with
their corresponding weight, are combined with one another in
order to elaborate the environmental risk index for the dam param-
eters equation (ERI DP). The equation represents the sum of each
parameter by its weight. The environmental risk is directly propor-
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tional to the risk generated by the volume of leachate stored and
the pollution load of the leachate; therefore, ERI V| and ERI LPI have
to be multiplied by the previous sum.

From the above mentioned equation it can be observed that if
the dam stores water for irrigation, the ERI would be void. This is
not completely true because, if a dambreak occurs, the avalanche
generated by a large amount of water would cause an important
environmental impact. However, this sort of dam does not usually
contain a large volume of liquid and therefore the risk generated
by a potential avalanche is not taken into account, and the environ-
mental risk is limited to the polluting liquids.

In the cases analysed, the methodology is validated and a value
for the environmental risk index can be established. Values lower
than the established value indicates a safe dam. According to cal-
culations from eight cases, a value equal to 0.11 can be proposed as
a safe value for the ERI.

Notwithstanding, a qualitative analysis is necessary to take a
decision because if only one of the parameters of the dam has a
very dangerous value, can be sufficient to avoid the construction
of the dam. So, there are parameters difficult to prevent (erosion
and pollution load) therefore, if these parameters have a high value
of environmental risk, the value of ERI DP have to be reduced by
means of increasing the capacity of the dam (therefore, the OTP
would be reduced), increasing the SF value (>1.4) or improving the
sealing system (geomembrane and drainage liner).
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