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Foreword

During the high economic growth period from the late fifties, Japan saw serious industrial pollution and deteriora-
tions in the living environment, but successfully escaped from this critical situation by implementing country-wide
remedial measures. Japan's experience and information on antipollution techniques used would be a great help to
those countries which now feel it imperative to introduce an antipollution scheme.

Japan Environment Corp., a special national agency for pollution control promotion, has been engaged in project
construction-transfer and financing for more than three decades since its foundation in 1965. It has played a major
role in assisting small and medium-size companies in particular to take antipollution measures which, despite being
strongly called for, would otherwise be both a financial and technological difficulty to those companies.

In response to socioeconomic changes in Japan, we have extended the scope of our activities to cover industrial
waste related measures, urban environmental improvements, and the protection of the natural environment. We
have committed ourselves on the issue of global environment protection by providing relevant information over-
seas and creating a global environment fund.

As part of our environmental information service, we offer interested foreign organizations a book entitled “Japan
Environment Corp. and its Projects in Brief” describing our functions and experience and containing a case study
of our build-transfer projects and data on our financing projects.

The Pollution Prevention Technique Manual Series, a supplementary to this book, is based on a case study of our
projects and focuses on the activities of small and medium-size enterprises, which the governments of developing
countries may find are the most important and immediate target of their antipollution schemes.

This Volume IV, primarily designed to provide information on pollution prevention measures and environmental
protection techniques to be taken and applied at industrial waste landfill sites and delineate applicable statutory
requirements, also teaches you how to determine the location of such facilities and best utilize the reclaimed land.
We hope that Japan’s experience in environmental protection will furnish a source of useful information to those
countries which are tackling environmental problems and thereby make some contribution to the protection of the

global environment.

Osamu Watanabe
President
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1. Waste Disposal in Japan

1.1 Basic principle of waste disposal

The basic principle of waste disposal in Japan where it is extremely difficult to secure the land for landfill site due
to limited amount of national land is as follows.
@ Effort to minimize the amount of waste
@ Segregated discharge
@ Promotion of resource recovery and recycling
@ Reduction of volume, creation of harmless waste, stabilization and conversion of waste into resources through
intermediate processing such as incineration and shredding
® Final treatment of residue
This can be illustrated as follows.
Selling of electricity

Salid tuel ~ Power generation
/]
Compost
Combustible
wasts Thermal energy
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N " n Incineration residue
Incineration
/rCombustible waste
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Sdeigfr:ﬁga%%d oversized wast Shredded
Resource waste incombustible was!
(steel, aluminum
Resource /
waste T > —> Selling
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Figure 1-1 Example of treatment/disposal flow for general waste

Method of general waste treatment is shown in Figure 1-2. Rate of incineration is high in Japan and Sweden
whereas the majority of Western countries are replying on reclamation for treatment.

Owing to stringent environmental regulaticns in the Europe and North America, construction of incineration facili-
ties is far more difficult there compared to Japan because of the hazardous substances that are generated by thermal
cracking during incineration. Another difference with Japan is the relative ease with which the location for landfill
site can be secured due to abundance of land.

While effective reduction or control processes have been developed for dioxin and other hazardous material, car-
bon dioxide (CO,) discharged from incineration facilities and methane gas (CH,) produced as a result of landfilling
are said to be chief causes of the global warming. It is thus necessary to identify ways to dispose of them in the best
interest of the global environment as well as economy, not to mention their volume reduction.
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Figure 1-2 Waste treatment methods in various countries

1.2 Laws and regulations
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The first law on waste enacted in Japan dates back to the Filth Cleansing Law of 1900 and hygienic landfill disposal
of collected waste did not take place until the enactment of the Public Cleansing Law in 1954. The style of today’s
landfill site emerged after the enactment of the Waste Disposal and Public Cleansing Law (here in after abbreviated
as “Waste Disposal Law™) in 1970 and the establishment of Technical Standard for Landfill Site in 1977. Since
then, the Waste Disposal Law was revised in 1991 and in 1997 and the Technical Standard for Landfill Site was

revised in 1998 (see Table 1-1).

Table 1-1 Changes in laws and regulations

Western year

Laws and regulations

1900

Filth Cleansing Law

1954

Public Cleansing Law

1970

Waste Disposal Law

1976

Revision of Waste Disposal Law

1977

Technical Standard for Landfill Site

1979

Guideline for Landfill Site

1988

Revision of Guideline for Landfill Site

1991

Revision of Waste Disposal Law

1997

Revision of Waste Disposal Law

1998

Revision of Technical Standard for Landfill Sire




The Waste Disposal Law of 1970 provided for cover soil at landfill sites and measures to prevent offensive odors
and insects such as flies. With respect to incidental facilities, landfill sites were required under the Technicatl
Standards for Landfill sites of 1977 to have facilities for leachate collection and treatment, gas collection, littering
prevention, etc., which must be designed, including their size, in accordance with the Annotations to the 1979
Guidance on Landfill sites. Instead of specifically providing for seepage control work, however, it assumed that
any leachate that has infiltrated into the ground would expected be purified by operation of undergrouad soil's
purifying function. In those days the majority of landfilled waste were organic matter, and accordingly antipoilu-
tion measures to be taken by landfill sites covered organic waste. But as the widespread use of incineration facili-
ties throughout the country resulted in a shift of landfilled waste from organic to inorganic and waste disposal
began to draw more public attention, the Annotations were revised in 1988 to set more concrete specifications for
the facilities. But yet, no specific guidance was given with respect to seepage control work, except for greater
emphasis on the need for liners and so forth (provisions for opaque strata, the material of liners, standards, etc.). In
1998, the Technical Standards for Landfill sites were modified to:

- present in concrete terms the concepts of double-liner facilities and seepage control;
- set more rigorous effluent standards;
- tighten the maintenance/control standards; and

- establish specific requirements for the discontinuation of a landfill site.

These modifications made Japan's technical standards for landfill sites one of the toughest ones in the world.



1.3 Classification of waste

As shown in Figure 1-3, waste is classified into general waste and industrial waste under the Waste Disposal Law.
Responsibility for disposal rests with local municipalities for general waste and discharging businesses for indus-

trial waste.
For this reason, industrial waste is being treated and discharged for charge at treatment facilities involving private

waste disposal companies and public sector.
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Figure 1-3 Classification of waste



Overseas countries adopt different systems of classification as listed in Table 1-2.

While the Japanese system begins with classification by source {general or industrial), most major Western coun-

tries classify waste according to nature, into hazardous and harmless.

Table 1-2 Waste Classification in Major Countries

Country

Classification

Note

Belgium

1. Class-I industrial waste

2. Class-I1 MSW

3. Class-III least controlled waste

Medical waste, hazardous material, radioactive waste, etc.,
are not acceptable.

Denmark

1. Hazardous waste
2. Controlled waste (MSW that is not deleterious)
3. Least controlled waste

Any hazardous waste must undergo all pretreatment
processes including incineration.

France

1. Class-I-approved industrial waste
. Class-II MSW and commercial waste

. Class-III least controlted waste and construction waste

Italy

. General (domestic) waste
. Class-II least controlled waste
IIb & IIc: hazardous waste

0 =l N

. Toxic and special waste

Netherlands

. Waste that is not hazardous
. Chemical and hazardous waste

UK

. Domestic (general) waste
. Commercial waste

. Industrial waste

. Least controlled waste

Germany

. MSW
. Waste requiring special monitoring

BN o=k W RN =N =W

(corresponds to industrial waste)

A Bouazza and W .F, Vanimpe
Regulatory Aspects of Landfill Liner
Design in some countories.( 1996}

USA

L. Non-hazardous waste

MSW, sewage sludge, construction waste, agricultural
waste, mining waste, hazardous waste from the small
discharger, and non-hazardous industrial waste.

2. Hazardous waste

All that falls under the EPA list.

Masaru Tanaka, ed.
"Industrial Waste Disposal Practices in

Japan, the United States, and Europe”
(1996).

Japan

1. General (domestic) waste
2. Industrial waste




1.4 Output ¥

The output of general waste and its treatment/disposal condition are shown in Figure 1-4 and the output of indus-
trial waste its treatment/disposal condition are shown in Figure 1-5.

In 1995, the output of general waste (excluding night soil} and industrial waste was 50.69 million tons and 374
- million tons, respectively. This means that a total of 424.69 million tons of waste was discharged that year.
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Figure 1-4 Output and treatment/disposal of general waste
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Figure 1-5 Qutput and treatment/disposal of industrial waste



(1) By Industry

By industry, the construction industry is the largest source of industrial waste (approx. 76.93 million tons or 19.0%
of the total), followed by farming (approx. 74.88 million tons or 18.5%), the utility supply industry (approx. 74.61
tons or 18.4%), the mining industry (approx. 30.79 million tons or 7.6%), the steel industry (approx. 30.08 tons or
7.4%), and the paper industry (approx. 24.92 tons or 6.1%). These six sectors altogether account for about 80% of
the total industrial waste (see Figure 1-6).

Beveragefead/
tobacco
7,377 {1.8%)
Food
11,856 (2.9%) w: Construction
Chemical 76,931
17,528 {19.0%)
(4.4%)
Ceramic/quarrying
19,425 (4.8%) Total
Pulping and 405,455
paper/paper 100% griculture
praduct ( O) 74,878
manufacturing (1B.5%)

24,914 (6.1%)

X 1,000 Tons per yeal

Figure 1-6 Discharge of Industrial Waste by Industry (1994)

(2) By Category
By category, sludge is the type of waste that is discharged most (approx. 184.13 million tons or 45.4% of the total),

followed by animal waste (approx. 73.55 million tons) and construction waste (approx. 60.24 million tons). These
three altogether account for about 80% of the total (see Figure 1-7).

Waste glass and Waste plagtic ~ Waste acid Other typas of
chinaware 8,771 (1.4%) 4678 industrial waste
6,431 {1.8%) 16,104 (4.0%)

Waste matal

6,499 {1.6%)
Waste wood

7,881 (1.9%)
Dust
8,054 {2.0%)

Sludge
184,127
(45.4%})

1,000 Tons per year

Figure 1-7 Discharge of Industrial Waste by Category (1994)
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(3) By Region

By region, the Kanto Region is the largest source of industrial waste (approx. 107.96 million tons or 26.6% of the
total), followed by the Chubu Region (approx. 59.69 million tons), the Kinki Region {approx. 58.9 million tons},
and the Kyushu Region (approx. 54.64 million tons) (see Figure 1-8).

hikoku
ohoku, 17.001
33583 (42%
8.3%) 7 Kanto
107.96C
Hokkaido (26.6%)
35447 {8.7%
RN Total
ugol
38227 405,455
19.4%) {100%)
: Chubu
50,684
14,7%

X 1,000 Tons per year

Figure 1-8 Discharge of Industrial Waste by Region (1994)



1.5 Condition of treatment and disposal

In 1994, 75.5% of all general waste discharged was incinerated, with 12% and 12.5% subject to direct landfilling
and recycling. '
Industrial waste was treated and disposed of as follows.

(1) Disposal Process

In 1994, a total of about 405 million tons of industrial waste was discharged, of which approx. 311 million tons
(77% of the total) underwent intermediate processing and approx. 53 million tons {13%) and 41 million tons (10%)
were put directly (without intermediate processing) to recycling and final disposal, respectively.

The 311 million tons intermediate-processed waste was reduced in volume to about 142 million tons before put to
recycling (approx. 102 mitlion tons) or final disposal (approx. 39 million tons).

The bottom line is that 38% of all discharged industrial waste, or about 156 million tons, was recycled, with 20% or
&0 million tons put to final disposal {see Figure 1-9).

Direct recycling Ultimate recycled
o e | amount______
53 million tons - 156 million tons
{13%) [T - {38%)
Total discharge :
405 million tons .
{100%) Recycling
Residue | 102 million tons
L (25%)
Intermediate 141 million tons
processing (35%)
311 millien tons Fi . I
(77%) - inal disposal
39 million tons
o

Reduction
- 170 million tons
(42%)
A . I ........... - Ultimate final
Directfina) disposall e - disposal
41 million tons 80 million tons
(10%}) (20%)

Figure 1-9 Industrial Waste Disposal Process (1994)



(2) Disposal by Category
At the top of the list of recycling rates is animal waste (88%), which is followed by waste metal (70%), slag (70%),
and animal/vegetable residue {68%). At the bottom, on the other hand, is waste alkali (3%}, which is immediately

below sludge (5%), waste rubber {13%), and waste plastics (15%).
Industriat waste that ranks the highest in final disposal rate is waste rubber (78%), which is followed by waste glass/

chinaware (74%), waste plastics (59%), and ash (53%).
Figure 1-10 shows, in respect of each category of industrial waste, the recycling rate, the rate of volume reduction

by intermediate processing, and the final disposal rate.
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Figure 1-10 Recycling, Intermediate-Processing Reduction, and Final Disposal Rates



1.6 Landfill waste substance

As shown in Figure 1-4, the direct Iaﬁdﬁll rate for general waste dropped from 46.3% in 1975 to 26.4% in 1985 and
further to 11.5% in 19935, while the direct incineration rate constantly increased, from 52.2% in 1975 to 70.6% in
1985 and 76.2% in 1995. This points to an increasing share of incineration residues and incombustibles in total
landfilled waste. Figure 1-11 shows the shares by weight of combustibles, incombustibles, and incineration resi-
dues in all waste disposed of in landfills in selected years. ® In 1967 combustibles accounted for 47.8% of all
landfilled waste, but the proportion had changed dramatically by 1994, when 93.9% was either incombustibles or
incineration residues. This is a result of government effort to have ever increasing waste reduced in volume or
stabilized through incineration and other intermediate processes, meaning that tandfilled waste is increasingly
tnorganic,

FY 1967 FY 1977 FY 1988

FY 19594

Incinaration ash

ncineration ash |

Incingration ash
; 38.6%

43.3%

Incombustibles
36.4%

Incombustibles

& \Incombustibles
55.3%

Figure 1-11 Landfilled General waste

Figure 1-12 shows the calorific value of combustible waste and the proportion of plastics therein. From the seven-
ties to the late nineties, the plastics mixture rate rose from 10% - 14% to 20% - 23%, with a commensurate increase
in the lower calorific value of combustibles from 1,244 - 1,500 kcal/kg to 1,810 - 1,990 kcal/kg. ¥ When waste with
a high chlorinated-plastic content is incinerated, hydrogen chloride (HCI) and other toxic gases are generated,
which must be neutralized with lime or other agents.

2HCI+Ca(OH), — CaCl,+2H,0

For this result, fly ashes containing calcium chloride {(CaCl,) or unreacted lime (Ca(OH),) are brought in to landfill

sites.

ombustiblas 8.1%
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* The total number of samples ranges from 67 to 414 and differs from year to year.

Figure 1-12 Calorific Value of General Waste and Plastics Mixture Rate (National Average) ¥

1.7 Disposal Cost

In 1995, the disposal of general waste (including collection, transport, final disposal and all other associated steps)
required a total of US$18.4 billion { 120 yen to the dollar), equivalent to US$147 per citizen per year or US$436 per
ton (see Figure 1-13).

Although the amount of actual spending on the disposal of industrial waste is not available, supposing that every
ton of industrial waste required US$125 for disposal, the total cost should have been around US$50 billion in 1995.

(Million dollars per year)
200
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Figure 1-13 General Waste Disposal Cost ¥



2. Types and Structure of Landfill sites

2-1. Types and Structure

Landfill sites are classified according to use, i.e., whether they are for general or industrial waste, and the latter
category can in turn be divided into three types, controlled, least controlled, and strictly controlled, as shown in
Figure 2-1. There is no remarkable difference in structure between landfil} sites for general and controlled landfill
site for industrial waste.

2-2. Location and Number

The number of existing landfill sites and the location of those for general waste are shown in Table 2-1 and Figure
2-2, respectively. The latter figure shows that approximately 70 percent of all such facilities are located in moun-
tainous areas, with 2.4 percent on inland waters or sea areas. This reflects the fact that Japan is a small country.

Table 2-1 Number of Landfill sites (1994) »¥

Type Number

General waste landfill site 2,392
Industrial waste landfill site |Controlled O8R
Least controlled 1,653

Strictly controlled 40

Subtotal 2,681

Total 5,073

26 sites on inland water areas

31 sites in sea
(1.1%)

/ areas (1.3%)

level areas
(27.6%)

]

2,392 sites

mountainous
areas
(70.1%)

Figure 2-2 Location of General Landfill sites
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2.3 Landfill site’s Functions and Leachate Control System

A landfill site is expected not only to function as a waste storage place, but to decompose and stabilize waste.
Landfilling is thus defined as “the making the most use of the natural cycle and decomposition mechanism™, which
forms the basis of one of the landfill techniques, semi-acrobic sanitary landfill.

This type of structure is designed to let air go naturally into the landfill layer through an end-opened leachate

collection pipe (see Figure 2-3).
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Figure 2-3 Structure of Semi-Aerobic Landfill

Waste containing organic matter, when put in a landfill, decomposes to generate gases, which in turn are discharged
through gas collection facilities. At the same time, negative pressure commensurate with the volume of the dis-
charged gases is generated within the landfill layer and draws in air through the leachate collection pipe, which
results in the expansion of aerobic areas and facilitates decomposition of waste.

The center of the landfil] layer, a hardly aerated area, is supplied with air through a vertical leachate collection pipe
or gas collection equipment and therefore forms a mixed aerobic-anaerobic area.

The semi-aerobic landfill structure thus has the following features.

- Organic matter decomposes in an aerobic area.
- Heavy metals are fixed in an anaerobic area.

The decomposition of organic matter will result in an early stabilization of landfill and an early purification of the
quality of leachate, with insolubilized heavy metals confined within the landfill.

Because of these advantages, the majority of landfill sites built in recent years are of a semi-aerobic type. Figures
2-4 and 2-5 show the classification of landfill structures and the change in the quality of leachate. Itis verlﬁed that
this type of structure enables earlier stabilization.



Anaerobic sanitary landfill

_

Improve anaerobic sanitary landfill

storm-water dranage ditch

Cover soil

\

Liner
facility

Gate

[N I N

Leachate
collection facility

Leachate

Aerobic sanitary landfill

Blower

—

Air blaw-in pipe

mp pit

drainage facility

] Ii_f_j—)-‘_:
]

Leachate
|

Figure 2-4 Structural Classification of Landfills

BOD concentration
mg/L
100000
. ‘,_,_7-——4\
r‘\/\
Anaerobic landfill
10000
1000
[mproved sanitary landfill
Pt S8 A
X X
100
A ‘
9\&:mi*aerobic landfill (feld)
10 \
Aerobic landfill (lysimeter)
Aerobic landfill (field)
1

12
Elapsed months

18 24

Figure 2-5 Change in Leachate Quality over Time by Landfill Type



As a result of recent spread and advance of incineration and size reduction facilities, most of the landfill sites in
Japan mainly handle incineration residues and incombustibles. It is verified, however, that even the landfilling of
incineration residues and incombustibles, if in an anaerobic atmosphere, causes a rise in the BOD or COD of
leachate. Advance incineration processes also may result in the accumulation of inorganic salts in the landfill,
Among others, the chloric ion elutes into leachate in high concentrations in an anaerobic atmosphere (that is, under
humid conditions) because of its high solubility in water, nitrification damage and corrosion of water treatment
facilities.

In addition, there is an increasing need for immediate removal of leachate as one of the measures to prevent damage
of liner facility. In this context, the semi-aerobic landfill structure, which aerates the landfill layer, is viewed as
increasingly effective.

To maintain this structure, a landfill site is composed of liner facility, a leachate collection facility, a solid waste
retaining structure, a leachate treatment facility, and so forth.

These facilities do not function independently of one another, but form an organic whole altogether as delineated in
Figure 2-6. They function in a well-coordinated manner during the entire process, from leachate collection and
storage to treatment, constituting what may be referred to as a leachate control system.

Therefore, the planning, design, construction, or management of any landfill site should ensure the proper opera-

tion of this control system.
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Figure 2-6 Semi-Aerobic Landfill and Leachate Control System

2.4 Present Problem

As Japan is a small country and finding appropriate sites for final disposal plants is an extremely difficult task,
approximately 70 percent of all landfill sites are located in mountainous areas and are mostly small in size. ¥ (The
average landfill is 22,400 square meters in area and 190,000 cubic meters in volume.) Landfill sites in the sea areas
also are a feature peculiar to Japan.

Downstream from proposed landfill sites in the mountains are often sources of drinking or agricultural water, and
many such plants have met with objections from residents in the downstream or water rights holders demanding the
protection of the living and natural environments. Accordingly this has caused a shortage of landfill sites, with the
average remaining lifetime as of 1995 as short as 8.5 years for landfill sites for general waste and 2.7 years for those
for industrial waste, which is critically short especially in the Tokyo metropolitan area. ** Under the circum-
stances, the effort is called for to propose landfill sites that are both safe and acceptable to the local community.



3. Location and Construction Process

3.1 Selection of location

(1) Site Selection Process

There are several approaches for selecting a suitable location for a landfill site depending upon its objective. This
paper describes one of relatively general approaches. Figure 3-1 shows the procedure for selecting a suitable

location.

Image of the selection process
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Fourth step

Overall evaluation
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Give the prionty of use or determine ) ] -
the final candidate conditions Determine the candidate conditions.

Figure 3-1 Example procedure for selecting a suitable conditions



(2) First step

The first step is to determine the bounds for selecting a location of a landfill site and eliminate the areas that are
under legal control by the regulations concerning the land use in terms of locating a landfill site. The area available
for the construction of the site are defined through this step.

The areas where the existing regulations cannot be removed easily or approval by the competent authorities of the
government are required because of the applicable legal controls concerning the land use are eliminated in advance
through this step from the area for selecting a suitable location,

Table 3-1 shows an example classification of areas under legal controls concerning the land use. Which of the
listed controls must be considered as the condition of elimination in the first step depends upon each case. In most
cases, however, the areas under rank C in Table 3-1 are normally eliminated from the area to be studied.

To define the area, prepare topographical maps of 1/200,000 to 1/50,000 scale depending upon conditions of the
area to be selected, and overlay the maps, each representing the area under each legal control that is listed up in the
first step as the conditions of elimination. Figure 3-2 illustrates the process.

(3) Second step

In the second step, after the area for selecting the landfill site is defined in the first step, concrete locations available
for constructing the site are selected in the area. Defining the geographical conditions for the construction before-
hand will allow relatively smooth selection of the candidate locations. The geographical conditions include, for
exampie:

(D It must be a mountainous location with a ravine.

(2 There is no village in the neighborhood.

(@ The required landfill capacity can be attained.

In selecting the locations, it is recommended to use a topographical map of 1/25,000 to 1/50,000 scale.

Figure 3-3 shows the process image of the second step. Because the area of a land on a map expands by 64 times
when the map is scaled up from 1/200,000 to 1/25,000, setection of the locations requires perseverance.

Because the contour lines on a topographical map of 1/25,000 scale are too widely spaced to locate a small size
landfill site between them, the above approach is suitable for locating a landfill site of a medium size (more than
100,000m*) or larger.



Table 3-1 Classification of Statutory Land Use Restrictions in Japan

claslsvii;lijg‘tion Area classification| Land use category Applicable law Rank
Category of land| Urban area Urbanization area |City Planning Law A
use plan Urbanization control area City Planning Law A
Use district City Planning Law A
Esthetic zone City Planning Law A
Scenic zone City Planning Law A
Green conservation area City Green Zone Conservation Law A
Historic landscape special Special Measures Law for the
preservation area Preservation of the Histtoric spot, C
i bearty spot, natural monument
Production green zone | Production Green Zone Law A
Historic spot, beauty spot, Law for the Protection of Cultural C
natural monument Properties
Traditional architectures Law for the Protection of Cultural c
preservation district Properties
Agricultural area | Farmland Agricultural Land Law A
Agricultural promotion area Law concerning Development of B
Agriculural Promotion Area
Production green zone Production Green Zone Law A
Forest National forest Forest Law C
Private forest Forest Law B
Protection forest Forest Law C
Category of Natural park area ¢ National and quasi-national Natural Parks Law
natural park C
preservation
Prefectural national park Natural Parks Law B
City park City Parks Law B
Nature Green zone conservation area | City Green Zone Conservation Law A
conservation area
Suburban green space Suburban Green Space Conservation A
conservation area Law
Wilderness area Nature Conservation Law C
Special wildlife protection area | Wildlife Protection and Hunting Law| C
Preserved tree Law conceming Preservation of
Trees for Conservation of Scenic C
Bearty of Cities
Category of disaster prevention River basin River Law B
Landslide prevention arca Landslide Prevention Law B
Designated sand control area |Sand Control Law B
Sharp slope fall danger area Law concerning Protection of B
Disasters due to Falt of Sharp Slope
Housing site preparation Housing Site Preparation Control B

construction restricted area

Law

Rank A *

The control on the development can be removed by the meyor

* The control does not apply to the construction of a landfill site.

Rank B *

The approval of the prefectural govemnor is required to remove the control on the development.

* The approval of the national government is required, but its procedure is relatively simple.

Rank C *

The approval of the national government is required.

* An important installation that cannot be removed or. relocated physically.
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Image of the selection process

Because concrete candidate locations cannot be
selected on a topographical map of 1/200,000 scale,
a map of 1/25,000 is used.

A 1/200,000 scale topographical map is divided into
small meshes, each of which can compare to the
corresponding 1/25,000 scale map.
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(4) Third step

In the third step, an on-site survey is carried out at each candidate location available for the construction selected in
the second step. It facilitates the on-site survey to examine the landfill area , landfill capacity, drainage area and
other requirements of the location prior to the survey using a more precise topographical map (1/5,000 scale).
The procedure up to the second step is a desk study. Accuracy of the contour lines is rough because topographical
maps are based on air photographs.

If any candidate location is close to an area under the land use control, it is necessary to confirm at site that the
location is outside the restricted areas are normally indicated on a 1/200,000 scale map. Accordingly, the items to
be surveyed and confirmed at site will include the topography, geology, land category, condition of rivers, condition
of water utilization, locations of villages, landscape, existence of traffic and urban facilities including transporta-
tion access, condition of other legal controls, and overall safety.

If, for any candidate location, an additional legal control or other development program is newly known or if it is
found that the city water supply source is located in the downstream area, it must be excluded from the locations
available for the construction.

Figure 3-4 is an example on-site survey sheet of a case where the landfill area and capacity are determined accord-

ing to the basic forest map.

(5) Fourth step

In the fourth step, each of the candidate locations screened through the on-site survey is evaluated and given the
priority of use. Thus, the final candidate location is determined.

Items to be evaluated can be grouped into those on the siting characteristics, the environmental characteristics and
the economy of the landfill site. The siting characteristic of the landfill site include the landfill efficiency, availabil-
ity of the cover soil, extension of the access road, and utilization value of the landfill.

The landfill efficiency can be represented by the potential tandfill capacity divided by the landfill area. Generatly,
the size of the landfill site facilities (e.g. leachate treatment facility, leachate coltection pipes, and the area of the
flexible menblene liner) are apt to be determined by the landfill area, and the construction cost of the facilities
depend upon the landfill area. When two landfill sites are compared and if they are of the same landfill area, the one
with larger landfill capacity is more economical. It therefore is possible to evaluate the landfill sites according to
the mean landfill height which is the potential landfill capacity divided by the landfill area.

Considering the availability of the cover soil, daily cover soil, intermediate cover soil and final cover soil are
generally required. Whether the cover soil is available at site or must be purchased from outside is an important
factor.

The access road must be as short as possible. However, when the landfill site is located at a mountainous place, the
extension of the access road becomes longer due to the higher elevation.

The ultimate land use value of the landfill increases when a flat land acquired as a result of the landfill is wider
because the possible application of the land becomes wider. In view of this, it is effective to include in the evalua-
tion iterns of the siting characteristics the percentage of a flat land out of the complete landfill.

Matters relating to the environmental characteristics can be well managed and the construction can be carried out
smoothly by investigating and evaluating details of the natural conditions and social conditions well in advance.
The economy is related particularly closely to the siting characteristics, so the siting characteristics can substitute.
The evaluation items are the construction cost and maintenance cost.

The criteria of the evaluation depend upon the conditions of the selected locations. Table 3-2 lists example evalu-
ation items and criteria. The overall evaluation is done on the basis of each evaluation item, and the priority of use
for each candidate location is determined. If no location remains any longer as the candidate at this stage of the
evaluation, the conditions must be loosened to review the candidate locations. If too many candidate locations still
remain at this stage, the conditions must be tightened to reduce the number of the candidates.



When the candidate locations are selected over a wide range of area, expressing each candidate location by means
of a radar chart allows to check the local characteristics of the area and the characteristics of each candidate location
in a relatively objective view. It is a method to relatively display the mean of the evaluation scores of all candidate
locations in the area and the deviation of the score of individual candidate location.

Location available for the construction ; No.__

Landfill capacity m* Landfill area m?|  Drainage area m?
Topography Gentle slope with narrow width. Possible to attain the capacity.
Geology No active fault in the neighborhood within 1 km. Weathered sand stones.
Land category Forest, waste land.

Condition of rivers | First Class River ***lines in about 2.0 km to the east. Environmental quality standard model A.

Condition of water

N Utilized for agriculutural irrigation.
utilization

Locations of villages | Residences in about 500m to the southwest.

Landscape Cannnot be seen from the public road.

Transportation access | An access road through ***destrict via the prefectural route ***,

Existence of urban

L None.
facilities

Other legal controls | None.

Overall safety | No private house along the access road. Thus, no traffic interfence.

Others l

Figure 3-4 Process in the third step



Table 3-2 Evaluation Elements and Criteria

Evaluation items | Criteria
Major item | Minor item | Rank 1 (High switabilicy) Rank 2 (Ordinary suitability) Rank 3 (Low suitability)
Landfill efficiency The landfill efficiency (landfill capacity The landfill efficiency is 5 or mere but less | The landfill efficiency is bess than 5.
" m>/landfili area m*) is 10 or more. than 10.
8 Availability of the refill The entire refill can be obiained at the Part of the refill can be obtained at the No refill is availzble.
g Siting candidate location. candigare location.
E o ristis Extension of the access oad | The extension from the public road to the | The extension from the public road to the | The extension from the pubilic road to the
£ finat landfill surface of the landfilt site is | final landfill surface of the landfill site is | final landfill surface of the landfill siw is
o less than 2.000m. 2,000m or more but less than 3,000m. | more than 3,000m.
E (A) Urilization plan of the landfill | 75% or more of the landfill can be made a | 50% or more but less than 75% of the Only less than 50% of the landfill can be
(flat landAandfilly flar fand, which allows smooth unlization | landfill can be made a flat land, which made a flat tand, which does not allow
of the landfilt. allows normat utilization of the landfill. smooth utilization of the landfill,
Geography No active fautt exists within 1 km around | No active fault exists within [ km around | No active fault exists within 1 km around
the candidare location, nor any thick the candidate location, but thick colluvium | the candidate location, but thick colluvium
colluvium or old colluvial slope is seen. or old colluvial slope can be seen in the or old colluvial slope can be seen within
Namural neighborhood. the candidate location.
condinions | Pdant and animal Inhabitation of special plants or animals [nhabitation of special plants or animals Inhabitation of special plants or animals
8 has not confirmed within 2 km around the | has been firmed within 2 km around the has been firned within the candidate
§ ® didate locarion. candidate location. location.
Vegetation Degree of naturat vegetation js | &0 3. Degree of natural ion is 4 10 6. Degree of natural vegetation is 7 to 10.
Land use Afforested or cultivated land is less than Afforested or culivated land is 173 or more | Afforested or cultivated land is 2/3 or more.
2 1/3. but legs than 2/3.
E Cultural properties Designated cultural properties have not been| Designated cultural propemes have been Designaied cultural properties have been
E Social confirmed within 1 km around the candidate | confirmed 500m or more apan but within | confirmed within 500m around the cadidace
E| conditions Tocation. T around eh candidate location. Tocation.
H 0 Human residences There is no human residence within | km | There ane human residences 300m or more | There are human residences within 500 m
& { around the candidate locagon, apan but within Ikm arond the candidate around the candidate location.
locatign.
) Sitvation of water utilization | The river ta which the drain is 10 be led is | The river to which the drain is 10 be led is | The river to which the drain is to be led is
Environmental not utilized. utilizedt for agriculture. | wtilized for water industry.
conditions Smell, noise, vibration Thete is no village within 1 ki arcund the | There is a village 500 or more apart but There is a village within 500 m around the
) candidate locasion. within 1km around the candidate location. | candidate location.
- Appmx‘Lmat: CONSIUCHON <Ot Less than ¥___/m’ ¥__/m’ or more but less than ¥___/m’ ¥__/m’ or more
E Economy | (excluding access road)
§ conditions | ACCEss road canstructon cost Lessthan¥__ ¥___ ot more b less than ¥ ¥___ or more
d ® Approximate maintenance cast Less than ¥___/m* ¥ ___/m" or more but less than ¥___/m* ¥___/m* or more

Even if a suitable location for the landfill site is selected on the scientific basis, it cannot be used as the landfill site

unless the consensus of the land owners and neighboring residents cannot be attained. Because the selection

process begins with the third step in most cases, argument is focused on the issues relating to an individual location

and the question from the residents "Why the landfill site is to be constructed at this location?" cannot be positively

answered in most cases. Accordingly, selecting a suitable location on the scientific basis becomes more and more

important.




Table 3-3 is an example of the evaluation table of candidate locations and Figure 3-5 is an example of the overall
evaluation using radar charts.

Table 3-3 Example evaluation of candidate locations

Classification [tem Candidate locations
1 2 3|4
Siting characteristics Siting characteristics (A) Landfill efficiency 3 2 1 1
Availability of the refill 20 21 2] 3
Extension of the access road 3 2 3 3
Utilization plan of the landfill 3 2 21 3
Subtotal of evaluation 1t 8 8] 10
Environmental characteristics | Natural conditions (B) iQ*._og:raphy 3 2 2
Plant and animal 1 i 21 2
Vegetation 1 1 1 1
Maximum snowfall in a year 1 | 2 2
Subtotal of evaluation scores s 5 711 7
Social conditions (C) Land use 2 1 2 1
Cultural properties 1 1 2 2
Human residences 1 1 1 1
Subtotal of evaluation scores 4 3 5 4
Environmental conditions (D) Sitvation of water utilization 2 2 2 2
Smell, noise, vibration 2 2 1 2
Subtotal of evaluation scores 4 4 3| 4
Total environmental characteristics scores 14| 12| 15| 15
Approximate project cost Approximate construction cost 3 2 1 1
Access road construction cost 2 3 3
Approximate maintenance cost 2l 2 1] 2
iSubtotal of approximate project cost 8 6 5 6
Total scores 331 26] 28] 31
Rank Nl 1| 213

{Candidate location 1) {Candidate location 2} A : Siting characteristics
A B : Natural conditions
10024 . "
C : Social conditions
0% D : Environmental conditions
D B
C
{Candidate location 3} {Candidate location 4}
A A
100% 100%
50%
D B
Cc

The mean of the evaluation scores of all candidate locations in the area ;1= -~ = -
The deviation of the score of individual candidate location :

Figure 3-5 Example of overall evaluation using radar charts



3.2 Construction Process
Figure 3-6 is a schematic description of how a landfill site is constructed.
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Figure 3-6 Construction Process of Industrial waste landfill site



Phase I begins with the making of a basic design for the construction of a industrial waste landfill site.

Under the provisions of Article 11 of the Waste Disposal Law, the prefectural governor is required to formulate an
industrial waste disposal plan. This is a master plan of the prefecture’s industrial waste treatment measures, speci-
fying the estimated volume of industrial waste by type, the amount of waste disposal, a volume reduction scheme,
and a policy for the establishment of treatment facilities. This prefectural plan, which must be developed once
every five years or at equivalent intervals, reflects the prefecture’s basic attitude toward the disposal of industrial
waste. The drafter of the basic design can know in advance, by grasping this prefectural disposal plan and ensuring
the construction of adequate facilities, whether there are competing public or private facilities or what requirements
will be imposed on waste collection and delivery. Upon finalization of the basic design, candidate sites wili be
picked up.

After unofficial determination of the location, the making of a basic plan and a living environment research takes
place with respect to the proposed site, with official notice and an opportunity for inspection given to the general
public so that interested residents may submit their opinion and experts may be heard on the proposal. Taking all
those things into consideration, the prefectural governor approves or disapproves the proposal.

In the second phase, the site is surveyed for acquisition purposes and the boundaries of the area to be purchased or
taken on lease are clearly defined. This activity is followed by the making of working drawings to award the
contract and obtain necessary approvals. Again in this process, a geological survey and land measurement must be
carried out. In the subsequent phase, the construction contract is awarded. The construction of a landfill site is an
extremely time-consuming process: at least four years must be allowed for the completion of all steps from site
determination to project construction even if consensus is built smoothly. Therefore, a good safety margin should
be incorporated into the construction plan. The time needed for construction work itself may range from ten to
twenty months depending on the terrain, geological conditions, and size of the site.



3.3 Environmental Impact Assessment

Figure 3-7 shows a typical procedure for an assessment of impact that the landfill site may have upon the living
environment. The identification of general local conditions covers the location of the planned area. present envi-
ronmental conditions both natural and social, and environmental quality. Then the specifics ot the construction
plan are discussed based on a basic facility constructton plan.

All these steps are intended to make clear interrelations between environmental elements and such factors affecting

environmental impact as may be presented by the construction of the site and the operation of disposal facilities.

Identification of general local
conditions

Discussion of the specifics of
the construction plan

Identification of factors
affecting environmental impact

Establishment of assessment
items

Conduct of survey

Examination of environment
protection measures

Estimate

T Setting of environment
Assessment protection target

v

Comprehensive assessment

Figure 3-7 Typical Procedure for Environmental Impact Assessment

Figure 3-8 is a schematic description of often observed interrelations between landfill site-originated factors affect-
ing environmental impact and environmental elements, a tabular version of which is provided by Table 3-4. Envi-
ronmental irmpact assessment covers those environmental elements which, as a result of analysis of the table, are
expected to be (A) very closely or (B) fairly closely linked with the affecting factors.

Besides this assessment. on-the-spot surveys should be conducted, wherever possible, on the quality of the water
and riverbed. noises, vibration, offensive odors, flora and fauna. and landscapes. ‘Such surveys should-be-carried
out in every season of the year, but depending on the size of the disposal site and local conditions, any less fre-
quency may be acceplable.

The estimate evaluation process involves the setting of standards related to environmental elements and region-
specific environment protection targets, and in the event that the estimates do not reach the targets, environment

protection measures are considered and the estimation process is repeated.



Upon completion of the environmental element estimation and assessment, evaluations in all such elements are
combined together, the extent of impact that the project may have upon the surrounding environment is ascertained,
and the possibility of and measures required for maintaining the present environment at an appropriate level are set

forth in the form of comprehensive assessment.
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Operation of construction EEREE ‘L ...... )
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' Notselv;bmuon !
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transporlalmn

' Change in flora |
and fauna '
Generationof «  _[7 """ " T CTomoT Y
leachate t—%-. Groundw.ner pollution:
Soil pollution » Interference with water use
R LR

Discharge of
treated water

Ultimate land use

Figure 3-8 Interrelations between Landfill site-Originated Factors Affecting Environmental Impact and
Environmental Elements

Table 3-4 Interrelation matorix of Environmental Impact and Envirenmental Elements

Environmental element : _—
; . | Water Soil . N Offensive | Land . i Cultural

E:SE:’;;%S;?‘%’MG Alrquality [ i | pollugion | Noise | Vibmtion |50 | beidence| PO Fauba |Landscape| o

Felling C B B A C
g,;:‘;"”c“"“ Civil works B B B B c

Access by construction B C

vc%clcs

Collection and

transpoftation B < c

Waste landfilling C B C B o B B C

achate treatrnent -

Operanon and Tacilities ¢ ¢ b
pust-reclamation !scha.rge of treated A
phases

Quttlow of rainwater C

Infitration of Jeachate

Ultimate land use A

(Noie) The extent of interrelation
A :preat. B : moderate, C @ small. N mark © no interrelation



4. Techniques for Controlled Landfill sites

4-1. Facility Structure

(1) Composition
A landfill site has the facilities shown in Figure 4-1, which altogether form an organic whole. Figure 4-2 is a picturs

of these facilities as may be actually laid out on the site.

. . Solid waste retaining structure
— Major facilities —— ) )
— Liner facility

| Leachate collection facility

Leachate treatment facility
— Runoff collection facility
— Gas treatment facility
Landfill site—— — Others

— Transport control facility
—— Control facilities —— Monitoring facility
— Control building
— Others

— Approach road

— Incidental facilities—]
— Littering prevention tacility

—— Disaster prevention facility

Figure 4-1 Facilities of a Landfill site

SALBALIAA
SRR
PAIIE

Figure 4-2 Sketch of a Landfill site



(2) Leachate Treatment System ”

In many cases, each of these facilities is designed as a separate and independent unit, not so as to function in good
coordination with others, a consequence of which is underutilization of its capacity.
In Table 4-1, design factors are listed for each of the facilities.

Table 4-1 Design Factors for a Leachate Treatment System

Desien factor

Faci | Termin | CoCloBA gyingy | _Gw“"”m'd Area of V‘i‘;;‘;"é‘:’ Qualty of Note
| Land development IO O o b QO [@) O
Approach road | C | O | | | |
| Transportcontol facilty  ,  C | O | : ' O . i
Liner facility | [ O | e O | O |inctuding groundwater drainage pipe.
Collection pipe | O @) O | Including protective works.
Gas collection facility O O O | )
Solid waste retaining structure c | O O @) O
Leachate treatment facility < e o | O O | Including leachate regulation facilities.
Runoff collection facility | | © | R
Disaster prevention facility O | O | o | | O ‘ ::;t;i?pztggz;::‘:ﬂenuon tanks
Littering prevention facility IO | | | I (G
Monitoring facility i | l O | O ! O | O O |

In addition to pointing out the importance of terrain and geological features as determinants of the size and shape of
facilities, this table shows that, in respect of three components closely related with a leachate treatment system,
namely the collection pipe, the solid waste retaining structure, and the leachate treatment facility, design factors are
rainfall, the area of landfill, and the quality of waste.

This suggests that the quality of leachate and the physicochemical properties of landfilled waste can be computed
or estimated from precipitation, the area of landfill, and/or the quality of landfilled waste.

Figure 4-3 is a flow chart of leachate treatment system designing based on the foregoing.

The planning and design of a landfill site begins with a land survey, a geological/groundwater survey, a hydraulic
study, and a research on the quality of handled waste.

Next, the findings of the land and geological/groundwater surveys are used to elucidate the water discharge mecha-
nism at the proposed site, a basic policy is set for liner facitity, and a land development plan is formulated. This
plan is intended to secure a sufficient volume of landfill to accommodate the planned amount of specified waste and
ensure the right facility configuration for the effective functioning of a leachate control system. The location and
height of the solid waste retaining structure are major considerations in securing adequate landfill space and esti-
mating the water balance at the éite.

Land development planning is followed by the planning of the approach road, transport control facility, leachate
collection facility, runoff collection facility, gas coilection facility, littering prevention facility, and disaster preven-
tion facility. The landfill and facility plans should allow for ultimate land use.

Next, the amount of treated water is set and the amount of leachate is computed from the landfill plan, and the
calculated water balance is used to obtain the amount of treated water and determine the capacity of leachate
regulation facilities, the solid waste retaining structure, and other facilities.

Fixed as the capacity of leachate treatment facilities is, the amount of leachate varies from day to day according to
precipitation. In order to ensure their stable operation, therefore, some leachate amount regulation system must be
installed between the landfill and treatment facilities. As the amount of treated water is determined by the capacity
of the leachate regulation facility, its optimum amount and the adequate regulation capacity therefor must be fig-
ured out from the water balance.,
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However, in winter or in the year of less leachate, it would be necessary to reduce the amount of treated water
according to the remaining capacity of the leachate regulation facility so as to protect the bioremediation process.
The number of rainy days used in the calculation of the water balance should be determined on the basis of the year
with the record high annual or monthly precipitation or the average rainfall over the past twenty years, which can be
identified by reference to precipitation records, with necessary adjustments for hydrologic probabilities.

A leachate regulation facility is generally backed up with internal storage, though this depends on the definition of
hydrologic probability. Internal storage will, however, result in water sealing of the landfill layer, which in turn will
give rise to anaerobic conditions and cause water quality to deteriorate. It is thus necessary to limit the length of
continuous internal storage in light of the landfill structure.

Where the required capacity of a leachate regulation facility (Vxi) is a sufficient amount to meet both the require-
ment that the semi-aerobic landfill be maintained for a specified number of days per year and a limitation on the
number of days of continuous internal storage and the required internal storage amount (Sxi) is any amount beyond
that capacity, Sxi is obtained by deducting Vxi from Vi (where Vi is the leachate regulation capacity computed from
the water balance) (see Figure 4-4).

Precipitation Ij

- Q I

(Leachate treatment facility) = (Solid waste retaining structure)

Vi=Vxi+Sxi

(Leachate balance tank)

Qj=1/1.000 - [j - (C,* A+C,* A)

Where lj 1s precipitation on Day J (mm/day). A, is the area of the section currently under
waste landfill (m?); A, is the area of the landfill section after completion of landfiil (m?), Cis
the leachate coefficient before landfill is completed (0.5); C, is the leachate coefficient after
landfill is completed (0.3); Qi is the amount of treated water (m*/day); Vxi is a regulation
capacity based on the average annual rainfall (required regulation capacity; m*); Vi is a regu-
lation capacity based on the record high annual precipitation (maximum leachate regulation
capacity; m’); Sxi is the required internal storage amount (Sxi=Vxi-Vi; m?); H is the height of
the solid waste retaining structure {m); S is the maximum internal storage capacity (S=5 +8,;
m*); D, is the landfill capacity when the depth of the landfill section is equal to the height of
the solid waste retaining structure H (m*); and e is the porosity of the landfill layer available
for leachate storage (5% - 10%).

Figure 4-4 Interrelations of Facilities



As shown in Figure 4-4, the internal storage capacity (S) is limited by the height of the solid waste retaining
structure (H). Where D, is the landfill capacity when the depth of the landfill secticn is equal to that height (H) and
e is the porosity of the landfill layer, the internal storage capacity (8) can be calculated by the following expression.
$=5,+5,=5 +(D, Xe)

Where

S is the internal storage capacity;

S, is the empty capacity below the height of the solid waste retaining structure (H); and

3, is the amount of leachate stored in the landfill layer below the height of the solid waste retaining structure (H).
The amount of treated water (Qi), the required capacity of a leachate regulation facility (Vxi), and the height of the
solid waste retaining structure (H) must meet the requirement that the required internal storage amount (Sx) be
equal to or less than the internal storage capacity (S) and must be optimum in light of the site’s overall evaluation,
including economy and maintenance/management policy.

In the meantime, the physical/dynamic and chemical properties of landfilled waste should be determined for incor-
poraticn into the landfill plan and the leachate treatment/gas collection facility plan, respectively.

With the advance of intermediate treatment facilities and advanced separation of recyclable waste, it carried into
landfill sites has become diverse in property. Consistent with Figure 4-3, landfilled waste is generally classified as

shown in Figure 4-5.

Landfilled waste — Combustible waste

I~ Incineration residue ————————— Where there are no facilities for removing hazardous gas

[~ Where there are wet-type facilities for removing hazardous gas

I~ Where there are dry- or semi-dry-type facilities for removing hazardous gas
P:Where fly ash has been treated

Where fly ash has not bee treated

— Where there is a dust coilector but it can not sort out fly ash
™ Incombustible/oversize waste

I~ Pulverized incombustible waste—— Those containing plastics

Those not containing plastics

Those containing recyclable waste (iron, bottles, etc.)

Those not containing recyclable waste (iron, bofttes, etc.)

— Other types of waste

Figure 4-5 Classification of Waste



Which types of waste will be disposed of in a landfill is determined by a basic waste disposal plan specifying the
fundamental collection and disposal policy. This makes it possible to determine the physical and dynamic proper-
ties (especially c, ¢ , and r) of landfilled waste beforehand and incorporate them into a landfill plan and design
requirements {such as the volumetric conversion coefficient, the internal storage capacity, and slope protection),
The facilities comprising a landfill site are thus organically linked with other facilities and plans, and it is extremely
important to consider them in facility construction and management.

The leachate treatment process, although dependent on the type of landfilled waste and uses for the river into which
treated water is discharged, consists generally of biological treatment using a rotating contactor or biological con-
tact aeration equipment, coagulating sedimentation, and physicochemical treatment using filters or activated char-
coal.

Figure 4-6 shows a typical leachate treatment process.

The quality of leachate varies according to the types of waste accepted for landfill.

Any treated water may not be discharged before its quality satisfies the effluent standards set forth in Table 4-2; in
many cases, however, lower thresholds are applied in practice (see Figure 4-6).
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Table 4-2 Effluent Standards by Ordinance of Prime Minister’s Office

[Health-related items)

Types of hazardous matter

Effluent standard

Max. permissible amount

Cadmium and compound there of

0.Img/L (as cadmium)

Cyanide compound

1mg/L (as cyanide)

Organic phosphoraus compound (only parathion,
methyl parathion, methyl dimedone, and EPN)

Img/L

Lead or compound thereof

0.1mg/L. (as lead)

Hexavalent chromium compound

0.5mg/L (as hexavalent chromium)

Arsenic or cornpound thereof

0.1mg/L. (as arsenic)

Mercury and alkyl mercury and other mercury compound 0.005mg/L (as mercury)
Alkyl mercury compound Not detectable
PCB 0.003mg/L
Trichlorvethylene (.3mg/L
Tetrachloroethylene 0.1mg/L
Dichloromethane {.2mg/L
Carbon tetrachloride 0.02mg/L
1.2-dichloroethane 0.04mg/L
1.1 -dichloroethane 0.2mg/L
Cis 1.2-dichloroethylene 0.4mg/L
1.1.1-trichloroethane 3mg/L
1.1.2-trichloroethane 0.06mg/L
1.3-dichrolopropane (D-D) 0.02mg/L.
Thiuram 0.06mg/L
Simazine (CAT) 0.03mg/L
Benthiocarb 0.2mg/L
Benzene 0.1mg/L

Selenium and its compounds

0.1mg/L (as selenium}

[General items)

Effluent standard
ltem Max. permissible amount
5.8 - 8.6 (effluent into public waters other than sea areas)
pH 5.0 - 9.9 (effluent into sea areas)
BOD 60mg/L
CODw, 90mg/L
SS 60mg/L
n-Hexane extracts content (minerat oil content) 5mg/L
n-Hexane extracts content (animal/vegetable 0il content} 30mg/T.
Phenols content 5mg/L
Copper content 3mg/L
Zinc content Smg/L
Soluble iron content 10mg/L
Soluble manganese content 10mg/L.
Chromium content 2mg/L
Fluorine content 15mg/L
Number of coliform groups 3,000 groups/cm’ {daily average)
Nitrogen content 120mg/L (daily average)
Phosphorus content 16mg/L. {daily average)




(3) Seepage Control System * 10

Seepage control is fully carried out not by a liner alone, but through the operation of a system comprised of the
material and supplementary facilities such as those for leachate and groundwater collection.

A seepage control system is a group of facilities designed to separate water in the landfill layer from the surround-
ing environment for its protection, that is, liner facility, collection facilities, and monitoring facilities (see Figure 4-
7). Liner facility means a facility or equipment installed at the interface between the landfill layer and the surround-
ing environment to enhance seepage prevention capability primarily by reducing the permeability coefficient.

— Liner

— Protection material
— Protective mat
— Base layer

——Liner facility

Seepage control system-—— —— Groundwater collection facility
—Collection facilities —————— Slope drainage facility
—— Leachate collection facility

— Monitoring facilities

Figure 4-7 Components of a Seepage Control System

1) Liner facility

All landfill sites must have a liner facility except where there is a stratum with a permeability coefficient of not
more than | X 10~ cm/sec or five-meter or thicker bedrock of 1 Rudion or less. The facility work must satisfy the
following requirements.

(i) No water must leak from any joint in the facility.

(i1} The facility must allow for a certain amount of ground subsidence.

(iit) The facility must be chemical-resistant.

(iv) The facility must be weathering-resistant.

{v) No deleterious matter must elute from the material itself.

(vi) The facility must have required dynamic properties {(strength, extendibility. and thickness).

It is also important to ensure proper construction of the facility.

There are two types of liner facility, surface and vertical, according to material and structure.

2) Vertical Liner facility

Where the surface layer is permeable but supported by a sufficiently wide impermeable stratum running horizon-
tally not so deep in the ground, cut-off walls are built in the upper layer for seepage prevention. This vertical liner
facility may be a cut-off core, a pile of steel sheets, grout, or underground serial walls. (See Figure 4-8.)



Solid waste retaining structure

Waste;

Permeable layer

<= Vertical liner facility

il mpermeable layer . s
Figure 4-8 Vertical Seepage Control Work

Vertical liner facility is most suitable for the site that meets all of the following requirements.
(1) There must be a sufficiently long impermeable layer.

(ii) The layer must run in such a way as to stop groundwater flowing across the channel (see Figure 4-9).

Permeable layer

Impermeable layer

\ )

AV v
@

v
4
rd

= = <—Water flow

e
~ p——

Figure 4-9 Requisites for Vertical Seepage Control Work

In addition, there are specific requirements for each particular type of vertical liner facility: grouting must not be
chosen unless the layer on the impermeable stratum has a Rudion of not more than 1; and serial walls must each be

at least S0 centimeters thick and have a permeability coefficient of not more than 1 X 10 cm/sec.



3) Surface Liner facility

The covering of the surface of the base layer with a seepage control facility. This is the most popular seepage
control technique. Lining materials in wide use are shown in Figure 4-10. In order to increase seepage prevention
capability, this facility is made up of several liners, which must be carefully selected in light of the geographical/
geological features, groundwater conditions, etc., of the landfill site.

— Ethylene-propylene dlene monomer (EPDM)
——— Synthetic rubber ——————— EPDM-fiber composite sheet (EPDM-R)
Polyolefinic elastomer (TPQ)

Polyvinyl chloride (PVC)

—— PVC-fiber composite sheet (PVC-R)
——— High-density polysthylene (HDPE}
Very-low-density polyethylene (VLDPE)
—— Synthetic resin Chlorinated polyathylene (CPE)

—— CPE-fiber composite sheet (CPE-R)
Polyurathane (TPU)

Sheet —— Ethylene vinyl acetate (EVA)
Polypropylena (PP}

— All-impregnated asphalt {AS-DP)
Asphalt Muiti-layer asphatt (AS-LA)
— Sprayed rubber asphalt (AS-SP)

——— Bentonite ‘ HDPE-bentonite composite sheet
-———- Fiber-bentonite composile sheet -

Lining material —— Sheet consisting of viscous and other layers with
different properties designed to provide greater
leak recoverability and dimension sustainability
and have batter dynamic characterdstics,

—— Multi-layer composite sheet

—— Viscous soil
—— Viscous soil Bentonite-mixed soil
‘— Others

Pavemnent, tacing

—— QOther materals Soil stabitization

Figure 4-10 Popular Liners



In general, there are three ways 1o build a surface seepage control facility,

(D Laying a seepage control sheet on the surface of a clay or other layer having a thickness of 50 centimeters or
more and a permeability coefficient of not more than 1 X 10® cm/sec.

Where it is difficult to obtain viscous soil, soil at the landfill site or bought in from somewhere else is improved
with bentonite to use as an impermeable layer. There must be no space between the clay layer and the sheet. The
gradient of the slope must be 1:2 or greater, in principle. Any part of the sheet’s surface that is directly exposed to
the sunlight must be covered with lighttight, durable nonwoven, etc. The bottom part of the seepage control facility
must also be covered with nonwoven cloth and a layer of sand or other covering material at least 50 centimeters

thick for protection against damage by heavy machinery.

1 Shade non-woven fabric1:2.0 or more
50 cm or more

50 : B Lining sheet
cm or more . Clay etc. (K=1%10 ~Bmisec or Ies?\\ Nonwoven cloth etc Asphalt 3mm or more
Non-asphalt 1.5mm or more

Basic foundation

Figure 4-11 Clay + Sheet

(@ Laying a seepage control sheet on the surface of an asphalt concrete layer having a thickness of five centime-

ters or more and a permeability coefficient of not more than 1 X 107 cm/sec.

The same requirements - no space, 1:2 gradient, and lighttight covering - apply to this structure. The base layer
must have enough strength for application of this method.

Shade non-woven fabnc1:2.0 or more

]
50 cm or more I : )
3 Liner sheet

- Asphalt 3mm or more
3 cm or more )I __ Asphalt concrete . Non-asphalt 1.5mm or more
{(K=1x10"7 cm/secor less) Nonwoven cloth ete
Basic foundation

Figure 4-12 Asphalt Concrete + Sheet



{3 Laying on the surface of the layer of nonwoven or other material two seepage control sheets between which

there must a layer of nonwoven or other material.

This “double-liner” structure consists of five layers: two seepage control sheets and three layers of nonwoven
(bottom, in-between, and top). This facility should have any projections removed from its bottom surface and
should have sufficient strength to resist against subsidence, and the surface of the uppermost layer should be made
flat.

Shade non-woven fabric1:2.0 or more

LY

th
50 ¢cm or more
Non-woven fabric

Materials such as synthetic resin

. ) ) Lining sheet
Protective layer using non-oven fabric Asphalt 3mm or more

Basic foundation Non-asphalt 1.5mm or more

Figure 4-13 Double-Liner Structure

It is provided that the seepage control sheet be at least 1.5 mm thick, or if of asphalt, at least 3 mm thick. While
geographical and geological features are a major consideration in its selection, it must have sufficient strength and
resistivity against weathering and chemicals.

The gradient of the slope must be 1:2.0 or more gentle. However, some geographical or geological need for large-
scale cutting-filling work may make it impossible to secure a desired landfill capacity.

In this case, the slope can be made more steep than 1:2.0 by applying mortar on the base layer and covering it with
a seepage control sheet or rubber asphalt. However, this work must be in such a place as may not be reached by
internally stored leachate.

Waste Shade non-woven fabric and others

Lining sheet or rubber asphalt

Sprayed mortar

Figure 4-14 Seepage Control Work Where Gradient is 1:2 or Lower



4) Covering

Covering is not only a protection for the seepage control sheet against damage by landfilled waste and heavy
machinery, but it also guides leachate into the leachate collection line. Any operation of heavy machinery on the
spot where part of covering has been washed away by rain and the covering layer has becomne thinner may result in
a rupture in the seepage control sheet; it must be ensured that the covering layer is at least 50 c¢m thick at any time.
In the event that the covering material causes protective crushed stones to stop up a collection line, collection
capability will be considerably damaged. Therefore, in early years of landfilling, it must be ensured that there is a
clearance between the top of the crushed stone protection and the covering layer of at least 50 cm if the protection
is for a main line, or of at least 30 cm if for a branch line.

5) Nonwoven Cloth

Nonwoven cloth is used to keep the seepage control sheet from touching, or being damaged by touching, any
structure within the landfill site (e.g., the leachate or groundwater collection line) or landfilled waste.

In principle, inside and outside of the sheet must be covered with nonwoven cloth.

Nothing hazardous must seep from nonwoven cloth.

6) Base Layer

As the base layer and accordingly the seepage control sheet covering it subside under the weight of landfilled
waste, the amount of subsidence should be estimated beforehand and land improvement be made wherever neces-
sary. The surface of the base layer to be covered with the seepage control sheet must be so even as to ensure total
contact with the sheet.

7) Groundwater Collection Line

A groundwater collection line prevents a rise in the groundwater level potentially resulting in the generation of
uplift pressure. It may also be designed to monitor and collect any leachate from any rupture or opening in the
seepage control sheet,

8} Slope Drainage Facility

Any water flowing out from the slope must be immediately drained so as to prevent a rupture in the slope. In case
the slope should collapse, the landslide may cause damage to the seepage control sheet or the rupture in the slope
may result in further collapse due to pressure from landfilled waste.

The seepage control sheet is kept safe from damage due to water pressure as long as the water level on the back side
of it is kept sufficiently low. Sltope drainage facilities must thus be so structured and concentrated as to offer
sufficient drainage capability.

9) Leachate Collection Line

A leachate collection line is installed for the purpose of prompt collection and feeding of leachate to a leachate
treatment facility off the landfill site. Any stoppage in the line will result in stagnant leachate within the site, which
in turn will, by its pressure, promote seepage from any rupture in the seepage control sheet. Therefore, the line
must be protected with covering material so that it can perform its intended function without stoppage.

This collection facility must be sufficiently wide as shown in Figure 4-15.

The collection pipe may be of a perforated hume or perforated polyethylene type.



50cm or more Non-woven fabric for protection

3D or more (4~10mm)

o\ Protective material

~Liner material
“'i ~Protective material
3D or more

D h

Main line Min. 600 mm Min. 50 ¢cm

Branch line | Min. 200 mm Min. 30 cm

Figure 4-15 Cross Section of a Leachate Collection Facility

10) Monitoring Facilities

The performance of the seepage control work’s function, that is, the prevention of any adverse effect on the sur-
rounding environment, must be monitored by certain facilities.

In determining the items, frequency, method, and location for monitoring, the finding of prior surveys of the types
of waste handled and the geological, soil, and groundwater conditions and the use of groundwater in the down-
stream area must be taken into consideration.

The quality monitoring of water taken from an observation well or a groundwater collection line may cover two
groups of items: those which can be continuously measured with certain instruments and those which can be
measured by sampling. Those requiring constant monitoring, such as pH and conductivity, must be continuously
monitored by the use of electric signals, etc., and must be subject to appropriate direction and documentation.
The observation of any abnormality by monitoring must be immediately followed by the investigation of the cause,

the assessment of any effect on the surrounding environment, and the formulation of appropriate countermeasures.

11) Protection of the Seepage Control System

There will be no effective seepage control unless all of these facilities perform their intended functions in a satisfac-
tory manner.

These facilities must, therefore, be so designed and constructed as to perform their intended functions to the full and
must be subject to regular maintenance.

Regular maintenance activities to keep the seepage control system in effective operation should

{1) make sure that there is no rupture in the seepage control sheet about to be covered with covering matenal;

{ii) make sure that protective material has not been washed away by rain, etc., and has not been clogged:

(iii) make sure that appropriate measures have been taken to prevent the seepage control sheet being broken by
heavy machinery or during the course of landfilling;

(iv) make sure that there is no rupture in the slope;

~ (v) identify the condition of leachate retained within the landfill site;

(vi) make sure that the leachate collection line functions normally:

(vii) make sure that the groundwater collection line functions normally;

{viii) identify any subsidence of the base layer; and

(ix) monitor the seepage control function.

Table 4-3 provides a list of leachate detection system techniques.
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(4) Landfill site Construction Cost

How much money will be needed to construct a landfill site varies according to the size, specifications (the struc-
ture of seepage control work and the level of leachate treatment), etc.

By way of example, a functional expression is given below to obtain the construction cost for a general waste
landfill site.

Y =0.3986X + 13,800

Where Y stands for the cost of construction ( 10* yen) and X represents the landfill capacity (m?).

Note that this expression is derived from the actual construction costs of landfill sites built during the 1990-1992
period and does not include the cost of the site and the approach road. It also assumes that the leachate treatment
facility performs the functions of BOD/nitrogen removal by biological treatment and COD/SS removal by the use
of coagulating sedimentation, sand filtering and activated charcoal.

As a controlied landfill site for industrial waste is identical in basic structure with a general waste landfill site, the
above expression will serve as a guide. However, price fluctuations and other variable factors should be taken into

consideration.



4.2 Maintenance and Management

(1) Transport Control

In order to protect the security of landfill site related facilities and ensure smooth operation of landfill work, the
types. amounts, etc. of waste brought into the site must be placed under appropriate control.

Control schemes should cover, for example,

(1) the types of waste;

(ii) the amount of waste;

(iii) the amount and material of cover scil; and

(iv) the mode of delivery.

Figure 4-16 shows a sample of a transport control facility.

Figure 4-16 Transport Control Facility



(2) Control of Landfill Work
In order to keep the base layer stable, prevent damage to the liner facility, and control the quality of leachate and the
generation of gases, landfill work must be so directed as to ensure appropriate landfill of waste.

A landfill work control system is shown in Figure 4-17.

Landfill work control items————— Landfill plan

Landfill method

Landfill work

—— Covering work

Selection of landfill equipment

Contro! of on-site roads

L—— Development of the slo
Landfill work control — p pe

—Workmanship and subsidence control ——— Workmanship control

Subsidence control

Safety control Traffic safety

Safety control for landfill wark

L——— Worker health control

Information control Work information

L Workmanship information

Figure 4-17 Landfill Work Centrols



(i) Landfill Plan

A landfill plan should be developed that specifies the sequence of landfill steps, the depth of the landfill site, etc.,
taking geographical, climatic, and other natural conditions into consideration. Figure 4-18 shows an example of a
landfill plan.

Longitudinal section of the landfill site

FH=60.000

(130)

0
Saction ¥V FH=48000
1=1.5% (1:30) .- {1:3.0)

" .- Section 14
FH=33000 \I=380% i 1.5% (1303 ,-> - (130} Solid waste retaining strcture

1=6.0%

FH=23000 (130}
FH=18.000

Storm water
retention rasarvoir

Section-11l weir Saction-1l weir

Underground senal cut-off walls

Loachate regulation facility

Figure 4-18 Landfill Plan

(11} Landfill Method
Landfilling is performed by the sandwich, cell, or other method. The former is intended to preveat littering of

waste, offensive odors, and fire by piling up waste and cover soil by turns (see Figure 4-19).

N

Daily cover

v
s ——Horizontal layer of waste

—— ——Waste cell for the day

— Daily cover

Sandwich method Cell method

Figure 4-19 Landfill Methods

(iii) Landfill Work
Landfill work must be carried out in accordance with the landfill method, the sequence of landfill steps, etc. Figure
4-20 shows an example of the landfill process.

Placement and
surface compaction

Haulage Measurement Dumping Covering End of process

Figure 4-20 Landfill Process

Carried-in waste is compacted during the landfill process down to 0.7 - 1.5 cubic meters per ton, depending on the

type of compacting machinery and waste.



(iv) Covering v
The purpose of covering is to prevent offensive odors or make the reclaimed land usable. Covering material should
be the one that best fits the landfill structure and plan; for a semi-aerobic landfill site. the most desirable material is
sandy soil with a high water and gas permeability. The purpose of leachate reduction may be best served by viscous
soil with a low gas permeability.

The thickness of covering should be between 30 cm and 50 c¢m for daily cover, around 50 cm for intermediate

cover, and at least 1.0 m for final cover.

(v) Landfill Equipment
Among landfill equipment are bulldozers, compactors, and tractor-shovels.

Some of them are illustrated in Figure 4-21.

bulldozer

compactor

Figure 4-21 Landfill Equipment



(3) Facility Management

A landfill site consists of various facilities forming an organic whole.

To ensure their proper functioning, there must be appropriate management in place.

Such management may include daily inspection, in-depth examination, and the implementation of measures to
eliminate any observed abnormalities.

Figures 4-22 through 4-24 show a liner facility management procedure and repair methods.

Daily inspection Special inspection in
case of abnormality
Abnormality judgment
criteria for daily ?nspection -t
- y No damage
- Existence/exient of damage
Extent unidentified Not clear
Y Damage/Identification
. Cause of damage of extent -
¢Identifiable
Cause unidentified Record
o Need for emergency measure >
i Necessary
Not clear X Not necessary
Need for repair work
& Necessary
- Not necessary
Examination of repair method
v l Necessary
Not clear
In-depth inspection Need for in-depth inspection Not necessary
l Necessary
Formulation of repair plan
Y
Condugct of repair work
F
[ — - Recording -

Figure 4-22 Liner Facility Management Procedure



Figure 4-23 Repairing by Open Excavation

$2~3m
Waste || Casing
| N |
Damage

Figure 4-24 Repairing by Casing



(4) Leachate Management

As rainfall generates leachate, it is necessary to place the amount, quality, etc., of leachate under appropriate man-
agement. Management may include the following.

(i) Compilation and analysis of data on precipitation and the volume and quality of water.

(ii) Response to any change in water volume.

(iii) Response to any change in water quality.

(iv) Response to any climatic change.

(v) Inspection of the leachate treatment facility.

Figure 4-25 gives a graphic presentation of fluctuations in the amount of leachate and rainfall, but it is not all-
inclusive; water quality may change according to the time of landfill. Stable leachate treatment thus requires

proper leachate regulation facility (see Figure 4-26).

One year after site opening

23_11 T T T m‘rl"—l—n'l'rr—‘l'_-
Precipitation {(mm) o

%?ﬁ

Leachate amount (1/s)

DO OO
SRR RBONAE DD OB
M ) L1

T T T T T T T T T H 1

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Five years after site opening

Q W TH p]lu ,l | it LA & I 1 ] |'["|r]I
10 [ flﬂ { " M |I 'II I I
Precipitation (mm) 43[0;

1.9
1.6
1.4
Leachate amount (I/s) 1.2
1.0
0.8
0.6
0.4 l_,{
0.2 No data
o T T T T T - T T T T T 1

Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.

1-ha landfill site in the mountains
59,000-cub.-m. landfill capacity
No surface liner facility work

Figure 4-25 Fluctuations in Leachate Amount



Figure 4-26 Leachate Regulation Facility (Aeration)

(5) Environmental Management

Environment management must be carried out periedically so that landfilled waste, leachate, or gasses will not
harm the surrounding environment. Management items may include the following.

(i) Groundwater monitoring.

(ii) Quality of water (of the river into which treated water is discharged).

(11i) Soil (on the river into which treated water is discharged and around the disposal site).

(iv) Offensive odor (on the site’s border)

(v} Noise and vibration {on the site’s border)

(vi) Ecological toxicity assessment (plants, aquatics, etc.)

Figure 4-27 shows the monitoring of groundwater and the ecological toxicity assessment of treated water carried
out in a certain biotope.

Figure 4-27 Monitoring



S. Examples of Facilities Construction
(Financed by Japan Environment Corp.)

5.1 Coastal Reclamation

(an Osaka Bay Wide-Area Coastal Environment Improvement Center project)

The Osaka Bay Wide- Area Coastal Environment Improvement Center began to offer wide-area disposal site con-
struction services upon authorization of the Basic Plan for Constructing Wide- Area Waste Disposal Facilities in the
Osaka Bay Area by the Health and Welfare Minister and Transport Ministers in 1984 and began to reclaim land
from the sea off Amagasaki in 1988 and off Izumiotsu in 1991 using waste generated in the service area (covering
171 municipalities, i.e., 79 cities, 89 towns, and three villages, within six prefectures in the Kinki Region).

The amount of waste accepted by the Amagasaki offshore disposal site by 1997 is equivalent to about 77.4% of the
total landfill capacity of all least controlled landfill sites and about 88.5% of that of all controlled landfill sites. The
figures stand at about 48.9% and 64.8%, respectively, for the Izumiotsu offshore disposal site. It is evident from
this that these two sites play an important role in waste disposal in the Kinki Region. Japan Environment Corp. has
loaned out a total of about 47 billion yen to fund facility construction/improvement in each site.

(1) Outline of the Facilities
1) Landfill Sites (see Figure 5-1)

Landfill sites Area Landfill capacity Types of waste
(ha} {m?) General waste| Industrial/disaster-related | Surplus soil| Dredge soll
Off Izumiotsu 203 3,000 400 860 1,270 470
Off Amagasaki 113 1.500 200 280 690 330
Off Kobe 88 1,500 460 740 300 0
Off Osaka 95 1,400 490 630 280 0
Total 499 7.400 1,550 2,510 2,540 800

{(Unit: million cubic meters)

Figure 5-1 Whole View of a Landfill Site



2) Location and Size of Nine Stations (Waste Reception Facilities)

Item Station]  Himeji Harima Kobe Amagasaki Osaka Sakai Izumiotsu | Wakayama Tsuna
Handling capacity {tons/day) 60D £E.700 6.700 12,000 12,000 9.900 5.000 2.100 110
Area of the site (m?) 14,600 3.000 4.000 15.000 25,000 30,000 30.000 10,000 13,000 5,000
Loading method Direct from | Direct from | Direct from | Direct from | Direct from | Direct from | Direct from | Direct from | Direct from | Direct from
2 dump truck. | dump truck. |dump truck. | dump truck. | dump truck. | dump truck. dump truck. | dump truck. | dump truck. | dump truck.
Number of reception gates 1 1 2 2 3 4 4 3 2 1
Storage Storage method Lay flat Lay flat Lay fat Lay flat Lay flat Lay flat Lay flat Lay flat Lay flat Lay flat
facilities | ¢ o rage area (md 700 800 700 3.000 6,000 8,000 4.000 1,000 2.000 300
Control building (floorage; m? 200 100 100 200 300 600 400 200 200 100
Dust Dust Dust Dust Dust Dust Dust Dust Dust Dust

Environment control facili
ironmerit control facility collector collector | cellector | - collectar collector collector cotlector cotlector collector collector

Site owner Hyogo Pref.jHyogo Pref.| Kobe city Center |Hyogo Pref.| Center |Osaka Pref.| Osaka Pref.| Sumitomo |Hyogo Pref.

Note: With respeet to the Kobe Station, the left column shows data on the existing facilities, while the right one gives data on the facilities planned for alteration.

3) Land Use and Size
Amagasaki Offshore [zumiotsu Offshore Kobe Offshore

Use Area Use Area Use Area
‘Wharf 12 ha Port related facilities | 45 ha Port related facilities 66 ha
Port related facilities 28 ha Urban redevelopment | 74 ha Distribution base 3 ha
Urban redevelopment 47 ha Urban facilities 2 ha Green space 19 ha
Urban facilities 2 ha Green space 63 ha
Sewage treatment plant| 2 ha Marina 8 ha
Green space 16 ha Road 11 ha
Road 6 ha

Total 113 ha Total 203 ha Total 88 ha




(2) Flow of Waste and Responsibility for Disposal

Public-sector
discharger

Private-sector
discharger

Port administrator (dredge soil)

Discharger's responsibility

(Transport station)

Center's responsibility

Land transportation (by truck)

Acceptance inspection

Loading

Sea transportation
(by barge, etc.)

(Landfill site)

Sea transportation

Acceptance inspection

Landfill site

(3) Disposal Fees (as of April 1, 1998)

(Unit: Yen per ton)

[tem Disposal fee
General waste 4,200
Industrial waste City water sludge (public sector) 3,885
Sewage sludge (public sector) 3,885
Ash 8,400
Sludge 7,035
Slag 4,200
Dust 8,400
Waste plastics 7.035
Waste rubber 3,360
Debris 5,460
Waste metal 5,460
Waste glass and chinaware 5,460
Other controlled industrial waste 8,400
Surplus soil 2,625
(taxed)




(4) Effluent Treatment
(see Figures 5-2 and 5-3)

Type of facility Floating boat type
Handled waste water landfill spill from controlled landfill sites
Capacity 1,600 m*/day
Treatment process Pretreatment + biclogical treatment + coagulation sedimentation + sterilization
Wat lit
atet qually Item | Unit | Quality of waste water | Quality of treated water
pH | — | 7~10 5~9
BOD | mg/lL | 200 | Max. 40
CODw | mg/L | 170 | Max. 60
SS | mglL| 200 | Max. 50

Waste water

Pretreatment facility

Take in and screen spill for pretreatment in a pH control chamber.

Biological treatment facility

Remove organic matter using a contact-oxidation biological membrane.

\
Coagulating sedimentation facility

Coagulate sludge with chemicals and remove COD/SS elements by
the gravity settling method.

Sterilize Sludge treatment
Discharge Dispose in a
controlled landfill site

Quality of treated water

pH 5~9
CODwn | 60mg/L
.. ss | 50mglL

Figure 5-2 Treatment Process



Figure 5-3 Waste water Treatment Facility



5.2 Inland Reclamation

(*EcoPark Izumozaki”, a Niigata Environment Protection Foundation project)

In October 1992, Niigata Prefecture established Niigata Environment Protection Foundation (“Foundation™), a
prefectural agency providing industrial waste disposal services, with a view to protecting the environment against
various types of industrial waste generated in the course of industrial activities and promoting industrial activities
within the prefecture. The Foundation, while recognizing the principle of “responsibility on the discharger”, in-
tends to construct facilities that serve as both a supplement and model to private businesses and offer services
associated with proper disposal of industrial waste. The purpose of the Foundation also includes raising environ-
mental awareness, helping the citizens to make their living environment more comfortable, and contributing to the
sound growth of the prefectural economy.

EcoPark Izumozaki is composed of incineration and pulverization facilities, a controlled landfill site, a control

office, etc.

{1) Outline of the Facilities

EcoPark Izumozaki is located at Inagawa 884, lzumozaki, Santo County, Niigata Prefecture, with the facilities
listed in Table 5-3 laid out as shown in Figure 5-4. This US$151.7million waste disposal complex covers an area of

586,000 square meters. Its controlied landfill site and leachate treatment facility are outlined below.

Table 5-3 General Data on the Facilities

Type of facility General description Capacity Fl?}??)ge % to E‘%a)l area
Incinerarion facility | Rotary kiln + stoker furnace 50t/d
Pulverization facility Low.'fspeed.rotanon type 28t/d 14.400 23
Reciprocating shear type
Controlled 1.484.000m’ 98.000 16.7
Landfill site Leachate treatment facility 280m¥d 3,300 0.6
Leachate regulation reservoir 14.000m? 5.200 0.9
Control building | R&D and awareness raising facilities 1.130m’ 8.800 1.5
Disaster prevention pond 16.720m’ 11.200 1.9
Incidental facilities | Agricultural pond 1.400m’ 3.400 0.6
Road. cover soil storage, green space on the slope, etc. 131.035 22.3
(reen space, etc. _— 311.000 53
Total — 586,335 100

Leachate regulation reservoir, . .
Disaster prevention pond

"t

Incineration/pulverization facilities

Leachate treatment facility

Reception building

Figure 5-4 Layout of the Facilities



1) Landfill site
According to the construction plan, the landfill site will ultimately have a landfill area of 9.8 hectares and a landfill

capacity of 1,484,000 cubic meters, but so far, only an 800,000-cub.-m. Phase-T landfill section has been completed
and offered for use. Figures 5-5 and 5-6 provide the standard longitudinal and cross sections of the site, respec-

tively.

Caover soil storage

Final cover

Starnper Final cover Stamper

Slope sheet remforcement

Secpage comurol sheet o0

Final cover

Stamper

Waste

Final cover

1=1.5mm e W f Zamt
The long wxek nunsoven cloth T Cover soil Waste — .
(PETA00~ 50z} e ‘4 Co _—

Self-covered sheot

Slope sheet reinforcement

Benwwmute mixed sl sprayed work

t=50mm

Leachate regulation reservoir

y A e
Botom sheet reinforcement
Bentonite mixed soil 1=500mm
The shott extile nonwoven cloth tl()()(}g,’m‘)
Seepage control sheet (=1.5mm
The long textile nonwoven cloth (PET400~500g/m®)
Bentonite mixed soil 1=500mm

Deep joint treatment work
s woscomp -

Surface improvement
{stabilizalion with cement)

Figure 5-5 Standard Longitudinal Section

Cireen slope
’ T\f;i“r;!enancc rvad — Planned tandfitl site
d- Q = e L aamm e

o

Riser pipe tor gas collection ling
collection line  TUSET Plpe Tur pds ¢

Ouler water channel
Sroundwater collection line ~
Leachate collection line {main)

BT T T

Leachate_colieclion line {main)
< a700
Groundwater collection line <
* .
Groundwater collection line {main)
[ X!
Surface improvement {stabilizalion with cement)

1=2000

Storm drain @ 600

Deep joint ireatment work
aD=49% quck=10kqf/cm?

Figure 5-6 Standard Cross Section

Leachate collection line {main)

Guardrail
———— ! ', Maintenance road
T T, A

‘. Y

R

Slop gas collection line opGre ooy  —
E— : \

i Quter water channel

Groundwater collection line {main) ¢ 30
Seepage control sheel t=1.5mm
The long textile nonwoven cloth (PET400~500g/m®)
Selt-cavered sheet
Benlonite mixed sonl spraved work t=50mm

Boriom sheet reinforcement

Bentonite mixed soil t=500mm

The short textile nonwoven cloth (l(l]ﬂgfﬂ'lz)
Seepage conirol sheet t=1.5mm

The loag textile nonwoven cloth [PETMJ()WSOOgImZJ
Bentonite mixed soil t=500mm



2) Leachate Treatment Facility

This landfill site has two 7,000-cub.-m. reservoirs for leachate regulation (a total capacity of 14,000 cubic meters)
in order to keep the leachate treatment process from being affected by any fluctuation in the volume and quality of
influent. The leachate treatment facility is capabie of 280 cubic meters a day (i.e., the total capacity of two sets of
biological treatment equipment each with a daily capacity of 140 cubic meters) and handles an advanced process
comprised of pretreatment (ccagulating sedimentation}, contact aeration (including biological denitrification), co-
agulating sedimentation, sand filtering, activated charcoal absorption, etc. Treated water is partly used to cool the
incineration facility, with the remainder discharged to the Ina River. Table 5-4 is a list of standards for the quality

of leachate and treated water, and Figure 5-7 gives a flow of treatment steps.

Table 5-4 Quality of Leachate and Treated Water

Item Leachate |Treated water
pH 5~9 5.8~8.6
BOD (mg/L) 470 20
COD,,  (mgl) 410 30
SS (mg/L) 300 10
T—N (mg/L) 200 10
T—P (mg/L) 10 10
C (mg/L) 600 100

Leachate

Pretreatment facility

Take in and screen spilk for pretreatment in a pH control chamber.

Biological treatment facility

Remove organic matter and nitrogen using a contact-oxidation biological
membrane.

Coagulating sedimentation facility

Coagulate sluch with chemicals and remove COD/SS elements by
1

the gravity setthing method.
Sand filtration facility Sludge treatment
| adsomion facilty g g - comroted
Discharge

Figure 5-7 Flow of Treatment Steps



5.3 Inland Reclamation (Industrial Waste Landfill Site in Futaba, Fukushima

Pref.)

Total area: Approx. 15 ha
Location: On a hill remote from the city center; there are several houses around the site.
Tatal project cost: Approx. 3.9 billion yen (0.6 billion yen for site acquisition and 3.3 billion yen for construction).
Construction period: Five years {three for study and design, two for construction).
Duration of reclamation (time needed for investment recovery): 20 years.
Accepted waste: Ash, sludge, slag, waste textile, waste plastics, waste wood, dust, waste paper, waste metal, waste
chinaware.
Disposal fee: 21,000 yen per each cubic meter of controlled waste (average fee over twenty years).
Facitity outline
(i) Controlled landfill site
Area for landfill: 4.3 ha
Landfill capacity: 500,000 cubic meters
(1i) Main facilities
Storage facility: one soil dike.
Seepage control facilities: 10-mm-thick nonwoven cloth (green for the slope).
1.5-mm-thick high-density polyethylene sheet.
10-mm-thick nonwoven cloth.
1.5-mm-thick rubber sheet.
10-mm-thick nonwoven cloth.
Seepage detection
Runoff collection facitity: side ditches
600- to 1,500-mm-dia. drain pipes
Groundwater collection facility: 150 mm to 300 mm in diameter.
Leachate collection facility: 200 mm to 900 mm in diameter.
Leachate regulation reservoir: reinforced concrete.
Leachate treatment facility: 60 cubic meters a day
{contact aeration + coagulating sedimentation + filtering + activated charcoal + chelate absorption)
Discharge facility: {00-mm-dia. HVP
Landfill gas treatment facility: 200-mm-dia. perforated polyethylene pipe
200-mm-dia. riser pipe
(iii} Control facilities
Control building: reinforced concrete; 150 square meters in floorage.
Surveillance monitor
Car washing facility
Truck scale: up to 25 tons
Observation well

Groundwater monitoring: manhole



(iv) Incidental facilities
Roads: 6.0-m-wide approach road
4.0-m-wide onsite road
3.0- to 3.5-m-wide maintenance road
Littering prevention facility: 1.8-m-high net fence
Disaster prevention pond: probability of one event in every fifty years.
Storage reservoir connecting channel: 3.0 m x 2.5 m
Planted trees: cherry trees, zelkova, iris, efc.

Small arbor, benches, guideposts, bridge.
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6. Ultimate Land Use

6.1 Ultimate Land Use: Modes

The following is a summary of the findings of a survey conducted in 1985 by the Ministry of Health and Welfare.

{1) General Waste Landfill Sites

- The survey covered 657 disposal sites which were completely reclaimed within about ten years before 1983.

- 67% of all surveyed sites are offered for some use.

- Major uses are farmland (44% of all surveyed sites), parks (15%), forests (8%), and residential sites (5%).

- The utilization rate is high with flat reclaimed land and low with completed landfills in the mountains.

- Location-wise, completed landfills in the mountains, in flat areas, and on the waters are mostly converted into

forests, farmland or residential sites, and parks or industrial sites, respectively.

(2) Industrial Waste Landfill Sites

- The survey covered 558 sites (327 controlled, 203 least controlled, and 28 strictly controlled).

- 70% of all surveyed sites are offered for some use.

- Major uses are farmland (57% of all surveyed sites), industrial sites {15%), parks {8%), and residential sites (6%).
- The utilization rate is high with flat reclaimed land and low with completed landfills in the mountains.

- Location-wise, completed landfills in the mountains, in flat areas, and on the waters are mostly converted into

forests, farmland or residential sites, and parks or industrial sites, respectively.



Table 6-1 Location and Use after Reclamation

@Completed landtfill sites for general waste

(Unit: upper: number of sites: lower: % to total)

. Surveyed | Sites in Land use
Location sites use Residential | Industrial
i . Farmland Park Road Forest Others
site site

In the 222 133 6 2 571 - 16 3 24 25
mountains 59.9% 4.5% 1.5% 4296 12.0% 2.3% 18.0%: 18.8%
In flat 378 265 14 15 124 42 8 10 52
areas 70.1% 5.3% 5.7% 46.8% 15.8% 3.0% 3.8% 19.6%
waters 65.8% 4.0% 12.0% 24.0% 28.0% 8.0% 0.0% 24.0%
19 12 2 - 6 - 2 - 2

Others
63.2% 16.7% — 50.0% - 16.7% — 16.7%
Total 6357 435 23 20 193 65 15 4 85

ota

66.2% 5.3% 4.6% 44 4% 14.9% 3,46 7.8% 19.5%

@Completed landfill sites for industrial waste

{Unit: upper: number of sites: lower: % to total)

. Surveyed | Sites in Land use
Location sites use Residential | Industnal
o ) o 3 Farmland Park Road Forest Others
site site

In the 112 67 2 2 41 3 2 16 1
mountains 39.8% 3.0% 3.0% 61.2% 4.5% 3.0% 33.9% 1.5%
In flat 379 277 19 30 178 23 7 2 1%
areas 73.1% 6.9% 10.8% 64.3% 8.3% 2.5 0.7% 6.5%
On the 9 6 { 2 - 1 - - 2
waters 66.7% 16.7% 33.3% — 16.7% - - 33.3%
S8 39 2 26 2 6 0 (} 3

Others
67.2%% 5.1% 66.7 5% 5.1% 15.4% 0.0% 0.0% 7.7%
558 IRy 24 60 221 13 9 1% 24

Total
69.7% 6.2% 15.4% 36.8% 8.5% 2. 3% 3.6% 6.2%

* The percentage of "sites in use” is o the number of “"surveyed sites”, while the percentage tigures shown in the
Land Use block are to the number of "sites in use”.




6.2 Ultimate Land Use: Some Cases and Problems

(1} Iustrative Cases

Some cases of ultimate land use are listed in Table 6-2. The table shows that on those sites offered for residential
use are built houses (by the Housing Corporation, etc.), schools, offices, warehouses. Sites offered for industrial
use are mostly used for waste treatment. Parks range from city parks, targe and small, to sports facilities such as
tennis courts and recreational facilities such as golf courses.

Analysis by location reveals that the utilization rate is high with flat reclaimed land, while it is rather low with
completed landfills in the mountains. This indicates greater demand and more uses for completed landfills in flat
areas. Reclaimed land in the mountains, on the other hand, has only a limited range of uses due to its closeness to
residential areas, etc., and is mostly converted “back™ into farmland or forests as there is no other choice.

By size, small disposal sites are used variously, after completion, as farmland, forests, residential areas, plant sites,
or parks. By contrast, larger reclaimed land was mostly used as parks, public sites, or industrial sites (mostly for
waste disposal purposes);'however. recent years have seen the advent of new uses for these sites, such as offices and

gymnasiums.



Table 6-2 Some Cases of Ultimate Land Use

Category . . : Size Type of .
s H 4 ' I.andfitled wast Not C
Noy of lnd uee Specific use Site nume E.ocation (ha) landfill andfitled waste e Suurce
Residential . Nambu Incombustibles | Otsu City. .
Housing, park . ) X 32 . 5 s 1
L site ousing, par Disposal Site Shiga Pref. Incombustible waste i
Top priority is
. . . ) given to gas
q . . 4 4 aste {garbage), .
2 Junior h,'gh schoal. Hatta Disposal Sie i l.]kUOka 7.04] Wet -Jcneml Faste {garbiage) collection measures | (3)
gymnasium City incombustible waste . N
} in preparation for
ultimate land use.
3 Emp!oyme.nt promoticn Enckizu Disposal Site N?go_var i kN General waste h
| housing, high school City, Aichi
4 Office center Hoanmoku Wharf z?‘k(’hmu 64 Dredge soil, residue 4]
1y,
E Gymnasium Kawagoe Lundfill site Mie 22.5 Industrial waste. surplus o
] Cg)_unw‘ so1l
6| Office, warehouse MNagata Landfill Site N,lguw Flmsm?e 2)
| City S0 (m7)
7 Gymnasium Tsushimaya Landfill Site N!Iga[a FlooragF 2
City 868 (m")
] Elementary and junior high Fukuoka Floorage
8 J 8" | Hana Landfill Site ! B, (2
| schools City 2700 (m7)
9 Sc.hool for handicapped \mazu Landfill Site F‘qkuoka }‘lmra‘ge o
|| children City 50 (m*)
: o Higashi-Nagasaki Nagasaki
10 Gymnasium, athletic field : . 2)
[ Y Landfill Site City
N Apan.mzm bu1ldmrgs by Himehama Landfill Site Fl:lkl.lok'd FImr:{gc )
Housing Corporation City S50im)
12 llfldu,\‘tnal Disposal facilities Tglauno GeAneml Wase Tz.u.suno Onersize waste o2
| [site Disposal Site City
13 Compost plant Tokyo Bay Site No. 8 ih:‘oml' 36 General waste (garbage) th
L okyo
14 Wuste incineration plant Tokyo Bay Site No. 14 Yumenashi 45 General waste (garbage) th
- ma, Tokyo
15 Pump site Qi Wharf No. 2 Jonan 1sl. 113 Dredge soil. residue th
|| Tokyo
16 Clean center H‘:mda Gen?nﬂ Waste Handa City [‘Im’mge, General waste 2)
|| Dispasal Site 6240 (m')
17 Waste incineration plant. Y okooji Landfill Sice Flooragc‘ i
- jetc. 9361 (m)
. . Replacement
Shimockube, Uraw: . |Floors .
8 Industrial park Ci[lm Y 1w Urawa City ﬁ(;w::::g;e General waste process. cement 2y
¥ ) improvement
19| Farmland  |Upland field Wako Disposal Site gf’:“amahu 1.2 General wasle ty
] 1y
: it Qjincho Nishisadakata [ Tokushimu
20 Agriculral facilities d 2
¢ i Landfill Site City
Purk A landfill site and 2
park were developed
Sapporo Incombustible and simultaneously
21 General park Muoere Disposal Site City, 105 | Controtled | combustible waste, under the Green (h
Hokkaida incineration ash. cover soil [Loop Belt Scheme
and the Sappoto
Basic Green Plan.
- Sapporo Incombustible waste
22 General green park Yamamote Landfill Site | 2PP 194 Jneomous o ih
- City, incincration ash, cover soil
23 Green buffer, etc, Aiki Landfil Site Tajimi 109 Incineration ash. (h
City, Gifu incombustible wastg

(2) Problems

Ulimate land use may be restricted by two categories of negative factors. technical or relating to the properties of

the landfill site, and locational.
1) Technical Problems
- Table 6-3 shows land improvement works necessary for the landfill site to be used for specific purposes. There are

many requirements that it must meet to be offered for advanced purposes such as construction of structures.

- However, the technical problems listed in the table are not something that can not be overcome today.
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2) Locational Problems

- Ultimate land use is determined by local demand as well as geographical, geological, size, and environmental
restrictions that the site méy have. With advances in technology for solving engineering and technical problems,
geographical restrictions are becoming the most important determinant of ultimate land use.

- Completed landfills located in flat areas near city centers, or spots easy to access, may be used for various pur-
poses, including high-level uses as schools and gymnasiums.

- On the other hand, any project for building daily facilities (schools, urban parks, industrial parks, etc.) on re-
claimed land in the mountains remote from any human dweiling, as is often the case with Japan, must be under-
pinned by a plan for easy accessibility. In the interest of effective land use, however, a preferable option may be a
site for facilities that are not used regularly and therefore may be remote from the city center (such as shelters,
temnpotary housing, and event facilities), storage facilities (such as waste storage facilities and warehouses), or
transportation facilities (such interchanges and heliports).

- Recent years have seen a new type of landfill site construction plans, which address ultimate land use in advance.
In light of the fact that the duration of reclamation is twenty years at the longest and Japan is a country where land
use is seriously restricted, it is of extreme importance to consider effective use of the land after completion of
landfilling. It is thus necessary to choose the ultimate land use that best meets the demand of the community to

ensure long-term utilization or to consider ultimate land use in the selection of candidate waste disposal sites.

3) Structural Problems for Closure of a Landfill site

A seepage control sheet may be broken in the course of improvement works for ultimate land use. Therefore, any
structure that requires pile foundation must be avoided. Any other types of structures should be built on a cut
foundation as the landfill layer itself may subside.

It must aiso be noted that any excavation of the landfill layer during improvement works for ultimate land use may
tesult in a rise in the concentration of leachate and a delayed closure of the landfill site.



Table 6-4 Problems and Countermeasures

Technical problems

Possible signs

Countermeasures

{0 Subsidence

Differential settlement of a structure
Damage to a structure

facility

Damage to plumbing

Cave-in in a road

Protection against long-term subsidence
Banking not available according to plan
Negative-friction damage o a bearing pile *

+ Pile foundation*

Soil stabilization Wheel-load banking

Dynamic compaction engineetring
method

Sand compaction

Deep joint treatment

Grouting

Replacement with quality soil
Removal of waste layer

Bearing pile

Friction pile

Ladder base

Replacement of foundation materials
Friction cut

Artificial flooring, public utility conduit

Use of expansion pipes, selection of joints
Selection of plurning route (avoid banking)

Banking thickness control

@)Land's bearing power

Collapse of banking
Subsidence of a structure

Soil stabilization (see above)
Pile foundation* (see above)

3 Generation of gas

Gas poisoning
Oxygen shortage
Fire, explosion
Offensive odor

®Cormosion of metal, concrete
®sSlower growth of plants

Construction of an additional gas collection well
Construction of a network of gas collection lines
Establishroent of a gas discharge building, etc.
Measures to ensure that no space under the floor, etc.. is
filled with gas

(high floor, forced ventilation)

Avoidance of such covers as may cause gas stagnation.

* Measures to make sure that any cave-in is ventilated

during work {to prevent gas poisoning and oxygen
shortage).

* Measures to ensure that fire is handled with greatest care.

Use of an odor neutralizing agent, etc.
Addition of fertile soil.
Coating with acid-resistant material, etc.

* Soil stabilization (Dynarnic compaction engineering

method, etc.)
@Generation of Generation of leachate/effluent during work | » Temporary construction of a regulation reservoir.
leachate (Water change during excavation. fa]]ing of | + Formulation of a leachate treatment plan.
open wasle surface) + Implementation of Measures to reduce leachate.
Increase of leachate as a result of work Seepage prevention works.
Seepage from the slope of the landfill site (sheet, cover soil, runoff collection network)
(odor, color) » Establishment of a network of leachate collection lines.
Offensive odor Woaorks to lower the groundwater level.
(B)Corrosion of metal, concrete (Underdrainage, forced drainage}
®Slower growth of plants = Coating with acid-resistant material.
g)azﬂeyzsljczzg)pmpemes of Inability to set foundation pilings. - Adoption of mal foundation with increased rigidity.
®Physical properties of | ©Slower growth of plants. - Addition of fertile soil.
waste Difficulty in setting pilings. « Control of gas generation.

(pH, grain size, etc.)

Ground subsidence due Lo improper landfill
of waste diverted for excavation,

Prior research.

L.eading excavation.

Site selection.

Avoidance of high banking.
Selection of diverted waste.

@Disposal of excavated
waste

Treatment and dispusal of waste excavated
during the course of work.

Treat or dispose of as work-generated waste if i1 is
general waste.

* Work must be so carried out not 1o break any seepage control sheet.

Source: "Research on the Development of Technology for Global-Warming-Causative Gas Treatment and Land Stabilization at
Landfill Sites” Ministry of Health and Welfare (March 1994).




7. Japan Environment Corporation's Roles in Industrial

Waste Disposal

7.1 The Corporation’'s Functions and Roles

- Establishment r

Japan attained a rapid economic growth from the late fifties to the sixties. But, at the same time, a rapid expansion
of industrial production brought with it industrial pollution that seriously damaged the health of citizens, and a
concentration of population in urban areas led to deteriorations in the living environment.

In this context, the central government established Pollution Prevention Corporation (which later developed into
Japan Environment Corporation) in 1960 to encourage and assist private enterprises and local governments to

implement antipollution measures.

- Scope of Activity

Japan Environment Corporation has provided three categories of services. Funds necessary for its projects may be
borrowed from the national government on a long-term, low-rate basis. Private companies and other entities which
carry out antipollution or environmental protection measures on JEC projects can thus enjoy the benefit of this

favorable loan arrangement.

(1) Build-Transfer Service

This is the type of service that involves Japan Environment Corporation's construction and transfer of antipollution
or environmentally friendly facilities on application from and on behalf of those companies or public entities
having plans for implementing pollution control or environment protection schemes. The applicant must make a
down payment of 5% to [0% of the total project cost and pay the rest in fifteen to twenty years.

A. Construction of common antipollution facilities:

Construction of drainage and other facilities that two or more companies will share.

B: Construction of industrial park facilities (common plants and sites for plants):

Development of building lots and construction of plant facilities in a safe area to which pollution-causing factories
located in a city area will be relocated.

C: Construction of a butfer green zone:

Construction of a green belt to between industrial and city areas.

D: Construction of a green area for air pollution control:

Construction of a green area to reduce air pollution.

E. Simultaneous construction of an industrial waste landfill site and a green area:

Construction of an industrial waste landfill site surrounded by a green area or of green space on the completed
landfiil.

F. Construction of natural park facilities:

Construction of facilities both friendly to the environment and beneficial to users in national or quasi-national

parks.



(2) Financing

Japan Environment Corporation finances a private enterprise or local public entity's plan to build poliution control
or waste disposal facilities.

A. Financing of construction of industrial pollution control facilities:

Facilities designed to control air or water pollution, noise. offensive odor, CFC, etc.

B. Financing of construction of industrial waste disposal facilities:

Facilities for waste collection/transport/storage, intermediate treatment, reutilization/recycling, final disposal, di-
oxin control, etc.

C. Financing of soil pollution prevention projects:

Measures to make harmless, stabilize, enclose pollutants.

D. Financing of installation of combined-treatment septic tanks:

Home-use sewage disposal equipment.

(3) Protection of the Global Environment

In the interest of the global environment, the Corporation assists entities mainly in developing areas to implement
environment protection measures,

A. Global Environment Fund:

A pool of contributions from the national government and individual persons/companies to fund the activities of
nongovernmental green organizations around the world.

B. Provision of Environmental Information:

The service of providing developing countries, etc., with information on the Corporation’s environment protection

technology.

- Roles

Japan Environment Corporation, as a special antipollution agency, has played the following role in the implemen-
tation of national measures to address serious pollution issues.

1. It played an important role in eliminating improper land use and improving citizens' living environment by
building and transferring facilities to the applicant.

With a view to improving the urban environment, it encouraged factories and business establishments in urban
areas to move collectively to suitable locations or constructed buffer green zones or park facilities between residen-
tial areas and industrial areas where heavy chemical industry plants are located.

It also carried out those pollution control projects which were ahead of the times in term of both technology and
technique and led private enterprises in the area of pollution prevention.

2. It functioned as one of the leading institutions to finance the environment protection activities of private compa-
nies.

For some fifteen years after its foundation (or until around 1980), heavy investments were made in pollution con-
trol facilities so as to comply with increasingly tough antipollution regulations. However, as it was also a period of
financial shortage, private financial institutions were not willing to finance the introduction of pollution control
facilities that were neither a direct propellant of productivity nor reached technological perfection. In this context,
Japan Environment Corporation's financing facility was one of the driving forces behind the country's antipollution
policy.

With greater public awareness of the importance of pollution control in later years, private bankers began to furnish
more money in this area, but the totat amount of the Corporation's lending still accounted for about ten percent of all
required private-sector investments in tndustrial pollution control facilities.

The same was true with the financing of industrial waste measures; the Corporation has been also willing to fund
industrial waste disposal schemes, which private financial institutions were reluctant to do, as they would, in its

opinion, meet the needs of the society. Thus, it played an important role in waste treatment and disposal as well.



7.2 Financing of Industrial Waste Disposal Facilities

Japan Environment Corporation launched the service of financing industrial waste disposal facilities in 1972, two
years after new legislation was enacted for the disposal of industrial waste in 1970.

Just when efforts to tackle serious industrial pollution were put on track and began to produce some good results,
proper disposal of industrial waste emerged as a new big problem. The system of mass production, mass consump-
tion, and mass disposal that was built up during the high economic growth period now gave birth to a headache of
improper waste disposal.

Until that time, public awareness of industrial waste, which discharging businesses were liable to dispose of, was
not as great as that of general waste, which must be disposed of by municipal governments. Accordingly, no public
loan was available for industrial waste disposal except from Japan Environment Corporation, and private financial
institutions were unwilling to finance these high-risk companies. The Corperation was thus the first to offer a waste
disposal financing facility.

The Corporation has extended this program, originally designed to cover waste disposal facilities owned and oper-
ated by the discharging company itself, to include outside disposal businesses as most industrial waste is trans-
ferred to them for treatment and disposal.

While the review of the financial status and payment ability of players in this newborn market involves many
uncertainties, the Corporation emphasizes the fact that, unlike waste disposal facilities owned by discharging com-
panies, those held by waste disposal businesses are both an essential business infrastructure and source of profit.
When industrial pollution prevention measures began to produce some good results and a wave of antipollution
investments in existing production equipment was over, more loans began to go to industrial waste disposal facili-
ties. As aresult, in 1986, total lending on antipollution equipment was outstripped by that on industrial waste

disposal facilities.
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Figure 7-1 Results of JEC's Financing Service
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Figure 7-2 JEC's Financing Service for Indusrial waste disposal businessis and Industrial pollution

control facilities (amount per loan)
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7.3 Construction and Transfer of Industrial Waste Disposal Facilities

Industrial Waste Landfill Site Combined with Green Space

The construction of waste disposal facilities now is a difficult task because the site is often difficult to find and
residents stand against it asserting they are no more than a nuisance. In particular, a new private-sector landfill site
for industrial waste, which discharging businesses must dispose of responsibly, has become an extreme difficulty as
increased wide-area waste traffic, improper disposal, and illegal dumping have stirred up civil unrest and residents
are mostly reluctant to give their consent. Public-sector involvement in the construction of industrial waste landfill
sites is thus called for in order to ensure their safety, reliability, and friendliness to the surrounding environment.

The disposal site plus green space construction service, introduced to meet this demand, consists of the construc-
tion and transfer to local public entities of the following. The project cost must be paid up in twenty years.

(1) A sizable industrial waste landfill site and intermediate treatment facilities therefor that serve a wide area; and
(ii) A city park near the site or on the reclaimed land designed to protect the living environment for residents around
the site.

Japan Environment Corporation plans to extend this service to include those landfill sites which handle both indus-
trial and general waste.

It is also committed to the construction of zero-emission industrial parks where ultimate waste discharge is mini-
mized by a recycling process.

Examples

1. Shimane industrial waste landfill site (for controlled and least controlled waste)

Area: Approx. 25 ha

Location: In the mountains in the reaches of a branch of a small river flowing into the Sea of Japan; about six
kilometers from a city area.

Total project cost: Approx. 5.2 billion yen (600 million yen for site acquisition and 4.6 billion yen for construction).
Project period: Nine years {six for research and design and three for construction).

Environmental impact assessment: The assessment was carried out and local residents’ consent was obtained before
the construction was commenced.

Duration of reclamation (time needed to recover investment): 15 years.

Landfilled waste

Controlled: Ash, sludge, slag, paper, textile, wood, dust.

Least controlled: Construction waste, plastics, metal, glass, chinaware, rubber.

Disposal fee

Controlled waste: 11,500 yen per cubic meter {average over 15 years)

Least controlled waste: 6,500 yen per cubic meter (average over 15 years)

Outline of the facilities

{i) Controlled final landfill site

Area for landfill: 4.5 ha

Landfill capacity: 720,000 cubic meters

(ii) Least controlled landfill site

Area for landfill: Approx. 7.0 ha

Landfill capacity: Approx. 120,000,000 cubic meters



(iti) Major facilities

Common: Solid waste retaining structure (soil banking), transport control facilities (a control building and a truck
scale), approach and maintenance roads, a disaster prevention pond (11,000 cubic meters), runoff collection facili-
ties.

For controlled landfill: Seepage control sheets (double-liner, with electricity leak detection capability), leachate
treatment facilities (55 cubic meters a day; biological treatment + coagulating sedimentation + secondary treat-
ment), groundwater collection facilities.

{iv) Landfill method

Cell method (i.e., crushing and spreading waste with bulldozers and putting cover soil over it).




2. Yamaguchi industrial waste final disposal facilities combined with green space

Area: Approx. 10.5 ha

Location: A green area close to the city center where there once was a coal mine.

Total project cost: 3.5 billion yen (2.2 billion yen for site acquisition and 1.3 billion yen for construction).
Construction period: Five years (two for research and design and three for construction).

Duration of reclamation (time needed to recover investment): 20 years.

Landfilled waste: Construction waste, glass, chinaware.

Disposal fee: 7,250 yen for each cubic meter of least controlled waste (average over 20 years).

Outline of the facilities

(1) Least controlled final landfill site

Area for landfill: 3.4 ha.

Landfill capacity: 300,000 cubic meters.

Structure: Soil taken off from the landfill site (commensurate with the landfill capacity) is used for banking in the
surrounding green space.

Project cost: 930 million yen (750 million yen for site acquisition and 180 millicn yen for construction).

(ii} Green space

Area: 7.1 ha

Facilities: A green park, natural environment restoration facilities, environmental learning facilities, a citizens’
farm, etc.

Project cost: 2.57 billion yen (1.45 billion yen for site acquisition and 1.12 billion yen for construction).

(ii1) Note

The landfill site will be converted in a green space after completion {at additional charges).

Plane figure |



7.4 Research on the Disposal of Industrial Waste

As the proper disposal of industrial waste became a social problem and the development of technology therefor
became an imperative, Japan Environment Corporation initiated research on technology for industrial waste dis-
posal in addition to that for industrial pollution control (effluent control in particular). It is now studying ways from
various angles to treat and dispose of industrial waste with maximum efficiency and minimum pressure on the
environment. The findings have been provided to various public organizations and private entities in related indus-
tries and have received high appraisals.
The Corporation will use private enterprises’ R&D capabilities to accelerate the development of waste disposal
technology and will make any developments widely available.
1977 Technology for developing an industrial waste landfill site.
1978 Methods of treating waste plastics.
1979 Proper disposal of industrial waste (sludge).
1980 Proper disposal of industrial waste {(waste oil).
1981 Proper disposal of industrial waste (mixed waste).
1982 Proper disposal of industrial waste (hazardous waste).
1983 Industrial waste landfili site (with controlled landfill).
1984 Seepage control work for a controlled final disposed site.
1985 Reutilization and recycling of industrial waste.
1986 - 1989 Ultimate land use for industrial waste landfill sites.
1990 Techniques for recycling and reutilizing construction waste, ete.
1991 - 1992 Utilization of organic waste (sludge, animal/vegetable residue, etc.).
1993 Technology for utilization of waste plastics.
1994 - 1996 Efficient promotion of the industrial waste disposal facility construction service {(projects with
public-sector involvement and private projects).
1994 Technological development for improvement of industrial waste disposal facilities (surface seepage
control work for a controlled landfill site).
1995 Technological development for improvement of industrial waste disposal facilities (water treatment
facilities for a controlled landfill site). '
1996 Technological development for improvement of industrial waste disposal facilities (development of areas
around the site and of the reclaimed land, and least controlled landfill sites).
1997 Technological development for improvement of industrial waste disposal facilities (risk management
systems for landfill sites).
1997 Recommended consensus building process for industrial waste disposal facility construction projects.
1998 Recommended consensus building process for industrial waste disposal facility construction projects
{disposal of waste discharged from intermediate treatment facilities).
1998 Impact of indusirial waste disposal facilities upon the living environment and consideration of environ-

mental protection measures.



7.5 Management of a Reserve Fund

Any landfill site, even after its completion and despite its inability to bring profits, still requires long-term mainte
nance and control, including leachate treatment measures, until the risk of landfilled waste polluting the environ
ment is reduced to an acceptable level.

To ensure proper maintenance and control of completed landfills, the Waste Disposal Law as amended in 199"
stipulates that whoever established a landfill site requiring post-completion maintenance and control except fo.
public organizations shall accumulate a reserve fund therefor during the reclamation period.

Japan Environment Corporation takes custody of and manages such fund.

Accumulate a maintenance

Control reserve fund during Calculate and give notice

the reclamation period of the required amount

N
@pan Environment Co@ Establisher of a landfill site Prefectural governor

-

Use the fund after completion of landfill
Mechanism of the Landfill Site Matnte-

nance

Control Reserve Fund Building System



Reference

1. Major Related Organizations to Contact for Guidance

(1) National City Cleansing Conference
IPB Ochanomizu 7th floor, Hongo 3-3-11, Bunkyo-ku, Tokyo, 113-0033
Tel: +81-3-5804-6281
(2) Waste Research Foundation
Kagurazaka l-chome Bldg., Kagurazaka 1-15, Shinjuku-ku, Tokyo, 162-0825
Tel: +81-3-5261-9391
{3) Japan Environmental Sanitation Industry Association
Nihonbashi Core Bldg., Horidome-cho 2-8-4, Nihonbashi, Chuo-ku, Tokyo, 103-0012
Tel: +81-3-3558-1881
(4) National Federation of Industrial Waste Disposal Businesses
Daini AB Bldg. 4th floor, Roppongi 3-1-17, Minato-ku, Tokyo, 106-0032
Tel: +81-3-3224-0811
(5) Japan Environmental Sanitation Center
Yotsuyakami-cho 10-6, Kawasaki-ku, Kawasaki, Kanagawa, 210-0828
Tel: +81-44-288-4896
(6) Clean Japan Center
Daini Akiyama Bldg., Toranomon 3-6-2, Minato-ku, Tokyo, 105-0001
Tel: +81-3-3432-6301
(7) The Japan Society of Waste Management Experts
Buzenya Bldg. 5th floor, Shiba 5-1-9, Minato-ku, Tokyo, 108-0014
Tel: +81-3-3769-5099
(8) Japan Industrial Waste Technology Center
Nihonbashi Core Bldg., Horidome-cho 2-8-4, Nihonbashi, Chuo-ku, Tokyo, 103-0012
(9) Japan Ocean Disposal Businesses' Cooperative Association
Lion's Mansion #606, Shinjuku 2-3-16, Shinjuku-ku, Tokyo, 160-0022
Tel: +81-3-3356-0587
{10) Japan Waste Consultants’ Association
~Tokyo Sakurada Bldg. #506, Nishishinbashi- i-1-3, Minato-ku,-Tokyo, 103-0003
Tel: +81-3-3593-6736
{11} Osaka Bay Wide-Area Coastal Environment Improvement Center

Midosuji Mitsui Bldg., Bingo-machi 4-1-3, Chuo-ku, Osaka, Osaka 541-0051



Tel: +81-6-6204-1721

{12) Japan Industrial Waste Management Foundation

Taiyo Horidome Bldg., Horidome-cho t-8-13, Nihonbashi, Chuo-ku, Tokyo, 103-0012
Tel: +81-3-3639-9040

(13) The Landfll System Technologies Research Association

Within Environmental Facility Division, Japan Engineering Consultants Co.,Lid
Honcho 5-33-11, Nakano-ku, Tokyo, 164-8601

Tel: +81-3-5385-5111 (ext. 2407)

(14) Overseas Environmental Cooperation Center

Shiba Koen Annex Bldg. 7th floor, Shiba-koen 3-1-8, Minato-ku, Tokyo, 105-0011
Tel: +81-3-5472-0144

(15} Japan Liner Association

Within Civil Engineering Division, Taiyo Kogyo

Higashiyama 3-22-1, Meguro-ku, Tokyo, 153-0043

Tel: +81-3-3714-3362



2. Cost-of-Construction Index

Year Total average Construction material Durable consumer Exchange rate
goods {yen to US dollar)
1965 437 40.4 81.6 360.00
1966 447 43.3 81.4 360.00
1967 456 45.6 81.3 360.00
1968 459 45.6 81.0 360.00
1969 46.9 46.7 81.1 360.00
1970 48.6 49.0 82.6 360.00
1971 482 47.0 81.2 308.00
1972 48.6 49.7 81.3 308.00
1973 36.3 64.1 84.9 308.00
1974 740 79.6 102.9 308.00
1875 76.2 739 103.7 308.00
1976 80.0 78.3 102.6 308.00
1977 g1.5 82.5 102.5 308.00
1978 795 84.0 101.5 234.00
1979 85.3 94.0 101.2 206.00
1980 100.5 105.0 102.9 242.00
1981 101.9 101.3 102.6 210.00
1982 103.7 100.9 102.1 233.00
1983 101.4 100.2 100.6 237.00
1984 101.1 101.3 100.3 231.00
1985 100.0 100.0 100.0 254.00
1986 90.9 97.5 97.4 185.00
1987 87.5 98.7 94.5 151.00
1988 86.6 100.4 90.9 127.00
1989 88.8 104.9 86.2 130.00
1990 90.6 108.6 84.6 150.00
1991 90.0 110.9 83.2 135.00
1992 88.6 110.2 82.9 130.00
1993 86.1 109.3 81.3 118.00
1994 84.3 106.5 79.4 107.00
1995 83.5 105.9 77.6 $3.00

Source: Japan Statistical Yearbook (The table is based on data listed in 1997, 1990, 1984, 1979, 1974, and 1969

editions with the 1985 level at 100.)

Guidance on Use

{1) The general average is based on the basic category index under the general wholesale price index, and the price
indexes for construction material and durable consumer goods are based on the special-demand-level specific and

use specific price indexes.

(2) a. For a collective price conversion of several items, use the general average.

b. For semi-finished construction material, use the construction material price index.

c. For finished products such as equipment, use the price index for durable consumer goods.
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Afterword

This Project was carried out in 1998 by Overseas Environmental Cooperation Center on behalf of Japan Environ-
ment Corporation.

Since its foundation in 1963, Japan Environment Corporation has been engaged primarily in the financing of
pollution prevention measures by private enterprises, granting more than 5,000 loans up to date. Its financing files
contain such valuable information as the background, contents, effectiveness, and cost of improvements for pollu-
tion control.

Written as part of the industry-specific technical manual preparation project that was launched in 1995 and as a
source of information for developing countries on antipollution techniques and some of Japan Environment
Corporation’'s projects, this Manual Vol. 4 deals with landfill sites for industrial waste. For your reference, Vol. 1
(1995} covers the metal plating and marine products processing industries, Vol. 2 (1996) deals with the textile
dyeing/finishing industry and meat processing industries, and Vol. 3 (1997) is intended for Pulp and Paper Industry.
This book was written by Yamamoto Mitsuhiro, Overseas Environmental Cooperation Center and Higuchi Sotaro,
Japan Engineering Consultants Co., Ltd.

Japan was faced with serious waste problems in the wake of the high economic growth in the sixties. In light of
enormous difficulty in finding sites for final disposal facilities in this small country, the national government adopted
a basic strategy of putting all waste through intermediate treatment and disposing of any residue in landfills, a
consequence of which is an increase of inorganic waste. Another feature of Japan, that is, its location in the
Temperate Monsoon Zone, has promoted the development of a quasi-aerobic landfill, which uses aerobic microor-
ganisms to decompose organic matter, and the landfill stabilization process of washing away pollutants from the
landfill layer in rainwater and putting the leachate through appropriate treatment before release into the environ-
ment.

These techniques are original to Japan and totally different from the Western way, that is, keeping the landfill site in
an anaerobic condition and collecting methane gas. As the need for global environmental protection has increased,
Japan's final disposal technology will, though not applicable anywhere in the world, provide good guidance to
those countries which have similar climatic conditions; it enables the reduction of a greenhouse-effect gas, meth-
ane, the avoidance of negative carryover, and economical landfilling.

We hope that this book will be a source of useful information to those countries which are implementing antipollu-

tion measures and thereby make some contribution to the protection of the global environment.
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