5.3.4 Present Statc of the Colléctioh System Pt

Solid waste from the surveyed avea 15 ¢ollected by S‘dump truck“’ad shown
fn Table 5.3:1. “Collection is: done frow 6:A.MJ to 4 P, H.-gwety day,
1ndlcating that- the maximun effort is made: wi;hin the rapge of . the prescnt
serv;ce capae1ty of! the Na Klué Sanltaryfblsttlct, rﬁs e ih Soak i

“iee A f TR A -.f-',? :

e - Ll

However, V1ewed from the re51dents 51de some part of thé’?es tiai“
district do not-have daiiy collection be ,usé’mﬁch tive and ehetgy 1€“§ﬁeﬂt
for collecting waste from hotéls, and an impartial service’ (twice a day) is .
provided  for downtoyn areas An Pattaya where tourists gather.- '

Concernlng the ollectién method, the’ station system is adoPted, preparxng
drums of 1008 ‘and 2008 “as “shown in thé'piétufeé, to-designated stations -
in the town and the" béaches. - Th;s system is recormendable because of- it4
efflClBﬂCy in collection work, : S o o - ;,~§

2002 drum j o :_'; 1008 druis
(Pattaya Beaéh) ,7 e i;f“;q . a Kl’" Viilage)

All trucks used Eor collectlon are modern dusp trucks, 3 out éf the S '.i
triacks -are large duap trucks of the sanltéry closed, type.i Seonoral LD

SDlld waste is flrst poured 1pto bambno béskets Eroa druirs, and then - : :
-_loaded orito the’ ‘trucks. “The’ hlgh 1oad1ng point for. the solid waste seens to
force heavy muscle bork on the collectors; Waste fronm hotels is kept at:
sPQts equnpped 1nd1v1dually by. hOtels, but zost of them are’ generally uh—
sanltary and variety -in shape and size of containers cause ineffidiency 1
in the collection work.
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$011d Waste Storage In a Hotel (Pattayd) -

The beach is kept clean by nine uorkers. SOlid waste is thrown into
drums of 2001 and collected by dump trucks.
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5.3.5 Present State of Solid Waste Dlsposal o

Collected waste was dumped” fnto: th"prlvately aned s;te situatcd at’ ‘the’
east side of the Sukhumvit Highway north of Na lua up to October, 1977,
Now it is duiiped '{nto the: €oncave’ public Iand m to.the south of ‘the

volumetric center of the sate of collectlon and 2}3 km to the east ftom
the hlghway. : : S .

- This landfiil. site has an areé Of appréximately 2 hectares and an’ average
depth of 2w, Judgxng “frém the présent q ity of solld waste, this éite
has the capacity té dlsﬁose of waste_for one- year and a half’ from now,

At present, solid waste is dunped evenly, 1{0ver the shrface of the
dumping site and burneéd after bélng dried by the sun without using séil

: covetage. As a result, ‘the site causes odour and fly problems to the
residents near the S1te._ o

‘ 53 X the. fequest of ‘the owner-_
of a coconut’ plantatlén.k “This’ could be “¢alled a fora of ﬁrxmit1ve re-

cycling of ‘solid waste’ for the effective utilization ‘of - uaste, re- usiﬁg
it as'a fertilizer..'<
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Sol1d Waste Brought to Coconut Field

This duwpping site has alreddy finished its role as a Yandfill site and
does not give off odour and flies are scarce in the site itself, but
soge‘Qf the we!ls'sitdateﬁ below the ground water route from the
site is contaminated and undrinkabdle. '

- Foraer Disposal Site (¥a Klua)
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5.3.6 Present State of Sblid Haste Collection in Ko Lan Island

In Ko 'Lan V1llage.'one‘family collects
a manual collectioncart . apac £l w3,
estimated to be appréximately 28 (600 g) per Cai '
average’ Ioading quantity to be 80% of thé capaé

population of 1 400,_

' 3~ 5.a day using
' The anount of wvaste s
‘per day assuming the
ty of the‘cart, and a

The dlsposal method is open dump:ﬁg alohg“fhe road aalirtle way frOm the
v;llage and burnlng after drying as on the mainland

;Thls wethod is not’ reconmendable, however, thls éannot be helped c0nsnder—

ing the preseat condition of local streets not being Sufficient iu this
villagé. :
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: The solid waste ErOm the beaches, on the. other hand,- is mostly thrown irto
holes dug by tesidénts,  But some of the solid waste was observéd being

- transported by boat and thrown fnto the sea, ‘7The sea dumping of solid
,uaste should be utgently cbntrolled especially very:-near the island

;A notable feature On Ko Lan" lsland is a p1lot incinerator plant establxsh-
'ed in Ta’ Van beach by Sanitary Center LI, Chonburi Province. Though the
. survey team doc¢s not -kaow the effect yet, because’ the plant has not start-

‘ed operatléns yet, this will prove to be important for those beaches close
to uhere a suitable landfill site has not been found,

. A Pilot Incineration Plant
(Ta Van Beach in Ko Lav Istand)
refer to Fig. 5.5.1
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54 P!ahnln'g and Disigh on tho Matitand -
5. & 1 Pto;ect Area

The" progect akea for solld waste dlsposai is shown in Fig 5 4.1 uhich in-
cludcs a part of southern Pattaya Hill, situated in 50uth Pattaya.

_ 5.4.2 Pro;ect Duratlon

The pro;ect starts from 1980 when 1nvestment is started, and lasts unt{l
1986 likeé the other pro;ects for ‘the establlshment of ‘an infrastructure.

5:4.3 Pro;ected Anount of Solid Haste‘ '

(a) Sources of solid vaste

| ‘11 Eormkth basls for the
system, fou¥. main sources of-solid'waste have been eéstablished, namely,

1) resxdents, 2) hotels, 3y testaorants, 4) baaches and: Pparksi The volume
of waste . is est:mated fo ach  source” accordlhg t6 €he flow chart shown

in Flg. 5.4, 2 and used’ —the p anned’anount “of solid'wastei"

The' Elgures 1n Flg-.5f4ﬂ2 on popuiétio ,,thé number of guest fooms in hotels,
the aumber of- restaurént'guests, the number of béach and park users, the
. area of the bedehés, the area of the parks are baSed On those in the
Hasterplan ptepared 1ast year. .

In assumnng the volume ofzsolad waste' whlc i

(b) Bu!k den31ty of sOlld waste

 The bulk denSIty of sol1d waste, whlch wxll be ong’ df the 1nd1ces for -
est1mat1ng the quallty “and quantxty of solld waste, is determined below,
as the expected bulk denszty fox ‘the future taklng inte consideratlon the
results of " the analysns obtalned during the fleld survey.: :

Re51dents . ) _0,30 ton per cublc ceter
Hotels ' o @;65 ton per cublc meter'
Restaurants _ 0;50 ton ‘per cub1c meter
Gardéd‘héStés ' :,: 0?15 ton per cub1c meter

(c) Quantlty of solld waste from tesldents '

The ' quantlty of waste from ‘the: teSldents is estlmated Erom the population
‘increase 1n the prOJect areéa and the unit acount per capita per day.

1) Pogulat1on

—— e R ——

Ihe populatlon in the pro;éct area ‘is obtained from the: future estnmatidn
of p0pulatlon in the Hasterplan as shown in Fig. S 4 3.

2) unit dlscharge ger capita

: The unit d1scharge ‘of waste’ ftOB resxdents is caICUlated from the QUestion~_
naire survey and the field survey to be 720 g per capita per day as of '

1978, Cenérally, the’ volume ‘should increase year after year: so ‘that .-

following methods might be used for estimating the rate of - increase,
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- Tlme sequentxal analys1s method to estimate the future volume of
”‘_solxd waste from the past data,.

g Hethod of estnmation from the e?ample of ‘other areas hav:ng sxmliar
cond;tions.‘ '

- Hethod of estimation from several elewents hav1ng a close correla-
“tion with the increase rate of solid waste {eg. increase rate of
national income)

In applying the’ above methods, sufficxent data was not obtaxnable from
the information acquired in the study aréa and its V1c1nity for the adop-
jtlon of the f1rst and second methods, Therefore, the thied method
was, utilized and the amount of unit dlscharge of 3011d waste per capita
per day was estlmated utillzlng the growth raté of the rational incore as
an index. -

Judgihg by a Japanese example,. the unit discharge of solid waste per
caplta per day has a close correlatlon with the annual growth of incomes
as shown in Fig. 5.4 4,

.’ng-;5;4.4 Index Ationg Soiid Haste Volume, P0pulation and Incone (Exanple)
© (Base Year t 1955 Tokyo Area)

Index 500

L1 N SN R R 1

400 |-

NS

N

o | |
. N P - oy b oo bead
100 s .’é:ﬁ-\d..;—ﬁ-ﬁ e = il A . s Poj;_f-’aﬁon

b

19@55351535950'6162&354'&5566:&@'
: ‘Yeay

Souréé’ﬁ %“Stétiéii¢hlf¥éé¥‘ﬁb§k for'sblid kééte‘&*ﬂigﬁt Soi1 works",
Dept. of Solid Waste & Night Soil Rorks, Metropolis Tokyo, 19 76
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Accordtng to data’ ftom the Bangkok Bank, the aVerage annual gréwth tate

of the per capita national income is 3. 92. From this’ figure, it would be
assumed that the unit amount of waste per capita por day in 1978 (720g)
would increase at the rate of 4% a year. The result is shown in Fig. 5 4 5.

Fig. 5.4.5 Assimed Solid Waste from Res{dents“(g;béiﬂcéplh‘péffdai)
gledd .

1,500]

1,000-

500 |
78 8L L 86 . ter . 196

veAR

Based on" Ylg. S 4 5, the unit ambunt of solid ‘waste’ per capita per. day

of residents is designéd to be 800 g in 1981,°1,000 g in 1986, The annval
inérease is sét to be 40 § per year o deternine the unit andunt pe¥ c¢apita:
'per day. After 1986 also, it would be ablé to ioresee a unit discharge
'with an 1ncrease of approxnmateiy 40 g a year.

On the basis of the aforementloned estimattons, thé volume of solld vaste
from re31dents would be ébtalned as shown 1n Table S &, 1

(d)  Yolume OE sol1d vasté from ho”els'ﬁ- -

¢ :determlning thé‘max;mum
number of rooms 6ccupned ( hé number of exnstxng ‘rooms), and thé annual
average ‘of 0€cupled Toous: ot ‘éach’ year based on thé tstimated’ tourist

" demand for hotel rooms and the _1st1ng nucber of hotel rooms aéntioned 1n”
 the masterplan.“_The naxioum an average quantity of waste per day are
obtained through multlplylﬁg the maximin and average number of: occupled
C‘rooms by the quantity of ‘solid waste pef roém.:;a:; L .

_The volume of vaste frém h tels is calculat d‘ by

For the quéntlty of sol1d waste per occupled room per day, 7 kg per roon
per day was adoPted EtOm the results of theffield sorvey.

Ton the basis of the abbve mentxoned calc 1ons, the voluze of waste from
hotels was estnmated to be as shown in’ Table 5 4, 2

slit



- Table 5.4.1 Solid Waste from Resideats

S T
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. (e) Volume of solld waste from restaurants

The volume of waste from” restaurants is* calculated frbh the ﬁumber of
guests and volume of waste per meal” pet guest, According to “the’ estima* 4
tion in the Hasterplan, 30% of all meald hotel guests take tn a day will
be in restaurants, and 50% of day trippérs are supposed to take meals in
restaurants.. The volume of waste discharged after these toorists take
‘meals in réestaurants are supposed to be 0,5 k& per meal juding from- figures
in such reference materials ag study reports, data prepared by a kitéheﬂ '
equipment nanufacturer and S0 on.

.Table 5.4.3 shows the solid Haste from restaufants calculated by the abbve—
nentioned process. ' :

‘(f) Volune of solid waste from beaches and parks

- i

The wastes fron beéachés and parks are mainly ‘the solid waste of visitors
~and_yavd waste like fallen leaves and moved lawns., Thé nusber of ;
visitors and the areas of beaches and parks ate baséd on thé figures in
the Hastérplan. The' wate? areas of parks are eliminated fron the patk
‘area in forecasting the waste volume. The unlt volume of ‘waste per .~ g
visitor is ‘assinéd o be 0.2:kg per capita per ‘day based on Qéta gathefed
_in theé study area,'and the data of waste per: visitor dn Japa .
Conceraing yard uaste, like leaves fallen froa trees, there is little _
‘data, which makes estimation difficult, Judging from the volume of yard
uaste in a large hotel in Pattaya and the waste from parks in other
countries, 0, 25 ton per heétare per day might be used as a basis for
calculation. “The results are shown in Table 5 4.4,

(g) “Total VOIULE of solid waste from the project area o

In plannlng the SO]ld waste. dlsposal systen in’ “the” project aréa, the totalﬁ
volume’ of waste was estlmated fron the ‘sources of “solid wastes which are
classified into 4 main 1tems, i. e.,réSLdents, hotels, restaurants, and

. hedches & patks. The total quantity is shown in Table 5.4. 5 and s. ﬁ .6

f-_xn volune and welght respéctively.] In: this project, the total quantity of

waste would be collected "and dlsposed _ L L _:g

General View
“of Pattaya L
Phase—l Area.‘




Table 5.4.3  S0l1d Wasté from Restaurant
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Table 5,4.5 Total Volume'of Soltd Waste in Project Avea
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-Table 5.4.6 Tétéljweight éf'édiid.HaSté'iﬁ_Ptéjéct Area
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' (h) Conaideratibn to Other Arvea than Projected Area

-COnsidering the fact of the eatabliahment of Pattaya township, the
management of ‘the s611d waste in the area other than projected such as
‘noythern portion of Na ¥lua and 3outhern pottion of Pattaya aréa may have
r;'to be included. Feel , . : .

‘:Fstimation éf the’ quantity of soiid uaste in ‘such’ areas is ro&ghly estiu
 mated as’ in_Table 5.4, however, planning and cost estimation of the
z colledtién and dispOSal system are, nat fnciuded fo this feasibility study.

Table 5.4.7.

o | Peeslation ks | paily Asoudt | | . Anhwal Amount
| outside of o o A : |

Year® :ptojected A Améunt e .  ERES ‘
S o farea - L. ' : 3 s

(persons) * (kslc'd) g (tid) (274d) " | " (e/y) (n IY)
1980 | _5_,0_007, M o. % | 3. 8 12,7 | 1,390 | s, 640
19811 5,000 | o0.80 | 40 | 13.3 | 1,460 4,830
wez | se00 | ooss | 42| e | s 50
1983 | 5,000 0.88 s | a4 | 1810 5,370
1984 | 5,000 | 092 | 4.6 | 153 | 1,68 | 5,580
19851 5,000 096 | a8 | 160 | 1,950 | 5,860
‘1986 [ 5,000 | 100 [ s.o | 167 | 1,80 | 6,100

-

1: #' Aéshalng_a:bﬁlk dengity'bf_édlid'waste,bf 0.3 tfm3

Ceneral View of
Pattaya behind
Back Road.
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5.4.4 Plan for Disposal System'

(a) anmination of Disposal Héthod

1)'3 Intorduction s

[l aeiate et Sl

In c0n31dering a dlsposal method for Hunicipal uaste, the following méthods
would be: generally llsted. Host of the ¢ities in the BOrld vhere public
'sol1d waste dlsposal 1s provndéd adopt one ot a comblnatlon of the followa

posing of waste generated every day.

(1}.Standard Sahxtaty landf111
:(2)'Shredd1ng and sanitary landfill

T (3) pre-salvage, shredding and’ disposal by in—place compOsting at
sanitary landfill =

;(4);Pre-salvage, shredding and high fate coapésting
(5)5Inc1nerat10n o SR : AU ) ;<
(6) Pre—salvage, shredding and burning in a utility electric :
j,generatloﬂ plant IR _ ) _ P

A(?f_Baltng and dtsposal on land or at 3ear.::

E'J(B):Pyrolysls :

- -té)inump1ng at.sea

? tiﬁ)«Open dumplng on land:

' In con51der1ng waste dlsposal systéms, it is® 1Eportant [2S choose a methéd.
which is in harmony with the lecal sityatfon considering theit mannérs ’
and Customs, the envirOnment ecoﬁomic standards, technical leVeis in
general, and so on. ‘It is also neteSsary to’ select ‘one which midinlzes
the bieéding of flies and: rats, bad odovr problems, afr poliution and .
contaninatioa of -ground watér and surface water by the solld wasteé’ itSelf_
or by leachate fréon the waste. : :

“From these standpolnts, direct dumping of raw vaste on' the land or 1n :
the’ sea should not ‘be adopted. The study area,. however, does aot. :
suit a c0uplexed gethod 1nv01v1ng heat utnllzatlon from municipal waste
incineration or pyrolysis., :

In this study, the standard sanltary landf1ll method should be chosen for"
- comparison as the first’ choice,” (2)- and (3)" as modifications of the

 fivst, aad (4) and (5) as representattves of - Eechanlcal waste dlSposal
methods., g o .

covering the wasfe ulth _,blé ;o prevent.fliés,
'rats, and unpleasant” odours® frOn the dlspésing_site. P SN
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-j’As fof demerits, a largc land area is required lack of adequate land

fn the c¢entérs of cities’ pushes the cost up, large quantities of ‘covering

‘matevisl is needed, and there 1s the danger of contamination of the ground

and surface watér by leachate, and 1t takés a long- time before the fiiled
land’ stabllizes. - Xt nust be mentioned, also, that work efficiency is

lowered in the ra1dy season, . :

(é) Shredding and sanitary landfill

rThls method ‘was developed to maké up for sore of the defects of the
standard saﬂ1tary landfi11 method. ~ Solid waste would be first shredded
and disposed in the landfill area, .

Shrédding réduces ‘the quantity of ‘waste and homogenxees its qual1ty, thus
'contrlbuting to the ecénomlzing of thé land area, and also raising the
efficiency of ‘the landf111 work: i Organic substances in the shredded waste
would be more easily decomposed expediting the ‘geological stabilization of
the site and’ reducing the degree of contamination by leachate.

'.In Japan, thls method 1s galnlng popularlty among small cities. . In some
of these c1tles; waste is; however, left uncéovered; becausé the surface
~of the filled waste is kept naturally in an aeroblc condition, and the
heéat of fermentation fron organic substances in the waste prevents the
bfeedlng of fllés and fatg.l Odours also “até kept to a negl;glble degree,

"HoweVer, a shtedder ‘would push up the cost and compllcate operations and
maxntenance.

3) Pré salvage, shtedding and disposal by 1n-place composing at
" the Sanitary landfiil._ (1n-plaCe coaposting)

Iithle the first and the second methods are for disposing of the Punicipal
- ‘waste in the land once and for all," this wethod ains at recycling the
: otganié substances in the solid waste as conmpost.

'f‘Valuable maternals like metals,'empty bottles, and other non~coupostab1e
‘matéerials” are [1rst seﬁaratéd manually and organlc wasté is then shredded
. and piled on the'land where perforated pipes are laid on the bottoa as

:fshown in Fig. 5 4.6, and c0mposted with Eorced air controlled by blowers.

. After gne to ‘three’ months, a stable COmpost is obtained. As a feature

of this method,! sélid waste turned into coppost would be dug out and applied

to farming, the sxte being made ready for new shredded wasté and composted

_ aga1n.; In this manner, landflll site allows for cye¢lical use ‘after a

- cextain dutation. As & result, the area requ1red for 1andfi11 site is
"economlzed to a large extent, and the quantity of léachate is reduced
‘con51derab1y; and solid waste is recycled as conpost vhich has a monetary

~ value} ‘thérefore,” it WOuld be a2 feasible method for cities in agr1cu1tural
areas where the demand exigts for compost. - Compared to the second method,

however; the cost of c¢onstruction would be 50 to 100Z moré, and compli-

'cated landfill work raises the opervation and maantenance costs, too.
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} Shfedded solid waste spread . 7 -
fn 2'-4 '. layexs 244 w§§k§ U
apart to a depth of 40' or mbre‘\\\;ig_

3 ﬂ§"~i“ perf rated ipes on 10'—15’ 5 acin connected t ;'.,?‘
:‘:controfled forcedpggirhkz_._ e P.-__gn_ = o ? ;

‘Botton of Fish Pords |

_Sﬁﬁfée'3 -"HaSterplan for SOIid waste Collectién & DiSposal for.:*f
: “Manila & Suburbs.“ 19?4 Paeific Consultants
Internatiqnal e

' Fig.'ﬁ;ﬁ.ﬁ Cross Sectlon of In—place Forced Anr Coapostlug
? ' in & Landflll ' .

(4)?LPre Salvage, shredding and high rate cOaposting (High-rate : 'i:
' composting) : :

Thls method is: s1mllar to (3) as regards combiﬁing waste dlsposai wlth
" the recycllng of the’ organic re50urces in solid vaste.' :

."Thxs 1s a. mechan1cal conposting systea v1th al ulcker'(2~?:days) proaess-
©of, c0mpost1ng._ It was. developed in European counttles and in the USA,;_
~and many examples are found in Japan, too.; : ;

Thls @ethod” economlzes land and minimizes air pollﬁtian and ground— ,
water contaminatiOn by leachate, but construction cbsts are high and the

dispcsal of non- coapostable naterials requirés extra costs.

Beéfore adoptlng ‘this method, desand for coupost should exlst fn the ‘
- vicinity of the fac111ty, and the c0upost produced every day should be
salable to make it sorthwhnle.-_
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TiS) Incineration o

*,Incineratid’ of ‘solld waste has the® best uality of the five disposal methods
exanined in’ this study for stabilizing so?id wagte and reducing fts weight
-sanitarily and’ quiékly . However, the conétirudtion costs are high and oper-

~ dtion and maintenance are’ difficult, especial!y fn the ¢ase of lavge in-
elnerations.  Some kind of local waste might fupede adoption of this
method. “In making a-decjsion on this type of disposal method, thorough

‘fex?minatLOn of the quality of the solid waste on a, yearly basis will be re-
'qu ted._ D . . .

37(6) Cost of construct1on and operatxon o

A compatlsOn of the construction costs and runnlng césts of the flve dns-
- posal’ methods to. dispose waste ¢reated durlng 1980 to 1986 in the Pattaya
~area’ is shown i Table 5.4.8. As for incineration, a system manufactured
bya company, which has produced the largest number of incinerators inm
,_Japan is used as a basis for estimatfon., Inithe case of (4); a compdst—
ing- sy&tem, produced by a Japanese manufactured who has a technlcal tie-
'up with an Aserican firm pr0V1des the basis’ Eor the cost estivation.

able 3. & 8. 'Rough Estlmatlon of Constructlon Costs
T ‘& Runnxng Costs

S : - k) Unit o - k2
Method ~ [Construc~ | Const, "| Runiing Renarks
el T iasit oo it ien €osti ) Cost - “Cost -
g o 1 (x103 Bahg)|(Baht/Toa) Baht/Ton |
) Standard sanitary S o _ NN . ‘
landfill T -,46,500 40 - 25 . | Non-residue
‘Shredding then Dt o i1117- ‘ _ 3o ‘
'Sanltar) landfill ;2!500 80 : 70 hqn residue :
In-place compositing ; S N . Including costs for
: _ - 21,300 g _130‘5 75 *3_ residue disposal
High tate conpositing ,' 1'3"_ ) - ' ilﬁcluding costs for
K units of 50 t/d | 94,109 L .:530 120 43 residue disposal
Inciﬂefation . Sl . _ K Including costs for
2 units of 50 tld l!iflong- - 6390 1 '1?5.- residue disposal

- Including land cost. _
hzi Excluding dépteuiatiOn of instruments.

Excluding revenue fron selling valvable matters.

‘ As shown in thxs table, the standard sanltary landlel system is ouch
cheaper both for construction and operatidons, while either of the uechani—
- ¢al treatment systems, (4) “{5) show high construction and running costs,
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Fig. 5.4.7 Sample of Incinerator (Capacity :. 100 & 150 tons per day)
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3) . Selection ¢f the optlmum wgste digposgl method

In this paragraph, five waste ‘disposal’ methdds Eor the ‘study area ave
described, and the ¢costs of construction and OpefatiOn are compared,

o In choosing ‘the most ‘suftable méthod For the study area, the following
' seven evaluation 1tems are chosén and examlned._‘

Evaluatlon Items .o . Weighted Point

A" Cost of consttuct:on and opérat1on _ - {Max.10 point)
'B.‘_Halntélnablllty and norxab111ty o - {Hax. 5 point)
C. 'Bvaluation®frod sdnitary point of view: (  -do- )

D. ‘Adaptability to the area . S (I ~dof )
E.’ Laﬂd cOSt . ’ (HB_X&' 3 PO‘int—)

. F. Adaptab1lity to the quality of ‘refuse. ( ~do- )
© G Evaluation for recycllng S v (Hax. 2_point)

iéblé's;g#gi_ugéaluétiénnéf_ﬁﬁé;biéﬁoséi Method ‘for the Study Aréa

'uethéd B VLV US| 2 N |
|l A | B:]lc | E:|' F |G | Total

landfill L }ﬁf B BN A N ENCRS RN RN
sanitaty landfili S il L _
In-place compositing s 3| ey 3 oz{ 3| 22
'Hi h-rate compostitngl 5l 2 | 4 | 2 2 8 3 NS

% ualts: o? gO t/d gl 2‘ ;2_‘ g‘ﬁ_'_' 2\5 ' .
'Incineration ST R R AP TN IEDRE R I s

2 ualts of 50 tld Jor g s o2 312 |1 “ ,

FrOm the result of these evaluatlons, the standard sanitary landf1ll

me thod would be ‘vedormendable as the nost suitable methed for Pattaya.

in tb1s prc;ect, therefore, the" standard sanltary landflll zmethod would be

assumed to be adoPted -and 1mplementat10n of _the project should be worked
' out fuily con51der1ng the merlts and demerits of thls method
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(b) Selection of the Landfill Site

1) Structure of - the landflll site

g Ay Ry LN YL A s g P ]

........

Typ;cal structures “of & sanltaty landfill site are shown in Flg.;S 4 9.

The structure of the’ landE111 site for the pro;ect area should bé. select*
ed based on a thoréugh going survey of the géologleal conditions of the
study. area, the:level and £low diveétion of the g?ound watet, and

its 1nf1uence .on the nearby wells.. ' ;

'f?ig;'ﬁ.a.gi étrqqqqfé.ffpé§f§£’é&ni;;fy“LAAEEfli L

o)

_ . Srain gt
{i1)

hﬁ!. 

—-'Eaufce- Dr. n H&HAJIHA R T PSR I NP R
N R Data in Japan & U S A Haste Hanagement Conference
The first structure uould he the 31mpiest and cheapest for afeas uhere the
ground water level is lower than the bottonm of the landfill site, and

at the sameé tlme, ‘the bottom 5011 has low permeabxlity, therefore, there
is’ little danger of contamiﬂating nearby wells and surface vater.h

 1The secand and the’ thlrd pust be adopted ‘when' it is assumed ‘that leachéte

contaminates grisund water and surface watét, and a leachate treatcent
facility has to beé provided

If the quality of leachate 1s qulte bad hlgher consttuctlon and operatlon
costs are requiréd. . What is worse, ‘the’ quallty and quantlty of ‘leachate
‘fluctuates greatly under the 1nfluence of ¥ain, wvhich might make the
paintenance of a léachate treatment facility difficult. ~Inadequate

waintenance and control mnght cause greater c0ntam1nat1nn of ‘thé nearby
surface water.
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; 'm t;his pi.‘oject, therefore, 1t would be better to study pldces where the
‘fira; structure type’ could be ‘adépted as moch as: ‘possible, Therefore field
‘ survéy had been practiced 1n ‘due consideration of this matter,

*‘i)' Stu@x 6f landfill slte alternatiVes

- ot o e A e e et o o e

The folléwxng coﬂd1t10ns werc évaluated in selectlng the landgiil slte.
 ,é;From the pélnt of view of eff1c1ency bf the collectlon and trans- . -
T portatlon of waste, the transportatlon dlstance shéuld be short

- from thé ¢énte¥ of the collection zoneé and the site should be
. lecated: thhin an area pfojectlng a soall’ trafflc voluze,

E'To prevent - contaminatlbn ‘of public water uays and undergtound
- water,’ the site should” héve 4 smalliquantity of surface and grouad
yater, and be far’ from 1rt1gat10n channels and water supply systems,

1,5+5The 31te shouid be as far away as 90331b1e fron re51dentlal areas
- and frbm pubilc fac111tles 1like schools. '

L= The' snte should have llttle danger of over[loa of leachate and _
: ;solid waste outside the site as:a fesult of natural disasters 11ke
: andslides and floods.

o Judglng from the aboverment1oned 1tems, flve 31tes in Flge ‘4 10 have to be
'éValuated, add: prelininacy examination was made 0f the’ geoioglcal and
3hydr01031Cal céndit;ons of the respéctnve sites,

‘VFor thls examnnatlon, part of ‘the data is from the “Fe331b111ty Report on
“the Hater Supply for- Pattaya Bang—Lanumg COmplled by the Hater Resources

Planning Subcommittee of the Natlénal Econom1c and Social Development
Board, Thallaﬂd, 1976.,

| {(1) progfaphlc and botanical cbndxtlon

“Five pdlntim(A B, C; D, E) weére proposed and examlned for landfill sites
after the field surVE).' ‘Point A is on the ‘slope of a wouatain, and a
. brook and a vLIIage are 1ocated 1 ka down- the” southern slope. - Points B,
€ and D ‘are on terraces, and point E 1s almost in the center of am al-
uvial ‘evoded valley and close to a river. In points A, B, C and D, the
:'underground watef level is iow with thick dty soil. Point E is alluvaal
low land and wet, . As for botanlcal COﬂdlthﬂS in Points A, B, C, D,
L;?c0pp1ées ‘and tapiocé fieids are observed, ‘and point E is part1ally used
=_£or flelds and agrlcultural land, such as paddys. :

'(2) Ceologlcal conditlons

As shﬁun in ?13. £y ﬁ ll the’ geOlOgical conditiOn of ‘thée study area 1s com—
“posed’ of ‘beach sand, alluvlal deposits’ (sand and clay), térrace deposits
_',(sand and clay), and’ granite (the surface is noreally weatheted) The
- results 0f ‘electric probiag ‘(Fig. 5.4, 12) show 'a surface deposit with a
thickaess ‘of 10 " approximately. Below that layer is ueathered gtanlte
{'and fresh granlte layets‘ o ‘
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Fig, 5.4.12 lydrogeologlc Map of Pattaya and’ Adjacent’ Area

AO P

2338 Y

lssos

5388588

[}
-

BEsEy s

g

. o T R
[ PO R

'fﬁbﬁffeﬁz Hater Resources Planaing su COwnittee NESDB Th

ammd SR
‘“Peasibility Report on Hater Supply for Pattaya Bﬁng~larung
5“33 .-" opEERT



[©)

ﬁydrogéoldglcal conditlons

Ground water

t

'etneabillty of
the eatth :

Ground water ‘level " ¢

.Ground water at points A, B ¢ and'D is de-

pressured. It is'in a shallow aquifer base
which has low storage properties, Ground
water: of the respective points, except polut C,

45 ‘concehtrated in ground water valleys and

£lows 48 shown in F1g. 5.4.13. " The ground
hydrological cond1t10ns tend to fluctuate by

.. geason, ° Point E, on the other hand, is
" sitoated ‘almost in the center of a ground.

water valley‘whach flows into the Na Klua

'.area, and this flow of ground water is expect—
“ed to be” steady.‘

The gtoundnwater leVel at poxnts A, B, C and
D'is deep, as" showu in Fig. 5.4,14; however,

“the leyel at 901nt E is. Vety shallow. Their
L surface slépes ‘are expéctéd td be 1.0 percent
i For points A; B, € and D and 6.5 percent for
| point B | :

‘Accordlng to “the fleld test, the permeablilty
"of the earth at p01nts A, B aﬁd C are low
= (1074 'to 10-5 c@ per’ second) however, it is

10"2 ca per second at po;nts C and E.

General Topograpy in Pattaya

5-34



Fig., 5.4.13  Zoning Hap of. NN L

Underground Water B N SR Eiva':Vﬂéuf '«';'_ . ‘
Movement o _ (R o Y & ‘

. Na Klua

Pattaya

i Mainwa tershed

ol
R . Divection of flow
A, B:C; b 3l'ld E
- Proposed Dumping Sites

. Subdtvide

Csaas



pig.‘5;4;143_'ééﬁk@d?"piné“of'
- Ground Water

Na Ktoa

© Pattaya -
Pattaya River -

- ¥a inwatershed

5-36



{4 Permeability coefficient and effeétiVé‘porosity of each point

The geological data and permeabilify céefficient -of. each p%ént ‘ware ‘
obtained from boring and permeabilily tegts exanined by a Thal consuleant.
Because. point A was not avaflable in the borlng data, the data of point B
was used for reference. .

When the- unsaturated zone of Ehe gréu Z'ater is compésed of[sandy éoil,.
it will not cause probleus for the lanafill sites. On the ‘other .
hand, when 'thé saturated zone of the opnd water §s composed of
a sandy tayer, it will in¢reasé-the sibility of pollutiOn for the
~ reclaimed sites. Accordingly,- 13 advantageouq that facles ‘of the
- aquifier. be’ composed of clayey’ s681;  and 1€ {s better that “the permeabl-
11ty coefficignt be as siall as pbssible.. yollutfon by leathatés would
result by their moving. down - thrOugh the voids fn dstratum and the actual
flow velocity would be' affected by the effeétive porosity in’ ‘the aquifer.
'The effective. pérosity'ﬂas détérmined by the Eckis wéthod, obtaining an .
‘effective gréin ‘size DI} from the grain size anélysis of gapples obtained
by the boring. Table 5.4.10 shows: the stiata as’the- Eoundatlons of landff1}
‘sites, their permeability coef{icients;and actdal yelécities.; ‘Accokding
to the table, point G has the smallest veloclty and bbint D has the largest.

i Table s?.a; 1;,-‘ :--"'li(éioéitir'..f{f Groind ;"‘wa’ef;f?i;--' '.

B i [
R S

R Ficles of ?uteabﬂit, 1 P PIUN S i ‘i‘t!pcl(y :
- la.atlm: : 2quifer ' L] o fc-a'm B ln-:tL.ulea _ _Vsinefcllle:j.ie;::ld “M‘, .
himstee ¢ | saddyeday i) T dis2a 10“, . mc-o"1 e s F
AT IR I & ) N I N SRS IS
€ stte Clayey sadd - | o !.3, x 10 S - IHW' o B ,Ll;’.f"__-— D
o § PRI IR P Py N A IO [P
b site Clayey u:ﬂ s lle S M 0-19 TR ‘,}Z_:'_‘f
“E'stre T _Cfajejj s_a-a:.d .. llloo 5 025 . N l’.ls

| (5) The effect on the existing vells 1ﬁ the '
' adjacent area .

Poliution would be expanded wi h'the fléjx.ffthe gfo nd water. Thé
~ number of .days which might be’ Yequiréd td briag about” ‘the effect "of pol—
lution on the wells of most adjadent private hdusea was EOrecasted.

ok

| Table 5.4, 11 Forecast of the Number‘of Days  ndlYears Reduired to
. Effect-the Pollution én Watez anlity of Hells AR
'5'"Adjacent tc thé Land[ill Site o N

_ - Vélﬁcity of : Dlstaﬁce to
.Lﬁé&tiﬂﬂ ' g[ouﬂd ‘ratet ) 'adjacent

o (ulday) | welldm) - -l
A 0,095 - ‘e;ﬁ 4000 | A, 2100
B 0.095 | . r2000 0 | 2,1
c S 0031 | 2000 (
D 632 -} 100
B T0a7 .} . s00
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gy Thg reaulte reveal that point c will be the first choice and A -
! the secdnd’ chotce, 1€ a safe 1andfill site fs to be selected from the
: Btandpéint of'pollution of the extsting. wells of res{dents. - Concerning
. polac B, which 1g the existing dumping site, Lt is geologically suitable
: for the’ landfill site, but - it should be disposed as a tentatave landfill
‘ﬂ site until the proposed system is put in operation, Coﬁcerning
point B, there 18 a; large poaslbility of affecting the
: surface water 1a the’ neighbouring area before having an effect on the

wells of private héuses.
(6) Hater quality of wells located downstream of thp former and existing

: - sites ,
5 ptopoSed sites weve' selectéd to determine the Optimum 1and! Eill site
: £0F thig project, and the respective cases for installing a land fill '
P alté at the fndividual points were didcissed through
investigation of geolbglcal, g01l and hydrological conditions, etd, On
! the"dther hand, the water ‘quality analysis of wells lodated downstresn of
Sthe: ground water Flew from the forer dumplng site and the existing dump-
ing site  WAS, conducted by a Consultant at the request of the study teanm

duriﬁg the field 1nvestigation. i_ _ .
This pafagraph reférvs ¢o- thése résults as the reference data ‘For the

': selection of the landfill site. :

'f,La. Former dumping éité
“'fahe fokmer | dumping site is a swamp 10cated north of ha Klua,‘
ffwhich was being: filled with solid waste vatil last October, since
3 years ago, ‘The' uells subjected té the fnvestigation im this site
L were “located at 3 points on: ‘the do;nstream side of the. ‘site, and
“at a point én the upstteam side of the site, along ‘the flow direc-
‘i g4on of the’ underngund water. .The locations of theseé ‘points and
the résults ‘of water quality analysis are as shovn in Fig. 5.6.15.

Fig. 5.4 15 Watet Quality of hells near Former Dumpiﬁg Site:

1300 mm

/
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In this area, the ground watet levei is ab6Ve the bottom of thé
“landfill, and the permeability of the ground s féund té be
X =3,6 x 1072 ¢énfsec as a result. of ‘the permeability test. at-the .
‘site, and the inclination of the ground waterifs estimated to  .i: .
be approkimately 1/200,° Accordingly, tt is forecasted that leachate
will have an effect on the adjacent aells at a éomparatlvely early
stage, and even the sampling point which 1s farthest fron,thé re=~
claiuéd dumping 'site on the east side of ‘the’Sukumvit Highway will _
‘be affected within’ oné year. “Thé well’ of H3 closest to the dumping :
- site is evidently affected by leachaté fioam it, and’ the well of Wy

: farthest from the reclaimed éite indicates its effect in CQD value._

As can be clearly seen ftom the data, h0wever, the pollution indices
“ such as color, BOD5, NH3—V and .the 1ike ave evidéntly reduced uhen :
thée distance of the sampling poiﬂt is far from the dumping site. -
It is-assumed that the pollution indices were réduced by the diffu-
sion dué to stream and the’ purification function of microorganisms
living in the soil which: deconpose easily decomposable substances,

b. Existing duﬁping site

'Fig. 5. 4. 16 shogs ‘the” results of the water quality test on- the water
of wells in the environs of the existing dumping site," and on” thé
standing water composéd of waste watex ‘downstreanm of the :

réclaiued site/ . However, no effect ‘appears as of yet fn the well of
W3 downstrean of the réclalmed s{te bedause the ground water level
‘at this point s lower than the base of the reclatmed land and the

perueability of! the soil at ‘this point is low, as’ bas alreaéy been
mentiéned ; . .

. The colér of 93 is high 40 mgll howevef this is because the watér

has becbme torbid 1in white resulting from 'a oixture of silty content
without any effect from the leachate from the solid waste dumping site.'
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-(}’ig.’.S.;ﬁ.:lf» Water Quality of Hél_ls' near Bk_isting Dumping Site

w, . ' - 4/ Oirecﬂonofglmfd‘m%terﬂcw
T e 1 | W
: %oﬁ@. . N\
qem  foume | owm | w oW
o m ) e ee| ss
| @ re g |t | 0 | w0 | a0
" BODg - ﬁglz | o.5 | 620 0.8
- CoD . | merm 8.0 .} 256.0 ‘8.0
: -Hﬁ3;ﬂ . ' .mg NIL ' »6. 2,2 0
. NOy-N :-»_-:: _og we| o1 | e 0.1
_ kj3idah1?H:z  pg"ﬂ}zj _ 0.3 | 18.2] 0.6
cﬁloridgsfr'f og/t | 105 0' 145.01  40.0
Fe ;- 1w | o os| - 0.45
“Ma . .ﬁgll"r "tfa¢e . 0.3

(7)  peternination of the most pertinent site for landffll

“Ihe proposed five sites A tS'E have beea subjécted to geological and
‘hydrogéolopical {nvestigations and the water of the wells in the foreer
and existing sites has beea analysed In view of the results of such ‘
’ in\"estigations and’ analysls. it is desirable that the site for the land-

- 111 be oné where the base of the landfill is hig‘her than the grOundRater
table a:id where t‘he permability of the ground is low. |

The geogtaph:léal. geélogicél -and hydrogeologleal conditions oE the proposed
sites are- showu in ‘i‘able 5 §12. . _ .
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Table 5.4.12° Table of Ceographidal 'and Geologlcal’ Conditons

Locatfon’ A B X D E
. 'l‘o'pog:rapiiy Tervace | Terrace 'l‘érface 'Tei:_taée. ;;};:};ial
) Humidity of : {wo PR gar
%f surface ory 1P . j:Dry Dry _-..“_{e.t._' :
& Tapiooa ,Tapioca “Taploca | Paddy
Botany: IGrassy grassy /| grassy - | grassy | fleld
. Sandy Sandy | Clayey | Clayey | Clayey
Geology= Lo | clay - clay sand sand sand
Distance betweén ~ ¥ : . L Ly
the basé of landfit} 3m s 3m “ 3m ‘ la ki 2m
WAL T S04 T 304 |5 0%10°2 | T, 0wi6°2
2 5x107% |75, 5x107% 11,3105 5,0x10~ x10™
3%- Perﬁeability . cafsec | cnfséc]: cmfsée| elfsec _c-]sgc
& S}.opeof AR “ryf VP I Y pann
5 watéer table -11_190. 1{100 1]100 s 1[100_. 11200 '
gzgmgggg;ﬁow 0.095n/d { 0.0950/d| 0.0370/d| 4,32a/d | 0.1730/d
8 € Influence on FSURTEE I C BCIPREE S B
g £ lexisting wells 400 290’3' ' 200“ 20er N ' SOOu
2 §[Influence on | w0 Iyone Ikone | Nome . | Affebtable
LS agric,ul_ture : : L - ‘ : i B
BT Mt e Stable | stable | stasxe stable Uﬁéftéb‘l’g §
25 5|of slope _ ' o :

Nol‘:e::’r

below the ground level,

*1 ’Ihe bottoa level of l:he landfill 19 supposed to be 5151

" The following 'I‘able 5.& 13 shows ‘the itet:s to be duly considered in selec-_-
"~ ing the site for landflll other than the geological ‘and h)‘drogeologlcal _
conditions stated above. U S

" Table 5. lu 13 Corparative Table for Landfill
. L"cati"“ D BT -- B.. B B
Distance from the center S Y o I
. A :
of collection _ X ' )( ‘ o 0
- Access road from min N Aq A A A ; A .
road | - - | ol IR TR L
Wind diréction o ol o I 'y
4 Land cost ol e e e L A
-Surrounding conditiOn : : 6 & A E A AT )(
| Gé()graphical &" geological e 0 : 0 . vt I X ;
~ -~ conditien SR S e 3 e
Pref "blit | iar TR ft)t
rretera y phase—‘z o, phase 1

 Remark

o_o.uooo.. gOOd :

Aa . n‘c I'? l\Ot SO bad C
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"me the reaulte of the alternatives referred above, eltl"eL of the
pites A, BorcC should be gelected for the landfill site after évalua-
tion-qof t‘he:syétém. site C'1s coneldered to be the most preferable,

- beéause the dnfluence.on the wells in the nefghbourhood of the site would
bé deiayed and might appear only. after a very long time indeed,’ aand that

there is a smaller number of - dwelling houses downstreanm of the ground
water flow, .

A furthér important reason for selecting site C as the most sultable site
15 that the region including site € is enclosed within the Pataya Tourist
rDevelopment Pfoject and therefote 1s- expected to be supplied with a water
supply” gystem " ‘the hear’ future. COnseQuently, even {f a trifling influ-
ence on downstrean wells were caused by the buried waste matérials at a

~later time, it is expECted that city uater will be supplied for drinking
water by that ti@e.:%; TR ..

:Site B which 13 currently used by the Saniraty office uill end its role
by 1980 when the pfopOsed systen will start operations.-

Site A is recoEm'ﬂaed tor -the’ site 1o phase-ﬁ 1E fts planning and
iaplementation; ?e studied considéring to: the iollowing points:

~ to loprove current situation of access way approaching to the
site to the extent of needs, ‘and

- te check the’ hydrogeolégical influence to ground water flow and
its quality éaused by léachate.
: E(c) Landfill 'Heth'od ‘

1) Explanation of | various landfﬂ_l mthods
(1) Trencn method '

The Trench Hﬁthod is a ﬂethod oi diggjng the gtound in the wanner shown
in Fig. 5.4, 17 to fora a trench in which the waste materials are buried,

This system ay be sorted into two distinct nethods. "in the first method,
the gsoil and sand obtained by digging the ground behind the trench is used
as the covering so01l, While in the second method, another trench is form-
ed adjacent to the treanch for dumping the waste materials to obtain s0il "
and sand usable as covering.materials.

The Trench Xethod 13 normally enplbyed 6n plains or gentle slopes with a
surface sofl'thickaess of wore thaa 2 meters and where the ground water
table s positiored at a low leVel. '

Fig. 5.4 i? Trench hethod Al

- -
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{2y Area Hethod S Co G
The: methiod foy . this system involves follnfilling the sblid Haste with
a bulldozer, o¥ the like, and then covefiﬂg the same with coveting 3011

‘followed by compaction. - This method {s most- conVeniently empldyed ‘on
flat ground and is frequently applied for large ~-gcale: landfill projects.

_ Fig. 5.4, 18 Area Hethodtsa)

Orlginal
ground

'(3) Ranp Lethod _ . _
This systen is a combination of the Trench Véthod and the Avéa Hbthod
wherein the waste materials are spread over the slope on which the covgr-
ing sofl is laid. This system is also conveniently éuployed on large

scale landfill projects;j:

 rig. s 19 Rarp #:ejtaaa‘é"?__ .

'r*gSoil excavation .

sﬁai;,a;g;f';;'. Getaces . “ ‘({ ( fl’
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2)  Determination df the lendfil) method_

In the current project, the waste materfals ave buried under flat ground
on a térrace-shapéd site aéeording to the method of ‘digging the ground

and covering the burled waste materials with the résidual soil, In order
~ to veduce the landffll area and the amount of leachate, the depth of the

" ground dug up in the landfill site is planned to be as deep a8 possible,
and has béen deternined to be 4.5 metérs in consideration of the boring
test results at the location, as shown fn the following Pig. 5.4.20. Based
‘on the this determined depth, the method of landfillfng has béen discuss-
ed as above. | ; o : - '

Fig. 5.4.20 petermination of the Depth.of Léndfill

. ¢y Ground Level
R ‘
N2 . | Ground Level of the Bored ¢
B i Location - .
PR IS 1T 7T B 3
e I 3B IR b
s . ‘ : : - )
| Base of Lacdfitl

TIIAT AT IITI T ITIIdTI 7y~ ~———~

While having deternmined the depth of the 1andfill to be 4.5 meters, it

15 vecommended that the prpférablé landfill system applicable to this
landfill site be a sanitary’ landfill system wherein the Treach system
and the Area systen are used in cormbination. It can be said that the

' full-s¢ale trench system is disadvantageous la those lost portions, each
being generally triangular in cross section are formed at both sides of
‘the treach, Besides,” it g difficult to dig out a 4.5 m depth trench in
a single step'ffoﬁvéhéfstanﬂﬁdiﬁt=of_hétuélgcﬁeratidns,‘ in order to over-
come the aforementioned disadvantages, it is recommended to adopt the
system, as showa 10 Fig. 54,21, vheréin the lower waste material layer is
forced in acéordanée with the Trench system,: whereas the upper waste
material layer is formed fn accéerdance with the Area systea.
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3)  Hachiees for the landfill site

Thé machinés listed in'the following Table are generally used on 1and-
"f1{11 &ités, and have respective merits and demerits when used for
‘specified purposes. y : : '

Table 5.4.14 ,g_o_ﬁgauson'oif.nacmneg for Differént Purposes -

N GUse o | ?aét)e : ,Cb‘f’e'ripg s Soll 6 Sar,d _'

SIS o freveld | Coapacs |
H.zchiue R . 4 ?lgglﬂg

‘Levelr | Coapac— Yrans-
teg |1 tien Lo‘azllns port.

ol e @

Ct'aelerdezer P
(Bl ldo 1e r):

i:f;w'lé‘r' Loader

Lasafill -
Conpacklién |,

Sceaper

1ing
o
o
Shéégdai?t_ i :1€§'
O
o
X
x

O 0
1S 1ot
SO foa O

x @

X

A

Draglire

- Reaarks: @ Excellent Q Cood ‘A-A-éceptﬁa!:ie 4 Fot Acc'eét;\%ie'
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-.étéwlér Loader

Yheel Loader

Land-fi11 Compactor |
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‘ "hree ‘of the machines lxsted in Table 5, 4 14 would be used in the pr0posed
dunping site as follows.

- Landfill coapactor:
The most appropriate and convenient machine for levelling and ©
compacting. : '

- C1aw1erdozer with a’ tipper. : :
For digging, levelling and compacting the covering soil.

- Hhee1 loader°' Lo
For moving the dug soil énd for transpbrting the exceSS soil

@) Planning of theqLandfill Disposal Site :

. Quéqtisx,ig"_Landfill
The quantities of solid ‘waste to be bur nt e" lan _' 81

each coming yeay have’ already beén stimated in paragraph ' 5,4.3 @),

It is empirically kadwn fronm the ! mhnibipal solid waste fill-4n test conducted
in Japan that 'thé total volm f waste’ materials decreases by 45 to 501

~ when they are, transpétted to-a landfili aite and follﬁcompacted by a land-
‘fill conmpactor. With this ia wind the real volume of waste materlals
conpacted according to- the present project’ wa$ estimated’ suppOsing that

~a 40% decrease in volume would be expééted while making soie allowances,

The estimated voluhes for each coning ‘year are ‘shown’ in Table 5,415
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Table 5.4.15 Volume of Waste Heietials’foiﬁelyurled

gqlume off;he Waste Brought Roal Filled—ir

R o the Slte .

Yoar e e - Volume . Total Sum:

: AVerage Vol, Total Vol, ;
per Day { per Year | (m lYear) ] (ma)
vD (m’IDay) k Vy (m3/Year) v—v (1-0 4)

1980 .;,=143 4 ,{ - 52, 340' 2 A 31 400 31,400
1981 | 157.6 ' 57,530 | - 34,520 : 65,920
1982 | © 180.5 65,950 |- . 39,570 105,490
- 1983 1 202.6 : ' 73,950 44,370 149,860
11984 :| © 226,3 |l s2e10 - - 49,570 199,430
1985 - 251.5 91,800 . 55,080 254,510

-1986 | . 275.6 . . ] ' 100,590 60,350 . 314,860

2) Scheduled Covering Soil Quantity

c.-———-‘a--——-;-—-.——‘“—-—n-. e e sk i e e e e e

As sho%n in Fig.: 5.4, 21, the solid waste would be filled in' two. layers
. and a 50 cm ‘thick covering soil layer interposed between the said two .
: waste materfial layers. . The thickness ‘of the covering sonl layer which:
.. shall be 1aid over the daily buried waste material every day ia order to
f'effectively make a sanitary landfill is ptopoSed to be 20 to 30 ca for
L standard operations. - Thus, the covéring soil layers would be laid dver
: the landfill site in the manner shown in Fig. 5.4.22. Consolfdation of the
: covering procedure is’ determined with reference to the “Guide Lines for
. Haste Material Disposal Sites“ prescribed by the Japanese Hinistry of
: Health and Halfate.‘

Fig. 5. 4 22 Typical Section of Fill - (1)

7 ln!t:be?ed Co'gfring
Sod Layer
_ Daity Laid Coutring |
‘‘Soil Layer

' Wasta Material Leyer

}Aﬁn:the other hand, 'the total height of the filled-in 1ayet3 is designed
o be as shoun in Fig. 5.4.23. . Settlemént of the ‘filled-{a layers should
occut by about 20% due to consolidatién and decomposition of the organic

o cozpounds contatned in the solid waste" aftet the co:npletion of Ffll-in

operatfons. The ground level of . the lapdfill site after stabilization
'uould becore’ finally the same’ level the existing ground level..

In view of the above consideratiéns, the requifed quantities of covering

_s01l for each coming year have been estimated as showa in Table 5.4.16
together with votal quantities of the waste materlals to be buried and
the coveting soil. -
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Solid Waste:

Fig. 5.4.23 Typleal Scction of P11l « (2)

fable 5.4.16  Estimated Annual Volume ‘of Coverfng Sofl

ﬁeéquilled'ih
Volune of the

Vbiﬁme:bf the | -

COVEring Soil
(n IYear)

roat

{Tﬁtgj,Sumi'

R

Yeat Hhste Haterial.
‘ (m3erar) '
1981): - 34,520
1982 39,570 ¢
19834 44,370 -
1984, * 49,570
19851 - 55,080
1986 60,350

._;15 370 i
16,590 . -
18,830
- 20,420:1%:
(22,3640 -
24,190

25,940

465770
51,110 ¢
58,420 ¢ |
4,790 0 |
R TICIT N (R
179,270 ¢+
..86,290;“:;

46,770

197, 880:?

-£156.300

220,090 ¢
1293,000

© 372,270

458,560

3) Scheduled Landfill Area

In lhlS pafagraph, the requifed are
with the actual efticténcy Ot_land utilizatioﬁ;
{atdé aceount Such useless eart
betwéen the respective trenches in the lo#er Iayers of waste,
be added to the quantifiés. of both, the real’ fliled—in volume -of waste and

the coverlng soils. Ihen the 1andfill site atea must be estlmated

th- as the soil in th

‘}FOr dumpiﬂg is estimated together
C1€718; Wécesdary to take .
“Langular portions

' Fig. 5.4.24 :biagténmaticél View'of the Filled-in Layéfs

Eééi{Afﬁéété'-"

8249

2oml

S5m

" They should



- Let 1t be suppOSed that the averagc width of each trench’ 1s ‘16 m-and that
. the tangential gradient of the slopes of the trench fs 1 : 0,5, the ratio
of the soil} quantities occupying the triangular cross-sectional pOrtlons
‘in terms of the total volume of . filled fn waste and the covering soil will
- be obtained as follows.

'Cross-éééfibﬁélréreétéf'the waété.ﬁﬁtdiéflﬁg sofl portfon:
5 5% 16 - 1/2 ®*1x2x 2 = 86 m2
i Cross-sectional area of the ttiangular portion'

ag = 1/2 X1 X2x2=2nu2
~Ratlo : v = azlal = O 023

' Hence, the requlred area’ (A) Of the landfill site would be'
458 560 (1 + 0, 023)/5 5 = 85,300 n2

In view of the abpve, the plan of. the landiill slte would be'dééigned to
be 300 @ x 285 a (=85, sao m?) .

Fig. 5.4.25 niagraa-qf'ihé Shape of the Landf{1l Site

285m

© A=85, 50052

300a
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4)  Estimation Of the Qpantlty 0{ Soil to bc Excavatcd

VR Landfill Procedure - B i
The ‘Tandfiil site ‘would bé constfucted ‘on the ptopostd site‘i :fillustratcd
by the following sketch plan, and the solid waste shbuld be ' burfed or filled-
first at the east side of the site, gradually extending toward the
west side every yeaf

 Fig. 5.4.26 Sketch Plan of the Landfi1l Site

W\

In the Eeantine, the fequired atéa Eo be filled 1n each year correspdnding

~ to the volue of solid waste té be burled has beén estimated as shown In
Fig. 5.4.27. 1he ptéposed annual progreés has been’ planned ‘with a view to
delay the influeénce on the ground water downstrean caysed by léathate

_as much as possible. . And 4t Is 2186 inténded to keep the rafnwater flow which
would flow into the filled—in solid waste layer during rainy days to a
minimum. . ;
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Sig. 5.4.21 Expeéted Annual':PrOgreSS -
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The landfill procedure will be carried out in the following manner,
First, the upper pottion of 2.5 m in depth from the existing ground, which
1s the portidén to be filles~in: by the Area Method, has to be excavated at
the required area acéoxding to the annual projeéted VOlu«e. The lower

: portlon,‘which is to be filled-ia by the Trench Method, has to be excavated

according to the moﬁtbly projécted volume, as a general rule, in consideration

“of "thé landfill :process proceduie. -Fig, 5.4. 28 below s a rough sketch of
the proposed progress of the 1andf111 process.

| Fig. 5.4, 28 Rnugh Sketch of the Proposed PIOgress oi the Landfill

‘Syﬂtm-

ﬁxnontoae @Lffnf
filled by Trench JB7
. J{;.',‘__'f;..',-,-.___:

Ry )
L
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2) Quantity of thé éarth work

In accordance with the principal policies mcntioned abova, excavatién :
plans for the site will be made. 1In this connection, the ‘quantity of

excavations’ rcquired for each year is shOWn in Table 5., 4 17 bascd on the
volume of solid waste, : : : :

: Table $.4, 17 Volume of the Earth Hork Requircd Everanear

Year HE Quantity of Excavétién (m3)
1980 : 25,800

1981 | 26,400
1982 | ﬁ ' 5'39,(_)00

1983 | 50,900

w9ss | - 56,200

1985 | . 63,000

1986 . ' '.:53 000

Total L 329 900 -

| fhote. : The excavation volume includes that reQBired for
' forming the access passage in the site;

3) Scheduled quantity of excavation

1) Operational capacity for earth work

As. nentioned in paragraph (c), 3), a crawlerdozer with a: ripper, a

landfiil compactor and a Hheel loader would be used in the landfill
site. .

a. Configuratién oE the machines

Figures Showing ‘the Configurations of the Machines

" Crawlerdozer
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. 79870

Vheel Loader

52710

‘Landfill Corpactor

b

lb Operatlonal capacities per day of the machines

The operational capacities of the pachines are estimated by referring

" to the "Guide Lines for Road Construction"

issued by the Japan Road

Assoclation for crawlerdozers and wheel loaders, and by reféerring
_‘to the specifications presented by pachine makers for estimating the
capacity of the landfill compactor.

 Assuming that ‘the average real working time of each machine is 4 hours

a day, the operational capacity per day of each machine is esticated
and shown in Table 5 4 18.‘ -

Table 5 &, 13 Operational Capacity pet Day

; B Operational‘ Horxing Operational
IO ‘Capacity - . Tiee - Capacity
: “achiﬂe pef Hour | - per Day per Day

{nd) (he.) (nd)
Cravlerdozer 49 4 196
theel Loader = . 59 & 236
Landf111 Compactor 182 4 728
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;‘_II) Horking schedule

'SuppOsihg that the constructiOn and pfeparation of the landfill site

" would start from Janudry of 1980, Table 5,4.,19 is drawn up in view
of the Operational capacity of the crawlerdozer.

EIII) Scheduled quantity of excavation

Tf ‘the landf111 procedure 1 cariiéd out in accordance with the time
- schedule shewn in Table 5.4.19, the actual quantities of excavated earth

- every: year will reach the volume set forth in the fOllOWiﬂS Table
5.4.20,

‘While excavated soil is to be used as a covering material, the volume
of excess soil to be transported out of the site would be as shown
in Table 5. & 20&

Table 5. 4 20  Volume of the chavated Soil and the Excess Soil

Volume ot :
Sl S i the Required | Voluane of
Year Volume of - 'zziziztginESOil‘ Covering the Excess
: Excavation After Loosenin ‘Soil in the Soil to be
- : B | Looserned . | Hauled
' : Con&ition
. (m3) _(nd) (u3) B IR )
1980 :3? 800 47,300 21,800 | 25,500
1981 | 37,100 - 46,400 . - | 23,600 22,800
1982 ﬁ9,100 : . 61,400 26,800 . 34,600
1983 | - 53,800 © 67,300 29,000 38,300
1984 - 60,700 75,900 31,700 44,200
1985 65,800 82,300 3&,400 47,900-4,900*2
| | o | =43,000
1986 25,500 | . 31,900 36,800 - . 0
1 329, 800 R 412,500 204,100 208 400

Remarks: *1 ° Thé ratio of increase in volume after loosening is
_ estimated to be 25Z.

%2 This sofl will be stored within the tandfill site and
: reused as the covering soil required in 1986.

5) : Other Related Facilities

' (1) Office gate & accéSs road

‘Within the landranx sice, a fleld office would be constructed to manage
checking and’ registration of the nurbér of collectfon trucks entering the site,
and to éontrol the fill-in 0pétations. An aSphalt pavement road might be

also arranged to enable collédtion trucks to come in and out conven=

iently, and a gate would be installed at the entrance.
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f(z) A garage for the machines

‘A garage would. be prévidéd containiﬁg three diffetent kinds of landfill
}machines, as shown in the following" figure, . :
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-€3): Net—fence & side drain ditch

" An eﬁclosing et~ fcnce of 2 4 it height uill be providéd around the
periphery of the. landfill gsite 1n order to prevent light-wefght
waste materiala from- scatteting outside the sfte and to protect the

' landfill efce frOm being trespaSSed by outsiders.

AO0.5m x 0, 5 ) side drain ditch (Length‘ 1 = 325 m) will be provided at
_the” upstream ‘side’ of ‘the landfll} gite In order to prevent rafawater
“from flowlng 1nto the site._

ek Fence Hedghti W = 2.4m
R : Existing Road

 ;;r SR T | e o
: L o @
A 4 263,0 - - %%Q -
A l;_;i Eence S o r
of o 3. 37.0 '
PN TR
2 & 8 A B
h
R
:3 ‘ - _ _ J oF i
‘Fence ‘
| . . : Spaced from the
. N E SR S ‘Land-f111 Site by
'.:2'? 300.0 %D a Gap of 1.0 o
_304,0 |

' :ExtensiOﬁ of the Net Yence'

337.04304., 0+38§ 0+365.0148 0=1, 243 m

(o) Lakd Use of Filled Land

1t is necessary to study carefully the use of Eilled land duting the
‘planning stage of :landfill 'construction, However, comparatively a long
"period would be. requived until. the landfill aréa will be settled enough to
‘becére stable, ' A weans to ptedict the degrés of stability is to know how
\the settlement 1s progressing after the’ completion of the landfill

Settlement of landfill area varies a lat according to the hature of solid
wvastés (o be filléd and the methods of landfill to ' be practiced.' In case
‘of the munlcipal sblidrvaste 1andfill ‘4t s sald that the séttlement
"océurs mostly within 1 to 2 yéars,: the £inal volune 6f settlémént being

apprOximatel 30 “of - ‘the fi1led dépthi(5-4) " Aldo, the results of

- studles (5“ in the’ v, S.AL indicate that in’ the first year ‘approx.
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15% of settlement was recorded second year approx. 6%, and approxy 3% for

following ‘2-4 years,. Finall ‘the settlement reached approximately one third
of the total depth of landfi 1. S -

Since: the: landfill operations in this plan uill be carried out- by the
land€i}1 compactor so as to be compacted effectively, the: settlement of
the landfill area is considcred less than thc amount said above.

Since ‘the’ stability of the landfill area makes such slow progress and 13
continued for a long tevra’ as mentioned above, the plans o using filled land
rmust be made with these’ points taking fnte cénsideratiOn.f

Accordingly, in the land usée plans fa this: scheme it seems prcferable to use
the filled land for public purpOses ‘Such as" natoral ‘park, athletfe’ fields,
helf- -port, etc. where large areas are required rather ‘than constructing
heavy structures, when we ¢onsider the problems of settlement and the leakage .

of methane gas produced ian the decomposition process of the organtec matters
in solid waste. : T P

5.4.5 Plan for bollecfiﬁg Systéen

'(a) Introduction

© Upon full consideration of the current collecting systeﬂ, the co]lecting
" method for solid waste in the study ‘area should be established in accor-
dance with the following basie policies.

- A schedule is planned for the Daily Haxiaua Amount discharged
g vithin the whole project area.

- In planning the colleeting system, spéc;al emphasis should be placed
in alleviating existing problems while respecting the curreat system;
théreby, a review should bé made of the system to ensure efficient

.?collection of solid waste generated from various places daily,

anufficient consideration should be given: to reduction of the
" heavy maaval labour by collection uorkers to eénsure easier and
. safe working conditiOns.

- Current ‘methods should be applied as uuch asg possible as regards
collecting, time- schedule and fréquéncy; etéy

Based on the abéve ideas, the solid uaste collecting system 1n the projeet
area is planned as follows.

B L

(b) Comparative Review ot the System of Collection and Transportation

In general;fthe cdllectibn of solid waste might mean ‘both- colleétion and
transportation,  Various colleéting: sydtess havé been deviscd, plaaned
and:pérforzed. in varfous citfes’around the world,  The’ adoption of the -
- best suftable system should. be decided: upon full understanding of the
- varfous conditions in each region. :

: The railway system and the barge system -ight beAOut of consideration

. because ‘the study area, is _¥elatively narvow, béing, 15 %a_long north-to-

. south’ and 3 ka wide east— to—west. “Also, the; proposed landfill slte is s0
. ¢losé €0 the ceatér of | the solid wasté. generating area.  The average

distance between the site and generating area is’ estimated 'to be about
7 kmo )
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- The plpe-line system 18 expected to be applied to high density areas, such
as high-rige areas) however, this system would not provide the study area
"Hlth;anifadvéﬁgagés.‘-_fjthis:syQtem were to be used for Pattaya beach, which
1s 1.5 km? with a high populatfion density and most of the major hotels
alveady buile, the scale of the system would be as follows,

Table 5.4.21 Pipe~line Systén

K “Ttem o s ‘I- 7~ Scale and Size ‘
System -~ 7 TN drdnsporting by pipe-line
Area to bé covered - ' ‘about 1,5 sq. kn.
Kind of avea 'l Taurfsm fndustry
Length ‘of pipe-line - ‘ approx. 10 km
Number of patherfng statfong . | o

| Construetion cost, up to 1986 150 mitlion Baht
Mafdtenance cost; up to 1986 | 15 nillion Baht a yeac

'Aéffﬁﬁ:éé;toﬁri%t'déééﬁdiquéﬁésts 5nd'1éhﬂ use in therﬁastéiplan; is
céricerned, this,system would not be practically justifiable. '

quleétion.aEQthahsﬁqtfétiﬁﬁ by trucks would be the best ‘system for
- s0l1d vaste fn the study area, '

- (¢) Col lectfon and 'Trans[ic‘)t'té;tiéﬁ‘: with Trucks

The vehicles or meané for colléction would be as follows:
._(:j-Lﬁéﬂiné and ﬁdlbédink by manpower ﬁith'cérgo—trucks
:()"ibédiﬁg:ﬁi%h;ééhpﬁwéf aﬁd;tféﬁstrfiﬁg with dump-cars
1()¥H3n5péwét’Iéédiﬁg[hith,ékéhéﬁichl'colleétiﬁgicérs
.. having consolidating and dumping equipzent _

® Autoéétic‘loaéing anqrunléading with wechanfcal collecting
o cars having consolidating and dumping equipment

Historically, devélopmént has been iade fron () to (). |
¥hile a review will be made of these vehicles later, generally, the

following transportation-systeus can be considered:

f ()'Using the samé:Vehiéles fron collection fo‘disphafge
(®  Each exclusive car to be used for collection and trans-
' ‘portation respectively, while perforaing loading and

~unloading at the transfer-statfon

The above method (3) would be suitable for the study area, judging from

. the distance wp to the landfill site and the generating quantity of selid

- waste, ' Moréover, as listed in Table 5.4.22, higher efficiéncy can be
obtained with bigger vehicles, whereas the largér vehicles are inferior

- An wovabiliey: - L Pl R

fable 54,22 Loading‘Capaéity'of_vghieles

- 7] _Chassis - " Dump track’ Hechanical eollecting cars

o2 tenelass 2+ fmF | 4w -
Co) & tontlass A<8 @3 ) . - 6~ 8 ad
6 ton class  6-15m3 | . 10-16 nl
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'Hedium~sized vehicleg:-1a the 4-con elass would bé- fecommended because of
thefr rather’ favorable transport efficiency ‘and thedy highey mobility,_
making then thée most suitable vehicles 1nrstze” for¥ the: study avea - con- - -

sidering the quantity of solid waste generated and the condition of the
roads. :

(d) Type of Vehicle and Loading_System

In the current coilecting system, it has been decided to use the station-

- system of distributing drums to. apptopriate pléces in the town. . ?his
system ¢an be effective; thus, ft should be: ‘adopted even for: the study area,
However, other containets with bigger ¢apacitide shbuld be employed for '
places where a great deal of solid waste is generated at- one site, like

a hotel,

On the other hand cOncerning the collecting type of vehicle and loadiog
system of solid waste, ‘the cyfrent dump . tricks with covérs can be’opéerated
easily with less” disorder, thus maintenance can be’ performed favotably.
However, more workers are necessary for each. vehicie, .and hard labor is
needed for their operation. Also, ‘the loading time 1s longer than that

of mechanical ‘¢ollécting cars, ‘and’ collectlng efficieney 1s: loﬁ.-

: Therefore, for. collecting vehicles 1 ‘the' future mechanically equipped
cars are recomménded for ¢ollecting solid waste with less hard labor for
loading, and easier and safer operations.

Fig. 5. & 29 shows the review of altetnatives for the system and type of
rechanical’ collecting cars considered in the: case of addptidn of .
station-collecting syitén using coatainets. Edch systén has its nefits
' and demerits, while in this project Pethod 1, being sinilar to the -

.current system, will be mainly adopted. “To ‘shoxten collection tine .
‘and_ to reduée thé nuwber of colléctisn wotkers, the auto~loading system_g
should be adopted using containers with a capacity of l 5m3 for hotels.

. From the above evaluation, the type of vehicle to be used for this col—

lecting system should generally be mechanical collecting cars wlth push '
“and loading equipment. o : : ;

-Also, as regards existing dump trucks those capable of lasting fully

or partially thiough the projest period should be cOnsideted effective
- collecting cars . . . RV y

The existence Of new 5o duop trucks kéuld give the system flexibility,
because pany méchanical collecting cars' ¢ould be used for A varlety of
cotlecting. iunctions. In this case, the 1oading systea' might be ¢dnven-

tional transferénce. from drums to bamboobaskets first, folloned by loading
onto dump trucks.‘ﬂ. . , o

{e) Bstahlishment of Collectin :?attérn

_ The nunber of vehicles needed EOr collection each year ‘¢an be estimated

by establishing the collecting pattern of various vehicles after declding
~ the collection syStem. AP . s Ses T

A study of the collection pattern was made in accofdance with the ‘des- o
cha¥geé fteduency of solid waste and the road situat10n in'each! region, and
the work time and" generation of soiid waste in: each subdivided atea for
the establishment of collection- patterns. Sl .
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The basic year was set at 1981 for the establishment of collection '
.patterns. : - . : -

1) Collecting freguency and . working hOurs

o e e Wi it i B g o e e e e e —_—————

Collecting operatidns would be conducted cvery day 10 ordcr tO preVent
confusion of changing from the couveutional system}” also because of the
quicker putrefaction of solid waste ‘due to the local climate with its
higher atmospheric temperatures. : : L :

The wdrklng tlme would be 8 hours a day and the daily work should be déne
" in accordance with thé’ following time- ‘chart

AM. S R R T Ly
6 .7 8 9 10 11712 ‘Y2 34 s

+

s L s

_ a m _
Ccllectlng g(Cbllecting 4 (Collect ﬂ'cﬂecking,_
work) 9 work) S8 lng work) Washing,

‘ cg 2 Greasing,

E LOillqg ete.,.

n: the above 38 hours of operations, lt is est:mated that 6-~7 hours
hould be- spent on’ collectlon, transportation and dunping.

2)' Collecting szstem 1n eéch block

~the 6utline of the collecting syste- in ‘the study area is .as nentioned
above. Here, a’'defailed explanation fs madeée of the collecting system o
for each block subdivided in Fig. S & 30

' f?(l) Cnllection of the solid waste in residential atea

The’ station—system would be’ employed, u31ng 200 lit —drums for '
'residented areas (1) = (16) in Fig. 5.4.30., Collécting areas wlthl
rechanical: collecting cars, should be arraﬁged with-200-14¢€, 'drums,
Whereas effective use of collecting areas ‘using’ dunp—trucks and

_distributing 100—1it. drumss should be done.;, :

"~ The station~system uould be diff{cult to- adopt in the rcsidential :

- axéa (17} because of - the smal)’ populatlon An telation to the coihi,
lection area,  Thus, in’this block,’ céllection would be made for

each house,_and ‘each home would have hygienic and easfly 6perative:

; 30 iit. —buckets nade. of polyvinyl., Supposing that the population R
of the area 1§ 500 on' average and ¢ach Home’ cOnsists of 5 persons,
a total of 160 buckets w0u1d be needed. . , : ‘

(2) Solid waste célleétion in hotels

The Current method is performed at ‘low efficlency,_thus ncchanization
should be introduced as soon as’ passible._ Yost hétels have enOugh
.- 'spacé to keep solid wasteé, thus it should wot be difficult ‘€0 providc
. 5m3 containers. . , - : e
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