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ABSTRACT

This study examined the methodology of selection of a site suitable for landfill taking environmental risks into
consideration as a method for construction of landfills that can be accepted by the local residents, aiming to realize
suitable and smooth construction of landfills. Then, we presented the methodology of selection and assessment of a
suitable site for landfill, which is the result of this study, through a questionnaire for surveying consciousness of
residents for landfills to investigate the level of the residents interest on this matter. As for the environmental risks
which includes various risks with regard to landfills, we selected the risk of leak of leachate from landfills
(hereafter called “the environmental risk®) as a subject of the study. As an index of the environmental risk, we
proposed the use of “leak outflow time (time t ()” that expresses the leak retaining capability of a specific ground
(site), and reviewed a system that performs the management of the environmental risk (minimization of the risk) of
any candidate site by using the index. This study demonstrated by using the simulation that the abovementioned
system is effective to some extent, and from the result of the questionnaire sent out to the residents, that the system

can be a means effective for building consensus of the local residents.
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INTRODUCTION

Making a selection of a landfill site is a big challenge
because, in many cases, the neighboring residents
oppose the plan due to the deep-seated distrust of the
leakage of polluted liquid from the site. To deal with
this difficult problem, we considered to examine an
introduction of the idea of the environmental risk
management in the phase of selection of a site suitable
for landfill to provide answers to their question “Why
this site is selected for landfill?” by improving their
understanding of the safety of the landfill and selecting
a site that can minimize the environmental risk
efficiently. Based on the above matter, this study
examined the methodology of selection of a suitable
site for landfills that considers to minimize the
environmental risks of the landfills so that the project
is accepted by the residents, aiming to realize fair and
smooth construction of landfills. We also sent out
questionnaires to the residents, in which we described
the methodology of selection of a suitable landfill site
that is the achievement of this study, to investigate
their level of interest on this matter, and the results are

presented here.

DETAILS OF STUDY

This study was made on the risk of leak of leachate
from landfills, which is one of the environmental risks
that are included in various risks involved in the
landfills. This subject was selected for our study
because the risk is assumed to cause the biggest
anxiety related to the safety of the landfills in all the
environmental risks of landfills (hereafter, the risk of
leak of leachate from landfills is referred to as “the
environmental risk”. The environmental risk covers
the probability of leak of leachate from a landfill and
the magnitude of effects (damages) produced by the

leak of leachate. This study especially placed emphasis
on minimizing the effects (damages) (bringing the
damages to zero as near as possible) in case of

accidental leak of leachate.

Methodologies of environmental risk management

in_selecting suitable landfill site (methodology for

minimizing environmental risk, and methodology

for selecting suitable landfill site)

As for minimizing the environmental risk of a
proposed landfill site, we proposed the use of “leak
outflow time (time t ;)” as shown below as an index
for estimating the leak retaining capability of a
specific ground (site), and thus, examined to perform
the risk management by using this index.

“Leak outflow time (time t;)”=Period of time from
the geomembrane is damaged to the moment the
hazardous substance contained in the leak of leachate
reaches the environmental limit at the border line of
the landfill (Refer to Figure 1.) ...... (1)

Based on the above index, a landfill is estimated to
have low “environmental risk” as the leak outflow
time from the damage of geomembrane to the border
of the site is longer, meaning that the leak can be
retained, or it is estimated to have high “environmental
risk” if the time is shorter, meaning that the leak
cannot be retained. Therefore, the environmental risk

is given conceptually by the following formula.

Environmental Risks=1/t, ...... 2)

By setting the definition of the step-by-step
minimization standard of the time t ( (time Tyc) as “a
time needed to take measures for prevention of
diffusion of a leak of leachate to peripheral area in

case of leak”, it is possible to conduct the management



of leak as a preventive measure by using the
step-by-step standard as a bench mark. As a result, a
landfill system that is capable of achieving an ultimate
standard value (t y=o0) is planned out. This means
that selection of a site suitable for a landfill is made by
implementing measure for prevention of an accidental
leak (environmental risk nearly equal to zero)
assuming that it can ensure prevention of effects
(damages) on the peripheral environment with infinite
time t,.

Figures 2 to 5 show concrete risk management process
with detailed description of t, and T,c .

For a candidate landfill site, t,, that is defined as a time
the concentration of pollutant measured at the border
line of the site reaches the environmental standard of
the locality is T, in the state before a particular
preventive measure is taken in that site (Step 0 in
Figure 1). Tyc is the minimum standard time of T,
and it changes as T,cl, T,c2, and T,c3 as the step
advances.

The meanings of T,c and T, in individual steps are as

described in the Figuresl to 4 respectively.

Leak outflow time(t,)

Time T,;Time the concentration of hazardous substances
contained in the groundwater and soil from leak of leachate
reaches the environmental standard at the border line of a
site when no particular preventive work is done (T,).

Figure 1 Meaning of time T, in step 0

Tocl is a time needed for preparation of a full-scale work in
step 2 in case of accidental leak of leachate. Therefore, if it
is decided that the time of step 0 is To<Tycl, an
improvement of the system assuming that a corrective work
for making To=T,cl (constructing a third seepage control
system) is to be made to secure the period needed for the
work to prevent the effect of the leak from reaching outside
of the border.

Figure 2 Meaning of time Ty in step 1

Toc2 is a time needed for repairing the seepage control
system on the surface and then cleaning up the ground water
contained in the side after containing the leachate in the site.
Therefore, it is necessary to allocate the cost of accidental
leak prevention work (vertical seepage control system) for
achieving T ;= T ,c2 to make the leachate containing
time longer than the period for repairing the damage and
cleaning up the liquid.

Figure 3 Meaning of time T, in step 2
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Toc3 is the time the concentration of hazardous substance at methodology for simulation of soil and ground water
the border needs to exceed the environmental standard after pollution, “GETFLOWS”.

the action of step 2 is taken. Therefore, the time is infinite (T Figure 5 and Table 1 show the schematic drawing of
0=Toc3=00), meaning that the system is designed so that the simulated landfill model and set conditions
the concentration of hazardous substance at the border will respectively.

not exceed the environmental standard.

Figure 4 Meaning of time T, in step 3
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Figure 5 Setting of simulated landfill model
Table 1 Simulation conditions
Item Simulation conditions
Size of leaking damage 10cmx20cm

Assumed pollutants and their | Chlorine ion, concentration at pollutant source; 10,000mg/L,

concentration background concentration; 10mg/L

Permeability coefficient, K,./K,=2.0

horizontal to vertical ratio




Moreover, to verify the environmental risk
minimization effect (effect of extension of time t )
of the leachate leak prevention work, the simulation
was made for the following two cases. An impervious
wall is installed when the concentration of the chlorine
ion at the border 50m downstream of the leaking point
reaches 200ppm that is the standard value for drinking
water.
a) No preventive work (Evaluation T, with respect to
Ta)
b) Preventive work by using impervious wall and
repairing leak (Evaluation T, with respect to T.,)
c) Preventive work by using impervious wall,
pumping water and repairing leak (Evaluation T,
with respect to T.;)
As a result of the simulation of the elapsed time from
occurrence of leak of leachate to the moment the
concentration of pollution reaches 200ppm, the
measurements shown in Figures 6 and 7 were

obtained.
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Figure 6 Change of Chlorine ion concentration at the
border of the site
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Figure7 Change of Chlorine ion concentration in and
out of impervious wall

(Evaluation points A to C, cases of b) and c)
with protective work)

The following knowledge was obtained based on the

above results.

a) As shown in Figure 6, it was at about 850" day

(T =850 days) from the day the leak began when
the chlorine ion concentration exceeded 200ppm at
the border of the site that is 50m from the damaged
point. This number of days is long enough for
completing the construction of the impervious wall
after a leak of leachate actually occurred (the
construction period T, c = approx. 300 days).
Thus, it is confirmed that the primary action of the
environmental risk management with the
construction of the impervious wall under the
ground layer conditions that were set for this site is
effective.

b) As shown in Figure 7, the concentration reduced up
to 50% of the maximum after approximately 2
weeks from the beginning of the pumping at the
upstream side. When the cleaning of underground
water within the site is performed, it can be realized
by continuing the pumping. With this preventive
action, the parameter time T, becomes infinitive,
meaning that the action is effective for minimizing

the environmental risk.



Results of the guestionnaire

We had a questionnaire to the residents around a
landfill through internet for the purpose of
investigating what is the perception they have in terms
of the landfill and what is their understanding of the
facility. The outline of the questionnaire is described in
the Figure 8 and Table 2.

3-2  Level of interest on methodology of
environmental risk management in selecting site
suitable for landfill

As one of the questions of the abovementioned
questionnaire, we presented “methodologies of
environmental risk management in selecting site
suitable for landfill” that are shown in Figures 1 to 4 to

investigate the level of interest of the residents on this

matter.

No. of questions:
about 1

Figures 9 and 10 show the results. These graphs show
that approximately 90% of the residents who
responded to the questionnaire made a response with
the answer “I would like to hear detailed explanations
about the matter”, and approximately 75% of them
made a response that they wish to hear especially
about “how the operator take actions in case of leak of
leachate”. This result shows that “the methodologies
of environmental risk management in selecting site
suitable for landfill” that are described in this paper
can be one of the systems that are effective for
obtaining agreement on the landfill project from the

local residents.
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I do not like to hear

Cost of construction of landfill
that uses this system

Others

Principles and fundamental

explanations  about
the matter.

10.65% I would like to hear
detailed  explanations
about the matter.

89.35%

Figure 9 Level of interest on the methodologies of

environmental risk management

CONCLUSIONS

The effectivenesses of the parameter time t
that is proposed as a methodology of environmental
risk management are expected as follows.

Parameter time t o can be obtained through

calculation.

a) The results of the calculation are valid unless it is
performed without deviating generally accepted
theories.

b) From the effectivenesses described in a) and b), it
can be said that the parameter can be used for
management of risks caused by the leak of
leachate.

c) From the results of the questionnaire to the
residents, the methodologies of the environmental
risk management that are proposed in this paper
can be an effective means for obtaining agreement
on the construction of landfills from the local

residents.

74.55%

thoughts of the
2271% | methodology
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Actions to be taken in case
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occurred (speed of
dispersion of pollution, and

how to clean it, etc.)

Figure 10 Matters the residents wish to hear the
details when a risk management methodology is

adopte

On the other hand, since the above conclusions depend
only on the analytical model, it is necessary to
demonstrate and repeatability of the matter. Therefore,
as a future issues, it is necessary to improve the
appropriateness of the setting conditions and accuracy
of the results while carrying out technical validations

of the matter.
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