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Abstract

The objectives of this research were: 1) to analyze the shortest route for waste collection service in
Songkhla Municipality and 2) to determine the suitable areas for constructing landfilling. Geoinformatics
technology was applied to consider the route of waste collection from the starting point, the waste collecting
points, and the waste dump point for each vehicle in each route and to find suitable areas for new landfilling.
According to the selection of spatial factors by using 2 scenarios, the first scene was the factors and criteria for
sanitary landfill disposal of Pollution Control Department Regulations under 2 conditions: 1) if pass criteria were
1, if not pass criteria were 0. The second scene was the literature review on various research trends to determine
the appropriate factors combined with the Multiple- Criteria Decision Analysis (MCDA). The weighting method
and expanding incremental rating of the first scenario were addressed with the Analytic Hierarchy Process
(AHP). The results were divided into 3 levels: the most suitable area, the moderately suitable area, and the less
suitable area. In addition, the water recourses, moderately suitable area, less suitable area, and the forests
were excluded and considered selecting only the size of the area greater than 500 rai. In terms of the shortest
route for waste collection, it reduced the distance of waste collection by 13.20 kilometers. In the part of the
analysis, the suitable areas based on the first scenario found 8 important factors including 1) geological
condition 2) community area 3) natural water source or excavated canal 4) distance from underground wells
5) distance from archaeological/historical sites and sanctuaries 6) watershed quality class 7) airport area and
8) conservation area. The areas that had passed the criteria were 292,217 rai namely Sadao District, Khlong
Hoi Khong District, and Ranot District were 87,650 rai, 29,491 rai, and 28,931 rai, respectively. In the second
scenario, it was found that there were 5 factors: 1) the aspect of the ancient site, 2) the distance from the main
highway, 3) the distance from the natural water source or canal, 4) the distance from the community source
and 5) the slope which appeared in Khlong Hoi Khong District and Sadao District. The results of the analysis
will be an alternative to support waste management decisions, improve the efficiency of waste collection, and

plan guidelines for implementation and determining future landfill sites.

Keywords : network analysis, waste collection, landfill, the shortest route, Analytic Hierarchy Process
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Table 1 Factors and criteria for sanitary landfill site selection

Factors Details of criteria
1. Geological condition Distance from the fault > 100 m
2. Community area Distance from the community area < 1 km
3. Natural water source or canal Distance from waterbody or streams < 100 m
4. Underground wells Distance from underground wells < 700 m
5. Archaeological/historical sites Distance from the archaeological/historical sites and sanctuaries
and sanctuaries <1km
6. Watershed quality class Distance from watershed quality level 1 and level 2 <1 km
7. Airport area Distance from the airport area < 5 km
8. Conservation area Not in conservation or protected areas, including mangrove forests,

conserved forests, and watersheds.

Data source : Geo-Informatics and Space Technology Regional Center, Southern Region
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2.2.1) ANIWNINEIWANET WULUITBLLADY (fault) TulAInIRaIIaINTEANEAIDE NN LB LB
o o o | o o a ° v o | i = v . i g a =
Fmdn Aausianesngil uazaneaztingas wiaunun luwwamilals (Figure 4 NuNAuAY Aa UU9TaELADY
sve1z]siNu 100 WAT WATAEN A WUALENITEL 100 LWAT)

2.2.2) LWATNTY ANINgTResag A nangusued19day 1 Alawwmns aannisindeya

a

nslduselaaiau T w.a. 2555 Tnansuimunau srusantasdueaniniamalulatiooniAuazgiasauine

AAlA dhnanseanazAaaaneniznis Uss laminaulugeundunuiniies (urban) Usznauldaae salleauas

a

ginunnTAN (U1) Mgﬁﬂu/ﬁmuﬁmmi (U200) m:jﬁ'ﬁu (U201) 40113 TN1Thasan1114m1g " (U3) WIAFUITZRY

v '

Auguaanld 1 Alawens wudn Anuinszanaaglnaiannanne (Figure 5 Wunduas As guauLazsras i

1 Alams wazdiden Aa NuAuenszas 1 Alalumg)
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a

2.2.3) 928¥UINAINUNAIUNFITNENAVTEARa97A IHdeyaununnidssinAainnanunuinm g

v
10 Al o

11m31991 1:50,000 faxiudayaunasin Inadunisinvseusinddaneruzaesanun lugiuuuauun (dendritic
pattern) Gatilugtlunuinwulavialillutlsemalne auzfunasun (waterbody) Asusiawialg) 1 a19ifiuin
ARBIAZLAN 1UALUIAARINAT 819LALUIAN IS 819 ALHNTINUAIUANY AUDITRNIALEN AR AABY ATTN

o 9 L X de o Y L y LY, . A
wazauie wudu nszanaagiiallluiundsuda antuirdeyadunisinuazunasinunminuuassesiumu

. - g 2 \ A3 a A | a = = 2

100 AT (Figure 6 WUNALAY AD 3z INAINUUANUNSITNTNAUTOAAEIY A LAY 100 AT LazALTiad Ae
Nunuansze sy 100 WAT)

2.2.4) szavvinanndeih liau aangrudeyangan dauszuudeyaninginsiiuinia nsuninenns
Wu1aa wudn 1 1,524 de M lunisgulnauaziiinadundngaiuteresnisnauniaiy lnagineasuy
BUNBUINA Laza1namalug SUauiuiaaaIuau 200 Ue 157 Ua Lag 157 Ua AINaIAU AaINtuinisaiis

o a . & A A | , %8 va o a & 4
WUITZIZNUTUN 700 WAT (Figure 7 NUNAWAY A szazviiganntatn liAY 700 wWas was@iden An Aunuansyes
700 LHB19)

2.2.5) sztizvinsannunaslusains/dseifaans uaziatloaniu $vanun 91 wis dsenavsadniiy
daulun) ansedreluaniuimAutauasasaan laun @aguwaFAInNaL Ussinnasuny uianuun (dau
douarhie uazdiung) tTandinuiunannaannEes ANEAUNADTUUINTIRAIIAN NITOUANITENINUAN
g wezAmindes Araldnenaniies uazananmasau iuiu Mellldnulugineuindenuazene

= ' 4 ° v o R ' a . & Ao Y |
AoLHen Teunass ianuagnituualiiuuassayiugulitasndn 1 Alawns (Figure 8 NuNAUAY Aa sxaziing
1 = o & = ra a a a & tﬂ” t:ll a
anunaalumuab/lssifaans uarrtaaniulidiniu 1 ilawns uardidan Ae Auiuanseay 1 ilawng)
2.2.6) FunmunIngNU wugn Tunundandnasaanlduann ng i AausduannwgNuag 1A, 1B,

2,3, 4 waz 5 Inginausmvun Wiuuwasse s fuTutunun g dun 1 uaz 2 aanunluszes 1 Alawns Ined

v
o s ©° =l

aneflinnagluadunmuninguuindui 1 uaz 2 ldud g1wnestiun awnenszuadug anenluies uay

2

[ 7 2
A A

anaaiiansy Mellinunnnuazed lusaunaneliineuanuesdandnasaan (Figure 9 WUNAUAY Aa s2aIZ119AN

D

dupnanngRin ifu 1 Alawns uardden Ae Auhuanseay 1 Alawng)

£
[

2.2.7) wanunauniu lussndnasaarfawinduwiunadnin v AaaLnaunaIeredandnly

ananasanesias (Laneaniianannealugl) Insawiniuvinsanndaiesina g ldunindugugnans

' P2 '
A % 1

a a % A A dﬂl dl
(hub) nsfiuluninianeuldrestszinalng muRenlanimaufezes NuivinzanfeinsaInaLaNun
a | o a . i g & \ i a |, a a
1asaunTueteties 5 Alawmns (Figure 10 Nunduas Ae szazvingainaanuiauindulidiiu 5 Alawas
P T a
uazAen Ae funuenszas 5 Nlawmnsg)

2.2.8) wanunieyiny arnuauith imungunneiseeansut bl (dhasuwiesauazeying
naugneudndUiuarnesuia (gne1uwiafuazianineniugdndiln) wudn lwadeaudnasaainingau
nszangdatnawmidatnnaniuadndlimeadoauarngaiwaie naunaNLsaninERUEAR T
\U399IR RSN RUEARTUN TRude e Nadndianzianans waiuandndlanwmes weiuadndln

NZAANL ATNANERTUN LT - unaN W WELA AueNEIuALILNGY uaznau AL MENE LW
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v

NUIANNTBIAINTAFITAT GNUNUUNTIRUIANTNINET12 NUTLETENNNINEUUWTIRAUNANAT (Figure 11

NunAuas Ae el wardiden Ae Nuiuenamila 1)

2.3) nfvanndiasnziineadasianun 8 JadamiuinusinsuAuANNai TpaNansanannanle
Tuusazilasannammn g luanen1sliALLLYA Aa tNu-THRNUIN TR NTaR19LA HARNEA LA
Uszifiuanuduldlalun1smssiiunnau s A2eR an19na9uULATLATE WUN HNuAwNnzan 114519

[ '
o o

WUAINALENUEIZINNWN 292,217 15 WTaAm Tl uTasaY 6.04 AINUNAIUTAA9AT warNun ldun gLy

waanaufareLaan 4,544,576 15 viemaLluiesay 93.96 1e9Nundandngeran fauanelis Figure 12 LAZUAAS

Wuseanne luasninasaan fa Table 2

- not pass criteria
- pass criteria

- nat pass criteria
- pass criteria

- not pass criteria
- pass criteria

Figure 4 Geological condition Figure 5 Community area Figure 6 Distance from the
(Fault) natural water source or
canal

- not pass criteria
- pass criteria

- not pass criteria
- pass criteria

- not pass criteria
- pass criteria

Figure 7 Distance from Figure 8 Distance from Figure 9 Watershed quality class
underground wells archaeological/historical

sites and sanctuaries
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- nol pass crileria
- pass crileria

- not pass criteria
- pass criteria

Figure 10 Airport area Figure 11 Conservation area

I:I district boundary

not pass criteria

pass criteria

Songkhla

RV oo o
Khlong

Figure 12 Overview of areas in Songkhla province that fulfill and do not fulfill the criteria

2.4) NIRRT NI M zandvLnaL ez auan N Rans 14Fndentasefiazinun 14 lunns
3Lm"]:ﬁmﬂmmummﬁmﬂﬁmm‘ﬁ'Lﬁm**ﬂ’m‘lunﬂqﬁmmmﬂi:mﬂ”l,vm 1#un Mhuenyong et al., (2017);
Noinumsai & Wachirawongsakorn, (2017); Pluemudom & Smakgahn (2017); Sungwian & Charoentrakulpeeti
(2016); Jukkraboot & Khammaai (2016); Vichiansinpa et al., (2015); Kaew-in (2013); Maneephan (2012) (Table
3) Tnadmiaenadaiiaeualunsinun ldanmsiunnndnfaaay 80 (ﬂw‘i’ﬂgn‘lﬁ’améﬁuﬁi 7 uwmm%ﬂﬂ)

sznausag 1) Tusuaniu 2) dun1epnwAn 3) unadtn duni9tn 4) Tumu uaz 5) ANNAIATY (Figure 13-17)
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Table 2 Areas in Songkhla province that pass / not pass criteria for landfill sites are classified by districts

Pass Criteria Not Pass Criteria Total Area
Songkhla's districts

Rai Percentage Rai Percentage (Rai)

1. Thepha 21,377 5.19 390,401 94.81 411,778
2. Mueang Songkhla 1,623 1.26 127,455 98.74 129,078
3. Krasae Sin 9,528 4.90 184,740 95.10 194,268
4. Khlong Hoi Khong 29,491 15.97 155,150 84.03 184,641
5. Khuan Niang 10,714 6.90 144,489 93.10 155,203
6. Chana 17,436 4.46 373,335 95.54 390,771
7. Na Thawi 6,566 1.34 484,934 98.66 491,500
8. Na Mom 1,713 1.93 87,104 98.07 88,817
9. Bang Klam 6,086 6.60 86,179 93.40 92,265
10. Ranot 28,931 10.35 250,491 89.65 279,422
11. Rattaphum 14,982 3.63 397,812 96.37 412,794
12. Sathing Phra 11,684 9.48 111,562 90.52 123,246
13. Sadao 87,650 13.45 563,823 86.55 651,473
14. Saba Yoi 15,022 2.54 577,214 97.46 592,236
15. Singhanakhon 5,824 3.94 142,140 96.06 147,964
16. Hat Yai 23,590 4.80 467,747 95.20 491,337
Total 292,217 6.04 4,544 576 93.96 4,836,793

2.5) N139LATZHAQENTZUIUNNT MCDA Tuanniimfians IEfiunnslimaziuuaznmin taeldianis
WaazhuuageANaIN1s09a9tade Iasie uiAe9a naIniALLIN (H01 1 Azwis AU TR 0 AZLLL)
TN ADS T8N HATBIN TN AT Q) sraEmn TR LAY IR AT LU NE ST (E‘\ﬂﬂ@@'\aﬁ) LU
Tusouaniud Sewlaluanniimiuen srazvinaiesndn 1 Alawns (ladeinw) wazszazvinaiu 1 Alawms (1Nw)
TuaniAaes azasngeen iz siietag 1-2 Alawns (1 AZLUY) 7282319 2-3 RTALNAT (2 AZLUL) LAY
szazvinaannndn 3 Alawas (3 azuun) udu TudausesAntasimin143anns AHP Tmﬂﬁéﬁmmtﬁwmu
3 finudauiuldAn i wn (group discussion by expert) A4 Table 4 IagaINN13TAANEAINEIUAINNADAARE

(Consistency Ratio: CR) ﬂ%iiuLﬂmmrﬁﬂ@ué’uiﬁﬁ”ﬁﬂ 0.02
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Table 3 Factors influencing landfill selection

Factors/ Author (Year)

. (2015)
Noinumsai &
(2017)
Smakgahn (2017)
Sungwian &

<\ <\ ‘\ ‘\ <\ Charoentrakulpeeti
(2016)
Jukkraboot & Khammaai
(2016)

1. Historical site

. Transportation

<\ <\ <\Wachirawongsakorn

. Waterbody / Stream

Vichiansinpa et al
ANANENA

. Community area

NN N L {|Muenyong etal. (2016)
LN N R Kaew-in (2013)
RS Pluemudom &
ASRNENENEN

<

. Slope

. Precipitation intensity

LN QN R K L & [Maneephan (2012)

\
\
\

. Land use

©® N o o A W N

\
\
\
(\

. Flood susceptibility area

9. Soil texture

<
AN NN
<
<
\

<\
\
(\

10. Artesian aquifer
11. Wells, water supply v v
12. Groundwater v

13. Basin quality v v
14. Soil capability v

15. Fault v

AN NI NN

16. Conservation area
17. Lithology v
18. Soil series 4 v
19. Park v

20. Landslide susceptibility area v

21. Repeated flooding area v

22. Watershed area v

23. Government office 4

(\

24. Top sail
25. Coastal area v

26. Geological condition v

2.6) UsznnanasnaesAAziuukazAiuinaasuiasady udauin1dnangulus (reclassify) Aot
i A , . e ve o X A X 4
ABN1TULNT TN (equal interval) Tagutisaanidy 3 sxau loua NAmEIgauNn AuNUNIzaNLunana
waziuunnzaniias (Figure 18) wax Table 5 LAANIIEATIBEATRLAAILUNINLANNE AUFLNIIARNTDINUT
Tdunausasallil

v
o

4 o & o .3
AUN 1 NUARNNUNLUANUN
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' [ '
el al A

Y A o A o = & Ao a .
AUN 2 AALAANLRNIENAANINHNNUNLUNNIZANNN (Wu‘i’lm“ﬂﬂ’ﬂu Figure 18)
3

=
Un

=2

TndeniunnRawiannndn 500 5wl nadfumunneidsganinaudsuszyaces 300-500

A/ Avsdliilen 380-620 13 uazdlangnislderu 20 I (Pollution Control Department, 2001) LivaaF19n19L@aN

> 1
A Ay L5

luauianfiazdnsudunuinaudenss wudn Fuidiunaemninuald 656 wis wulunnanesesdsudna

49741 (Table 5)

U7 4 fiugeniunineslwantldlunui

o o

WTAAIIAT (LUALFTENNITENTUUWITNR GNEUUATIR
wnFNadnd wasneRuEERdn uazaugnen) wudn Reuinoet 544 Uk MINTLERNIZIINIZANNAN
(@de9) wazldanluantliiazpavae 5w nawanaduddaoduaduidscdeuaienuaaidasaslugning

o

AABINRE 129 2 LY LAZENBATIAN 3 Wi (d9ua8Ne Figure 18 ANALAIAIAL 1-5)

Value =
o
¢
[ -
[ E

Figure 13 Ancient site Figure 14 Distance from the main  Figure 15 Distance from the natural

highway water source or canal

o
.
L 12
K
I -

Figure 16 Distance from the Figure 17 Slope

community source
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Table 4 Class weight and factor weight for each input data (factors) and their attributes

Factors Attributes Class Weight Factor Weight
Aspect of the ancient site <1km 0 0.127
1-2km 1
2-3km 2
>3 km 3
Distance from the main <100 m 0 0.182
highway 100-200 m 1
201-300m 2
>300m 3
Distance from the natural water <300 m 0 0.258
source or canal 301 -600m 1
601 -900 m 2
>900 m 3
Distance from the community <2km 0 0.337
source 2-4km 1
4 -6km 2
> 6 km 3
Slope 0-2% 4 0.095
2-5% 3
5-12% 2
12 -20% 1
>20% 0
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Figure 18 Suitable areas for the landfill

Table 5 Songkhla's districts classify areas suitable for landfills

Suitable Area (Rai)

Songkhla's districts Total Area (Rai)
Most Moderately Less

1. Thepha 429 154,899 248,825 404,153
2. Mueang Songkhla 4 26,653 78,105 104,762
3. Krasae Sin - 16,942 40,754 57,695
4.  Khlong Hoi Khong 8,735 99,749 71,755 180,239
5. Khuan Niang 54 45,926 74,202 120,182
6. Chana 308 139,283 244,007 383,598
7. Na Thawi 1,528 187,242 301,537 490,307
8. Na Mom 463 40,891 46,978 88,332
9. Bang Klam 180 31,869 57,358 89,407
10. Ranot 2,077 86,685 125,575 214,337
11. Rattaphum 16,609 201,250 192,137 409,996
12. Sathing Phra - 16,599 68,084 84,683
13. Sadao 15,981 298,106 329,962 644,049
14. Saba Yoi 15,636 217,653 351,722 585,011
15. Singhanakhon - 27,834 69,872 97,706
16. Hat Yai 10,065 217,701 243,342 471,108
Total Suitable Area 72,069 1,809,282 2,544,215 4,425,566
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Ja150iNAN15IAE
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