The farthest break-even distance is obtained in Case 4. The distance
is about 18 km when the amount of transfering waste is 100 ton/day.
When the waste amount is more than 200 ton/day, the distance (L)

becomes about 17 k¥m. The shortest distance (L=%9.5) appears in Case 1.
This calculation shows that provision of T/S helps to decrease the
collection and transportation cost when the distance is more than
10-17 km. ' '

4-7-4 Cost comparison

(1) Comparison Model

Collection Area

Disposal Site

L km
(T 7. C/A -=- Area for a vehicle
~ : or hand cart
[} : T/S.H =- Transfer station for

hand cart

B : T/5.V —— Transfer station for

vehicle
1) Waste Stream of Each lModel
1. Hand cart collection
C/a L1 T/S.H — Disposal site
L1 = 550 m {ave.) by hand cart
LZ = L km by 7-8 ton dump truck

2. Vehicle collection

c/a L3 T/8.V L4 Disposal site
L3 = 5 km (ave.) by 2 ton dump truck
L4 = L km by 10 ton container
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Remarks:
o T/S.V assumed to be located at the centre of the collection
area '
o Average transportation distance of each T/S.H to disposal

site on Hand Cart collection system is considered to be L km,

2) Basic Date for Estimation

1. Bulk Density of the Wastes: 0.4 t/m3

2, Capacity of the hand cart and each vehicle
2-1 Hand cart: 0.56 t/cart (=l.4 m3/cart x 0.4 t/m3)
2-2 7-8 ton Dump truck: 6 t/truck (=15 maltruck % 0.4 t/m3)
2-3 2 ton Dump truck: 1.6 tftruck (=4 m3/truck x 0.4 t/m3)
2-4 10 ton Container: 8 t/container (=20 m3/container x 0.4 t/m3)

3. Hauling speed )
3-1 Collection site to transfer station: 20 km/hr

3~2 Transfer station to disposal site : 30 km/hr

3) Equation for O/M Cost Estimation

1. Collection and Transportation

Cuni; = 2 * fqo * SE.;.é * k.l.:.t.u

Cunit: OIM unit cost : [/ &/km}

m : Vehicle O/M cost [%/km]

£ ¢ Fuel c0msumpti6n volume [1/km]

o Fuel unit price {w/1}

8 Worker unit cost [#/day]

W Number of workers {head]

d Driver's unit cost [1#/ d]

v :  Purchase cost [W/vehicle]"
q Hauling amount [t/vehicle]
k Number of trips a day [trips/day/vehicle]
t Durable time {yvear]

u WOrking'days a year {day/year]

1 : Haul distance a trip [km/ trip]

Remarks: Meaning and value of each symbol are described in

section 5-5-3.
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Ct = Cunit x 1
ct : O/M unit cost per ton [%/ton]

. mx1 + fxox1l + sw + d

q q . k x q ¥ kxqxt xau

2. T/S.V

660 x Q + 17,840 .. 17,840
Q Q

Ct: O/M unit cost ton [#/ ton]

3 : Treated waste amount [ton/day]

Ct =

Remarks:

o 17,840 is the fixed chérge pef station

o O/M cost for T/S.H is ignored in this estimation

3. Trip around distance: 1
1 =1L+ 2L
L' : Hauling distance on collection

L : Transportation distance = one way

{2) Calculation of 0O/M Cost
i)} Haand Cart

1. Collection site to transfer station (hand cart)

M fxoxl + 8wt d

Vi

Ct1 - g x kxu * q k x q
M: O/M cost for hand cart [10,000 ®/year])
= o = <220 = 3,0 [trip/day]

Te: FEffective working time [min/day]

kxgxtxu

Tk: Working time per trip [min/trip]}
ce. = 10,000 + 0x270 x 1 + 9,500 50,000
1 0.56x3x300 " 0.56 3.0x0.56 3.0x0.56x3x300

i

5,708 [W/ton]
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2. Transfer station to disposal site (7-8 ton truck)

ct2 = .mxl . fxox1l . sw+ d ., L
q q k % q k xqxt Xu
K= ~Te - 420 . 105
Tt + Tn + Td 40 + 120 x L/30 + 20 15+ L
Tt: Loading time at T/S.H [min/trip]
Tn: Hauling time " ]
Td: Unloading time at disposal site [ " 1
cLo = 96x2xL . 0.4x270x2xL + 12,500x{15+L) + 21,700,000x(15+L)
6 6 105x6 105x6x6x300

585 + 107 x L [#/ ton]

3, O/M cost of hand cart model
0t = C¢tl + G2 = 107xL + 6,293 [#/ton]

7) Vehicle Collection with T/8
i. Collection Site to T/S.V (2 ton dump truck)

cr. = X 1 , fxroxl | swt d . v
i . g q k x g kxqgxtxu
k = Ta - 420
q{16.7xEe+Et )+Th+Td 1.6x(16.7xL+4)+120x5/20+10
Fe: Loading efficiency {sec/kg]
Et: Moving efficiency [min/ton]
Th: Hauling time {min/tripl
Td: Unloading time at T/5.V [ " 1

x Bt x Ve x q = 11,07 [km]

2xL+L =2x5+

=t
1

1
60
Ve: Hauling speed on collecting [km/hr]

. = 68 x 11.07 , 0.17 x 270 x 11.07 , 2 x 9,500 * 12,500 ,
ty 1.6 1.6 5.74 % 1.6

12,300,000 _ .
5.76 x 1.6 x 6 x 300 4,962 [#/ton]

2. T/S.V to disposal site (10 ton container)

_ mx 1 fxoxl sw + d v
Ct2 B q * q N k xq ¥ kxgxtxu
L = Te - 420 - 105.
Tt + Th + Td 20 + 120 L/30 + 20 10 + L



. 171 x 2L 0.4 x 270 x 2L 12,500 x (10 + L)
Ce2 g~ ' 8 * 105 x 8
42,150,000 x (10 + L) _
105 x 8 % 6 x 300 427 + 113 x L

3. O/M cost for T/S.V

Ct, = 660 + ~11$§59—

4o O/M cost of vehicle collection model

17,840

q [#/ton]

ot = Ctl + Ct2+ Ct3 = 113 x L + 6,049 +

(3) Comparison of Hand Cart Collection and Vehicle Collection
The formulas for calculation of collection cost by hand cart and

vehicle are obtained as shown in Table 4~-2-17.

Talbe &4-2-17 O/M Cost of Different Collection Methods

Method 0/M Cost [#/ton]

Collection by hand cart 107 x L + 6,293
with T/S .

Collection by vehicle 113 x L + 6,049 + 17,840
with T/S Q

Note L : Haul distance from a transfer station to a disposal
gite [km]

Q : Amount of waste [ton]

Cost comparison of hand cart collection and vehicle collection is

shown in Table 4-2-18.

There is not much difference between both systems under the same
condition such as working hours, working days per year, etc, however,
personnel expenses, as part of the total cost is very big with hand
cart system as shown in Table 4-2-19. Vehicle collection system will

be more advantageous in the future as personnel expenses escalate.
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Table 4-2-18 Cost Comparison
unit: (won/ton)

Ttem Hagd_Cart Improved Remarks
. ystem System
s * Including cost for unloading
: *
(1) Gollection 5,708 4,962 from hand cart onto dump truck
' . S # Small scale transfer
(2 Transfer.Statlon * 700 station
(3 Transportétion : Hauling distance is assumed
; 190 2,
(to Nanjido) 2,19 122 to be 15 km
(4) Transportation - Hauling distance is assumed
(to Incheon) 4,865 4,947 to be 40 km
Total (1)+(2) 5,708 5,662
Total (1)+(2)+(3) 7,898 | 7,784
Total (L)+(2)+(4)| 10,573 10,609

Note: Including depreciation costs

Table 4-2-19 Portion of the Personnel Bxpenses against Total Cost

Distance Item Cos.tHa“d cart 7 ‘(J:g:ir:le (Q=100?tu)
e | | | e | | e
b= 20 552 g:igg 75 3;333 54
L = 30 km g;g _ g:ggz 69 g:2§% 5

Note: P/E personnel expenses

T/C total cost
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4~2-5 Proposed Alternative Systems

A proposed plan of the collection and transport system mainly using

vehicles is as follows:

(1) Source Separation
= 3 component separation

-~ 2 component separation (central heated apartment houses )

(2} Storage Method
~ Standardized container boxes (0.4~0.6 m3)

-~ Paper or plastic bags (50 cm x 70 cm)

(3) Collection Method
= Station collection

~ {QCurbside collection

(4)  Frequency of Collection
-~ 3 times per week (combustible waste)
~ 1 time per week (non-combustible waste)

- 1-4 times per week (briquet ash)

(5) Collection Vehicle*
- 2 ton or & ton compactor truck (combustible waste)
- 2 ton or 4 ton dump truck {non-combustible waste and briquet ash)

* &4 ton truck is used for a road width of over 6m.

(6) Transfer Station

Common method with hopper

(7) Transportation vehicles

10" container truck (20m3)
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(8)

(9

Parking Lots

By increasing the number of collection cars in the future, it will be
difficult to park all of the collection cars at the existing parking
lots im khe city center. ‘Therefore, it is necessary to establish new

parking lots for collection cars at the new sites or at the transfer

stations.

Collection and Transport Diagram

Collection and transportation system diagram is shown in Table 4-2-20.
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b3

431

(1)

Intermediate Processing

Processing Alternatlves

Processing system

The basic concept of solid waste managemeni consists of resource
recovery, volume réﬁuction and return to nature while producing
jnnocuous and stable refuse. Though intermediate processing such as
size reduction, resourcé recovery, incineration, composting and otheré
are the principal parte of the management system in this concept, at
the same time, adoptionlof an economical system haé to be consildered
as part of public works. Generally, the landfill method without |
proéessés is the Cheapest one from a short term viewpoint but the
solid waste management Syétem should be developed from a long ternm
viewpoint., Therefore, incorporation of the processing into the total
system 1s controlled by management policy on the basis of local

conditions.

Intermediate processing can be divided into two types by purposes: One
aims at volume reduction for economical use of subsequent landfills
and ‘the other one focuses on resource recovery. Incineration which is
most effective in volume reduction belongs to the former tvpe, but in
the case of large capacity units, 1t can be considered as the lattef

type, because waste heat can he recovered economically.

A processing system is8 a combination of unit processes according to’
intentions. Resource recovery in processing can be categorized iInte

the following operations,

1. Materials processing and recovery for use as raw materials
2. Recovery of chemical conversion products

3. Recovery of biological conversion products

4., Recovery of'energy from conversion products

5. Materials and energy recovery

The typical unit processes are described as follows.
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(1

Unit Processes

a.

Size Reduction

Size reduction of waste into a relatively constant size is necessary
for the efficiency of the stucceeding separation operations. Size
reduction may be achieved'by a variety of equipments. The roles of

this process are listed as follows:

1. Preprocessing for separation: The refuse is reduced and

uniformed in size for better separatability.

2. Volume reduction: In the case of crushing wastes, transporta-
tion costs become reduced and the life of the landfill site is

extended.

3. Preprocessing for incineration and composting: Size reduction and
unifornity increase combustion and fermentation efficiency due to

the increase in surface area,.

Separation Process

Separation processes are centered around the basic differences in size
and weight. 1In addition, the differences in magnetic, elect-

rical, optical, chemical, and other characteristics can be adapted.

Other than mechanical types of separation, manual separation is also
possible, Hand picking of selected materials is used widely as a
simple means of separation. However, some probleﬁs are inherent, such
as the factor of human error as always"béing present, and hand

separation being limited to a certain size of materials.
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Incineration Process

Incineration is the controlled combustion process of combustible

waste to gases and residual ash., The most attractive feature of the
incineration process 1s that it cam be used to reduce the original
volume of solid waste by 80 to 90 percent. The residue as ash is
gtabler for disposal than the other alternatives, This process is

suitable for the city that cannot find sufficient areas for landfills.

However, the incineration process needs not only high initial
investment and operating cost but also high level technique for
maintenance. Furthermore, alr pellution willl eccur if no provisions
for air pollution control measures are made. Investment on air
pollution equipment raises costs. The typical incinerators for refuse

are shown in Table 4-3~1,
Pyrolysis Process

Pyrolysis is the process of decomposing organic materials at elevated
temperatures'in an oxygen-free or 10¢"oxygen atmosphere., From an
ovefali viewpbint, this process is endothermic, i.e., heat absorbing, -
unlike incineration, where it is exothermic. The'important objectives
of pyrolysis are the reduction in_the volume of wastes, the recovery

of fuels, and the reduction of gas emissions.
Composting Process

Composting is the biological conversien of organic wastes inte a
stable, humus-like end product used as fertilizers and soil condi-
tioner. Modern composting i8 mostly aerobic., The important
contrdlling factors for composting are nutrient balance and moisture
content. If requirements in carbon-nitrogen ratio and molsture
content cannot be met, adjustments are needed, such as the addition of
sewage and nightsoil sludge. However, one of the biggest problems

associated with composting 1s its marketability.
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Composting'processés can be broady divided into mechanical
and manual types. Typlcal types of composting processes are

illustrated in Table 4-3-2 along with their descriptions.
RDF Process

Since municipal waste contains a large portion of paper and
plastics, thelr fuel Valué can be utjilized., The resultant
splid fuel, called RDF or refu58wdefivedﬂfuel, can be pelle-
tized:or briquetted, or even used as is. RDY¥ is employed by
direct burning in a similar manner as coal. However, this
précess requires preprocessing to remove impurities such as

metals and glass. Moveover, economies of this process is

'still unproven.

Methane Recovery Process

Methanation as an energy recovery process can be carried out
by either anaerobic digestion of landfill gasifiers. In
anaerobic digestion, the organic portion of waste is first
broken down into organic acids and alcohols, and these are
then converted to methane, carbon dioxide and water by _
anaerobic fermentation. Methane can also be recoﬁered from
landf11ls through collecting pipes. The recovered methane

from these methods can be utilized as fuel.

 Feed Production Process

Cellulosic wastes can be processed into animal feed and feed
supplement by microbial fermentation or simple boiling.
Unfortunately, application of this process to municipal

waste is currently considered economically unfeasible.
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4-3~2 Possibility of Incineration and Power Recovery
(1) Calculation of Three Major Components and Lower Heating Value

The projected characteristics for intermediate processing is
different from the actual generated one and should be established
according to the collection method, such as separate or cowposite
collection. In this section, the suitabilities of waste for
processing methods are discussed on basis of the characteristics
projected in Section 3-3 and collection of waste separated into two

and three components.

The best criterion for incineration is the lower heating value. In
this subsection, three major components of waste collected by 2 and 3
component separation meﬁhods are calculated, and their lower heating
values are discussed. Here separation is assumed to be carried out

as follows.

1

Briquet Ash
2 Components ——

Others

- Briquet Ash
3 Components — -Non Combustibles

- Combustibles

Three major components are calculated by the following eguations.

- . 100v
Volatile matter, V (%) Ttatm
Ash, A (%) = 2002
vi+a+tm
Moisture, M (%) = _100m
v+a+m

v, a and m are calculated as follows.
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= In case of two component separations

7 _ mi
v=20.8 .E c.1 (1 - Taa)
1=1
7 m. 10 m. 1
. i _ 3 11
a= 0.2 ‘E e, 1 100) + L (1 Tﬁa) t 0.1 ¢y (1 EEH_)
i=1 i=3 _
10 m. - : m
. i : ™1 11 - 8
SRS B T 01 ¢yy 155 * 09 © 1o
11 mi
= ;— ¢ oo " 0.072c11
1=] ]
- In case of three component separations
7 mi
v = 0.8 - e (1 - Tﬁﬁ)
1=l
7 m, 11 mi
a= 0.2 E ci (1 - m) + 0.1 E c. (1 - 'fé‘a)
i= 1=§
7 m. 10 m. m Il m,
- i i 11 i -8
m=E Cite0 T Ciee Tl e to0 00 ToC; Too
i=1 8 8
11 w, 11
= .E C 160 0.072 § c i
1= i=8

Here, c; and m. are the per éapita generation rate and the
moisture content of compoment i, respectively. Component number, c

and m are shown in Table 4-3-13,

In above equations, volatile matrer is supposed to be 80% of dry
portion of combustibles, whereas the residual 20% is ash. All of the
dry portion of noncombustibles is supposed to be ash. Moreover,
moisture content of briquet ash is éupposed to be 8% when it is
collected separately. In éomPOSite collection, the moisture content

becomes higher because briquet ash seems to absorb moisture of other

components .

4 - 52



17672 L01°2 Lee° 1l A4 Z70°e £86°1 Tv1L 0L

11 £L8°0 965°0 082°0 TV AN - §L6°0 LE%°C 9°02 6°81 . {usy a=nbiag)
9L20 £€5T°0 LTT°0 €910 1LT°0 810 AwmuOulnﬂmv
01 w800 LL0°0 650°0 £40°0 ££0°0 i80°0 L*6 68 SIBYIQ
5 £el D 7T1°0 G110 Z90°0 €900 650 L6 6"8 §8%19
g 650°C 76€0°0 8%0°0 8Z0°0 6200 1£0°0 0 0 T239K
{S31qTISNQUOD UON)
Tegr1 862°T  Of1°T 258°0 969°0  S%6'0 (1¥303-qng)
L 971°0 9itto 7010 0110 9110 TZ1*0 0°81 §°51 - saAQ
9 60G°0 206°0 L0G"0 180070 800°0 80060 9°9 1°9 13qqny
< 87270 6020 8e1 "0 £60°0 _Zotto 801°0 £°9C £°2¢ . SITISELd
7 L1%°0 78L°0 eveto 9%¥L°0 w9L° 0 w8€°0 0°88 903 28eqiey
¢ £8G°0 9.0°0 690°0 oR0"0 700 790°0 1-L2 6" %% . SITTIXSL
4 6ED"C 9¢0°0 7£0*0 wL0"0 - 98070 8¢0°0 7oL 1°62 .pooy
1 GL%*0 1490 £8€°0 L1270 mwm.o. - I%Z°0 . 60% Grig | iadeq
. . (S@iqrisnquon)
~ox i23uTy  o8easay um&ﬁﬁm Mwuﬁwz. 28r19ay  xommNg IUmnG aSeaaay |
3usodumoy o (pjdea/3y) (p/dea/3) (x) weauep samisoy  CorONEd
$007 YT 238y UO0IIBIBUDY 9961 LT 23BY BOTIBITUSY

ﬁoaumﬁuuﬂﬁm 238y UOIJBIBUIY) PUB JUBIUO) 2INISTOW £-C-% IT9E]

4 -~ 53



For the calculation of medium quality waste and low quality waste,

the moisture content of annual average and the adjusted summer value
are used, respectively. The adjusted summer value is obtained by
multiplying 1.15 to the summer value (Table &4-3-3) based on the

analysis of the basic field survey.

An assumption was made that 107 of generated briquet ash is mixed in

the input-waste to the plant in case of 2 component separation.
In case of 3 component separation, l0% of generated non—combustibles

and briquet ash is assumed to be mixed to the combustibles (Table 4-3-4).

Table 4-3-4 Conditions on Calculations of Three Components by Separation Methods

Medium Quality Waste Low Quality Waste
(2 Coﬁponent Separations) |
Moisture Content annual average summer x 1l.15
Combustibles m = 100% m = 100%
Non Combustibles m = 100% m = 100%
Briquet Ash - m = 10% _ m = 10%
(3 Component Separations) _
Moisture content annual average summer x 1.15
Combustibles m = 100% m = 100%
Non Combustibles ' m = 10% m = 10%
Briquet Ash m = 10% m = 10%

Note m: Mixture rate of the component to the input-waste to the plant.

The result of the caleulation is shown in Table 4-3-5. 1Ip 1988, the
lower heating values are 720 kcal/kg and 840 kcal/kg on the
conditions of two component separation and three component
separation, respectively. The critical point of self burning is
estimated to be about 700 ~ 750 kcal/kg from experience. From this
point of view, the waste separated into two componentg is not always
reliable to burn without supplemental fuel. On the other hand, the
waste separated into ;hree components has enough heating value to
burn. The details on separated collection and incineration facility

are discussed in the correspondent sections of this report.
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(2) lower Heating Value and Power Recovery

Power generation rate is determined by lower héatiug value of waste,
type of turbines and scale of the power generation unit.
Relationship between lower heating values and generation rates are
examined from experiences and depicted in Fig. 4-3~1. As the power
consumption for an incineration facility is assumed to be 40-70
kWh/t, lower heating value should be about 1,200 kecal/kg to be

self-sufficient if back pressure turbine is used.

4004
(k Wh/t}
3001
infet :18 (ka/cd G) X 265(C)
outlet : back pressure ; 2 (k9.7¢d G)
200 condensing : degree of vacuum 590 (mmH

Power Generatlion Rate

1001

|
|
|
!

<

000 . 500 2000 2500
Lower Heating Value tkcal/kg)

Source i Japan Environmental Sanitation Center

Fig. 4-3-1 Relationship betweén Lower Heating Value and Power Generation Rate
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4-3-3 Marketability of Recoverables

(1)

(2)

Briquet Ash

- Since briquet ash occuples a large percentage of Seoul's waste, effec—

tive use of this ash is very important to reduce the lead on disposal.
tsages such as filling materia) for land reclamation, soll conditioner
and material for brick manufacture have been tried without enormous
guccesses. Other possibilities iInclude use as road filler when con-
glomerated with glass cullet to improve the foundation of roads, and

as cover material for landfill operations.

" As of now, however, use of ash as [{lling material and cover material

seem to be most promising. The other uses need further research to
determine their actual feaeiblilties. However, revenues from

recycling briquet ash cannot be expected.
Compost
a. General Aspects

As compost is 'processed from the organic portion of waste,

it can be used as a stabilized material for land reclamation” and

landfill covering, or it can be used.as a soil condltioner or a
 fertilizer if nutrients are added. The former use 1s obviously a

year-round pursuit, but the latter is highly seasonal and requires a

suf ficient storage area.

However, the existence of a viable market is the key to the successful
operétion of a composting system. For landfilling and landfill cover-
ing, benefits are plenty, but not much profit can be expected. If
selling as a soil conditioner is planned, and if a certain amount of
income is anticipated, many factors must be considered. These factors
include, among others, institutional arrangements, distribution, pro-
motion, visual attractiveness as a product, and production of a

high-grade, low-cost product,
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Desirability factors

Compost made from refuse alone can be used as a soil conditioner, and
cannot be considered as a fertilizer, unless some nutrients are added.
However, in the long run, compost inereases the water holding capacity
of the soil, among others, which means that the quélity of the soil
will become better for a higher yield in crops. On the other hand,
using chemical fertilizers can worsen the quality of the soil after
long usage. Furthermore, it 1s true that chemical fertilizers yield
faster and better crops, but chemical fertilizers can destrov the soil
and cost enormously higher, and also do not help in solving the solid

waste disposal problem,.

Interviews and questionnéire éurveys were carried outr on shops selling
fertilizers and farmers in and around Sebul Citv. The results
revealed that shops are willing to sell products made from solid
waste, but the consumers seem reluctant to buy compost. However, if
the farmers were to buy these products, the most preférfed packaging
type seeﬁs to be 20 kg bags. Furthermore, preferabie prices were also
inguired and the results indicated that the consumers would like to
buy the products at prices on the average of 70% less than the

sellers' demand prices.
Potentlal Demand Rate
For this study, the scope of demand for compeost will be extended to

include Seoul City, Incheon City and Kyeonggi Do, The land areas of

these two Citiles and one Do in 1982 are given below.

Seoul City : : 605.33 km2
Incheon City : 201.90 km2
Kyeonngi Do : 10,854,61 km2

Total . 11,661.84 kn®
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The total planted area of crops, excluding rice, within this area
in 1982 was about 133 Ehousand hectares. Rice was not included
because compost can rot the roots of crops planted in paddy

fields.

As a rule of thuwb, {one ton compost)/(10a farmland)/year is a
reagonable estimate. Consequently, the potential demand comes to

about 1,330,000 t/yr. The breakdown into regions is as follows.

Seoul City H 40,000 ‘tounfyear
Incheon City  : 20,000 ton/year
Kyeonggi Do : 1,270,000 ton/year
Total 1,330,000 ton/year

Storage Space

Since the use of compost is seasonal, availability of storage
space becomes a significant factor. If a storage requirement of
120 m2 for one ha of farmland is assumed, this availability at
the surveyed farms indicated that only 15% of them have enough

space to store compost.

Compost Marketability

‘The most important factor to determine the feasibility of

composting is its marketability. The largest market of compost
is considered to be the farmland in Seoul and adjacent
municipalities. If compost is to be delivered to distant places
in Kyeonggi Do, the cost for transportation may aggravate the
feasibility. As shown above, potential demand is 40,000 tonfyear
and.Z0,0DO ton/year in Seoul and Incheon, respectively. Although
there is relatively large demand in Kyeonggi Do, the demand is

not considered to be large around Seoul.

On the other hand, compost supply is expected from resource
recovery plant in MNanjido. The recovery rate is 648 ton/day,
that is, 194,400 ton/year. The supply is regarded to be

sufficient for Seoul and adjacent area.
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However, if composting is to be consideréd, uses other than as soil
conditioner or fertilizer need to be planned, Possibilities include
using the product as fill material for land reclamation or as cover
material for landfill operations. The benefits frdm these uses do

not necessarily include financial aspects.

(3) Materials
The potential sepératability and possible revenues for materials in
mixed solid waste of Seoul for the year 2005 are indicated in Table
4~3-6, This recovery will require elaborate technology and resultant
high expenses, especially for the combustible portion.
Table 4-3-6
Material Recycle Potential on Mixed Refuse
(for Year 2005)
_ 'Separatable Separatabie Rate Possible Potential
Material Percent (Dry Basis) Current . Revenue
(%ft) ’ (1,000 t/yr) Unit Price (million W/yr)
(W/kg)
Paper 2 39 20 780
Plastics 3 29 25 720
Textile 1 3 _ 20 _ 60
Glass 10 34 15 510
Ferrous Metals 15 34 25 : 850
Nonferrous Metals 20 4 100 400
Total 4 143 . 3,325

Next, the potential on source separated non-combustible waste is
shown in Table 4-3-7. This recovery is less complicated than that

on mixed refuse,
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Table 4-3-7

Material Recycle Potential on Separated Non-combustibles
(for Year 2005)

Sebaratable Separatable Rate Possible Potential
" Material Percent (Dry Basis) Current Revenue
(Z/t) (1,000 t/yr) Unit Price (million W/yr)
(W/ke)

Glass 25 84 15 1,260
Ferrous Metals . 25 57 25 1,425
Nonferrous Metals 35 8 100 800
Total 26 149 3,485

Materials recovery on mixed refuse will give about a 1.5% reductiﬁn in
vplume, and if recovery on sepafated non-combustibles is carried out, a
similar 1.6% reduction can be accomplished. The revenue of recycling from
source separated waste is slightly higher than that from mixed waste.

As a consequence, materials recovery on waste collected separately for
non-~combustibles is more effective technically and will have better

marketability.

On the other hand, the easily recoverables in the waste, such as card-
board, newspaper, bottles, cans and rags, should be separated at the
source of generation before they are put out as waste. If this is carried
out, some recommended programs for handling the source separated recy-

clables are described below.

1. Collection of source—separated recyclables by self-support work
corps under the control of district police offices. (This way,
the corps members will be able ta collect recoverables more

easily and sorting by the corps becomes unnecessary.)
2. Community involvement programs in which the citizens with the

help of the administration manage the separated materials and

salable materials are sold to secondary materials dealers.
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3. Community recovery centers in which centers are set up where
recovery activities, including workshops for repair and
reconditioning, marketing research and swapping events, are

carried out with the involvement of residents,

If the generators themselves separate recyclables, less burden will
be borne on waste colléction'and disposal. TFurthermore, this can
result in reduction of waste management costs,; prevention of resources

depletion and, in some cases, increase of employment
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BRSY)

Evaluation of Processing Systems

Establishment of Alternatives

The various processes described above cannot be easily incorporated
into a solid waste management system without scrutiny of waste cha-
racteristics, output ﬁarketability and other significant factors.
However, the processes listed below will be initilally compared and
evaluated on appropriateness for consideration as alternatives,
especially from .the viewpoint 6f technical provenness on a world-

wide basis. (See Table 4-3-8.)

- Incinération

- Pyrolysis

- Composting

- Materials Recovery
- RDF

- Methane Recovery

- Feed'Production

- Non-processing (Direct Tandfill)

With respect to the RDF process, an actual scale plant is now under
construction at a corner of the Nanjido landfill site. Furthermore,
gince the process itself is not yet proven world-wide, this process
will not be recommended in this study. However, the new plant can
be used as a demonstration to accumulate pertinent data and monitor
results for future planning. The success of this plant can set an

example for other municipalities around the world.

Therefore, the alternative processing systems for intermediate
processing in Seoul City are proposed as listed below and these
should be adopted singly or in combination according to generated
waste characteristics, marketability of processing products and other

local conditions.

1. Non-intermediate processing system : Collected waste 1is

directly'hauled to the final disposal site.
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2,

Tncineration system : Collected waste 1s brought to the
processing plant where the waste is incinerated and residues

are hauled to the final disposal site., In this case, the waste
to be processed should have enough calorific value for incinera-
tion. Therefore, source separation of combustibles may be

necessary,

Incineration with heat and/or power recovery system : Same as 2.
above except waste heat from incineration is recovered as energy.

In this case, stabilization of output heat must be considered.

Materials recovery system : Collected waste is transported to the
processing plant where recoverable materials are sorted manually
and/or mechanically, and the residues are brought to the final
disposal site. In this case, marketability of materials must be
carefully studied, and source separation of non-combustibles may

be desirable.

Composting system : Organic portion of collected waste brought to
the processing plant is fermented'and matured to yield . a product
useful as a soil conditioner or a stabilized and volume-reduced
£111 material. If the compost is to be used as a soll conditioner,
a thorough marketing sufvey is essential, and upgrading facilities

may be required.
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(2)

Evaluation of Alternatives

The above altetrnatives are compared for advantages and disadvantages
in Table 4~3-9. The possible outputs from these alternatives are

listed in Table 4-3-10. The prbcessing costs of each alternative are

estimated in Table 4~3~11 on the basis of the material balance shown
in Fig., 4-3- 2, If compost is marketable, composting is the most
economical from viewpoints of volume reduction. When the compost is
distributed free of charge, the reduction cost is a little less
expensive than the incineration cost. However, since composti
marketability is not sufficient in Seoul City and its neighborhood,
it is difficult to distribute all of the product. If it is assumed
that compost is éonveYed to landfill siﬁes, the reduction cost of
compﬁsting becomes more than' that for incinerationm. Therefore,
incineration is an economical processing method for Seoul City taking

into account the compost marketability and transportation cost.

Evaluation from technical viewpoints, waste characteristics,
marketability of by-products and other significant local conditions
is compiled in Table 4-3~12. From results of the evaluation, a
combination of processes is recommended for waste excluding briquet
ash. As for briquet ash, processing is not feasible, but use as
cover material for operation of sanitary landfills is recommended.
The combination of processes will be further studied when
considerations are made on the total solid waste management sysfem

for the master plan in the following chapter.
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.Table 4-3-5

Comparison between Alternative Systems

System

Advantages

Disadvantages

Non-intermediate

~Low costs

-8iting of Landfills

Processing difficult
~Easy management :
-Gan require high
~High technology transportation cost
not required
-Environmental
disruption feared
-Unaesthetic
Incineration -Waste volume -High initial cost
reduction
~High operation and
-Yields stable and maintenance cost
harmless output
~-Requires high
technology
~Consideration of
combustibility
needed
~Requires air pollu-
tion control measures
Incineration ~Waste volume -High initial cost

With heat and/or
poOwWer TEecovery

reduction

-Yields stable and
harmless output

~Waste heat can be
recovered as energy

~Required high
technology
-{onsideration of

combustibility
needed

-Requires air pollu-
tion control measures

—-Stabjlization of
waste heat required

Materials ~Waste volume -Marketability of
Recovery reduction .recovered materials
~Yields valuable uncertain
regources ~-Requires high tech-
-Can increase nology and high costs
employment
Composting -Yields stable and -Marketability of

harmless output

-Can be operated in
combination with
sewage and nightsoil
treatment

compost is uncertain

-High operation and
maintenance cost

-Requires. seasonal
storage area
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Table 4-3-10 Potential Outputs from Intermediate Processing
Systenm Recoverahle Recoverable Residue
Materials Energy
Non-~-Intermediate Land {(Methane gas) Leachate
Processing Gases
Ash.
Incineration None None Clinkers
Wastewater
Flue gas
Incineration with None Heat Ash
energy recovery Power Clinkers
Wastewater
Flue gas
Materials Plastics (Solid fuel such Nonrecovarable
recovery Metals as RDF) materials
Glass
Paper
Textile
ete,
Composting Compost  None Noncompostable
Materials

Note : outputs in parentheses

require another process.
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a. Incineration

Moisture 45 T

100T (90m3)
Volatile

Separated * Incineration " atter 40 T

Ash 15 T(10.5 m3)

Combustibles

b. Composting
Moisture 30 T

1007 (90 m°)
Separated Cdmposting |y Compost 35 T

1

3
Reject 35 T {3L.5m")

Combustibles

¢, Material Recovery

Moisture 3T

Material Recovery

!

Reject 85 T (68 m3)

100t (80m3)
Recovered 12 7T
Materials

Separated

L

Nonﬂcombustibles

Fig. 4~3~ 2

Mass Balance for Processing of Separated Waste
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Table 4~3-12

System Evaluation

Source Volume
System Separétion Reduction* Evaluation
Recommendation @/t)
Non-intermediate None 0% Since Nanjido is almost
processing saturated and acquisition of
other sites is difficult, and
moreover, does not help in
resources preservation, this
system is not suitable for
Seoul City.
Incineration Combustibles 80 % This is a well proven system

with or without

energy recovery

{Comb. only)

74 7
(With noncomb,)

on a world-wide scale and
greatly reduces waste volume.

If energy is recovered, further

‘benefits are obtained.

Materials

Recovery

Non—combustiblés

12 %
(Noncomb, only)

37
(Wi th comb ¢ )

Though recovered materials
are marketable, instead of
sophisticated recovery at the
intermediate processing stage
of solld waste management,
recovery at the source of
generation is more beneficial

for refuse of Seoul City.

Composting

Compostable
(Garbage,paper)

59 %
(Comp. only)

57 %
{(With others)

Marketability of compost
product as soil conditioner

or fertilizer-is rather low in
and around Seocul to make this

system economically feasible.

% Reduced 1andfill volume (ma)/input amount (t)
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(1)

Final Disposal
Landfill Technolégy
Landfill Method

Selection of an appropriate landfill method is required to promote
the stability of filled refuse and to control environmental impacts,
Landfill methods are categorized into the following five types (Fig.
4=4-1) .

1. Anaerobic landfill : Dumping refuse and leaving alone
without cover material

2. Anaevrobic sanitary landfill ~ : Alternately filling refuse and
cover material

3. Modified sanitary landfill ;' Anaerobic sanitary landfill with
drainage pipe for leachate (fill
interior is in an anaercbic state)

4, Semi-aerobic landfill : Coltecting leachate and keeping
fill interior in a semi-aerobic
condition

5. ‘Aerobic landfill : Sending air to refuse layer and

keeping fill interior aerobic

For the stability of the refuse layer, aercobic landfills is wore
effective in keeping the interior aerobic and also in keepiﬁg the
quality of leachate lower in organic conteunt than anaerobic landfills.
However, the initial cost of aerobic landfills is higher because

drainage pipes, aeration pipes and blowers are required.

Cover material is useful for prevention of refuse scattering, odor
emission and vector generation. The Refuse Cleansing Law (Articles

18 and 19 in the regulation)} prescribes the following.

~ The refuse layer is to be less than 2 m in thickness after
compaction and Lo be covered with soil of over 60 cm in thickness.

=~ The moisture content of the filling refuse is to be under 80%.

~ The daily cover layer is to have a thickness of over 5 cm after a

day's operation is completed,
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1. Anaerobic landfill

Refuse A.- Refuse

2. Anaerobic sanitary landfill

Qg

., .- Rain drain

s

Water collecting pit

Lo Drain pipe

v

o

K

Gate

/ Pump pit

Water collecting
equipment

equipment

5. Aerobic landfill

Pump pit

Air ventilating duct
7~ Drain pipe.

Water sealing layer - Alr ventilating duct

Fig., 4-4-1 Typical Landfill Methods

h ~ 73



(2}

Cover Material

The cover material needs to be acquired easily and economically in

sufficient volume and should be suitable for the covering objective.

The covering layer can be divided into the following three types: 1.

Daily covering layer, 2. Interim covering layer and 3. Final sealants.

Since the daily covering layer intends to seal the refuse layer for

prevention of waste dispersion, the characteristics of the cover

material are insignificant.

Concerning the interim covering layer, two options can be considered:

1. Tight layer to prevent the venting of gases from the refuse layer

and the penetration of precipitation into the refuse layer, and 2.

Permeable layer for promotion of gas removal. For the former option,

since the cover material has to be laid tight, impermeable soils such

as clay and clay-sand are suitable.

Permeable soils such as gravel

and coarse sand are suitable for the second option. Because final

sealants, especially on slopes, are necessary to be waterytight and

nonerosive, viscous soil is appropriate. The';hickness of the final

sealants is generally required to be 50 to 60 cm, but if piants are

to be grown, the thickness needs to be 1.5 to 2.0 m to protect plant

roots from evolving gases.

Table 4-4-1.

Typical sealant materials are shown in

Table 4-6—} Landfill Sealants for Gas and Leachate Control

Sealant

Classification

‘Representative Lypes

- Remarks

Compécted asll

Compacted clay

Inorganic
chemicals

Synthetic
chealecals

Synthetic
membrane
lipners

Asphalt

Arhers

Bentonifes, {llites, kaolioites

Sodium carbonate, silficate, or
pycophosphate

Polywers, rxubber latex

Polyvinyl chleride, butyl rubber,
hypalon, polyethylene, aylen-
reinforced linevs

Modified asphalt, rubber—
impregnated asphalt, asphalt-
covered polypropylene fabric,
asphalt conerete

Gunite concrete, sei]l cement,
plastic soil cement

Should contaln some
clay or fine: silt

Host commonly used sea-
lant for landfills;
layer thickness varles
from 6 to 48 in; layer
must be continuous and
not allowed to dry out
and crack

Use depends on local
soil characteristics

Experimentai, use not
well established

Expensive, nmaybe justi-
fied where gas is to
be recovered

Layer nust be thick
encugh to maintatn
continuity under
differential setting
conditions

Source: Tchobanoglous, 6., "Solid Wastes".
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4-4-2 Landfill Planninag
(1) Disposal Rate

The waste disposal rate is calculated from the waste generation rate
and reduction rate due to intermediate processing. Considering the
intermediate processing rate, the annual disposal rate can be
calculated. In the calculation of the disposal volume, volume

coefficients of compacted wastes were assumed as follows.

Combustibles : 0.9 m3/t0n
Non—-Combustibles : 0.8 m3/ton
Incineration Residue : 0.7 m3/ton
Briquet ash 1 0.6 m3/ton

The annual forecasted disposal rates are shown in Table 4-4-2.

Though the collectin rété of waste increases 1.27 times from 1985 to
2005 (from 19,610 tonfday to 24,980 ton/day), the annual disposal
rate are in the same level {from 5,290,000 ton/year to 5,230,000
ton/year). The tendency is due to the volume reduction caused by the

periodical construction of incineration plants.
(2) Candidate Landfill Sites

The potential landfill sites were indicated in the Han River Basin
Environmental Master Plan Report as shown in Fig. 4~4~2. These were
screened by taking into account soil conditions, existing land use,
land use plan and preservation areas on eavironmental and cultural
aspects. The adequate potential sites with consideration of
capacities and transportation distances can be selected as the

following.
1. Incheon coastal area

2. Southeast of Seoul : Kwangju-Gun

3. Northwest of Seoul : Goyang-Gun
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Table 4-4-2 Disposal Rate
(1,000 m3/year)

Non- Incineration

Year Combustibles combustibles Briquet Ash Ash Total
1985 2,650 440 2,200 0 5,290
1986 7,590 450 2,190 0 5,230
1987 2,530 460 2,170 0 5,160
1988 2,620 490 2,170 10 5,290
1989 2,620 510 2,150 " 20 5,300
1990 2,760 540 2,140 20 5,460
1991 2,880 570 2,120 20 5,600
1992 3,020 590 2,110 20 5,740
1993 2,770 620 2,080 60 5,530
1994 2,890 640 2,050 60 5,640
1995 3,030 660 2,020 60 5,770
1996 2,810 690 2,000 100 5,600
1997 2,930 710 1,950 100 5,690
1998 3,050 740 1,910 100 5,800
1999 2,820 750 1,880 150 5,600
2000 2,950 780 1,840 150 5,720
2001 3,080 810 1,800 150 5,840
2002 2,660 830 1,750 210 5,450
2003 2,770 850 1,700 210 5,530
2004 2,910 380 1,660 210 5,660
2005 2,470 890 1,600 270 5,230
Total 58,810 13,900 41,500 1,920 116,130
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(3)

Landfill Period

Nanjido

Nanjido has been utilized as a final disposal site sjﬁce 1977.
waever,'most'of the area has been completed. Consequently,
plain 1andfiiling cannot be continued. Since large scale
landfill sites around Seoul are presently not available,
increasing the capacity of Nanjido by mounding is the only

alternative.

Recognizing the present situation mentioned above, Seoul City
entrusted mounding plan to Seoul City University. The
specifications of the Seoul City University Plan is listed in
Table 4-4~3.

Incheon
The expected landfill site after Nanjido is Incheon coastal area

which has been studied by 0.0.E. However, the 0,0.E., study is

not authorized by the Economic Planning Board at the preseat

time. According to this study, the landfill capacity of the

Bekseuk district is 112,854,000 m3. If it is ‘assumed that 65%

of the volume is assigned to Seoul City, the available capacity
is 73,355,000 m3, which is equal to the disposal amount in
Seoul during 1995 to 2007. After landfill in Bekseuk districk is

over, another coastal landfill site should be secured in Incheon.
Subsidiary Landfill Sites

As it is difficult to secure large scale landfill sites in Seoul,
efforts should be made to search for subsiﬁiary landfill sites,
In small landfill sites, briquet ash and incineration residue
should be filled because of the easiness in management such as

that for leachate treatment.
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Table #4-4~3 Mounding Plan of Seoul Gity University

Items

Specification

{Basic Concepts)

1. Land Area

2. Altitude (above sea level)
3. Capacity

4. Landfill Period

271 ha

50~70m (30-50m of mounding)
90 million m3

10 years (1985-1994)

(Landfill Scheme)

1. Landfill Method

2. Cover Material
Daily Cover
Intermediate Cover
Final Cover

3. Layer Thickness

4. Structure

Gradient

Sanitary landfill by cells

Briquet Ash
Construction debris, briéuet ash
Clay, surplus soil -

Waste Zm, cover soil 30 cm

(Leachate Treatment)

1. Prevention of Bottom
Water Penetration

2. Prevention of Side Water
Penetration

3, Leachate Collection
Pipe Length

4., Treatment Amount
5. Treatment Method

Briquet ash (50cm) + clay (30cm) +
briquet ash (50cm)

Separating wall with water tite
materials

63,800m (8,197 +#/m)

4,800 mslday

Lagoon + coagulating sedimentation

(Rain Water Elimination)

Improvement of Nanji River and construe—
tion of retarding basin, pumping facil-
ities, rain water canal along Han River

(Gas Control Facilities)
1. Interval of Gas Wells

2. Total Well Length
(horizontal)

3. Total Well Length
(vertical)

4. Gas Burning Facilities

 50m

57,600m (15,625 W/m)

59,400m (13,468 W/m)

120 points (@ 833,333 W)
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4~4~3 Consideration on Nanjido Mounding Plan

(1)

As explained in Subsection 4-4~2, the Nanjido site is used for

mounding. It's basic methods studied by Seoul City University are
summarized in Table 4~4-3. In this subsection. the results of the
study made by Seoul City University were reviewed on the following

items.
Slope Structure of Landfiil

Since the structural strength of the outside slope of landfill is
important, stabilization of the slope relevant te rotational slip is

analysed by computbr.

a, Charactristics of Waste Material for Filling

To analize the sldpe stabilization, it is necessary to assume
charactristics of the refuse to be filled. Based on the Seoul
City University Study and the existing field.test data obtained in
Japan, characteristics of briquet ash, incineration ash, rubbish

and domestic refuse are assumed as shown in Table 4-4-4,

Table 4-4-4 Charactristics of Waste Material for Fiiling

2 3 . :
Waste ¢ (t/m") & (°) r (t/m”) Source

Briquet ash 1.3-5.2 1l.4-3.2 1.3 Seoul City University
Incineration ash(Wi) 5.0 29 1.25-1.6  *Field test in Japan
Rubbish (W2) 4.0 33 1.0-1.7 bPitto
Domestic refuse {(W3) 1.5 13 1.3~1.6 Bitto
Legend:

C Cohesion _ : * Environmental Bureau of Nagoya City

é Angle of internal friction

T

Unit weight

To decide average characteristics of waste material, volumetric

component is calculated by assuming that Nanjido is saturated by

1994 based on the disposal rate shown in Table 4-4-2.
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The results of calculation on volumetric component are summarized

as follows.

Table 4-4-5 Volumetric Component for Calculatiom

XIOOOt Coggg;gg;ntnispzigqoﬁzte
Combustible 30,567 (1.9““3/t 27,330 (50.4)z
Noncombustible 6,638 5,310 {9.8)
Buriquet ash 35,650 0.6 21,390 (39.4)
Ash from 1/C plant 300 210 (0.4)
Total 72,955 54,240

Disposal rate and waste characteristics are shown in Table 4-4-6.

Table 4-~4-6 Disposal Rate and Waste Charactristics

Disposal 2 ° 3
Component Rate (V/V) ¢ (t/m") ¢ (%) v (t/m)
1. Coubustible 50 % 1.5 13 1.3-1.6
(Domestic refuse)
2. Non-combustible 10 Z . 4.0 33 1.0-1.7
(Rubbish)
3. Briquet ash & 40 % 1.3-5.2 14-32 1.3
incineration ash * '
* Incineration ash ig included in briquet ash category due to

its negligible volume.

¥or reference, the results of field test implemented in Japan are

shown in Fig. 4-4-3 and &4-4-4,

Fig. 4~4-3 Unit Weight Test

. . 3
Range of Unit Weight (t/m )

1.2 1.6 2.0

Component 0.8
Incineration Ash (Wl)
Rubbish (W2)
Domestic Refuse (W3)

4 - BL



Fig. 4-4-4 Triaxial Compression Test

Aﬁ;:;;;ff . : Wl C=0,5 (kg.f/cmz) “4=29 40"
‘ ?55524***-~ W2 C=0.4 $=33 00"
(kg.f/cm2) ‘\\\\\
5 7 . W3 C=0.15 =13 10"
RN
0o L, \

r

¢ 2 4 6 8 10 12
(kg.f/cm?y -

b. Cases to be anaiyzed

Although characteristics and their disposal rate are established
in Table 4-4-6, their values of characteristics still have
ranging values due to.differences in Sampled Specimens. It is not
only difficult to decide one point value from ranging values
caused by many unknown factors in solid waste but also dangerous

to fix one point value in this analysis.
Accordingly,the following combination of three cases are examined to
compute the stability of mounding slope by means of weighted

average method.

Case-1 Weak condition

iw = 1-3 X 0-5 + 110 X 0-1 + 1.3 x 0.4 = 1n27 t/m3
Cv = 1.5 % 0.5+ 4.0 x 0.1 + 1.3 x 0.4 = 1.67 t/m?
pw =13 x 0.5+ 33 x0.1 +14 x 0.4 = 15.4°

Case=2  Strong condition
rs = 1.6 x 0.5 + 1.7 x 0.1 + 1.3 x 0.4 = 1.49 t/m>
¢s = 1.5 x 0.5 + 4.0 x 0.1 + 5.2 x 0.4 = 2,08 t/m>
¢s 13 x 0.5 + 33 x 0.1 + 32 x 0.4 = 22,6°

Case~3  Average condition

ra = 1,38 t/m3
Ca = 1.88 t/m2
$a = 19.0 °
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c. Results of Calculation

Calculation is made regarding the rotatiounsl slips of Case-l, Case-2
and Case-3. The results of calculation are summarized in Fig.

F

4-4-5. 1t shows the minimum resistant safety ratio {Fmin = f_)
r

obtained from resistant force (FR) and rotational force (Fr)'

Fmin of Case-l (weak condition) is only 1.21, whereas that of Case-2
(strong condition) and Case-3 (average condition)} shows sufficient

value.

From viewpoint of soil stabilization, it can be said that Fmin. value

should be at least 1.50 for the permanent facilities.

Therefore, a countermeasure is needed to prevent the landfill from

rotational slip.

d. Comments on Existing Landfill Plan

The structural strength of the landfill slope depends on
characteristics of waste material. Trial calculations are made to

find the stabilized type of slope by changing the landfill material.

For the trial calculation of slope stability, fellowing landfill

methods are assumed;

~ To ensure the expected capacity of mounding volume, the slope of
the levee is kept at 1:3 in compliance with Seoul City University
plan.

- Brigquet aéh is used for the slope and.the other waste is used
inside of landfill (Fig. 4-4-6).

- A part of filled waste under the briquet ash is replaced by

briquet ash.
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Based on the assumed landfill methods mentioned above, several rotational:

slip analyses are made by changing the depth of briquet ash.

The results of calculation is shown in Fig. 4-4~6. Fmin. Value of

weak condition refuse (Case~1) becomes 1.54, exceeds the safety value

of 1.50, while previous calculated value was 1.2l (Fig. 4-4-5).

Although refuse characteristics of waste to be filled at Nanjido is

unknown at present, the proposed landfill methed (Fig. 4-4-6) is one

of the apprd?riate measures for the stabilization of mounding

structure when the following factors are considered.

= Nanjido is the only disposal site for Seoul City nntill 1994.

~ WNanjido is expected to be used as a public park after landfill.

- Briquet ash can be used as a useful landfill material.

(2) Suitabiiity of Briquet Ash as a Cover Material

a. Objective of Covering

Covering is classified into daily covering, intermediate covering

and final covering. The objectives of covering are as follows:

= Daily cover

Prevention of waste dispersion
Prevention of rank odor
Prevention of vectors and rats

Reduction of rain permeation

~ Intermediate cover

Prevention of gas leak
Prevention of fire
Access road for dump trucks

Reduction of rain permeation



- Final cover
. Reduetion of rain permeation

. Land reuse
Aptitude as Covering Material

Judging from the above objectives, especially for sealing of
leachate the best cover material is regarded as impermeable clay

(coefficient of permeability is about 10ﬁ7cm/s)=

However, impermeability of clay is easily lowered by cracking
when dried. Workability of vehicles is affected by muddy clay
when it rains. Thus, clayey loam, sandy loam and clay with sand

or loam is proposed as the appropriate cover materials.

Usually about 20 to 25% of landfill volume is'océupied by cover
material. Landfill cost would be high Because of high trans-
portation cost of_cover material unless there exists suitable
cover material around the landfill site. Therefore, sandy soil
(coefficient of permeability is about 10_4cm/s) is frequently

used if it is obtained easily.

In Nanjido landfill site, about 40%Z of the whole landfill volume
is briquet ash, whose utilization as cover material is
advantageous. The aptitude of brigquet ash as cover material 1is
studied here based on the results of the tests carried out by

Seoul City University.
i)} Test Results of Briquet Ash {by Seoul City University)

From the tests on briquet ash, grain size distribution and

coefficient of permeability are given as follows.
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= Grain Size Test

Table &4~4~7 Grain Size Distribution

Unit : %

Seive Mesh (mm) 4,76 2.38 0.59 0.297 0.149  0.074  0.005
Before Compaction

(Range) 85~92 73-90 53-72 45-60  34-48  24-33 34

(Average) (88.5) (81.5) (62.5) (52.5) (41) (28.5) (3.5)
After Compaction

(Range) 89-95 76~87 58.70 50~62  42-52  34-43  8-11

(Average) (92)  (81.5) (64)  (56) (47) (38.5) (9.5)

Note: Represéntative briquet ash was sampled at final disposal site.

Following samples were analyzed in the test.
Sample 1:  Sample finer than $19 mm
Sample 2:  Sample crushed into 4100 mm

- Coefficient of Permeability
As a result of permeabiliﬁy.test, compacted briquet ash showed
perméability coefficient ranging from 1.9046 x 107 to 6.109 x
].On6 (emfs).

ii) Consideration
- Grain Size Distvibution of Briquet Ash

Grading curve of briquet ash is shown in Fig. 4-~4~7 together with

representative grading curves of clay and sand.
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Notes: a. Briquet ash (after compaction)
b. Briquet ash fbefore compaction)
c. Clay (fine soil)
d. Sand (sand with fine particles)

Briquet ash is classified into sandy soil as shown in

triangular soil classification (Fig. -4-4-8).

74pm~2.0mm (%)

Fig. 4-4-8 Triangular Soil Classification
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Because sieved Sample and crushed sample were used in the
test, the particle size is regarded to be smaller than the

real size. The conclusions of the grain size test are;

. Briquet ash contains relatively large amount of small

particles, It is classified into the category of sandy

soil.

. Uniformity coefficient Uc=67, which means that briquet ash
has relatively large density. Here, uniformity coefficient

is calculated by following equation.

Ue = D60 . _b0% diameter of soil particle
C - - o, - - - .
D10 10% diameter of soil particle

- Permeébility Coefficient of Briquet Ash
Representative permeability coefficient of soil is shown in
Fig. 4-4-9. The order of permeability coefficient is 1077
because of large amount of fine particle content and high

density in particle size distribution.

k .
(CM/sec) 10210 1 10+ 102 109 10~ 105 104 107 109 10
Tt e
Fine sand
Soil . Gravel Sand S1i1t Clay

|

Permeébility coefficient
of briquet ash

Fig. 4-4-9 Representative Permeability Coefficient of Soil
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iii) Suitability as Covering Material

Suitabitity of briquet ash as covering material is considered as

follows.

- Daily vaering
| The object of daily covering is prevention of waste
disperse. It is economical to use easily obtainable material
for covering because any kind of soil can satisfy the purpose.
However, coefficient of.permeability is desirable td be =small
.as it works to prevent rain water permeation and rank odor.
In this meaning, briquet ash is desirable because it has a

small permeability coefficient of 10‘5cm/s.

~ Intermediate Covering
From the same stand—point as above, the cover material should
have small permeability coefficient. Because briquet ash has
enough density as shown above, briquet ash can be used for

intermediate covering.

- Final Covering
Permeability coefficient of final covering material should be
small to decrease the generation of leachate. Furthermore,
the covering material should be suitable for planting trees
and land reuse. Briquet ash is not always suitable for these
purposes. Sandy loam and clayey loam are desirable for the

final covering materials.

To use the briquet ash for daily covering and intermediate

covering, followings are required;
. Separate collection of briquet ash

. Storage of briquet ash in winter and use it in summer when

generated amount of briquet ash is less
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(3} The Leachate Treatment

Seoul City University has planned leachate treatmeht plant as shown in
Fig. 4-4~10. The proposed'system mainly consists of aerated lagoon
and chemical sedimentation basin, and COD of effluent quality is

expected to be 120 ppm.

However, this process seems to be insufficient for removal of COD
since water quality at an inlet of this project is extremely high

(1500 ppm). Thersfore, a leachate treatmenﬁ process is examined.

Generally, leachate from landfill has high concentration of COD in
comparison with sewage, thus, leachate treatment plants are equipped
with rapid sand filter and activated carbon adsorption column in

‘addition to ordinary sewage treatment process.

- Effluent quality
Complying with the regulations relevant to effluent quality from
leachate treatment plant, the permissible discharge standard
specified for Area 'B" is recommended to be adopted for this

project (Table 4-4~8),

Table 4-4~8 Permissible Discharge Standard of Effluent

pH 5.8 ~ 8.6
BOD 150 or less
cab 150 or less
55 150.or less

= Alternatives of Water Treatment Process

Taking effluent quality set up above into consideration, three
alternative processes are examined. The flow of alternative
processes are shown in Fig. 4~4-10 through Fig. 4-4-12. Their

effluent quality are estimated as shown in Table 4-4-9,
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Table 4-4-9 Estimated Effluent Quality

{mg/1)
Al Influent Effluent
t BOD coD S8 BOD con S8
75 300 50

alt-1 1,500 1,500 500 (g59y  (goz)  (98%)

Alt-2 ditto ditto ditto ditto ditto ditto

; . . 30 150 20
Alt.3 ditto ditte  ditto (98%) (90%) (96%)

Note: Figures in parentheses show the removal ratios

In comparison of treated effluent quality on each process and target
quality of effluent, judgment can be made that effluent COD of
alternative—3 seems to satisfy the target quality when the influent

CoD is 1,500 ppm.

As a next step, the funétion of construction cost in three
alternatives are made based on Japanese prevalent price in Yen as
indicated Fig. 4-4-13. From viewpoint of the costs,
Alternative~3 is most expensive due to rapid sand filter &
activated carbon adsorption column.
: Alternative-? is more expensive than Alternative-1 while removal
efficiency is equivalent due to mechanical equipment cost of
biological treatment unit.

Alternative-3 is,'costly, 1.4 times of Alternative-l.

According to Study of Seoul City University, the construction cost of

Alternative=1 is 700 million Wom in Prevalent Seoul Price.

The construction cost in Seoul price of alternative-3 can be
convertible based on Japanese prevalent price as 1,000 million Won
(700 million Won x 1.4 times). WNawely, the cost difference between

~ Alternative-1 and Alternative-3 comes to 300 million Won and the
increasing ratio of this cost to the total investment cost of Nanjido

mounding (10,000 million Won) is only 3 percent.
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Fig. 4-4-13 Construction Cost Function of each Alternative

{ Miilion Yen )

Construction Cost

1500 .. ;1,000 2,000

Treatment Amount (m3/day )

Note ; Plant capacity is fixed 4,800 m3/day
with Seoul City University Plan
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The OIMAcost of each alternative is calculated based on Japanese

situation (Table 4-4-10).

Here, Alt.~l: Seoul City Univ. Plan (aerated lagoon + high rate

coagulating sedimentation system)

Alt.—-3: Well mechanized system with sand filtration and

activated carbon adsorption

Alt.-1': Alt.-1 followed by sand filtration and activated carbon

adsorption system
In Alt.~-3 and Alt.-1", about double of O/M cost of Alt.-l is regquired
because reclamation of activated carbon is necessary in these

alternatives.

- Table 4-4-10 O/M Cost for Leachate Treatment Plant

(Million Yen) ' . 0/M Cost

Treatment Process . truction Cost _(Million Yen/Year) (Million Yen/20 Years)
Ale.~-1 2,100 | 88 1,760
Alt.-3 2,800 175 3, 500
Alt.-1' 2,500 166 3,320

Treatment Amount: &,800 m3/day
0/M Cost: Electric power, chemicals, personal expenses and activated carbon
reclamation, '

Total cost {including both construction cost and O/M cost) of 20
years is shown in Fig. 4-4~14. The total costs are 6,300 million yen
and 5,820 million yen in Alt.-3 and Alt.-1', respectively.  They are
1.6 times and 1.5 times of Alt.-1 (3,860 million yen), respectively.

0O/M cost becomes higher when activated carbon adsorption system is

adopted. However, the systems with sand filtration and activated

carbon adsorption (Alt.-1' or Alt.-3) are reguired to satisfy the

waste water discharge standard.
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In Ait.“l', discharge water quality is expected to be the same level
as in Alt.-3, whereas construction cost and 0/M cost are cheaper.
Consequently, Alt.-1', which is the plan of Seoul City Univ. (Alt.=1)
followed by sand filtration and activated carbon adsorption, is

recommendable.

Fig. 4~4-14  Investment Cost and O/M Cost

(4) Introduction of Soil Microbiological Filter Process

Examinations have been made on a leachate treatment plant to find a
gimple process since the prevalent process is too complicated and
expensive. The examinations aim to reduce both the leachate volume
and organic load by means of evaporation and microbiological

purification. Fig. 4~4-15 shows the latest results of examinations

experimented in Japan.

As shown in Fig. 4-4-15, the proposed process of soil microbiological

treatment are categorized as follows:
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Cace 1 Cilrculatory Scattering Method (After Completion of Landfilling)
a. Sprinkling Method (Tokyo Metropolis)

Sprinkler
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P2 . : ) 77
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P A G O O S/ S O

Storage basin

b. Percolated Piping Method (Tokyo Metropolis)

Ground plan

Seslant shest Percolated pips pysporation

Hain pipe

Percolated Pipe

Case 2. Circulatory Semiaerobiec Landfill Method
(From Commencement of Landfilling)

a. Spreading Method (Fukuoka University)

Spread pipe

Earth coverage

Watey collecting pie

i i
- [
Pump pit
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b. Circulatory Trenching Method (Fukuoka University)

Earch coverage layer
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) Alustoment tank of poliured water

TFig. 4-4-15 Types of Experimented Pilot Plant
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Sprinkling method

Case-1: Circulatory Scattering Method -
L Percolated piping method

- Spreading method

Case-2: Circulatory Semiaerobic
Landfill Method

- Circulatory trenching method

Case~l method is applied after completion of landfilling, while
Case-2 method is applicable during the process of landfili. Case-Z
is more advantageous for treatment of leachate, because it can be
treated during the landfill process. But both methods are not
expected to purify the leachate to the same level as the prevalent

method.
At present, these methods are;
- Still limited to the stage of pilot use.
Two model plants of circulatory trenching method are under

construction in Kagoshima and Sendai.

~ Regarded as the pre-treatment facilities preceding the prevalent

treatment process.
It is still too early to adopt the soil microbiological filter
process as a leachate treatment plant. Studies regarding efficiency
and reduction of operating cost through the model plants are required
before construction of a full scale plant.
Environmenktal Protection

a. Pollution Control Facilities

Pollution control facilities generally required for the final

disposal sites are:
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- To prevent wastes from scattering: Soil cover, net, watering

and plantation.

~ To stop generation of harmful insects: Soil cover and use of

insecticide.

~ To prevent dispersion of high level of odor: Soil cover and

use of deodorizer.

- To control and treat generated gas: Soil cover and

installation of gas pipe.

Preliminary study is made on these items by Seoul City

University. Further study should be made in the stage of detail

design.

The insecticide should be used only for the emergency cases

considering potential impact to the workers and surroundings.

Daily scil cover is quite effective for these problems.

Monitoring Devices

Monitoring should be made to investigate if landfilling is dome

safely, and environmental measures are working effectively.

Typical devices and their aims are as follows:

- Gas monitoring device:

- Subsidence monitoring
device:

- Water quality monitoring
device:

-~ Monitoring the living
environment;
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Investigate ground subsidence,
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Leachate treatment plan and
survey pollution level of
surrounding water bodies
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and for environmental conversation



The monitoring systems are briefly commented in the University

Plan. In addition to the wateér guality wonitoring of the
Jeachate treatment facility, gas and ground subsidence monitoring
is important for assuring workers' safety, environmental

conservation and planning the use of landfilled areas.

These monitorings should be continued longer than one year after

landfill.
Measures for Already Landfilled Areas

The University Plan commented water sealiﬁg by using clay soil

around the already filled areas to stop leachate. But this is

not studies. in detail. For prevention of leachate to flow into
the Han River, provision of proper sealing such as use of sheet
piles is recommended. This also works to prevent outflow of

leachate when unequivalent land subsidence occurred.
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Fnvivonmental Conservation

Intermediate Processing

Fnvirommental Factors

For planning of the intermediate processing system, consideration must

be made on conservation of the enviromment. The major envirommental

factors to be considered, in general, are air pollution due to

combustion of the waste, and water pollution due to wastewater Ffrom

the plant.

Air Pollutiom

Present Condition of Air Pollution in Seoul

Rapid industrialization, urbanization and motorization have caused
a deterioration of the air quality in Seoul. The level of
pollution and the kind of pollutants vary according to ité source.
Among the nationwide data obtained in 1981, sulfur dioxide (802)
recorded the highest amount among the typical pollutants followed
by carbon oxide (CO) (Table 4-5-1 ). The power plants emitted

the highest proportion of SO2 and total suspended particulates
(ISP).

The annual mean concentration level of SO in Seoul was 0.084
ppm in 1981 (Table 4-5-2 ). It decreased to 0.059 ppm during
November, 1981 and October, 1982 due to the regulatlon to use the
1.6% sulfur containing oil. However, it is still larger than the

long—term ambient air quality standard (0.05 ppm).
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Table 4~5-1 Nationwide Emission Rate of Air Pollutants (1981)

(Unit: 1,000 ton, perbehtage)

Sector Transpor™ Domestic Power
Pollutants Total tation Heating Industry Plants
Total 3,526 854 1,448 472 752
(100} (24.2) (41.1) (13.4) (21.3)
S0 1,452 60 486 332 574
2 (100} (4.2) (33.4) (22,8) (39.6)
o 1,145 249 847 43 6
(100) (21.7) (73.9) (3.8) (0.6)

"e 102 60 24 17 1
(100) (59.0) {23.6) (16.4) (1.0
N0 679 470 56 39 . 114
2 {100) (69.2) (8.3) (5.7) (16.8)
TSP 148 15 35 41 57
(100 {(10.0) (23.9 (27.6) (38.5)

Source: Envirommental Comservation in Korea, Dec. 1982 (Ref, 2)

Table 4-5-2 802 Conceutration in Major Cities
1978 1979 1980 1981

Seoul 0.084 0.093 0.094 0.086
Busan ' 0.048 0. 049 0.058 0.061
Daegu 0.033 0.040 0.038 0.046
Incheon 0.020 0.023 0.026 0.043
Ulsan 0.028 0.035 0.053 0.057
Masan 0.044 0.038 0.044 0.025

Saurce: Ref. (2)
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The concentration of total suspended particulates (TSP) were
observed in the main districts of Seoul (Table 4-5-3). The

annual average level of:TSP of Yeongdeungpo recorded the highest,

_ and exceeded the environmental quality standard (150 pg/mB).

Table 4=5-3 Concentrations oﬁ‘Suspended.Particulates in
Main Districts of Seocul (1979)

Kwang— Bul- Nam-  Yeoung~ Dong—  Seocul Health Gil

‘hwa-— kwang-— san deungpo - dae~ ‘National Center eum-
moon dong moon ‘Univ. of Seoul dong
City
Annual _ _
Arith- 99 82 80 214 91 42 100 109
metric
( ng/m3)
b. General Characteristics of Emission Gas from Incineration Plant
The characteristics of emission gas is varied depending on the
kind of waste and the gas treatment facility. The typical
pollutants contained in the gas and their concentrations are
shown in Table 4-5-4.
Table 4~5~4 Characteristics of Emission Gas
Type of Treatment Pollutants {(kg/t.waste)
Incinerator Facility Bust 50x HC1 NOx .
For Municipal Waste - 7.7 0.9 - 0.9
(U.S.A.)
300 (c/d) (Japan) EP+MC 0.59 0.48 - 0.99
" (Japan) None 5.7 0.63 - 0.99
8 (t/h)  (Japan) EP-+MC - 0.21-0.62 0.64-2.5  0.5-1.0
2.5 {(t/h) (Japan) MC - 0.92-2.9 0.21-1.4  0.85-2.1
Note: EP = Electrostatic Precipitator, MG = Multi-cyclone

Source: Wastewater and Solid Waste Treatment, P.204 (Ref. 1)
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As a treatment facility, a multi-cyclone or an electrostatic
‘precipitator, or combination of both is used. The multi-cyclone can
collect ﬁhé dust effectively when the dust concentration is more Lhan
0.4 g/NmB. As the electrostatic precipitator can collect dust in
amounts as small as 0.03 g/Nm3 due te its improvement, use in
combination is not praétical at the present. The dust concentration

of gas corresponds to sense of eyesight as follows:

Concentration {g/Nm3) Eyesight
0.4 ' The smoke is seen clearly
0.2 Seen vaguely
0.1 Almost not identified
0.05 Cannot be identified

Source: Ref. (1), P.197

= Dust
The dust in emission gas contains mainly fly-ash and soot which
is the main cause of black smoke. The fly-ash contains various

components as shown in Table 4-5-5.

Table 4-5-5 Componenté of Fly=-Ash Captured by EP

(%)
Plant 510 Al O +Fe O Cal Na O KO S0 Total
1 (Japan) 21.00 9.52 12.23 7.80 8,20 12.38 71.13
2 (Japan) 13.40 8.06 9.29 11.50 13.64 9.68  65.57
3 (Japan) 13.20 8. 44 10.67 11.00 13.20 35.21 91.72

Source: Ref. (1), P.215
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When the tyeatment facility is not equipped, concentra-
s : 3 C
tion of dust ranges between 2-5 g/Nm” , and the size of

particle is between 10-30 nm.
- Sulfur Oxides (SOx)

The concentration of S0x ranges between 50 -~ 70 ppm. It is
smaller than that of a plant which uses oil for burning

things as the waste contains a low amount of sulfur.
- Hydrogen Chloride (HC1)

Ag the hydrogen chloride is produced by bufning the
plastics, its concentration depénds on the amount of
plastics which tends to increase as time passes. The
concentration of HCl in an industrialized country ranges

between 500 - 600 ppm.
- Nitrogen Oxides (NOx)

The concentration of NOx generated from an incineration
plant is between 80 - 150 ppm, and 80 - QOZ.of that is NO.
The thermal NOx is produced when the nitrogen in the air is
oxidized under the temperature of more than 1,000°C. The
fuel NOx is produced when the nitrogen contained in the
fuel is oxidized. As the burning température of an
incinerator is between 800 - 900°C, the emission gas from

combustion of waste contains mainly the fuel NOx.
Local Conditions

The principal cenditions of air pollution on the local level are

horizontal convective transport (average wind speed and direction),

vertical convective transport (atmogphefic surface stability}, and

topography. Horizontal convective transport pertains to the
pollutant dispersion resulting from local wind patterns. Decrease
in the mean wind speed will lower the downwind concentration of

the pollutants by diluting the pollutant emissions.
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The average wind speed observed in Seoul ranged between 2.3 and
9.6 m/sec since 1977 through 1982. The predominant wind direction

is west in summer and northeast in winter.

The major determinant of vertical convective tramsport is the
temperature gradient in the atmosphere which is called the lapse
rate and given the symbol dt, defined by

dT
dz

dt = -—

where, T : Temperature

z : Height

The prevailing temperature decreases with altitude. A temperature
increasing with elevation is referred to as an "Suversion' because
the temperature profile is inverted from the prevailing lapse
rate. The ordinary lapse rate is given as

1°C__
100m

a = -

(Source: Envirommental Impact Analysis Handbook,
Rau and Wooten, P.3-14)

The effectiveness of the atmosphere in wmixing dispersing
pollutants in the vertical direction is dependent on the

"atmospheric stability''.

When the lapse rate is positive, it is called a stable atmosphere
which suppresses vertical mixing. When the lapse rate is smaller
than the ordinary rate, it is called an unstable atmosphere which

promotes vertical miring.

The topographical features also affect the dispersion of pollutant.
The roughness of the ground surface may promote vertical and
lateral mixing. Offsetting this improved vertical mixing is a
decrease in wind dilution caused by the decreased wind speed due

to the ground surface roughness.
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d. Pollution Index

To describe air pollution, reference is usually made to sulfur
dioxide. Its level is monitored in many areas as part of the
poliution index. The effect of sulfur dioxide upon human~beings

is widely debated in the medical research field. As its concentra-
tion inereases, the initial annoyance gradually leads to breathing
difficulties and eventually to severe irritation. A sulfur dioxide
level of 6 ppm paralyzes and corrodes the respiratory organs.
(Source: A Guide to the Study of Environmental Pollutiom,

Andrews, editor, P.109)

Judging from the permissible discharge standards established in
accordance with the Environmental Preservation Law, and the
characteristics of the waste, S0x will be chosen as a
representative of pollutants for forecast. The forecast will be
made based on the preliminary design regarding the discharge level
‘as well as its concentration after dispersion, aiming to use the
result for comparison with the ambient air quality standard. The
concentration of other pollutants can be forecasted by a simple

calculation using its relationship to the level of SOx.
Water Ppliution
The leachate from waste should be treated properly within the plant

site so that it does not cause water pollution of the surrounding

water body. When the water is used for cooling the emission gas and

to reduce the concentration of HCl, it should also be treated before

discharging it outside of the site. The quantity of gas washing waste-=

water is said to be 500 to 1,000 liters per tom of refuse processed.

The quality of gas cocling water contains the pollutants is shown in
Table 4~5-6.
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Table 4--5-6

Quality of Gas Cooling Water

Expected Quality

Permissible Discharge Standard

(Area C)
pH 2.0 ~ 5.0 5.8 - 8.6
BOD 200 ~ 800 ppm 200 ppm
CcoD 100 ~ 400 ppm 200 ppm
58S 300 - 1000 ppm 200 ppm
cd 0.5 = 1.0 mg/1 0.1 mg/1
CN compounds  Erace 1.0 mg/1
Org-~P trace 1.0 mg/1
Pb 10 - 30 mg/1 1.0 mg/1
crot 0.5 - 1.0 mg/1 0.5 mg/1
As trace‘ 0.5 mg/l
Hg trace Hg 0.05 mg/1
n—hexane 10 = 40 mg/1 n-hexane 5.0 mg/1
Phenol trace Phenol 5.0 mg/1
Cu 0.5 = 1.0 mg/1 Cu 3.0 mg/1
Zn 20 - 60 mg/1 Zn 5.0 mg/1
sol. Mn 10 = 20 mg/1 Sol. Mn 10.0 mg/1
Cr 1.0 - 2.0 mg/l Cr 2.0 mg/1

The other water used for ash removal, car washing and household sewage

should also be treated.
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(2)

Final Disposal
Environmeuntal Factors

The environmental factors to be considered for planning of the final
dispesal site are surface and ground water pollution, hazardous gases
and odor, rodents and flies, dust litterihg, and other nuisances
caused by dumping and trausporting works. Aesthetic problems should
also be considered for pianning when the site ig near the urban area.
As the water pollution due to discharge of leachate and the pollution
from hazardous gases are the most important factors, their

characteristics and behavior are mainly discussed here.
Water Pollution
a. Present Condition of Water Polliution in Seoul

The major sources of water pollution in Korea are domestic sewage
aﬁd industrial wastewater. The amount of wastewater discharged

into the major rivers; and their BOD5 ipads are shown in

Table 4_5.7. The quantity of wastewater flowing into Han River

shared 43% of the total quantity.

Table 4-5-7 Sewage and Industrial Wastewater Discharge Quantity
and BOD5 Load as of 1981

Quantity of Waste Water

(1,000 ton/day) BOD Load (ton/day)

River Basin Lndus- Indus-
Domestic trial Torel Domest ic trial Total
Sewage HWaste Sewage - Waste
- Water Water
Total 6,444 2,209 8,653 966 386.5 1,352.5
Han River 3,254 428 3,682 488 74.9 562. 9
Nak=-dong River 682 182 864 102 31.9 133.9
Geum River 288 84 372 43 14.7 57.7
Young=san :
River 169 10 179 25 1.7 26.7
Others 2,051 1,505 3,556 - 308 263. 3 571.3
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As shown In Table 4-5-8 the BODg level of the Han River starts

to increase markedly from Bogwang water supply intake where
domestic.sewage of central and northern parts of Seoul City is
dischafged into the river. The water quality downstream of this
station becomes unsuitable for drinking water supply, although
still acceptable for industrial use and swimming. Froﬁ.Noryangjin
downstream, the river is unsuitable for drinking water supply or

recreation, and fish population notably decreases.

Table 4- 58 BOD Levels along the Han River
(Unit : mg/l)

Chuncheon {Dam) 0.6 Youju 2.3 Noryangjin © 5.2
Soyang (Dam) 0.4 Yangpyung 1.8 Seonyu 6.1
Euiam (Dam) 0.7 Paldang (Dam) 1.4 Yeongdeungpo 7.0
Cheongpyung 1.4 Gueui 1.5 Gayang 10.4
Danyang 2.2 Tukdo 2.2
Jooﬁgweon 2.6 Bogwang 4.8

b. General Characteristics of Leachate from Landfill Site

The leachate from landfills contains organies, nitrogenous compounds,
concentrated color and suspended solids. The quality is affected by
the characteristics of the filled refuse, 1andfill methods and filled
periods. When inorganic refuse such as glass, ash, bones and stones
are filled, the leachate has low organic content. When raw refuse is
filled, such as the situation at Nanjido, the leachate contains highly
organic and nitrogeneocus matters, Furthermore, the leachate in
anaerobic landfill sites remains concentrated longer than aerobic
type sites.

The quality of leachate at Nanjido as cobtained from the basic field
surveys in indicated in Chapter 2. The data obtained by the survey
of leachate from a landfill site at Pusan shows a high level of

biochemical oxygen demand (BOD) {(Table 4-5-9).
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Table 4-5-9 Characteristics of Leachate

Pollutant November =~  December January  February
pH 7.6 7.4 6.8 6.2
BOD (ppm) 2,340 2,360 22,000 21,000
COD (ppm) 4,700 4,520 41,200 44,000
8% (ppm) 36 58 59 670
Source : Solid Waste Treatment of Seoul, P.133

Table 4-5-10indicates leachate quality during various landfill periods.

The table shows that the value of BOD decreases quickly in the case

of aerobic landfill, while the decreasing rate is very small in the

case of anaerobic landfill.

COD wvalue.

The BOD value decreases faster than the

In the case of anaerobic landfill, the value:of NH3-N

decreases very slowly.

Table 4-5-10 Some Examples of Quality of Leachate
Ycems Land£illing & months after 1 year after 2 years after
Measurad Duration Landfilled Landfilled Landfilled
Leachate Quality Leachate Quality Leachate (uality Leachate Quality
- |BOD 40,000 - 50,000 ppm | 40,000 - 50,000 ppm | 30,000 ~ 40,000 ppm | 10,000 - 20,000 ppm
- :
Ticon 40,000 ~ 50,000 ppm | 40,000 ~ 50,000 ppa | 30,000 — 40,000 ppm | 20,000 - 30,000 ppm
kel
MR 800 - 1,000 ppm 1,000 ppu 800 ppm $00 ppm
-
2 | pu 6.0 6.0 6.0 6.0
Q
(g: Transparency 0.4 - 1.0 1-2 2-3 2 -3
E BOD 40,000 - 50,000 ppm 7,300 ~ 5,000 ppom 300 ppm 200 - 300 ppu
-t
c lcobp 40,000 - 50,000 ppm | 16,600 - 20,000 ppm | 1,000 - 2,000 ppm 1,000 - 2,000 ppm
[7r el
eSlwm, - § 809 - 1,000 ppm 800 ppm 590 - 600 ppm’ 500 - 600 ppm
SO0 ™
2531 pn 6.0 7.0 (7.0 = 7.5 7.0 - 7.5
o
2 | Transparency 0.9 - 1.0 1-2 1.5 - 2 1-2
BOD 40,000 ~ 50,000 ppm 5,000 - 6,000 ppm 200 ppm
_§ cCobD 40,000 - 50,000 ppm 10,000 ppm 1,000 - 2,000 ppm
%_’j NH, - 800 - 1,000 ppm 500 ppm 100 -~ 200 ppm
e
52| ot 6.0 8.0 7.5
[T
P
Transparency 4.9 - 1.0 1-12 I-4
~ | BOD 40,000 - 50,000 ppm 200 - 300 ppm 50 ppm 10 ppm
—%
hal i .
‘_'_é cConD 40,000 - 50,000 ppm 2,000 ppm 1,000 ppm 500 ppum
Sy, - 800 ~ 1,000 ppm 50 ppm 10 ppu 1 -2 ppm
(3]
-
E pH 6.0 8.5 7-38 B.5 ppm
O
< | Transpareucy 0.9 - 1.0 6~ 7 2-3 2 -5
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When the ash from the incineration plant is landfilled in the
site, attention should be paid to the contents of heavy metal in
the ash. Their concentration varies widely depending on the

characteristics of waste (Table 4-5-11).

Table 4~5-11 Concentration of Heavy Metal in Ash

{(ppm, dry base)

Source Cu Fe. Ph Cr Zn Na
U.S. A, 2,300 84,000 5,000 350 2,500 26,000
Japan 1,300 15,900 470 160G 2,800 12,000

Source: Ref. (1), P.213

¢. Leachate Control

Leachate control is commonly employed in a sanitary landfill as it
is a potential contamination hazard to ground or surface waters
The amount of leachate is greatly influenced by rainfall and

subsurface condition.’

Diversion of runoff to the landfill site from outside, and from
the site to surface water is an effective way to reduce the
leachate. The soil cover over the landfill helps to reduce the
rainwater which infiltrates the fill and leaches out soluble

pollutants from the wastes.
The leachate should he collected within the site and treated

properly before being discharged to surface water. The pollutant

level should conform to the permissible discharge standard.
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(3} Gas
a. Present Condition of Gas Generation from Landfill Site in Seoul

The gas volume generated at the Nanjide landfill site was 2,338 x

10%> from the 8.26 x 10° tons of waste (Fig. 4-5-1). The

volume of gas generated in summer was 2.6 times that of winter.

About 280 m3 was generated from 1 ton of waste.

Waste Volume: 8,259,000 ton

109
300 A
o 6 3
B Summer (Total volume: 1,692x10 m™)
w
m
&
= 200 |
[11]
+3
[u]
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[
g
a
L) o>
ut Winter (Total volume: 646x10 m”)
(o]
100
&
=
—t
o
=

0 1 2 3 4 5 6
Period after Landfill (Year)

Fig. 4-5-1 Gas Volume Generated after Landfilil

Source: Research on safety of municipal waste landfill at
Nanjido, October 1981
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General Characteristics of Gas Generated from landfill Site

Hydrogen,'methane, nitrogen, carbon monoxide, hydrogen sulfide,
carbon dioxide, etc., are the gases often encountered at the
landfill site. Among these, methane constitutes 40-60%Z of the
total gas vo1ume. The production vate changes as time passes, and
it reaches the maximum rate 1-2 vears after landfill of the waste
(Fig. 4~5-2). '

Fig. 4-5-2 Periodical Change of Methane Generationm
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Source: Characteristics of gas generation of landfill site,
Koichi Yamada, et. al.
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Calculation of Gas Volume

The gas volume generated as the result of anaerobic decomposition
of solid waste can be estimated roughly applying the following

chemical equation.

CHaObNe + —5—(4=a=2b+3c)Hy0 —> —g~(4ma+2b+de) COy

+ “—81;“(4+a-2b-'3c)0114 + cNHj

where, .
C, H, O, N : Carbon, Hydrogen, Oxygen and Nitrogen

a, b, ¢ : Chemical composition ratio by weight of
hydrogen, oxygen and nitrogen

When the chemical composition of the waste drawn from Table 10-3-1
(C: 17.23%, H: 2429%, 0: 12.92%, N: 1,00%) is applied, the

above formula can be written as follows:

C1.434H2,29000.80880.071% 0.512 Hy0

—> 0.659CO2 +0.,775 CHQ + 0.072NH3
Thus, 33./7 liters of gas is produced from 100 g of waste. It

can be rewritten that 337 (mslt.waste) is produced.

Decomposition is active for a few years after landfilling. So,
when it is assumed that a half of the total volume of gas is
generated in a year, the daily volume of gas in that year is

1 1
337 x T3 x 35 =0.406 {(m3/c.d).

The gas is generated in the site and dispersed to the outside.
The gas may cause natural fire and nuisance of odor when the

concentration of pollutant is high.

4 - 113



d. Gas Control

When methane is present in the air in concentrations between
5 and 15 percent, it is inflammable. To prevent gas seepage
through the sealant, the gas should be collected through
gravel packed cells and wells. A typical gas control system
is illustrated in ¥ig. 4-5-3,

Cover material

Compacted
refuse

Gravel-packed

N\

a, Cell

Cover material

Compacted
refuse

AN e s, e, a.

S .

L4 PRI T
LI L L)
el Dl

) .atyrt
A
" "

Tl t esme s g

> L4 - -

ek \‘ “\
. Gravel-packed R N
~gas well .

V4

b, Well

Fig. 4-5-3 Typical Gas Control Methods
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Odor

a. General Characteristics of Odor

The main elements of odor generated from the landfill site
are hydrogen sulfide, methyl sulfide and wethyl mercaptan.
They are produced as a result of decomposition of sulfide

compounds in the waste,

Two major methods from ﬁeasuriﬁg the odor are a human sense
measuring method, and a device measuring method. The odor is
captured and smelled by man. The air is diluted until it comes
to the point that he cannot smell the odor. Then the dilution
rate is called a dilution/threshold ratio, or odor concentra-

tion, and expressed by D/T.

The other way is a method fro measuring the odor concentration
by use of a device, An example of pollutants and the standard

limit are given in Table 4-5-12.

Table 4-5-12 Standard Limit of Odor Elements
(on the ground surface of the site boundary)

Element Standard Limit (ppm)
Hydrogen Sulfide, s 0.02 =~ 0.2
Methyl Sulfide, (CH3}23 0.01 -~ 0,2
Methyl Mercaptan, CH,SH ' 0.002 - 0.01
Methyl Disulfide, (CH,),S, 0.009 - 0.1
Trimethylamine, (CH3)3N 0.005 - 0.07
Acetoaldehyde, CH3CHO 0.05 - 0.5
Styrenme, CH ~CHCH, 0.4 =2
Ammonia, NHg 1 ~5

Source: Rank odor protection law of Japan, 1971
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Odor of Landfill Site

The odor generated at a landfill site is dependent on the
characteristics of waste and method of landfill. The elements of
odor and their concentration vary a great deal, thus its complete

analysis is very hard.

A research shows that a high concentration of odor elements are

found when the concentration of wmethane was about 50-60%

Odor Element (ppm)

10 20 30 40 50 60
Methane (%)

Fig. 4-5-4 Concentration of Odor Elements and Methane

Source: Water use and drainage, Vol.20, No. 11, 1978

Control of Odor

The odor generated at a landfill site is diluted by wind and
could be harmless outside of the boundary. As it is genevated by
anaerobie decomposition of proteins and vegetables, it is often
accompanied by methane generation. Thus it should be collected
together with methane and treated properly when the site is close

to a residential area and has potential to affect people.

4 ~121
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CHAPTER 5 PROPOSAL AND EVALUATION OF MASTER PLAN

Approach to Master Plan

The master plan should have a continuity, which is an efficient waste
stream from genération to final disposal as a total system in solid
waste management., The solid waste management system must consist of

the concurrence of subsystems having interrelationships with each other.
Therefore, the establishment of the reasonable interrelationships will

cause the master plan to have system continuity.

The fundamental functions for each subsystem can be identified as

listed below,

1. Onsite Storage : Residents' convenience and public health.

_ 2. Collection/Transportation :  Efficient and reliable removal of

wastes from the served area.

3. Intermediate Processing : Efficient and reliable operation such
as volume reduction, chemical stabilization and resource recovery

with adequate environmental control.

4. Final Disposal : Reduction of wastes to nature with adequate

- envirommental control,

The general:intérrelationships between subsystems are illustrated in
Fig. 5-~1-~1 as a basic framework for solid waste management. The

arrows in the figure signify the requifements of each subsystem with
respect to the others. These requirements have to be evaluated from

viewpoints of the local conditions and management policies,

In Seoul City, like other foreign municipalities, the major solid
waste management problems can be specified as the scarcity of new
tandfill sites in the administration area, Taking into account the
existing situation in Séoul, opening of the Incheon coastal landfill

site, which 0.0,E, has studled, can be specified as an important matter

5-1
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for Seoul City. However, since Incheon landfill planning 1s within
a comprehenéive project spanning across several administrative districts,
the actual qbnstruction must be delayed due to institutional hindrances,

Therefore, Nanjido mounding is indispensable for Seoul,

However, although the_waste.stream'may be established by the above
landfill projects, Ehe basic problem is not yet solved, It is always
difficult to écqﬁire sufficient landfill sites for the future and this
problem is also faced by Seoul City, Therefore, the master plan should
have effective solutions for the situation and the volume reduction of
waste for economical use of landfill sites should be focused in the
master plan, Ihtermediate probessing is the mdst effective method for
waste reduction. Though source separation of recoverables is also one

of the methods,

In the case where intermediate processing is adopted, waste characteris-
tics, generation rate, marketability of products, initial investment

and maintenance and operation cost are necessary to be considered.

These technical, and economic aspects were discussed in the previous
Subsection 4-3~4, The master plan is evaluated mainly from economic

and financial viewpoints in this chapter.

On the other hand, another continuity, which is a smooth transition
from the existing system to the future system proposed in the Master

_Plan is necessary to be considered, This topic is discussed in

Section 5-5,
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Cotlection Rate

Framework

for Master Plan

The master plan taxgeted for year 2005 covers the whole Seoul

administra
persons in

The collec

tive area. The projected population is 12 5 miilion
2005 as shown in Chapter 3. : '

tion served area is also specified as the same area

according to the definition of the Seoul refuse cleansing ordinances.

The collec

tion rate is projected to be the same as the generation

rate, though recovered materials and illegally dumped waste are

necessary
should be
projects.
plant and

framework.

to be considered.
l1imited to the waste which is not treated by other

For instance, waste treated by Nanjido waste recovery
by Mokdong Incinerétion plant should be excluded from the
The

Waste generation rate is shown in Table 5-2-1.

waste amount which is taken into account in this study is shown in

Fig. 5-2-1 and Table 5-2-1 together with projected population.

(1000 persons)

However, project framework of this study

Population

30,00 O i f E : i H T T T T H T i i T T H T T 14,000
(t/d)
L Population e ;;¢,
; _¢d:__}__,__—m-—7—ﬂ*’ﬂ_“
20,000F—=C 10,000
Briguet Ash —
- Mo 3
ﬂfﬂ,ej‘tambustigiﬁsww -
T Yoo
10:000:ﬁ*7_%#:*m:=“” 7__~”f,iw“"“ 1 8,000
T Combustibles
? 1 1 H H H ) 3 ! { H ! 3 s 4 v i N 5 2 ’ D O 0
85 o0 Tgh 2000 vear 2005

Fig., 5-2-1 Average Collection Rate and Served Population
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The waste characteristics for planning intermediate processing are

divided into two collection types of two components and three
components. Three major components and lower heating values are
discussed in Subsection 4-3-2 about low quality waste and medium

quality waste. Here, waste composition of high quality waste was

aiso taken into consideration (Table 5-2~2).

Table 5-2-2 Characteristics of Waste by Separation Types

a. Three Major Components and Lower Heating Value

Separation 19?8 - 2095 ;
Tvpe Component Low Medium  High Low Medium High
yP - Quality Quality Quality Quality Quality Quality
Volatile (%) 23.4 28.9 40.0 27.8 34.1 40.0
% Ash (%) 21.9 26.1 . 26.0 23.0 25.9 26.0
: Moisture Content(%) 54.7 45.0 34.0 49,2 40,0 34.0
Compornents Lower Heating 720 1,030 1,600 950 1,290 1,600
Value (kcal/kg)
Volatile (% 26.9 32.9 46.0 32.4 39.7 46.0
3% Ash (%) 11.5 16.8 14.0 11.5 15.1 14.0
Moisture Content(Z%) 6L.6 50.2 4£0.0 56.1 45.2 40.0
Components Llower Heating 840 1,180 2,000 1,120 1,520 2,000

Value (kcal/kg)

% Including Non—-combustibles

b. Non-combustibles (on 3 Cbmponent separation)

Component 19388 2005
Metals (%) 16.0 20.0
Glass/Ceramics (%) 35.0 44.0
Others (%) - 41.0 28.0
Moisture Content (%) 8 8

Note: Separation is as follows.

Briquet Ash

2 Component ._“_1::
Others

Briquet Ash
3 Component Non-combustibles

Combustibles



5-3

5-3-1

(1

(2)

Proposal of Master Plan

Establishment of System Alternatives
Trends in Solid Waste Management

Solid waste Management has always been centered around landfilling.

However, difficulties in securing adequate‘landfill sites in thé metro-
politan areas have caused municipalities to adopt poliéies to reduce the
load on landfills. As a solution, intermediate processings such as in-

cineration and composting have been implemented.

The situation on solid waste management in various nations around the
world is shown in Tables 5-3-1 and 5-3--2., These tables reveal that
Japan, Switzerland and the Netherlands have high incineration ratios,
followed by France, German Federal Republic and Sweden. Eurthermoré,
heat recovery is popular in Europe. and the United States of America has
focused its main management method to 1andfiiling but is carrying out
research and development on resource recovery oriented technologies such
as pyrolysis and RDF, 1In this respect, from the landfill-centered prin-
ciples, solid waste management technologies show trends toward resource

recovery with economical use of landfills.
Alternatives for Seoul City

The alternatives for the master plan are established as presented in
Fig. 5-3-1 from technical viewpoints. This figure illustrates the
waste stream [rom onsite storage to final disposal for each alternative
on the basis of source separation and intermediate processing. The

descriptions of each alternative are presented below,

Option 1 . GCompletely landfilling type which is the most economical
system in the case where acquisition of sufficlent land-
fill sites 1is easily accomplished. Briquet ash is sepa-

rately collected for use as cover material,



justiad Ul 43240031 AS19us O SOTIBL S30USp sesayjusied ur s=andTg : 930K

0861 9gv's 70L°61 08L°2 - - 918°¢1 urTe3Tig 38329
6161 - X (L712) 91L°1 1 - 9v1°Z puBT19Z3ING
0861 - 0051 (£°68) 016 081 05T 006°2 uspING
0861 - §L0°¢ (9785) Z1¢ S06 8L 8z70°g uredg
0861 - SHe - 59 -~ GOS°T TeEn3ieg
€l61 - - - - - oomxﬁ Leniop
0867 - - {L710) 692°2 £z8 - 001°¢ SpueTIaY3Iay
0861 0594 982°¢ (£°12) #6L°C vE8 70% 170° %1 A1eal
0861 - 00s°z - - - 005°T CREERR!
LLBT XA 761" ST €52°9 Ty - 000°£2 AT
0861 0¢6 S (0°29) 006°% S6E° T : - 006°¢T aoueag
0861 - - - - - 00%° 1 pueTuLi
0861 - 60€°1 £69 8 - 9v0°T yaemusq
0861 78% 0gs° 1 (6°62) 0ZL 0S¢ - 280°¢ un13Teg
2861 - 0€6 (6°%6) 91¢ €1¢ - 095°T BIIISNY
2861 - L60°2 - T - e TO A DUBTE®Z M2
$L61 - 006°6 00T - - 000°0T BITRIISNY
6161 €C6 75€°0e (1°61) (v8°we 8L - 8v1°2Y uzdep
0861 - - - - - 000°09T AR
0861 - v98° 11 0% - . 06 009°CT epeUR)
.@OHumm 13y TTI3pue] UOT3eI8UTOUT . 8utasodwo) MMWMMMMMMM a3®e¥ woT3EN
@lry TesSodsI(/Burssedoagd UOTIVRTTOD
0T 0001
. suoTiey ufiaiog uy sajey [esodstq/SursSse0oig pUB UOTIDSTTC) T~£-¢ aTqe®L



Table 5-3--2

Solid Waste Management Systems in Foreign Municipalities

City Name Collection Rate Processing/Disposal Rate period
Greatevr London Landf11l ‘80% ~ Alter transfer:
(Unjted Kingdom) 11,000 t/yr 1975 Barge 25%
Incinecation 0% vehicla 5%
(Capacity 50m3)
Yestminster Nomestic 56,000 t/yr Landfi1l 96.7%
(Untted Kingdem) Commercial 104,000 t/yr 1927
kRecycling 3.3%
Tetal 160,000 t/yr
paris Domestic 866,700 t/yr  Iacineration 461 - Refuse of Paris s
- . managed by the Seine
(France) Harket waste 75,300 t/yr Haterial recovery 19% 1964  Prefectural Coverne
Total 942,000 t/yr Laudffil 35% ment
4
Ronn 143,600 t/yr LandFill 8L.4%
{G.F.R.) Incineration 18.6%
kamburg Domestic 574,000 tfvr Tacineration
(C.F.R.) Bulky waste 40,000 efyr Pomestic 40T 1957
Totat . 614,000 t/yr fulky waste  100%
Hleidelbery NMomestic 44,000 £fyr Landfill 12.3% - Recovered materials:
. - " glass, paper, fervnus
(G.F.R.) Commercial / 18,000 t/yr Incineration 35,5% 1978 . metals, compost
Industrial Recovery 32.2%
fEcovers " ~ Separate collection
Total 52,000 vfyr for paper and glass
St 3 , 44 42
ockholm zgzzzté:il 200,000 tfyr LandFi11 4
{Swedan) ) 1973
industrial 250,000 t/yr Incineration 55,6%
Total 450,000 tfyr
New Yok h,468,221 tfyr LandEL1l 82.3% - Separate collection
1977 for recoverables is
(U.5.4.) tfn 1978) fpeineration 17.7% under planning
Nallas 5,641,000 tfvr Landfill 1007 1980 - Three transfer
(U,5,.4.) starions
Tokyo Combustibles 2,897,000 cfyr
(Japan) Non-coubustibles 1,180,000 t/yr Encineration S6%
Bulky wagte 114,000 t/yr 1982
Others 1,012,000 t/yr Landfi1L 4ex
Total - 5,203,000 tfyr
lf{roshima Combuscibles 65,700 tiye
(Japan}) Non-combustibles 16,000 t/yr Incineration 502
Recoverables 5,100 t/yr
Bulky waste 100 e/yr Haterial recovery 2% 1983
Hazardous waste 2,600 t/fyr
Landfill 8%
Total 88,500 tiyr
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Optlon I1 : Two compaonent waste separation option in which interme-
diate processing for the waste without briquet ash is ado-
pted. Selection of an intermediate processing system is
“difficult due to factors such as, 1f composting Is chosen,
the quality of compost products is poor due to impurities.
and if incineration is selected, the amount of residues is

large due to mixture of non-combustibles.

Option ITT : Three component wastes separation option where efficlency
and reliability of intermediate processing can be obtained

by the separation.

Option IV : Four component wastes separation optiom which requests a
large load on residents due to the separation task required

onsite,

The general procedure of an implémentation for improvement is divided

into three steps. Landfill acquisition must be carried out as the first
step and improvement of_colleétion should follbw. Then an intermediate
processing system should be established after improvement of the collec-

tion/transportation system.

5 - 11



5=3-2

Decision of Proposed Master Plan

Among the alternatives considered in the previous subsection 4-2-1, a
three compohent waste separation is appropriate for maintaining the
efficiency of intermediate processing due to merits on such matters
as up-grading the compost quality, raising heating value and
manimizing plant capacity. The coste for collection of 2 and 3
components separation ave almost same level as calculated in Table

4=2-6. The appropriatehesé of the following alternatives are studied:

1. Option.l : {Transfer station) + Landfill

2,  Option III-a : Incineration + Transfer station + Landfill

3. Option IL1I-b : Compositing + Material Recovery + Transfer statiom
+ Landfiil
4. Option III-c : Incineration + Material Recovery +

Transfer station + Landfill

The cost comparison of the above options is indicated in Table 5-3-3.

From view points of costs,

- Option I, with transfer station, is the least expensive, while
Option I, without transfer station, is the most expensive.
This fact means that transfer station has a large impact to
improve collection and transportation efficiency contrary to the
costly vehicle collection system, because the distance to Incheon
landfill site is considerably long and the transportation cost is
high.

- If compost is marketable and is not filled, Option I1I-b has
merits in economics and volume reduction. However, demand for the
compost product at present and in future is expected little even

if it is distributed free of charge.

- On the other hand, Option ILl-a and IIlI-¢ have potential for
revenue from activities such as selling steam for heating the
surrounding community and generating power when the heating value
of refuse becomes sufficient for burningin the future as shown in
Table 4-3-5,

5 - 12
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Investment (billion W)

Therefore, in consideration of study results of chapter 4 and the
following factors, Option IlI-c is vecommended as the most
appropriate option, and thus is proposed as the optimum master

plan for Seoul City.

1. Most effective process for waste volume reduction (Refer to Table
5~5~-3)

2. Improﬁement of collection and transportation system to promote
collection efficiency

3. Tebhnology is proven world-wide

4. Appropriate for waste processing in metropolitan areas (from
view-points of environmental aspects, prdcessing rate, etc.)

5. Has possibilities for energy and material reccvery

The evaluation table for selection of the optimum alternative is

given'in Table 5-3-4.

Nevertheless, Option iII—c needs a large investment for implementation.
Since total processing of waste is a target for the master plan, the
available amount of investment should be evaluated. Therefore, the
optimum master plén is established on the processing ratio of the pro-
jected waste generation vate, based on the results of the economic
evaluvation in the following section. The relatlonship between incinera-

tion ratio and investment is shown in Fig. 5-3-2.
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Note : Investment for landfill includes
Incheon landfill and Nanjido Mounding.

Fig. 5-3-2 Correlation between Investment and Incineration Ratio
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Table 5-3-4

Evaluation of Master Plan Altervnatives

Note : X ¢ O point A

* The percentages im parentheses are possible waste volume reduction
ratios for each option (on total waste excluding briquet ash).
* Reduced volume;

Option I = | ==-—=eeam-- e 0 m3
TR S R —— 4,229,000
I1T-b(Marketable)=-= 3,434,000
IIT-b(Non-marketable)l, 944,000
TIImg mmmemmmm e 4,365,000

* Tnput volume; 2,692,000 m3

5-15

o Option
ol .
Factox S 54 o 1116 TIT-c
Landfill Incinera- Composting + Material Incineration Comment
tion Recovery + Material
Marketable  Non-marketable Recovery
Economic
Costs 0 X A A X Initial + operation and
maintanance costs
Revenue X X 0 A A Marketability of output
is determinant
Environmental
Potential x A A Water contamination,
to Pollute ‘ A A air pollution, odor,
noise, etc.
Aesthetics X A A A A Waste scatter, vectors,
appearance, etc.
Technical
Provenness 0 0 V] 0 0 Provenness on & large
scale, world-wide
Volume X 0 a X 0 Critical factor for
Reduction* (%) {(74%) (60%) (34%) (17%) Seoul City
Administrative 0 A X X A Handling, operation,
malntenance, etc.
Score 6 7 8 6 8 See note below for point
Rank 3 2 3 1 I1I-b ranking considered
an in-between score
1 point 0 : 2 polnts



5-4 Viability of Investments

5-4-1

5-4-2

Methodology

Solid waste management is indispensgble to the society. In particular,
a number of big cities in the world endeavor to seek the best solution
for solid waste diSpoéal; Seoul City is not without exception and is
wofking out several alternatives in this field. On the other hand,

the problem is that capital is not always sufficient to the economy.
Investment in one sector méy lead to giving up something in another
sector.  There may exist trade-offs between competing social needs,
This capital coustraint implies that it will be necessary to establish

priorities for alternative use of capltal.

Taking these into account, efforts will be, in this section, mostly
directed to provide information for the Government to establish
priorities for solid waste management. For this purpose, potential
aviliability of capital for sclid waste management in Seoul City will
be assessed in consideration of practices in Seoul City as well as
other countries, Then; the estimated potential availability of capital
will be compared with the capital requirements for the alternatives
proposed in the Master Plan throughout the planning period up to 2005.
When éapital shortage exists, another alternative with lower costs

shall be elaborated although its service level may be deteriorated.

The assessment of potential availability of capital for solid waste
mahagement here is not the results from detail_seétor analysis for
economic planning. This will be, however, informative to the Govern-
ment when establishing priorities.

The work flow is summarized in Fig. 5-4-1.

Capital Availability

According to the Feasibility Report on Han River Basin Environmental
Master Plén, typical level of investment in pollution control in the
induétrialized countries have ranged from approximately 0.5 percent
to 2.0 percent of GNP. This pollution control inveétment includes

not only so0lid waste disposal but also water and air pollution contrel.
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Fig, 5-4-1

Work Flow for Estimation of Capital Availability

Projection of GNP

in Korea
1983~2005 Growth Rate
i Bb.BA/ix

1Plans for Solid Waste

4th & Sth Five-Year

Management System

Improvement in Japan

Actual Investment
for Solid Waste

Management in Japan

/
Prajection of GRP

| ___in Seoul
11983-2005 Growth Rate
' 6.64/¥r

{?gbjectibn of.Gross
Elnvestment in Seoul
j198342005 Growth Rate
é 7.6%4{Yr

4th: %120 billion/Yr
Sth: ¥246 billion/Yr

4th: ¥125 billion/Yr

Sthi ¥170 billion/Yr

Comparison of Planned and Actual

Investment for Solid Waste Disposal|

with GNP and Gross Investwment in

Japan i
(%) Planned Actual ?
GNP GI ‘GNP~ GI |
4th 0.06 0.2 0.06 0.2
5th 0.09 0.3 0.06 0.2

Comparison of Seoul City
Budget for Solid Waste
Management with Gross

Investment

0.5 to 0.6%

Estimation of Potential
Capital Availability for
Solid Waste Management

in Seoul

0.2% of Gross Investment

1986-2005: W00 billion
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Based upon the experiences in the industrialized countries, the
Feasibility Report concludes that the 1 percent allocation of GNP to

investment in pollution control seems reasonable.

Investment in pollution control 1n Japan increased ta 2 percent of

GNP in 19?5. Investmeﬁt in solid waste disposal ﬁas expected to reach
¥600 'billion durfng 1976 to 1980 under the Fourth Five-Year Plan for
Solid Waste Management System Improvement. TIn 1981, the Government

of Japan épproved the Fifth Five-Year Pian amounting to ¥1,230 billion
during the plaﬁning period from 1981 to 1985. Table 5-4-1 presents

the comparison between the Fourth and Fifth Five-Year Plans.

Table 5-4-1 The 4th and 5th Five-Year Plans for _
Solid Waste Management System Improvement of Japan

The 4th _Five-Year Pla The 5th Fi ar Plan
(1976-1580 i (1361198557
~Auwount 3 Amount
Volume 1311100 Yen) Volume  (11110n Yen)

Incineration 42,000 t/d 472.9 59,850 t/d 772.7
Facilities
Bulky Waste
Processing 80 units 18.3 85 units 35.0
Facilities
Facilities :
Improvement - 23.5 - 20.1
Works
Disposal - . ' )
Facilities 728 sites 59.5 168,250j000m 209.8
Landfill Site . 2
Acquisition - - 17,123,000m 109.3
Collection .
Vehicles, - 25, 8% - 83.1
ete, '

Total . 600.0 1,230.0

Note : % estimated

Source : City and Waste, Vol., 12, NWo., 1

5~ 18"



An annual average disbursement comes to ¥120 billion for the Fourth
Five-Year Plan and $246 billion for the Fifth Five-Year Plan which are
compared with the GNP and gross lnvestment in Japah during the com-
parable years, Tﬁe percentage of annual average disbursement is

0.06 percent against GNP and 0.2 percent against gross investment in
the case of the Fourth Five-Year Plan, while the percentage against
GNP and gross inﬁestment is 0.09 percent and 0.3 percent, respectively,
in the case of the Fifth Five-Year Plan. The capital requiremeﬁts
proposed by the Fourth as well as Fifth Five-Year Plan will be regarded
as an optimum level of investment for solid waste management improve-

ment.

On the other haﬁd; the actual budgets of the Central Government for
solid wasté management were approximately ¥36 billion per annum
during the Fourth Five-Year Plan and ¥49 billion from 1981 to 1984.
The total investment for solid waste management in Japan is estimated
on the basis of those budget scales. During the Fourth Five-Year
Plan from 1976 to 1980; the actual annual investment is estimated to
reach ¥1?25 billion which is the same level of investment proposed by
the Fourth Five-Year Plan. This may be partly due to the price hike
after the oil crisis. The eétimated annual investment during 1981 to
1984 amounts to ¥1i70 biliion, 30 percen? lower than that expected by
the Fifth Five-Year Plan. This estimated investment is also compared
with the GNP and gross investment. = The percentage of the investment
is 0.06 percent against GNP and 0.2 percent against gross investment.
This level of investment will be regarded as the minimum requirement

to keep a sound solid waste management. % : (1-170/246)=30

Meanwhile, the budgét for solid waste management in Seoul City was
0.17 to 0.18 percent of Seoul GRP and 0.5 to 0.6 percent of gross
investment from 1983 to 1984, At this budget scale, 30 to 50 percent
of the total budget shall be allocated to meet such an investment
level as described in the foregoing paragraph. On the other hand,
the total budget of Seoul City is a little higher than 10 percent of
GRP in these year. The budget for solid waste management, therefore,
is around 1.5 to 1.6 percent of the total budget. The limited space

for landfill will make solid waste disposal costly and may use more
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budget_in the future,

Needless to say, the availability of capital for solid waste management
in Seoul City largely depends upon the priorities that the Seéoul
Metropolitan Government and the Central Government will assign to this
field. From the experiences of the industrialized countries, invest-
ment in pollution control increases in accordance with economic develop-
ment. In Korea, investment in this field will grow fast in the future
as a member of the industrialized countries. The city budget for

solid waste managementis expected to increase accordingly in the

future.
Potential Availability of Capital

For the purpose of considering the viability of investments for the
proposed Master Plah, this report relies on the Japanese experiences
t0 project the potential availabiiity of capital for solid waste
management in the future. The percentages of the iﬁvestment in solid
waste management against GNP and gross investment in Japan were applied
to the GRP and gross investment in Seoul City for this purpose.
Projections of the total capital available during the planning period
in Seoul City range from W985 billion in the case of 0.3 percent of
gross investment to W530 billion in the case of 0.06 percent of GRP,

as shown in Table 5-4-2.

The greatest availability of capital in the case of 0.3 percent of
gross investment can be considered as an optimum or idealistic level
of investment in solid waste management that Japan aimed at but could
not attain due to capital shortage. On the contrary, Japan actually
expended 0.2 percent of gross investment in solid waste management
during the Fourth and Fifth Five-Year Plans. This was also the goal
of the Fourth Five-Year Plan. Applying this investment level to
Seoul City, approximately W660 billion will be available for solid
waste management during the planning period., This amount corresponds
to the investment level in the case that 0.074 percent of Seoul GRP
is allocated to solid waste disposal.during 1986 to 2005. Tn terms

of GRP, therefore, the investment amounting to W660 billion is just
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Table 5-4-2 Potential Availabilicy of Capital
(Unit: billion Won at 1984 constant
prices)
Year : ‘Seoutl GRp Gross Investment
0.09% Cumulative]| 0,067 Cumulative 0.372 Cumulative] 0,27 Cumulative

1986 20.3 20.3 13,6 13,6 23.1 23.1 15.4 15.4
1987 21.8 42,1 14,5 28.1 25.2 48.3 16.8 32.2
1988 | 23.3 65.4 15.5 43,6 27.3 75.6 18,2 50.4
1989 24.8 90.2 16.6 60.2 29.7 105.3 19.8 70.2
1990 26.5 116.7 17.6 77.8 31.5 136.,8 21.0 91.2
1991 28.3 145.0 18.8 96.6 33.9 170.7 22.96 113.8
1992 30.2 175.2 20.1 116.7 36.6 207.3 24.4 138.2
1963 32.3 207.5 21,5 138.2 39.3 246.6 26,2 164.4
1994 34.4 241.9 22,9 161.1 42.3 288.9 28.2 192.6
1995 36.5 278.,4 24.4 185.5 45,0 333,9 30.0- 222.6
1996 38.9 317.3 25.9 211.4 48,0 381.9 32.0 254.6
1997 41.4 358.7 27.6 239.0 51.6 433.5 34.4 289.0
1998 44,2 402.9 29.5 268.,5 55,2 488.7 36.8 325.8
1999 46.8 449.7 31.2 299.7 58.8 547.5 39.2 365.0
2000 49,7 499 .4 33.1 332.8 62.4 609.9 41,6 406.6
2001 52.7 552.1 35.1 367.9 66.3 676.2 44,2 £50.8
2002 55.8 607.9 37.2  405.1 70.5 746.7 47.0 497.8
2003 59.1 667.0 39.4 444.5 75.0 821.7 50.0 547.8
2004 62,5 729.5 41.6 486.1 79.2 900.9 52.8 600.6
2005 65.7 795.2 43,8 © 529.9 84.0 984.9 56.0 656.6
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in the mlddle between the optimum 0.09-percent investment and the
actual investment of 0.06-percent level, This suggests rthe necesgsity

of effort to approach the optimum investment level to a certaia extent.

Again, available capital for solid waste management in Seoul City
depends updn the priorities that the Government will assign to this
field. However, given tlhe experiences in - industrialized countries
and the future economic development in.Korea, the poténtial capital
availabiiity will be expectéd.to reach around W700 billion in total
for the whole period of the Master Plan, which approximately corres-
ponds to:the 0.2 percent allocation of gross investment, i.e. the
actual investment level in Japan for these 9 years under the Fourth
and Fifth Five-Year Plans. On the other hand, from the viewpoint of
GRP alloéation, this amount is higher than that from the actual inve-
stment ievel in Jépan but will not be unrealistically high as a goal
to attain when compared with the bptimuﬁ investment level of 0.09-
percent GRP allocation and 0.3-percent gross investment allocation
amounting to W800 billion and W1,000 billion.

Taking these into account, W700 billion seems reasonable as the
potential availability of capital for solid waste management during
the planning period in Seoul City from the economic point of view.
This scale of investment in solid waste management will make it
possible to incimerate 50 ‘to 60'percent of combustibles to be gener-
ated in Seoul City in the year of 2005, the target year of the Master
Plan.
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5-5

5-5-~1

()

(2)

Implementation

Strétegy
General Aspects

Sufficient acquisition of landfill sites is a major problem for solid
waste management in Seoul City. To combat this situation, effective
use of intermediate processing to reduce the load on landfills is con-

sidered as the most rational countermeasure.

As a consequence, the master plan ﬁroposed incineration for high volume
reduction along with reasonable lapndfill planning. Furthermore, sepa-
rate collectfon fs also proposed in accordance with the adoption of
{ncineration and intentions for improvement of the collection and
ttansportation system. The basic'strategy of the master plan is des-

cribed hereinafter.
Introduction of Sgparate CGollection

Separate collection is a basic matter for the proposed master plan
since efficient and adequate collection and processing are carried out
according to appropriate solid waste characteristics. In addition,
separating refuse onsite will give a motive for changing residents’
consclousness towards solid waste management and resultant recognition

of the necessities for waste reduction and resource recovery.

Separating into three cbmponents of briquet ash, combustibles and non-
combustibles is proposed in the master plan. The success of proper
separation depends greatly on residents' cooperation. It is proposed

that model areas are established where incinerations are put into
operation., For the establishment of separate collection, public

relations activities such as distribution of pamphlets should be

fully utilized.

Material recovery will be performed after establishment of new syétem.
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(3)

(4)

Improvement of Collection and Transportation

The traditional collection system using hand carts and manual
transfer stations has many problems vesulting from environment
disruptions, unaesthetics, non-sanitation and bad working conditions
are taken into account, the system may prove otherwise. Furthermore,
the modernization of collection and tramsportation will be inevitable
from long term viewpoints, because labor costs and residents' demand
for better environment, aesthetics and sanitation are expected to
rise, and the traffic conditions will change making the use of hand

carts and present transfer system difficult to continue.

The costs for collection systems by hand carts with manual transfer
stations, and by vehicle with mechanical transfer stations differ
only slightly at présent as calculated in Table 4-2~17 in previous

subsection 4-2-4. However, hand carts collection system will be

costly in future because of escalation of personal expense .

Therefore, adoption of vehicle collection system with 2 tom and 4 tom
compactors for combustibles, 2 ton and 4 ton dump trucks for
non-combustibles and briquet ash is proposed as a collection
improvement measure taking into account collection efficiency.
Moreover since the haul distance will become longer than the existing
one vhen the.Incheon coastal landfill is started, mechanical transfer
stations are necessary for economical tramsportation. Residual
combustibles which cannot be processed, due to the limited
incineration capacity, are also transferred to the above tvansfer

stations.
Adoption of Intermediate Processing

The intentions of intermediate processing can be given as listed

below.
- Volume reduction for economical use of landfill

-~ Processing refuse to produce a stable and harmless output to

maintain sanitary conditions and preserve the eanvironment.

5 - 24



-~ Weight and volume reduction for economical transportation

~ Resource recovery of materials and energy to conserve the

depleting natural rescurces

In Seoul City, the major problem can be specified as the acquisition
of 1aﬁdfi11 sites at both the present and future even if the Incheon
coastal léndfilling starts, and therefore volume reduction of the
filling waste becomes an effective solution for this situation. As a
result, incinération for combustibles and material recovery for

non-combustibles are proposed.

However, since the investment for incineration is high, the feasible
incineration ratio for year 2005 can be evaluated to be 50-60 % from
an economic vieWpoint. For selecting Ehe served area for
incineration of combustibles, the effects on reduction of
transportation costs as a result of waste reduction by imcinmeration
need to be considered. .In this respect, the effectiveness will be
apparent if the farthest areas away from disposal site (Incheon) are
selected first. It complies that the areas in the eastern part of
Seoul are highly probable candidates. Accordingly, the incineration
served area in 2005 is established as Dobong-Gu, Dongdaemun-Gu,
Seongdong-Gu, Seongbug-Gu, Gangnam=-Gu and Gangdong-Gu on tﬁe basis of
a Gu as unit, because the transpoftation distance is longer in these

Gu's than others.

As the first step of the incineration program, a 600 ton per day
facility with power recovery is to be constructed as a

demonstration. With this facility, incineration technology for Korea
can be established, and personnel training and accumulation of
information such as seasonal waste characteristics and generation
rates can be carried out for developing intermediate processing

technology.
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(5)

(6)

)]

On the other hand, material recovery is proposed to be carried out at
the transfer station. The introduction of the recovery facilities is
set for year 1996 after construction of the transfer station as a

demonstration unit for further developement.
Establishment of Landfill Planning

It is necessary to recognize that landfills are inevitable for a
solid waste management system and that they are limited natural
resources when considered as land. Since candidate sites for new
landfills are scarce in Seoul City, the Nanjido Mounding.is bbligéd

to be planned as a temporary step.

Programmed acqﬁisition of landfill sites is desirable due to the above
situation. The master plan estimates that Nanjido Mounding will be
completed in 1994 and proposes that Incheon Coastal landfilling should
gtart thereafter. Therefore before 1990, the Seoul Metropolitan Govern-

ment should make preparations for the Incheon landfill site.
Cooperation of Residents

Residents' cooperation is always a basic matter for improvement of solid

waste management {rom the adminlstrative side, but is not always a wel-

comed subject from the residents' side. This cooperation is especially
needed for source separation and curbside and station storage since
these will change the customs of the citizens. Therefore, the solid
waste management administrators should carry out campaigns to evoke

residents' consciousness towards the significance implied.
Personnel and Institutional Reinforcement

According to implementation of the master plan, the solid waste manage-
ment workload will increase and its responsibilities will become com-
plex. Institutional and organizational arrangements and resultant
personnel reinforcement isneedéd for increased duties such as facility
planning, facility operation and collection vehicle control. Especially,
since considerate planning and information accumulation for developing
and advancing the master plan are required, education of personnel in

charge of these operations should be carried out immediately.
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5-5-2

Proposed Master Plan
From consideration of the evaluations on technical and economic
aspects, the proposed master plan is described for each subsystem as

follows.

Three component wastes separation into

Soﬁrce separation
briquet ash, combustibles and
non-combustiblies

Collectionfon site storage : Mainly adoption of station collectiom,
container box collection for briquet
ash, and baggage collection for other
wastes by dump truck and compactor
truck according to road conditions

Transfer/Transportation : Mechanical transfer stations and large
size transportation vehicles

Intermediate Processing : Incineration for combustibles and

' Materials recovery for non-combustibles

Mounded Nanjido, Incheon coastal

.

Final DPisposal
landfill and subsidiary landfill sites

in Seoul

The flow of materials for the proposed system is depicted in Fig.
5-5-1. The proposed system is centered around intermediate
processing due to the fact that disposal potential for Seoul is low.
However, to effectively process the characteristic waste of Seoul,
three component source separation is recommended to grade up the
heating value and the level of material recovery. ‘The proposed
intermediate processing system will greatly reduce the waste volume
to be landfilled, which in turn will extend the life of the
landfill. The revenues obtainable from the recovered materials,
though not much, can be used to partially offset the running cost.
The recovered power from incineration can give benefits to both the
processing plant and the surrounding community. Though briquet ash
cammot be processed to.an advantage, the ash itself can be useful as
cover material for landfill operations when sanitary landfilling is

considered.
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