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Abstract

The Songkhla Lake Basin is a diversified resource and an important
socioeconomic development area. Industrial rock resource management is important
to managing appropriate and sustainable use of industrial rock resources in the area.
Creating a system dynamics model is an excellent technique to describe and
comprehend system dynamics. It will be a good tool for mineral resource
development planning for quarrying in the Songkhla Lake Basin, allowing policymakers
to design an optimal resource utilization. The prototype model performs a simulation
to estimate demand for industrial rocks and responds with simulation results of the
number of mining permits with the potential to meet demand. Based on prior statistics,
the simulation result, industrial crushed rock aggregate demand, can be split into 3
trends: high, mean, and low level. It gives simulation results that show the amount of
mining permits that are appropriate and capable of meeting the demands that change
depending on the scenarios. On average condition, at least 3 - 4 quarries are required.
In the current situation, these 2 existing quarries are unable to meet the demand for
industrial rock in the area, and their mining permits and mine reserves are running out.
Therefore, it is critical to consider allowing new quarries and/or renewing existing
quarries that are about to expire in order to maintain and enhance production capacity
to satisfy demand. Finally, the optimization tool simulation findings indicate that the
area also requires at least 3 mining permits, with a production capacity that can change
based on demand increasing in the range of each quarry 400,000 - 473,000 metric

tons per year, or the net demand 1.2-1.4 MMT per year until the resources run out.
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2.1 NUiNaInITEUY

(%
Y

nquvemaingzuy (System dynamics) Tundsiimnadusssueftuduiiaai
Foulosiedu ynmsnszidendnadnsrountegisans wainszuuiwszneumeunund
2993ANUANRUSTAkAEHA (Causal loop diagrams, CLDs) ka wWHuiiaa uskaznIshna
(Stock and flow diagrams, SFDs) #audun1sinsieiavesiiulsiiuasunvadlunudns
wazhafiasuudacly madsuulasaniuzvesiiuls o nales AzdwmanIzNunosi
wsduiAendesuazdamasiossuu (Ash, 2556) nataszuuiuduniosdieffiuseansamn
dmfuniseSue Useaiana wardhnseiusuiunsesyuuiitudeusarauinlvglunives
N3¥UIUNTT Toya VaULUAURIBIAnTazNagns (Pruyt, 2013) wadnszuugnimuluy
Vinevesl A.a. 1950 wazi3uuwuzilag Jay Wright Forrester Tugaad a.¢. 1960 7 Sloan
School of Management of the Massachusetts Institute of Technology (Forrester, 1961,
Forrester, 1995) msassuvuiraesmainssuuilumadanszuiunslunsideslesduys
M99 ﬁqéhLLUiL%QU%@JmLLaszmWﬁaUaumimma‘immamﬂugﬂLLUU%@QLLNuQﬁamm
wazmslvia Faflanududeutiosnnisufuiusuaisesduszneuiiendesesnaluszuy
Tnga1u1508319Nas a9 nLUUTIaef sonuuu i ldnannuansaniunisal (Centeno,
1996; Duggan, 2016; Sterman, 2000) nsUSuasuALar e AL s LS U ITE UL
Huanusarilding vansadnanunisaisiasaitornudlalussuuiidnwianansarile
azmansaninardavguidl etadonieideuluiud sunvasly (Bach and Ceric, 2007;

Sterman, 1994) laguuudnaedlfineg 19Ny laTEiaveuuTIaeInegUn 1



input 1

input 3

converter*\

Level )

rate in Ue out
meui/

5UN 1 fegalassaiauuudaemainszuuegiedig (Sontamino, & Drebenstedt, 2013)

Jagiumsuszendlinguinainszuuduiivansuuasgnldaulunasuvuaisinu
LAISHFANENT TEUULATEENY d9au Wleu18N15IANITOIANT FINNINITIANITNTHEINTUAY

'
a

ERITC o laudigALs A UINKUVIIa84 Industrial Dynamics (Forrester, 1961) wa
LUUF1889 World Model @asipunldgnimundunuudians World2 Model uay World3
Model (Meadows, & Randers, 2004) 7 na 138 9A1udunus vasszuunneg 7y
daulsznaud esveuuUTIaedbiua 81M157 1A B TUNITINYATLAZNITHE N1
gramnssy Uszng niwensilifinsmyudou wazuaiy Turaed A 1900 1 2100
Imaamﬂﬁmmé’mﬁuémmﬁaLLUiﬁL%amImﬁu%Qﬂa%ﬁqL“f]uLLmumWN%mmé’uﬁuﬁL%q

Wauare kavunuiianiuzuaznisina Yrgliaunsanegeuaniunisaidnasingg any

AUUAFIUTLANANTY

2.1.1 wnuiRsANUFuNUSIFamauasNa (Causal loop diagrams, CLDs)

pasanainiliaanintymaeeslsuaviiluiufatdymdnwazd sramsaudly
i lalymimesunugissasmuduiusidanauasrald Wnefiveuwnvesszuunelym
wiauy suausaeiuisauduiusseninedanysi ndueslsuioiuenginssuues

Yaymegradumnuasna (Haraldsson, 2004) n1sAngaszuulasunisaduiginduniu



dmsunisnanedadulssinundudounasinnuduiusiondaiuwaziu gnuszasdvodu
Aensuansbiiuitesausznaulalussuunainiliiinnsdsunlasrednesausznauly
anwaugle eliidilansemanisaingAnssuvessyuu wagaunsaiduaisdislunswmun

NTOADAUNGANTIUUIDE1 TEUULANDBNUT (Kim, 1992; Lannon, 2012; Morecroft, &

(%
=]

Sterman, 2000; Senaraz, 2017) WHUHHIITANUFURUS T v lazHailgniTendnag19i

wNunHiendna (Influence diagram) (Wolstenholm, 1990)

WHUA T IANUFUTUT I UV kagHag 11 s0aT 1T MuAf U9 lusE Uy
uarsryaaduiudidsavnssrinsiulsvan it madeules Ssnadeusuusnansy
Fauwdsforanaadusasanuduiusasioundu (Feedback loop) Ao asAUsenaundeds
wansznuluSansAusznavduaugavinenaazioudaunduindainieniuiaasila (Closed

A A v

loop) nIvdnanuwuzAsesnUsEneunilsdmansynuludiesrusenevduliludiemadalag
Lufinaagiounaviazdanvuziiuisasla (Open loop) MU HUANMUTUNUS TENI1
'3 a [ v & a Y [ & @ o
aeAUsznavluunugTRTANduTus v uasnavlddydnwalilugnasideulesain
¢ = o a ¢ = v o A L. a
peAUsEnaunilslugidnasAUsznauniansounuiias esuutauin (Positive) %3 oau

(9]

(Negative) Femnuvsnsvesdgdnualiaviaiosunoidudisil

1) fManAstandiuls A lugaduds B niauiunIeamunguin vineaudn Wedi
& P a ) P | DXy & a
wUs A (Uume) Inswdsusdaduludnuaeviavdmalvdiuds B (Juna) wWisuuasly
Tuemafeniu 1wy fnls A JaAudulzdamalisuwls B danfudumeiuiy useias

Fnswasunlasluluiemadediu

2) §1gnAsgaIndauys A ludeiauys B nieufuiasemungay mineaiudn e
wUs A (Juwmn) Inswdsuudaslvludnvaznilsazdwalidouls B (Juwna) wasuulasly

Tunan19nsatud Iy WU Fanus A daniutuazdanalyidiuls B dAtanas wsanmeinig

Wasuwlaaluluianiamsaiudny

wnewe: nsWeulasmnuduiusivauaznalidnduindedidudsmeniofudsua

WigelUsiaRed asnsadimuusinnndmidenlunisideuleunnuasHakaninegun 2



Positive Causal Link Negative Causal Link
A *+ B c = D
- A and B changes in the same direction - C and D changes in the opposite direction
- If A increases (decreases) - If C increases (decreases)
than B increases (decreases) than D decreases (increases)
Input Split Output Split

/e H
A B K

gﬂﬁ 2 mu%ﬂaa@\huﬂima (Senaras, 2017)
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(Reinforcing loop) wag9asANFURUSILULANAR (Balancing loop) lny
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2) 2vasanuduiusuuuanga (Balancing loop) wiaisaninnaasvieundunivau 1lu
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Y

snasuduuguludes q
System Structure Pattern of Behavior

+ Bank
Balance

.
*) )
iy

Bank Balance

Interest
Earned -

Time

JUN 3 1Rsanuduiusuu LS LSS oRAdEiown19uIn : nsiiulnveaiulnlulnyd

(Kirkwood, 1998)

System Structure Pattern of Behavior
A
Temperature
Setting
g
=
)
) 3 |
Gap % Desired
+ _ 2 Temperature
Actual ® + S
Temperature <
Desired
Temperature >
Time

JUN 4 2993ANUdiUSLUUANAaVTBNAAETIDUN AU  N1IAIUANUN) DS

\A3paUSuaeA (Kirkwood, 1998)



2.1.2 WUUINABINAINTEUU (System dynamics model)

% 3

LU I995ANduNus B anauazna (CLDs) vlunisid enlesadudunus
Iz ' ~ P a & a P a
aeAusEnaud1eq Tussuuiianansdenalnisanmgnsauuignu dusslevidlunisesuie
YUNDITEAUFIRITEUUlnglanizaudauilalunsAndassuunionainssuud
o v ) Aa o o a ¢ | & &

Wrlaladrsnazidutuneunsnifgmsunisiaszvtymediadussuu wazanuisailu
FIUEMTUI19BINgAnTsuveszuvlun1TwauIlATIas19BILUUTIa0INa T 1HBI91N
WHUTIIANUFURUSITUmALagkaTUIgiangAnssuvassruulagvInswasiden N3
WU UUT1899399 T UADNITHANIDITDUNNIDIUU NITHAIUILUUINaDINaTRazaTUNE
Aagknuiian usiazn1siva (Stock and flow diagrams, SFDs) vilin153iAseniay

LUIANINTUTIUANANIINUNUYHT1TAUTURUSIT UM LAZHE TIN15aT19UUUTIA0S

=

9199¢A BN UBIAUTLNOUUIIBY 19 UTSULUBNINTL 91N T L DY

Y

Wnluunugia99s
o U ¢ a Ly v ° = o & v a Y a = o )

ﬂ’J’]@JﬁMWUﬁL‘UQLWG}LL@%Nﬁ uaﬂ"iﬂﬂugjaiwLLUUﬁ]']ﬁ@\T"\N‘i]'WLUU@@QM@’JW@JEL%QaﬂLﬂB? Ny

STUUT Na157 (Aronson & Angelakis,1999; Binder, Vox, Belyazid, Haraldsson, &

Svensson, 1998)

} 4
2 A 421‘

“stock and flow” LUUNUFTIUN

<

dAgdmTunITHRILILUUIIaeINainTE Uy Lag

“stock” 813 nliAUNUNIBITENI1 “level” nSe “accumulation” Surdureuiiaf

o¥

[2]

ANUNTDATAUANMTONUARILS LTU 819U MRLEIINADNUN ASIAUAIAIAAT TuNI9NFUNY

a

“flow” 399719158n71 “rate” TuLduLaUNANa 1150197 stock WILTUNS oanAT LTU
Aanun (GlAUNTug 1 ANTY) wazvieszuigul (nlrunlus9anald) Bsen1suas (vinla
Auarlurdufiudu) wazni1sviedusn G lvauslundanad) iudu imadad ety
Tagvilulunsuenwezinesrusenaulalussuudu “stock” n3a “flow” ABNITRAITUN
I\ a A I Ao ' Y] Vo « 5

Tufinerlstulonamgna lnvesausenauiiinisasauaiazdinsegiufe “stock” du

= « 9 d' [ ) 1 1 d! a % v
N “flow” agmeluiilowdunisnseyi wu Turrwamisdusinislundsaiuisn

1 3 <) v v a a £ & L3 PR 2 LY v =f
nsruAladalu stock Tunisnduiu msmamamuﬂuamﬂizﬂaumuaq VL3874 U

Wy “flow” (Aronson & Angelakis,1999)
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2.1.3 A158519UUUT1aBINAINTZUU (SDM development)

N13ATNLUUTIAINATATZUUDIATNAUIINAITNAITUINI ST LeeI NI of U T
g W 9 4' Y oA = Ql' =
seuuinduiuwdsdnuaela 9n3UN 5 1 0ufeg e auafaseuuUsEvINTNLAND 993
ANuFUTUSIduvgLaznasenidUssuneliiianginssunisildsunuasuesdnuiu
Usznsinduedisls sulsenoumensasauduiusuuuEsLse (Mude aglddydnual
+ UUGNAT) NUAAINOANTTUNTHALTUVRITIUINUTEINTTUAATUIINATANETU AUA 2
YoM UTUTEVINTHAL TN TINTAN Uagreasauduiusuvauna (A aslddydnual
‘:4' a o oA o S aa

- UUGNAT) AUEAINGANTTUNNTANAIYRIUsEIINTIULDIINMILUINT @Y INT0IUTEYNS
NLUIAAULLHLATIsAUENTUS B u v wasNag i dusuuTaemainssuuly
sUsuuiRugianIusuazn1sva lnensiamlassaiiauuuinaedidnuuzesdusenauves

[

KWUUINABIUTLNBUNILDIAUTENDURIT

1) Stock AeafienavauAINan1asEnINensiuald s eluasanaes “flow” lagdl
[ < | a PN
anvaglunassgUdamasy

2) Inflow Aenislnainvesrndaneniidnuwauzduguanestidim “stock”

3) Outflow Aenisluasenvasaanafioniianvazluglaneastosnain “stock”

4) Cloud Pauvaafinwiseuasiivvesnsivaldnuazdugus

< v

TupsmiAvesadon a Yasnaite JdWdndudesgnizy Ao 1) asuduvesaion

Y

(initialy) wag 2) aun1seeenisiua lagaiunsamandsauues stock s 1381 t lAanaunIsn

(1) uazAY8Y stock QU 1A t MNENNTR (2) Fal
Stock; = Stock.g: + dt * (Inflow,.g; — Outflow, q) (1)
d(Stock)/dt= Inflow; - Outflow, (2)

NKUUTIaDINATRIEUUUTEYINT (JUT 5) auds “Population” diauesdu

Y

“Stock” (Tnurendu Person) vausfdnUsya “Birth” wag “Death” Wtausaidu “Flow” (&

'
Y] Y

wiaeilu Person/Year) uenannilfafiudnduusdmsuuuudinaesil tufie “Fraction birth
rate” Niefuretedndiunisiinsieny medhudugarinssemilaniigndnunaenyisenydy

YBININLN A9 fraction birth rate FedlAndu 2 @nredu dimensionless) F981Us3nNS

Jagtuiiniaiuaukazaanivitazdduunsiinsswinunisiulusnaenisegde (Birth
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rate = fraction birth rate x population) Turaedinmsia (Birth) Wunszuaunsfienuiuds
mmsmﬂé’mﬂﬂszmﬂmamqsﬁ’aLaﬁa (Birth = Birth rate / Average life time) N1T4LANLAY
o1gvessznnsieidunuuiedsuasdndrumeuazndadundsdenis vazferiusn
nMsudeTinel (Death rate) anunsamlsnnuszanssesigdoiads (Death = Population

/ Average life time) (Jafari, Hesamamiri, Sadjadi, & Bourouni, 2012)

Y

Birth Rate Population Death Rate

X REV

Average life time

&> = | Population \ )

Birth Death

W

Birth Rate

-~
A—}) Positive reinforcement loop
N
. . . — ) Negative reinforcement loo
Fractional birth ‘\\D = p
rate

g‘dﬁ 5 Causal loop diagrams and stock-flow diagrams (Jafari, Hesamamiri,

Sadjadi, & Bourouni, 2012)

913U 6 Wuuvudiasamainszuudszansiifiansanisdiuiudszanslaniuus
azva9e7y Mdumnuduiusvesnisia Msidedin 42997y wazuinisaiugvam A
Foulostusneaunsmuauuigiu Wefinsiwdsuulasluvesiuusvieanufgiuuieda
fLlumg avdwansznudofuusdufiieadesiifunavesnisdsuutasauufgiuiing

AUNTTANANNUS I TaIRILUSABNU
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LA UYDINITHAILILUUTIaolneldngud wadnszuude AruaIu1salunis

Weulearinysenee [aeiunaiikUsBaUsnanasisaunIn lngedenudilaves

]

WAUILUUTIADY @10150LG52UUABNRILADS bUNSATUIMANNFUNUs TUasulUil e

e

'
a

WasuaawUsla g wazWaunvergnudunusyesssuula anun1saldnansNassu
) = ° ~ 44 ! = v oA N

W ad nw1szuudAudTnig azldun wasdanguidedadedaululdeundacly
wuudiasswadnsruuinmnzauiunisiuwaiefiolunisiiarsanlunismAmieqn

Wunzdu (optimum point) fagsiounadwswazngAnssuszuusutdutmunsuesdn

v A= A
YYUWUANULRUICTU LAY

a

LuUIIaed NMsUIngunainszuuuldiauiuuTiassluayl

'
=Y

szilunsosdenlduszlavilaasdunisuinsdanisnmsiuvesniosiugnainssuly

uiguungiaaIuasuattuauag

=D

labor forge .
participation fraction

initial population 0 to 14
reproductive
lifetime

initial population 63 plus

Populalim;—\-,

&y
ngfuration Flus deaths 63 plus

initial pepulation 54 t

initial population 13/to 44

Population 43
To 64

Populalwn 0 Population 13
To 1'1 maturation Todd
14to 15

[ :Jd..alhs Oto 14
L[] /

maturation

mortality 43 to 64

population o
equilibrium time mortality 63 plus

ortality 0 to 14,
o iy mortality 63 plus
table

life expectancy normal

mortalit 1D to14 fife expecianicy
tal - Fioy
lifetime multiptier fro_-T\ \ / -\__, e pollution index>
health services 1 table fifetime multiptier from —— ™ lifetime multiplier
P ifetime mulnpher from
health services 1 from health services persistent pollution tifetime multiplier from
life it - persisent pcﬁnm table
t t et - h\
lifetime multiplier from ﬁo‘ﬁ aﬂél:;l‘ &ﬁf’ lifetime multiplier e T .
effective health health services 2 / from food <food per capita>
/ crowding multiplier \ ) Rﬁ\_l_.ifslims multiplier from food table
- lifetime multiplisr from industry <% ence food per capita>
health services from health services fraction of
impact delay health services 2 table population urban -

<Population>

per capita

crowding multiplier from . .
industry table fraction of population urban table

health services per capita table

JUN 6 MeanudiusuassyuulsyyInsues World3 Model

(Meadows, & Randers, 2004)

v A

TWsunsupeufinmesnldiduniedislunisadiwvuirasanainszuululagiull

awgenwIsvanvate lnalusunsuniivedesuazlasunnuiisnaugnlddueiode

ey
e

WaluuT1asluaulddelaun Vensim (Ventana Systems, 2015) iThink/Stella (Isee
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Systems, 2019) Powersim (Powersim Software, 2019) wa ¥ AnylLogic (AnylLogic

Company, 2018)

2.2 NSNYINTRUNIATIY

FUNIATIN An FUUA NTBNIIBUAZNTIANINGTTUYIA (Primary aggregate) TIu
WansdueinaeglanngnavnIsy Wy aznu uaviaguideldninduinldlua wu Aeunin
dodudiuasudmsuingainuilesiiu (Secondary aggregate) (Harisson & Bloodworth,

[ a v

1994) AusnasanduingAundniddydmivauneaiiaunuynusean 1wy 91A15 auy
avwIu wardue (Langer, 2002) fiusnanuunuiisdulfinmnmsviuiesfudensyuiunis
N193AINTTU TAUAATYHDNITATITIN LATEENT wasdInUYBINBEU1E19871IUIY
unseiatantiu Whmnendnueanisviuniiosnifiiotmine nanauinauesau

éfaqmwmwwéﬁﬁLLmIﬂuﬁ%Lﬁwﬁu (Langer, 2016; Tausova, Culkova, Domaracka, &

'
1Al

Drebenstedt, 2017; Dubinski, 2013) ﬁumaiwﬁ’mLi‘]w%’wmﬂﬁﬁlﬂﬁL%@Lwﬁqﬁﬁmmmiu
lan LLazL%ﬂlG’f’iwL‘f]u‘w%"w8WﬂiﬁH’LLé'amJ@lﬂLﬁmmfﬂfﬁiwznmmamumﬂiumiﬁuw“
n&uALNT (Langer, Drew, & Sachs, 2004) lugnannssuneadafiuniasiugnididuiaguay
dmdunouninlneAnduninfesas 70-80 vesUSunauedIuNaLTIMLA (The concrete
production and aggregate, 2000) ﬁﬂ'wmmmaaﬁwaﬁl’ﬂﬂﬁ%’agjiwdw 1,200 - 1,750

Alansudeanuieiiuns (Shahriar, n.d.)

NIMRANENAITIYIRIUNINIaNIN5vE18AluN1ARRAINN T DIUsLI R TBe5Y
NsRNUsEWA WazaIndnaziinveneivesilaniivaulasamenguussnaselaiiu
na1esERUas (Upper-middle-income) waghsamyulszinaniuszyinsinnlaganizUseine
a d' LY [ ' aa Y = 1 < 14
JunazUszinalnegnineglunguussimaninisveneiveuiieegnsiniivssuuiosas

2.9 way 1.9 amua1au (United Nations Department of Economic and Social Affairs [UN

' £
a = = k4

DESA], 2019) sla3U#l 7 anuseen1snsnensusimiiuduiieitestunisiiulnvesuszving

a = a I

lanuagN1simuIeg19TINsIveLATEENITEiNa s A IndouLazALTUAaIRg AL tny
ganeasnunnfdsldiuniasinainsssunduinduniy Tunenaduiuifiareuninainniss e

QI 1 ¥ d%’ a 1 dﬁl ¥ ¥ d! ¥
poudeneai1aniy aeunInmaannsaldusslevilananvanguasnildluuuinianisly

Usgloyidpanisldnaunuiuuiasiudmsunisneasns nsneas1edagduinissleida
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Aaun3nandslgnasrununldnaunums eidudruaiuiuuiasiuiuinmiesedis
WAty wadmsulssinalnegwinnisadvayunanauulauienull (Tangtinthai,
Heidrich, & Manning, 2019) &siiduauinmedmsunsdnnisnsnensiuuiasuliiine

o A
ﬂ'J']gJEJ\TEJu‘SU@\T‘UigLVlﬂIVlEJ

100.0 4
90.0 A
80.0 A
70.0 A
60.0 -
50.0 -

40.0 1

Percentage urban

30.0

20.0 A

10.0 4

0.0

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

=== High-income countries e pper-middle-income countries

Lower-middle-income countries Low-income countries

JUN 7 SewavvesUsenninandeagluiunilowdiiunaiusglayisd a.a. 1950-2050 (UN

DESA, 2019)

v
= 1

Tatunisuntdemsnenssssunaastuegnisidusslevduagnisianminensn

MUNZELdUADAAR N ULATYEN Taudenstdmalulainasen vonsiauvailaisly

'
a

A1SANLUINUNAANANTETNUNIEILINA DY (Marica, Ceteana, & Lazaroiu, 2008) Tnetady
HuuliuaznsgnusanUdBuVeINITIANITNINGINT AB UIAMAIMAT (low grade ore) 7
g NIEUIUNINERNINTY ATEI1EAMUNTINUTTNGTY Uan1IEINNITTInaiiLig
299U uarusananunaderuiiiingedu lnetadumariiianudenlusiuuazdimansenuse
Aldaelunisnanlaelanisnansenum ad wwIna oy (Prior, Giurco, Mudd, Mason, &
Behrisch, 2012) nsflvasans1ve1addnsnilninensnszdnnszatedanaugniduseloviliiio
° a Mo 9 o & A v ~ I3 | Y & A )
nsimilesusliaenndatuiuiaudenis lnedglasdinisneasrsnnlunuingueen

Aeslivessinguuavinuraminensiusasmimuizay Jdiaudndudesdindifuuia
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v

mmuf]uﬁi’wmumm ﬁiy}%%%ﬁﬂﬁgﬂ ﬂﬂ’]i‘ﬂ’]ﬂﬂ’]iLL‘VliﬂLL"?NGZJENIJIEJU’]EJﬂ'WF"l%JENI’]‘NiS‘UUﬂ’]ﬁ

IAN159UMUTILINATIIAENITAIAALILAILATEENY LadnATININEINIIANAILADAAS DS

¥ '
= =

va3gUaIAkazg UM un (3UN 8) neliiinaifissninvesfiuniasiy (Bloodworth,

Scott, & McEvoy, 2009)

Exports/imports
(Million tonnes)

Exports less than
100,000 tonnes*

East of 2
England
}gmm England and
Waes 1o L

ondon

=

giJ‘f?i 8 MIENBNUBINUNIATINYDIANTIYRIUNINT (Bloodworth, Scott, & McEvoy, 2009)

2.3 Fugnaaunssuvaslszmalneg

Augmanvnssulaeliazuanudnuagnsiluldusslonidu 2 Ussian fe #u
g mnIsuLiegramnssududuas iugnamnssuiiegnan nnssuneaing dmiuuszine
Inedudiould fuyu fuvzeead fuwnsin fuseudlest fulsToled uagfiunse Huiiude
nsneains Tnefuyuiinsldanuanniaaidesnnldsiufvauneatialdvauszian (e
ldaglunsgesvunamniniurindu wagmldiensusazginavessena sniunie
priusonidsuniensunalsuazaouans varinunsolnazdonldiusadsinan

FuUnsin Auwsufbes Auvswean wasiulalalad esandauviwmunzaulunisone

N NAnNNassa lluneniusIa
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Tutlagiulssinalneliunasiugaamnssuiia anamnssuneadasauiunivssine

9 q

[ 7 '

FIUIU 318 Wiad USUIaUnSnennssauyeay 8,010 auussniu 151988, 08nR1NAIS19N

o

(ngudranssukazauUaendy, u.U.U.) wagliuviasnasiiugnavnssuivenisnoasna

(% =

ns¥eMegIUsemaRaun 9 (Nsunsnensssal, 2561) InedagduiivileaUamniiung

Uszanae 569 wia Tusemudnsndalifuengusvann 1,032 wlas (Toya au 17 we@nneu

9

[ '
A =

WA 2560) MUAUTENIUTATIINI9E UUTZU 201,439 15 1Juusgnudnsniloaiiu
qmammimﬁaqmamﬂﬁmdaagwf\?’]mu 384 wlad uagUsemudnsinilesiivgnaivngsy
WaTwuAsiuau 172 wlad (auznssun1suleususmssnnisusued, 2561) dfums
GU@NUiwwﬂ’mﬁuqmmmsmawizmﬂi‘mﬁ’qgﬂﬁ 10 (NSUNSNYNTEIN, 2561) Lay
mmsammeszTa:gJaaﬁmuﬂﬁsmuu”mmmﬁmﬁwuawszmﬂlmlﬁoﬁ’amswﬁ' 2
(AN 35UNTUlEUIBUTMTIANTUS IR, 2561) USinumswaniiuyuiiiognannssy
Aoasslugramessefiniuaniaedelas 82 dudu ﬁmﬂuyjamm?{a%z 9,100 81UV
e?fﬂmnﬁqﬂwﬁmwawﬁmﬁnn%ﬁmaﬁmzLwﬂlm aiaInnAsygiawAusEmalugue

v
L ) (% a % J b4

gaavnssusudmsvgnavnssundnianneasne vasnyarnsloiululsemaivualiy

9 Y

' 1%
a =

WMudunasiifiamsgenndesiunisuds sulunannannisvenedivesgramnssuneadi
' I3 ' (P! = v 9 v o | v ¢ < v
2819990157 weiyardeeaniiuuiliuanasdlviiuindnsidusglevinglulssinadundn

wazdaldiudieinunaTegiaunaaiwismenelnvesszlugvesaniavaisns n153n9

a 1% a A o« 44'
QWUWqﬂﬁﬁﬂﬁLULﬂN@Q LLazmx‘iaaﬂummmiwamuwLﬂEnLuEN

A5197 1 USanaudsesveuviasiivgaanvinssiilenmsneaiavesssmalng (ngu3mnssuuas

anulasnny, u.U.4.)

fie FIUIULRAT dd A Usueudsaq

v AU (wAaa) AULURINGAY Soway
AIANAN 62 26,990 3,296.81 41.16
nALile 118 45,394 2,574.32 32.14
nMAnziupenidgunile 49 43,110 791.60 9.88
aala 77 20,399 1,108.56 13.84
NARZIUDDN 12 5,501 238.75 2.98
334 318 141,394 8,010.04 100.00
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NI 2 UsenmudnsfivgaanvinssuvasUsemalne (AagnssunsuleuieusmIannisusiiewa,

2561)
- 1UUYTTNU il
VU [2MPRN
Uns -5 9w fovaz
9N

ﬁugmﬁaqmammiu%muﬁ 148 37,162 | 0 82 40.82
ﬁuﬂuuLﬁaqmmmiimaa%ﬁq 241 34,041 | 2 a7 37.4
AUNTIY 10 549 3 99 0.69
Aunsin 77 11,072 | 0 92 12.16
Auvzsoas a1 6,820 | 2 15 7.49
Aunoudles 4 623 | 1 66 0.68
#ulslolas 1 82 0 77 0.09
Aumeialys 1 52 3 59 0.06
AunsouIng 1 92 2 66 0.1
Aulud 1 145 | 3 3 0.16
AuUnTesiu 1 79 0 94 0.09
ﬁumwuﬂuﬁaqmammsu 1 51 3 29 0.06
ARGERN
Buq 3 260 | 1 a5 0.29
574 532 91,028 | 3 74 100
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NTURAAIMNTTUNUFIURALNITINT DT (AENTTUNITULEUIBUTNITIANITUS

WW991R, 2561) Usziluliunadrsesunasiulasuuaiu 3 nqu muanudesnislddu

[ [

geavnIsuien1sneadluksangudmdn lawn 1) nguiviaueauiu JUsunaudsedldla

Laifiu 20 U @un) 2) nqundiuauns IUsuaudsedddla 20-30 U @Ewdes) wag 3) nguitdl

q

|

Fuann Jusunadrsedlaleniu 30 J3uld @Edlen) d5vasdennanisnad 3

TN 3 AN s iugeanvnssiensneas uenguimin (Ranssunsuleuieusms

IANSHILAIIR, 2561)

Yu AafaIN1s 1Y
. . .. 3LYLIAN .
#1999 (@unINAY) 4w AU
o e e A — 19993V
HRAIRUAINNGUIININ URaInu AU | 1981 30 U Y AU
, . oW
(Au ABdN1s | (AN %) WNEIND
waIndy) | dedl +5%) (

1) ngudanindiessny weien 71.83 3.80 252.47 13.63 duaa

2) ngudaninusigesaeu 0.00 0.60 39.86 0.00 Auns

3) ngudamin@edlnal drune dmu 1312.72 11.55 76737 38.93 At
4) ngudainiuy 64.62 1.60 106.30 22.64 dwndeq

5) nqudainfidns Muadlan invsysal gashng | 523.16 5.85 388.67 34.83 aTen

6) NANTINIAUNS 162.24 0.93 61.79 46.61 dden
7) nqudaninuasadssa aviesni Fewm 336.31 6.97 463.08 25.16 GIVGRR

8) ngudminnn 143.00 1.43 95.01 36.72 aTen

9) naudwrinaluvie 43.31 1.76 116.93 16.44 Auns

10) ngudminmunanYs 128.35 1.89 125.57 30.34 aTen
11) ngudwminnanyTueenideanilensuuy 364.23 6.10 405.28 2833 dwndeq

12) nandainvoulnuy Fonil 169.59 6.18 410.59 17.70 duas

13) ngudaminuassvdin 83.62 3.20 212.60 17.13 duaa

14) ngudwinniang Tueanideunilenauans 349.35 14.38 955.39 16.29 duaa
15) NgUIMIANTANN UazUTUUMA 2992.19 62.71 4166.38 25.00 GIVBEN
16) ngudaminszees Junys asn 182.43 391 259.78 24.67 dwndeq

17) ngudaninusdugs assum 41.87 1.54 102.32 17.59 duaa
18) nquiinUsyaiuAsdus 168.64 2.83 188.02 28.30 dwndeq

19) NHUIMIAYUNT TrUBY 229.41 3.40 225.89 30.24 e
20) ngudmingsugisnil 178.48 2.64 175.40 30.27 Gy

21) ngudmdaian e nsed 128.06 6.01 399.30 14.86 duaa
22) neudswinasuan a9a 343.57 371 246.49 35.42 Gy

23) nqudaningzan Uaai ussna 83.11 3.93 261.10 14.78 duaa
24) ngudaninuAsAIEITNTIY Hinqe A 453.89 6.26 415.91 31.39 A
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M1599 3 ANaRRINS IR UgRaIMNISULNEN1INeas 19T IEnguTanda (AaensTuNIsUleuIe

USMISIANITHIBIAIYIR, 2561) (MD)

JSuau ANUADINT LT
. ) . SLezLIa0 .
#1999 (@uunInaL) g e AU
. . . — 5995
UVEIRUAUNGNTININ waeiu AN | 1309 @ AN
ﬂ =
(G faen1s | (A1en1sal @ LNEIND
LUASNAL) fau +5%)
8,553.98 163.18 10,841.50

N v Aa v A (Y L3 a Y a =~
?Jm%VIGO’IUU']"\]EJLWE]ﬂ'ﬁ‘WWU’]Ui%LV]FTVLVIEJWEJWﬂiﬂ,Aﬂ'ﬁNﬁGILLﬁSﬂ’]{LGUVT‘LJUJ‘ULW@

9RAMNIIUNDATINTININT W.A. 2560-2565 vuauyAgiuiialuinisiasundasiiiy

HANTENUNFIMUTNIBUDN WU KEATUTIIIaTINAETUUIENA 518918093518 |agIIAT

1 £ IS a v 1 a a Ya ! 1%
LLillLLu’JIu:ULUuI‘UWWMﬁﬂ’WWIU@@@ Twm’]ﬂimmmmamLLazﬂWﬂwuqmammimaaiw

melulsemeiivuilduau lngUsuunsudnndeguievar 4.2 dol waguTuunisly

Augelusegay 3.5 fal d519avldenfin15199 4 (AzNIIUNTULEUIBUIMTIANITUS

WIAIYNRA, 2561)

AN 4 MsneInsal UTuanisud anazn 159 Auy ui on1sneas1e w.e. 2560-2565

(ARENITUMTULUIEUSINTIANTHI LR, 2561)

U w.a. mswmnsniém%’uﬁuﬂ“mﬁaqﬁmwnssun'aa%fw
USUIaUNTSHER (LUASNAY) Usuaunsld (unsneu)
2560 106,000,000 105,000,000
2561 110,000,000 109,000,000
2562 116,000,000 113,000,000
2563 120,000,000 117,000,000
2564 126,000,000 121,000,000
2565 130,000,000 125,000,000

maRsanznaldsedminiegnrgluiiunguiimeiaaivasval uagiud

1afes Balaun Jminasar Jamdnana Yminuasessssusy Jminimvas uasdaminnss

wunideyaniseenysemudnsivilesiugaaimnssuaniusiongludminaswaidiuiu 7

wUad (m137197 n1) Jamdnanalsid

1Y

WWNINNNAY

[ YK

9

(MN57199 N2) TIMIAMS9 4 Llad (M99 N3)
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v v = = ~ o A &
LA IMIAUATAITITNIY 51 wuas (m1957199 n4d) IVIEJNUiSV]']u‘UGﬁVI@%ﬂWEJIuEU@‘ULGUW‘W‘L! QQJ

UIMELAEIUawaINavun 2 wlasdsn1sei 5 (ngualuauduuniukazinun1swas d1in

willoauskazduunu, 1.U.4.)

= o v o A a = X A4 % i
B3NN 5 578%@%ﬂ@ﬂ53WWU‘UWiLﬂﬁﬂJ@QMuq@]aq‘VmﬁﬁJﬂJ@'}QIUWUV]QNU']WgLaaWUaQSUa'] (ﬂa‘llﬂ'ﬂ‘UF’]ll

AUUUkaEMNUNSHEAR E U aaus wavduUny, 1.U.4)

goousemudns | Uszmuldns | dwde | dwne | dua vilaus
Wengual WU | 23956/15410 | 9Mas | AILYLY | Wy fuguiilognanmnssueaing
(van. ngwalAaIng) Tan
van.vulaung 27667/16228 | d@wan | wnlug) | Aensd | Auwnsin Aumiesales wasiiu
fan gosumladiflognavnssunoadns

INFIYINUNITTILUNUALNDNITIANITATUT T INYILATNSNENTTTUIIMNIAFIVA1U

a0 o

WA 2557 (NSUNENEINTEIAL, 2557) 53UITMTAAVATUNGMNTNEINTUINAA YN

1AswgNa 10 il Ao Auwnsdaiiognavinssunedasns Auniesalediiegnainnssunaasn

a

Muuiegnaivnssunease Huyunduunlilailiesnluiideyanadinsizvimani Ayn
A a - = o s oA | v ¢
waennila fiuyuiveanamnssuiadl nseund alalus wazdiuiu lnswdanunsliusslevd

& o ! vy ] LA o & |
Dudwau 4 nquus liun 1) nguusifieimwasisyulaaiugiuuazlaseinsuunivgves

[

5 2) NAULSLNATUAYUIATYTAIUALRNAINTTY 3) NAULSLNBNITINYAT AT 4) NAULS
ISR

° o l LA o & o | o = oA
dmdunquusiieiauansisyllnaiiuguuaslasaiauuialngvesdy visusiie

gAamMNITUNeaT1HUTENB UMY TATIUEAAINNTTH IIUIUUVAWS UazUTinunineInsus

[

o Ao [ 14 &
drsemnddnanindulaseil

1. Aunnsdaiiogaanssuneaseliviuiamsneinsdrsesiddnenimdulula

[
Y

Usgu18d 3,270.98 aULUASNAY LaZlIUIUGLNAIRUNGEY 6 a4

2. uprendlediieanamnssuneassivsinamsnensdrsesddnanmdulule

Uszanal 1.15 SUesnAY Lagddnuiuunasiuiady 1 unas
3. fuyuiiognamnssuneaifivinamsnennsdsesfidnenmdululiuszanu

[
Y

818.73 ANULUASNAY LATITIUIUGLNAIAUNIEY 8 a4
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4. Auundwunldldifiosnnlifiveyanaiiaszimaniiiuinaminensdrsesnd

Y
v Y
(Y

FnendulUlauszanm 1,391.70 Auussniy wasisnuluwiaiuiady 13 wias

I1NTILIUNITIILUNANONITTANITATUTTNINGUALNININTTIUTINIANNG

(NSUNTNeINTIA, 2550) SUNTMIANNAIENINeINITUSNAAyMaATugRaLiiesuiiafen

A a

fio Ay Tuenimaainineinsusiiaeiimsndndnuiedn Ao usnei usdaqiuunaaus
mzﬁaaq‘iuﬁuﬁqmmwﬁwﬁLmi;JJ—Lsmsh JmgANSHARAIAILTeIN AN Iy uenanil
fafminennsssdldnviiomds fie neereaiie lnanunsaduunaudnunsliusslomls
Hu 2 ngu Ao 1) nauusitemsitaunansisulnafiugiunaslassnisuwialvgvesdy ua
2) nuusiteatuayuirsugiauazenaivnssy Insfluvasiuyuiiiognainnssuneasned

YSunaminensiugudrsesnd Ananwdululausesunn 28,430 auuasneu

[

I1INTIYUAITTIUNLYALN BN1TIANTTAIUTTEINY WAL NTNYINTTTAT NN

=~ 9 = v o = Y o o
UASASTITUIIY (NFUMTNeNTETE, 2550) SeUITmTauasAsITTvsninensiddgyn
imsugiaviangyda lawn duyu talalud 8Udu a1y Aun visany aend wae wulsd Ay
U1 veaAad wadauls uasnsigum lneaunsadnunaudnuuznsiduseleils 4 nay
W UR N UAUYITINTAAYAT Ingnquusiionisiauszuuas sy Ul ugIuLae

lAsensvun g vessgusEnaumeslniy I1UIULMAY kagUSunamIneInsusdnsesid

1%
Yo

Fnenwdulanad

'
A 1 a o

1. Auyuiiiegnarnssuyudiuud dusuiadiseausifidnenmdululduszuna

Y
v v
v

4,770 B1ULIASNHY LATIINUIULNAIAUNIFY 15 WAAS

'
I a

2. fujuiingnamnssuneasne dusuiadsewsnddnenimdululdvszun

[V %
Y

21,260 ANULLASNAY WATHITUIULARIAUNIEY 38 LA

3. Auyuduunuszavlils dusunadisewsaddnanmdululiuszunm 53,810

ANULIASNAY AZLINUIULAAIRUNIEY 75 WAad

4. U dUSuudseansniddnanmdululauszunm 120 d1uunsndy wasil

[ %
Y

FITUULNAIAUTEY 7 Wnas
5. N1ELieNTsneas e daeslssnmnfe wramsewliNgalaainniesdiaenanyvse

AABIAINY kaEUEMIIBUNTLARINMETBIRAYN
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31n51891U1ATINITATIUNBNITANTNTNEINTFIARUUMELAEUAIAT (NSY
(% a ! dy A ao’ ¥ U !
NINYINTEIN, 2549) NUIMNUNFUUINELAAIUAIYAT (ABUNATD) UTENDUAIENTHEINTUS
naNeydaNuIlanewarsnaunsy wu Ayn visanu aeia wulsd Auyu Auunsie uwag

wamse tnsuraminensussianianneadsanunsoduuntiilu 5 ngu loun
1. wasiuyuluiuiguiiveiaaivasvaineunaraduiuyuiialugalnsueadn

s 5 a o = & A N a o

wesilleu uazesslniWey JeasounquinunUszunn 12 ag.nu. wazduSuiud1sesiu
Useana 1,371.65 duunsndu Auyumarianansailuldlugeamnssuneadiauazung
vinaansahlUldlugeanrnssu@uudld geifuyudnlngiduangniaauas nszaned
agalUluwndnnonglnun 1NBASUTING SLNBNINTT SNNBUINNELY SN AU

o

wazdLnelled 9aminiimas N neingl Ymdnawar annsuselliuninensuvas

Auluiuiinudn 1) undsiuyugineduauiviunumineinsiuyusguseana 192.40
auunInAY 2) wiasiuyuginenlnuadvsinansnensiuyuegussaunu 981 a1

RN 3) unasiuyudineuiveuivIunamSnensAuyuegusyana 10.50 aunsnsiu

[

wag 4) udariuyudnetnniiusinaminensiuyueguseann 187.75 auesneiu

2. undmgluiunguiimziaauawarnudnenmaseunquituiuseana 184.80

M3.NY. @1071506UalA 3 Useian lawnd 1) 1518unAseuAqui Ui ussu 156.08 A3.n4l.

nszaneidesilsdinassuazusin wagiRuunsiaussvinduunasindendfny Susune
d1909Us8000 1,763.46 S1UUATNAY 2) NII8UNIATEUAGUNUNUTENIM 6.63 AT.NY. &
Usuudrsonlosduussunn 4,027,725 lWRINu 3) NTIENZIAazaUR101ULUITIONIA
& A a a ° & v v a o
ATBUARNNUNUIYINM 22.09 A5.n. TUSINadTaulanulsEan 96.62 MULASNAY
3. wrasiuunsialuiuiiquiivsiaavasvamuiduiianwngenedauugisly
fevnslszananndle - 16 NUsnugenuIUszg wmads wignay wavwuii ududiumily
=) a a o d’J dl L d’l dl o o
YUNDNAULNTHALNIUTTNIATINANUNUTEUI 280 95.04. BglUlvaNUNSNNDNINTT SN0

Uueu snnenvlvun Jwianans uazdunesngll Yminaswan #uunsiafinudululelng

wn3iie (Biotite granite) lulolng — dalaladunsiln (Biotite — Muscovite granite) ¥SunaU

(%
=1

wn3tie (Tourmaline granite) wolwas (Aplite) waziwnunlng (Pegmatite) Auunsiniiile

a

veruliunafiaerunnn Sdvuyinikardinigey dargmenddaunsnlunalgusiiu

TneiUsuud@1seuUnInuUseaa 72,800 a1 ULIASNAUY
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4. wrasiunsslunui quimsiaaivasvardauan i lndiasaivuinsgiui

Auualddufiuneasla nuauiianzfunndesddvesiuiiquinaseuaquiluiuszana

o

25 a3.nu. Funseusnuddneglunduiiunspaaauauiuiey Tdnwnuiea ddnauny
Widee Aunsieteniand Weazdendauiunane JUsunudrsendasduussunn 3,900 anu
LWASNAY

5. wraausin lui ufl g uunvngiaa I uasvaInuwna s wuUlsd wasurausayn -

a s

ey lngagluwaiungunetngiiiuunaasimnusunndisemunaminnsviimiies

Y

[ ] [

2.4 WuNguUmMZLaaIuaIvan

'
1l

guimeaavasvanduguinnlvgiaannaldvesssinalnensounauiui 3

Jardn laundamiaingasdawin Jmdeaswan 12 dwne (hun duneliesadswal snneads

o

wsz 1Lneselun sunenseuadug 1nesngll duneavian sunealug dneuviey

81LNDATULL U9 D1LNDUINNAT DILNDAINUAT WATZDILNDAADIVNDYLYI) WA INTA

YASASFITUI 2 8ND (LAkN 8NDVLIN kazd1LNIlNg) NuNsIWUTTUN 8,484.35

[ '
= =

A15190LALUAS TWUNRIAUUTEUIU 7,652.81 15190 LALUAT kA NUNRIUINELRaIUUTEU

e

831.54 m3eilawns (auddasiuingmi, 2016) lneaseunquituiluwsazdwinasAndu

[

AAIUAINNSIN 6

funguumziaauasvauiuindanuddymaasegialunmeuldvesuszine

ey s2UUinAd UL UUNALNAILY99UIAA YN8 LasULAY 395 AUNAINNAIENI

NINYINTVINNUNLAENNNLA UTHINIAETOUNELAAIUANYAILVISUIE SYUTU NIYUYUYUUN

'
a

uazguruiies Hufing Aufinisinuns Aufigpamnssuuazdimsiay Mngvsmaninig
USMIIANITWS 20 U w.A. 2561-2580 (AMENTTUNITULUIGUIMITIANITUIT IR, 2563)
Frtnawandunislufiuiidmnedmsunstauiasvgiafimseunuiiedaasunis
Wamannmuazaisyariisludegtulugninnisudnuasunisuiseunaniididnenin lae
Tuseloninnninensluiuinauiumelulafuasuinnssuuazanaldiuioumanisnm
wagiissvesiuil sausadudtmnevesnsiamulasairefiugiususuds 017 seuu
saluivudeunavuvuinges (Right Rail) salasasaiudiay (Bus Rapid Transit : BRT) Way

09N
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= = & A R o X 4. % C3 v a
BTN 6 578@3@8@?‘]147]%@\‘@\114'}@W@gﬂqfﬂﬁsﬂﬂULﬁU@W‘uwQNU'W]SLaﬁ']‘Uﬁ\TGUaW (QUEJﬂENﬂU'JﬂQG]

h, 2016)
Hufizanda Nuifluruaganii Souazvaq Sovazuasituiily
nin o )
(me.nu) | (w3.nw.) 19 WUNdwin | dudmeziasauseuan

UATATOTIUIY 9,910.90 175.83 109,891 177 2.07
WVIQQ 3,401.81 | 3,246.43 | 2,029,019 95.43 38.26
K 4,605.53 6.68 4,174 0.15 0.08
ad3an 7,368.88 | 4,201.59 | 2,625,993 57.02 49.52
d9a 2,648.08 22.28 13,927 0.84 0.26
NeLAFIUEIVAN - 831.54 519,712 - 9.80

373 8,484.35 | 5,302,716 100.00

1Y a 19 a & A i o 44' =
"\]'Wﬂﬂ']ﬁvlcU‘Vl’J‘U']iﬁmﬂiilﬂl’agsﬂaﬂﬂamLﬂEJ'JGUENLGUQW‘UV] W‘U'J']ﬂ'ﬁWWU']LﬂiEN@J@IUEU

YDILUUINADINNABUAILADS ANNSUNITIANSMTl oAU T8l AnANLLY aU eI U UU

v a

insAnwliun 3aduanudiaulanazazdulsslemiog1euinminaudsedaiunsa

[y & £ o ~ [ =) a & A H 1 <
WWUWLUUWULL‘U‘U"UW@@QLWEJﬂ’]i'JWQLLNUWWU']L%@JENWUIUW‘LJVIQ@J‘LJ’]‘I/]%L@E‘?']U?NGIJ@']@EJWQL‘Uu

TPUU FeagAasdnwiAuallagIuTINteyaluiuidnylunatgdiu Mansivigunuaves

U3297115 USUUERTIANEINISHARAULIaTIUNES 9 lLN LT USunasanunaas1slunuiive i

PNIIUANUADINIT LI AUNDASILUNUT [ HDAIANITAILULULALNA I AVDIAULIATIUNDES

Tuewan suazthlugnisnanunisianisiuneaamvingausely
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LK)

N15AUUNISIVY

NIRUILUUTIaRINATRTE ULz NAUMELUIAnauLRg v U TuN SR s waY

<

AnTvineusznunialymaesnisdnviiienisivuaveuluavesU seiiudnwl nneld

A

suauLsumﬁy%gﬂLLammewswﬁma%mamLLﬂiwé’ﬂﬁLﬂuaqﬁﬂisﬂauLﬁm%mﬁ’wiztﬁuﬁﬂm
dndunsWanndeulosnnuduiusiddninaszniniesfUszneumaitunieiisonin
LHUAT9RIANNFUTUSIRLAZHA (Causal loop diagrams) Faazgaslunstuasuazesune
auduiusuasnagetoulddvanastwinsiudsimaniogisienandusyuu Usvnauiu
AnwsuTuwasieneiadeyaroswul ety venanddaduiiugudmiunssiess
nAnssursauwuIslunsiakarasuudtaemainseuuluUuuuves “stock and

flow diagrams” sgamdulIsnatuayunsiauLuuaemainssuy

< 3 |

LMreINsRmUILUTasmainizduegfunisesnuuudedmuniieuluids
ulsuensednuwarnsuseifiuvesiuvudiassiidosnislfuaniadndesnin Fansiamn
laseai1uUdnaeRznAIuglUAUNI AR UAIMUUTIABY LU N15N9IUVBHUUTIABY
v3ongAnssuvessEuUiLansoonin Wisliuuuiassiimnugniesdmiufuedosdeluns
a¥1sanunisaldiasingg neldideulunazyadoya Tnsdunvudiasanainszuuile

MeRukazinuiatluguinnzeauaanivunouka IS N TITRLIKUUTI0RIFUR 11
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System Analysis
Focus on problem: 1dentify key variables,
time horizontal, boundary of the problem,
collect and analyze information

Developing of
Dynamic Hypothesis

Mapping structure: causal loop diagrams Model testing: logic, structure and behavior
stock and flow diagrams 1
Development of e
System Dynamics Model
Develop structure: additional variable to .
reach the goal Visualize problem into stock and flow diagrams
|
Policy designand | _ _ _ _ _ _ _ _ [
Evaluation
Simulation: summary and discuss the results 1
Conclusion

JUN 11 TupauwazISmMsiauiwuuinasmainseuy

3.1 uRuYHRTANAFUNUSITIALaTNHE

LIAnfugIuYBIRuLUUTIaeIa TRz UL NHULAr TRu i aafiulug uu

(%
=

neaavaaathAnyinainvemingnsiuniasiuneaiiugaiuiduiionnsimu
ninpnsuwaznisvinuiisadioiluguniuiiuiasiuneadvaveseiudesnisldusslesives
& o 6’5 2 @ ¥ < [} = (Y] a
Wywd fauneliveulunveIUssiiulsenaume 3 Ussliuvan fie ninensiuuiasiy au
a3 uazaunu Falesdusenovdesdudenlosduiusiianauasnaiineiudussuy
29U TENaUWaNtTANduRuUS T auleeTuduss vuiTudINansenulauInwazaunaiy 1ag
& a v = 9 v a a 9 I~ Y a
guarlAnanANRBINT SRy EdlauduRuslufamafsiukaslumg liiAnnisanas
VBINTNYINTAUNIATINHIUNTHRIUIUUA M TN INTWaE N viImilaaioasisguniuaues

AMUABINITIY AMNdNTUSBassuUmaignlsuduunuginaesauduiusidaguasna

(CLDs) \ieaSunganuduiiusveseduseneundnuaseeslussuunagun 12
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n$nensAunasugnliusloviifieaussmunnudesnissenisiuniios Tag
uwdsminensazgnitamulinadisesdmivsesiumevimilonfioat sandniiuina
saussmudoamsoly 2asiinvesiudutuiiadealuvissenis fidmansenusosiy
tufensitauuaimadsesiiomeiimiles msfunuunaminenslual uaznsituy
voanens JadeimdriidsmanssnulansorsasTinieilifuduaranasuamineins
guasdvesfiumaudltadonisfiddguazdudumuanvesguasdiude
Usgansuyusiiudldusslonifumnanut Uiinaguasdasiutunisiisund asmes
Uszrnsuardnsnisguasdusatsesnsnniiugiuunfndorussrnsdaduisidely
msmmmsaﬂqﬂmf-ﬁmﬂmsLﬂ?iaw,maasuawizmﬂiLLazm‘LsﬁLmiwmEJ (Smith, 2017)
gUMuesiunasmifmdniddniudelsinanmsivilosiugaamnssudy
daulng) uonanidagduiinisléfumiasanainnsilodanounin (Recycled concrete
aggregate, RCA) AlFannisneaduazieneudneaing (Construction and Demolition
waste, C&DW) ashﬁLL‘ws'VimEfl,uqmmwu?wﬁaﬁ%’w?faﬁ‘]udama’%u
sERUANIANANIYRIUaA LAY U LTLINAT Mg nazTieuIS sy saugat iy
funuuansdsseiunananluiiufiuazasiouiaumnyauasnndosssninguasduagguniu

lngszAumLLaANsIvatglaldLargUNugnUsuaunanie Uadenteusniiuiitudens

YA NTAIDDNHNARNANAULIATIUTENINNE I ULAE NP UDNVBULYANUT

-~
+
Supply Mmmg Reser'ves
Export Developmg
O reserves
Import
Pohcy
Resources
Balanci\_/ Demand < Exploration
ReCyclmg‘/_\ Q\ \K R
esources
Technology Government regeneration
project
Use in society
Consumption per
Waste Population person

JUN 12 UHUNI9RIANUEITUSBUIALAL NAYING INYDINTNHEINTAULIATIY
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3.2 Uszung

¥ '
A v ¥ 1

nuIRnugIuNIlUreinsldlsslevinsnensivanvatggnas e 1Ay

<3

¢ v o o a1 =

Aoin1susznsuyed deyauszrinstugquimzeavasandutadeddgyiivavendsny

Q o
[

doensliunoadsluiui d3adudeyaignlinrmddydessuunainuemineinsiuana
3 MsiAsuLUaswesEInsUsENeUMYedUsznaundn 3 Uszms ldud n1siin ms
Feoin warnséheiugiuvestszeins deyamdrdgnlfifionsiinsziiasaanisaianm
foanslivsslovdfiumanusuinnnussnsluiiug Tasdudeyaiisune andninny
atfAwviewd (W.U.U) wagdinuimsmameidou (w4 Tuaed wa. 2550 g 2562 gn

¥ o

Isreineadfieltidutonad msuluuInannatnssuu Usenausieg 9nsini1siinued

Y

Usr9nTnagun 13 (A1579% n5) 8n9IMsHeTInvesUsevInTaegun 14 (15199 n6) wae
9n5IMSLAUlIYeIUTEVINTAITUN 15 (113199 N7)

1.60

1.50

1.40

(%)

a

1.30

RIINITILAN

Y

1.20

1.00
2550 2552 2554 2556 2558 2560 2562

JUN 13 dunwildudnnsiiavesUszansluguimelaauasvaseningd w.a. 2550-

2562
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0.70
0.68
0.66

0.64

(%)

0.62

aa

0.60

8nIIN15E8TIN

0.58

o

0.56
0.54
0.52

0.50
2550 2552 2554 2556 2558 2560 2562

JUT 14 duwnliudanmsidedinvesusennsluguimeiaauasvatseningd w.a. 2550-

2562

0.70
0.60

0.50

19 (%)

0.40

a

0.30

RINNILNU

o

0.20
0.10

0.00
2551 2553 2555 2557 2559 2561 2563

JUT 15 duwnldudanmsiiulnvestsennsiuguimeiaauasvaiseningd w.e. 2551-

2562

Jagduneldveuniiunguuimeiaaivaardeliinssiusiusasimeuns doya

v

agataauduniinig deyadnsduldunainnissiuninandeyalszansluszaudminuas

Y

° A L A0 % L oA v & v a °
'E]']Lﬂ@ﬂa%ﬂ’]ﬂiuwuwEjllu’]Vl%Laa"l‘Ua\‘iGanu LUQQWUSLWQULLNUqﬂqiLUaEJULL‘U@QGUEN‘U']U'JU

Uszmnsuseneumesausenaundn 3 Usen1s laud nsiia naidedie wagmsdneugiu
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103UszYns usteyawariludeyanisldveuvavesdmianiednedldaenndeosiv

& A7 al' & AAdA & Y o
ﬂ']Wﬁ'JiJGUENWUWQNU']Vl%Laa']‘Ua\‘isUa'] ﬂ']iLUaEJ‘ULL'UaQEU@\T‘UizﬂﬁﬂisU@ﬂWUV]uQQLa@ﬂI% PRI

A5 AUIAVBIUSEIINTTIATIENAINTDUAINLIUYTEINNTVRINUN TaenuIndansuauleieds

Y

[ d‘

pgNUsrunuiosay 0.431 vol densgegaiuszunnsesas 0.604 aal UdnT6gn#l

Uszansegaz 0.079 doU wazAdeauuninggIui 0.157 Aan1319 N8

3.3 Ysunaudrsesiiuandnnssy

(% ' (%

funquivsaauasaniiveuwaituiinsauagu 3 4andn laud Jamdnaswan Jamin

[y

VR WAz aninuATAIsTINTIY IneUSinadsesiugnavnssuluiuiiquiivsiaaivasan

wandmianinaardwinamandundn eawnundwrewminunaseisssusiiey

Y
¥

g meaaIvawal (B1nevalng wardnevredn) Willuvasiugnavnssy deyaan
nauimnssukazauUasndey drdnmlowsiazduuniu (Nquirinssuuazaulasnsiy,
1.0.4.) nudndaninaaranduvasiugnaivnssunianie 7 uwiad 2eiusunnd1sesiannsem 7

wazAndudndiuusuudisotnarunaivewiamnuanaguil 16 dadawinivgefiuvasiu

(XY 1 = a A ° [ PN a < v ! a !
Q@ﬁ’]%ﬂiill@%ﬁ/l\‘mllﬂ 5 b1 FIUUSUIUAITDIAIAITINN 8 hazARLUUARAIUUINIULARS

WVRIYDIVAVLARIFUT 17

WelinsanuvasiuLazUTund1sodfiugna NS sur AN U minasuaniuvas

#ugnamnssd 3 unasegluiiuiiguimziaauasaiuazivinaudseiivgnavnssusiy

v
v =] 1

Ju 36 auesndu diudwminivaadiuiasiugeamngsy 3 unaseg neluiufiqu

9 9

nziaauasawaziivunadisesiugaamnssusindy 72.78 duwmasndu dudsluniug

[y %
Y

AUUMZEANUAWAITWNE T URAIMNTIUVIAY 6 Unas wazduTuad1sesiugnainnssy

[ %
Y

FINIEY 108.78 auun3nsiu (ldsiuunasiiu 2 unas ludamdninaalaun wivds wagian

FULYIU) LARIAINITIN 9
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3199 7 USinaudnsesiiugnanynTsusiagiva o wrinaawan (NguirmnssuwasanuUaensy,

wuy)

; [z v 4 Ysunaudses

A9 Younasiiu g wun (15) ———— ,,
ATULUAINAY ERLEIGH
1 LA 9.3n9H 210 22.82 18.40
2 RighVH a.malngy 60 2.17 1.75
3 BiReX 9.5n0d 60 11.01 8.88

4 Wil 7 .MM 0 0 (fiRunsNANS)

5 viyfil 6 9.9%UY 0 0 (fiRunsNANS)
6 il 7 9.9vUy 235 27.30 22.01
7 vyl 1uar 8 | e.azuy 1,100 60.71 48.96
ety 1,665 124.01 100

PanadtsasfuanaunssIdana donan 124.01 auaesndu 7 uiaa

LIn@m

0.0% 5.9%

1.7% L7 1f 4]

Laria

LAl 7
vl 6
Vit 7

v i 1umz8

22.0% 18.4%

OO0 O B @ &

JUN 16 dadiuUSunudisesiugnamnssuvedaninasan (ngulrmnssuuazanulasnsiy,

1.4.4)



3199 8 USanaudnsosiiugnanyinssus asuna wesd wmriniivg s (ngaimnssuuasanuUaensy,

udy)
o o A Ry X oo Vs
AU YOuNaINU NR9 wun (13) — — —
AULUATNAY Sovay
1 RRORE 2.AzlvUA 68 6.25 8.59
2 WInuNdn | 8.AuYY 20 1.20 1.65
3 15u 0.AIUTYL 170 65.33 89.76
i RRLes! 8.N9%51 200 0 (M3uULEUDYNLAN)
5 LU AU 9.14194 20 0 (WIULAUDYNLAN)
U a78 72.78 100
Panaasaafuaasnssudawin Wnaa 72.78 auesndu 5 uvaa
LT.I"I'l:E'Iﬂ
LENMLITan

SUi 17

fnau

OO O@D &m

LIgu

LI

LI R RLY L

USHnaud5099ugnaingsuUesdeningivnas (NaudFnssuwazANUansy,

1.4.4)
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TN 9 USRI iU MANYINTTUYBIN LN MEIa e TUSIUAY

; . ¥ Ysuudses
a1hiu Yaunasiiu 619 Wi (13) ——— ,,
CRTHI T Jouay
1 wtley 2.mylvun 68 6.25 5.75
2 Wil | e.euuyu 20 1.20 1.10
3 NUREYY 2.AUVYU 170 65.33 60.06
4 LA 9.3n9H 210 22.82 20.98
5 1y 2. Al 60 2.17 1.99
6 BRPR 2.3nqd 60 11.01 10.12
33U 588 108.78 100.00

3.4 NMAININARAUDAEINNTTH

JagUuneldveuivaiuiguimeiaaivasrarivsenudnsandunismile iy

9RAMNTTNNNYOYNIAU 2 Wiia laun wan.nqualfains wag van.wdulawnsdan Fawn

)

'
rTaa a 1

1998 ulUY 29287 TU A TR N 1UUIENUI WA UTUTENIUTRSTA AT UNITINRT DI UL
QAAMNTINOYNIAY 5 uie wazladuergadluuds laun van.lnemdlvdanlyd Fueny 28

QWAL WA, 2563) VAN.LILASABUENTATU (§UBny 10 luw1gu w.e. 2564) uag Uan.dan

Feymalvg (@uee 10 FaAn w.A. 2562) UsenauiulseniAgaaInnIsuiugIuiazay

]

WIS 1389 MannaeIkaziuInINITUsTEiuANNANA lumaAsegAadmsun1soue

%9 9

(% '

Usemuuns QUUNA 2) W.A. 2561 FaNUNAINUAensIN1SNAALITUAIRBUN

a

AsaUNANAT UG

[ a

Welyd lnefivgnamnssusiaiuyuiiiegnamnssuneainalidnsimanisudndunneyd

o '
o o 1

400,000 Lun3nAufel TIAAURAAIMNTTUYLADU NINMINTNTIANRINITNERTUAIR WA

Qe

'
(% a o

200,000 fi¢ 400,000 tun3nsiusel (Bniuiugnanssustninesladniions Nsandus

Qe

I a

35,000 WASNHUFBY) LLaUDININTININNUTENIUURS 5 BAANT UTEUURTAATLAIAIY

[V '
IS v o 1 A

MIINAINISHANAININNUNDNTINBINITHARTUN D UNALAT LT INIEYE (8ALIU VN,

9

wntulawedan) TneusiazUsemudnsiimuniainguansnagun 18

= &g Y o ' v a a2 !
dunardidudedunginusemudnsiay 3 wuasndueiglurieweinisusenia

v (3 L ! a dy o Y a L% A v d
‘ViaﬂLﬂm%ﬂ’ﬂu@ﬂﬁﬂumﬁﬂLﬂi‘h@ﬂf\]u AUV IALANUTEUTRS 5 wuas deuseymutnsiies
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2 wias Adsindunisegauiadagtu Weindsemudnsivaiuluddneninned oy
gnsEAUsRIINISNER LI mEninasivisely Fafudwmalidnaninlunisasimaninfiuuig
FvesiuguInaaUaaIansias lnswmilewdazivisiiiunndisediiuuardnsinas
MINARAUUNURILASINSAIRN5197 10 uatunsiiliunuasmadudeseniusazuseniu
9 1% a & o ¥ a avw 1% Y o =

Unsaganunsoairmandndulunuidmdni idvesugialiniuwnudlasinisiumies
loeR8a1mnei19g §195UsnIIMaINITNEaN Andun15aTveLaazsenudns iy

driinaugeainnssuiiugIuLasnIsmiieans we 1 awan Aususudeyadnsiidenis

NAMSIELRDULAES18U (WUIN A AIS19N 26n-310)

A15799 10 é’mwﬁﬂé’qmimﬁmﬁuqmammimawizmuﬂ'mﬂuﬁuﬁq'mﬁ’mxLamuawmmmmuﬁa

JGENaRE

A10U Joousenudng fdamandn | Usinadises | o1y | Uduge
uasnauA) | uesndw) | @) | @ w.e)

1| van. newndigdanly 170,000 5,320,200 20 2563

2 Uf\]ﬂ.LGU’lLLNﬂEJuﬁGI%Jﬂ‘fJLu 310,000 3,019,000 10 2564

3 | van. widulauns@an 400,000 3,736,400 13 2573

a4 | yan. nowalAans 400,000 2,890,000 | 10 | 2566

5 | van. Aandevnalug) 400,000 1,738,000 10 2562

334 1,930,000 16,703,600

Tnsdulngiuinasiud gnlflugeamnssuneadrsdulduiannisind esiy
gnavnssy dstaquuinsldiuinasuilsannsslafavedonsunindaneainiogng
unsnanglugaanvnssunearadudiuaiy Faduvendeiildannmsdeaiiauasienen
Aenoadng QN3N “AUNIATINIINNITS LoLAanaun3n” (Recycled concrete aggregate,
RCA) usifidsiiodndududesuazedlvaidmivuisssmadoshomananisUszdnsam
syisAumnaTus lwAawazannsindes wealulad wsetgnudsuleuie Tnsanis
Usuinelnedidannnisudnduulouiediud (Chual et al, 2017; Tangtinthai et al., 2019)
%297 .. 2545-2548 Useindlnefivesduainniseadrauazniszonsu (Construction and
Domolition waste, C&D waste) Useunad 12.2, 17.7, 21.5, way 19.7 nlansumauseans

Aua1au teevialuvedsainnisneasiswarsenauildndrudunauninussunsosay 46
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1AgUINUNANNUBIE YN INUA T 90 09AUSLNOUVDIA WA ALUTZLANAIAITINN 11

'
a Y

(Kofoworola, & Gheewala, 2009) n155letAaveddenouninuiaziinianlaniansinisg
Au (recovery rate) fiunnsnaiu Inoglsuinsdasnisduveadensuninainnsieains
uav3enaulszanaiosay 30, UssmaandgominiUszanuiesay 82 uagUssnad vy
Ussanadesay 80 uardguasialunisuivussenssdudnmnisdauduandistuluniu
niima deyasnrmenisiludavesdedluvansUssmednadoyauasmounsdoyamani
agjimlLQW’]%‘UizLMﬁﬁﬁﬁﬁﬂﬁmm (World business council for sustainable development,
2009) Uszmelnglutis na. 2543 fns3lufavesiiosszanuiosay 7 Gafioindsnsn
#3n (Kofoworola way Gheewala, 2009) Tngfiuinasinanaounanlafaauisoslsaa

Taanvendunauninussunnusayay 70 “saunnIlagutnerun (Paviu, 2018)

[

ATNN 11 FRdIUaIRUIENOUTDRELAINNITN DS 1AL onouvaIUsTINAmMe 39T w.A. 2545-

2548 (Kofoworola, & Gheewala, 2009)

No Material (10°) tons Average
2002 2003 2004 2005 (%)
1 Asbestos 0.0 0.0 0.0 0.0 0.0
2 Hazardous waste 1.8 2.6 3.2 29 0.0
3 Concrete/bricks 354.8 517.2 634.1 586.7 46.0
a4 Gypsum 48.4 70.6 86.5 80.1 6.0
5 Glass 3.6 53 6.5 6.0 0.0
6 Insulation/EPS 14.5 21.1 25.9 24.0 2.0
7 Metal 10.2 14.9 18.3 16.9 1.0
8 Paper/cardboard/plastics 34.9 50.8 62.3 57.6 5.0
9 Wood 105.9 154.4 189.2 175.1 14.0
10 Unknown composition 200.6 2924 358.4 331.6 26.0
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. - permit
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production> <Active mining
permits>
<Mining
production rate> .
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4.3 WUUINAB9ANABINITRUEAHINNTTY
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4.6 NAINADIHATUNITAIANGE
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distribution w3e1dumaiiafignisanda “Truncated normal distribution” 1u38n15a374

waé’wéqu’mmasqmm%auuamqaﬁﬁ) (User Guide - Vensim Introduction & Tutorials, n.d.)
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izﬁuﬁumamﬂuﬁuﬁdmﬁmzLamuawm (Stock of aggregate)
NANAMAUNIaIIU (Aggregate production)

nslAuNIaTIN (Aggregate consumption)
nsULILerdseaniuNIaTIn (Import & Export)

YSunamsnensluiuiiquimelaauaswan (Resources)
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AoinslifiuiIaTINieasNeweenIAsy (Government project) faudsimaridaligniiansan

Tunnsas1san un1salinaes

MINT 14 AU U SHaT RS0 Talee)

No | Construction area | Population growth rate | Consideration/delay time
1 Max Max 3
2 Max Mean 3
3 Max Min 3
4 Mean Max 3
5 Mean Mean 3
6 Mean Min 3
7 Min Max 3
8 Min Mean 3
9 Min Min 3
10 | Max Max 5
11 | Max Mean 5
12 | Max Min 5
13 | Mean Max 5
14 | Mean Mean 5
15 | Mean Min 5
16 | Min Max 5
17 | Min Mean 5
18 | Min Min 5
19 | Random normal Random normal 3
20 | Random normal Random normal 5
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4.7 NM53ATIZRAMNGaUlRT (Sensitivity analysis)
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Sensitivity scenarito
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Sensitivity scenarito
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Sensitivity scenarito
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Sensitivity scenarito
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Sensitivity scenarito
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Sensitivity scenarito
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A8735n13 Optimization A1

1. Snsidinsnanfiuuianufioenuuudmsundazysenuins (Production rate
desired) lngAnualiiiA1ag se1319 400,000 - 1,000,000 tun3nsug ol (400,000 <=
Production rate desired <= 1,000,000)

2. sravnattunisinsanwagldlunszuiunsiudsunlassiuaulssnudng (Delay
time) lneimualviiA1eg5enine 1 - 5 Y (1 <= Delay time < 5)

3. 91gUsEnudng (Mining permit lifespan) Ingivunaliiaiegsening 15 - 30 U
(15 <= Mining permit lifespan <= 30)

4. $ruauUsen RIS udufifeens (nitial mining permit) [GERRVATEIHEREE
FENIN 2 - 8 WA (2 <= Initial mining permit <= 8)
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1) d3UnaI1889 20 aaunsal

91NWaT1ae3 20 @an1unisel aunsawvanainaedlaidu 3 nquradiassniuLualdy
audesnslddumianuneadisluguimziaaivaseat Tnengunasiaeansnnui
anunisald 1,2, 3, 10, 11 waz 12 daduaniunisalidumlduanudeddiuuiasiy
readluguimeinauamailusdiugs Tnefesnisvilesiiuognation 4 uvi uazoraiiuiy
Hu 6 wis puuwaliuaudesnisiifindu vieAndudnenmwesidsnsndnegf 1.6 -

2.4 3uunsniunel waznswensiuluiunuunadlugieal a.6. 2064 — 2067

L4

nquNaTIaeIdANINUIEAIUNITAIN 4, 5, 13, 14, 19 uaz 20 FJuduaniunisalid
wrlduanudesldiugnasiuneaiiduguiinsiaaivasvailuseauliunaie lngdeanis
Wilasiuegaioy 3 Wi wazonauindudy 4 wis sunnldunudednisiiiudy vsedn
@ [ o w a PN 13 a Ly 1A (Y] a r-:qu P
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Tugael f.A. 2083 - 2087 WAENGUNATIABIGAVINENUIIANIUNTN 6, 7, 8, 9, 15, 16, 17
waz 18 Faduanunmsalniuuliumiudedddiuinasunoasdluquimeiaavasaly

) v = a ' v ' A a @& o o w a Pl
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PURAILUYIY A.A. 2103

2) nadnassausaulng (Sensitivity)

d' a o 1 d' | d{' QIJ & @A I 1 d' I o

HIaN5UINAINaDIANUE UL NT ALY 50% 1SanAoLlud 1A UANY
yadlenaiaraansuINAianaeg udeyan1sadsa wulluiunquiimgaaivasvaiiaiig
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¥ ¥a d' = < o | A a I [ o a
ABINST AU N LINDLTUINUINUTEUN 3-4 WA MIBAMLTUANENINUBINaINARUTEUNEY

1.2 -1.6 A 1WUAINAUADT NABAIUNTLTNINSNEINT MNUTLAaIlUEU A.A. 2082-2102
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3) NaAAR9VBINSIIATILUNNZEN (Optimization)
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a o o w a
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WMED9ENUARINBUAUDIYUTENIUTATAULNUAILATING Loeevunasluyal w.a 2565 -
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1. Uszmudnsivllesiugnavmnssy

M13199 N1 1eFerdeUsenudnsmiesiugeamnssuiiongludminaswal Eheatuay

fuUmukaAfuUNISHas dunudleawsduuniu, u.U.4.)

Hoausenudng Usemudnas 3N fua vilaus
WILANAT AUSNIA 27640/15483 | \os@evan | vjania uunsiiniive
AMNTIUNDAI
VAN AYNDUNTOU 27644/15586 | avuy Aaoudor | Auunstauiie
QAANMNTIUNDATI
van.nilosiali 27639/15301 | AU Aaoudur | Auunstauiie
QAANMNTIUNDATI
van.tulaunsdan 27667/16228 | wnlvigy AN Auwnsial Auaosalas
waziugesunaiive
QAANMNTIUNDATI
van.laagases 27652/15858 | Asu Yl Auunsliniie
MAMNTIUNDAI
van.lsslifivaniinaauan | 27668/16242 | aguy vuelns | Auwnslisiiie
MAMNTIUNDAI
VAN WMIBITEN 27666/16241 | Azus vinwelns | Auunstiaie
QAANMNTIUNDATI
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M3 N2 18 er deUsemulnsinilesfiugramnssuiiongludminimas (heaiuau

FuUMULaEMAUMSHER dunwllpaksduuniu, 1.U.4.)

Joousenudns Usgmudas | dune Aua vllaus

VAN, NYYIAING 23956/15410 | Ayuvyy | wundsd | uguiegnamnisuneasne

d‘ o VN v I a ) v Y v 1y
$195799 N3 iﬂmjamaaﬂizmuumwmawuqm’mmimmawiummmmﬁ (BJ']EJF”I’JUF’PJ

Y

AuUMULaEMAUMSHER dunwmiladssauuniy, 1.U.4.)
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uneUsEans s 33385/16226 | g1umU13 | Yjarng Talalud

UaN.nse o 33382/16041 | wnles lanagdh | lnlalud

UAN.NATATS 33387/16363 | \ilows | Twilnd Fumseoutiufiognamnssm
floaing

vanlsaldnsagnes 33383/16180 | & vsleamas | fuyuiiiegnanunssuneaing
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M15°99 nd SeTeRdeUsEuTnImdosiugaamnssudongludminuasaisssusy (e

AUANFLUNULaEIAUNSHER dinmilsausduuniu, 1.4.4)
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[EDY
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Tatddla
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M13°99 nd 18Tk deUsEmulnsmilesiugaavnssudongludminuaseisssusy ¢

AuANdIUMULazIAUNMINGR drinumilsasduunuy, 1.4.4) (se)

oousenudns Usgmudes | dune Aua vilaus

van. nendnsdasigudy 26072/15098 | 2319 1Ges gudy

(W) (uan.iealusn

FU129)
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WAZNAIYENTS

van.yjslng Siueda 33084/15934 | vjalwg) dlngy suduuavuaulalasa
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VAN GATNLINSIEE 26193/15449 | ¥j9aa anlvigy fuyuiiegramngsy
B

UIN.HINBIVE 33111/16059 | ¥jaeta anlgy #uyuiiognamnysy
QRGERN

UIN.NINDIVIE 33120/16219 | ¥jaas dnunsn Fuyuiiegnamngsy
QRGERN

UIN.HNNBIV}IE 33122/16220 | ¥jae gy #ujuiiegnamngsy
neaia
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vanJuBudlng (eas) | 14266/15895 | vjsas Tiuazan uyuiiegramnisy
ey B

van.YuBudlng (eas) | 14259/15888 | vjaas anlvigy uyuiiognamnysy
B

van.YuBudlng (eas) | 14270/15899 | vjaas iauagan #ujuiiognamnysy
gy YUBLIuA

vanyuBudlne (jeas) | 33087/15901 | vjeats iuazan fuyuiiegramnisy
ey B

vanyuBiudlng (eas) | 14269/15898 | vjsan i Huyuiiegnamnisy
B

vanJuBiudlng (eas) | 14261/15890 | vjsan ol 139 | Auyuiiegnannssy
WAZYTINY B

vanyuBuudlng (eas) | 14262/15891 | vjsas Mamlng | Auywiegeainnssy
WAZYEY Yudud

vanyuBiudlng (eas) | 14265/15894 | vjsan iauazen #ujuiiognamnysy
gy YT

vanJuBiudlng (eas) | 14260/15889 | vjsan gy Fuyuiiegnamnisy
YT

vanyuBudlng (veas) | 14258/15887 | vjean anlvigy #ujuiiegnamngsy
YT

UINYuBaAlng (jaae) | 14271/15900 | vjaa auazin #uyuiiognamnysy
gy B

UINYuBandlng (jaae) | 33088/15902 | vjaas Mauagen #uyuiiognamnysy
gy B
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M3 nd 57EJ?I@&JJQ@WJﬁ%VHUUG]ﬁL‘V]ﬂJ@QWUQ@]ﬁTVmﬁiNNGWQIUQQWQWUﬂiﬂiﬁisuiqsﬁ (N']EJ

AuANdIUMULazIAUNMINGR drinmilsansduuniu, 1.4.4) (se)

oousenudns Usgmudes | dune Aua vilaus
vanyuBudlng (eas) | 14267/15896 | vjsas Tiuazan uyuiiegramnisy
ey B
van.yuBuudlng (eas) | 14264/15893 | vjsas Tiuazan fuyuiiegnamnisy
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van.YuBlaudlng (eas) | 33089/15903 | vjaas iauagan #ujuiiognamnysy
gy YUBLIuA
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vanyuBuudlng (veas) | 14276/15905 | vjsas iawagen fuyuiiegramnssy
ey Yudud
NAN.YAITTU 33136/16406 | Seuityad | fiuan #ujuiiognamnysy
floasng
Uan.Aanen3 33134/16352 | seuityad | fiuan #ujuiiognamnysy
floasng
VN A ImLINTles 33156/16396 | ¥jaat anlvigy #ujuiiegnamngsy
noaing
Ui e 33135/16365 | seuityad | fiunn #uyuiiognamnysy

ALGERN
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M13199 N5 IUIUNTNAVBIUTEYINTUAL NI INTNAVRIUTEIINTVRIN U FUUIMELAAY

#9081 ¥9U WA, 2550 D9 2562 (@1Unauanawian@, 1.9.U.; d1dnusuisnisngiiey,

u.U.4)
ATINTTIANVRIUTZYINT
Y IIUIUNSAN

(%)
2550 25,360 1.50
2551 25,041 1.48
2552 24,634 1.45
2553 23,985 1.40
2554 25,142 1.46
2555 26,354 1.52
2556 26,081 1.50
2557 25,745 1.47
2558 24,396 1.39
2559 22,349 1.27
2560 21,780 1.23
2561 20,975 1.18
2562 18,714 1.05
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a Aaa

M N6 IUIUNTLEBTINVDIUTEVINTUALENTINTHALTINVRIUTEYINTVRINUN R

NELadIUaEIvan 939U W.A. 2550 99 2562 @ dnauadaniennd, u.d.4.; ddnusuisnis

nedey, 1.4.4.)

U UM SIELTIN M35 8T INVDIUTZVING (%)
2550 9,598 0.57
2551 9,607 0.57
2552 9,666 0.57
2553 10,162 0.59
2554 10,031 0.58
2555 10,174 0.59
2556 10,586 0.61
2557 11,143 0.64
2558 11,540 0.66
2559 11,948 0.68
2560 11,872 0.67
2561 11,830 0.67
2562 12,163 0.68
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al

AN5N N7 IUIUUTEVINTBALOATINITLAULAVDIUTEIINTVDINUNANUINZLAFIUAIVAT 29

q

U w.e. 2550 019 2562 (@inauad@mnianid, u.4.4.; @vnusmsnisnelouy, u.4.4.)

U UUUTZVING ansnstiulnuaIlszeng (%)
2550 1,688,826 -
2551 1,697,568 0.518
2552 1,704,473 0.407
2553 1,714,611 0.595
2554 1,720,923 0.368
2555 1,731,263 0.601
2556 1,741,724 0.604
2557 1,751,405 0.556
2558 1,760,606 0.525
2559 1,765,330 0.268
2560 1,770,968 0.319
2561 1,776,833 0.331
2562 1,778,231 0.079
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M131991 N8 ANNETATDITNTINITAUINTIUINYTEVINSVRINUNqUUMEaUAIVAT 39T

WA, 2550 D4 2562

AMSEDR ans1309az (%)
AEER 0.604
Aade 0.431
Aeinan 0.079
Andeauuinasg | 0.157
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3. dayanuiine

a¥9a1AsuaznalldeAsvasNuNgumMaaUaIvan Y39U W.A. 2550-2562

3.1 dayaiuiin135naai19e1A5venInUATATSTINTIY Jminnings uasdmdnaevan 939U w.A. 2550-2562

A1519 N9 ToyaiuniniIneaseeImTUTHANANNY VIR MTAUATATEIINIIY ATUAT .M. 2550-2562 (Friinaruadfuiand, 1.0.4.)
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YnVaIRINoEH519

2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Lﬁ@@@:ﬁﬂﬁﬂ 379,983 | 213,188 | 288,295 | 581,757 | 926,237 | 679,142 | 620,765 | 675,740 | 591,588 | 545,829 | 545,864 | 564,130 | 688,990
Lﬁ@ﬂ’]ﬁ/\ﬂﬂjsﬁ&j 71,558 23,606 37,827 48,641 99,748 85,574 32,855 97,848 71,268 71,461 75,697 61,968 123,338
91A15%A ABUlAlL ey - - - - - - - - - - - - -
Lﬁamiqmammﬁmmdiﬁmu - 1,925 5,920 35,007 9,203 12,145 14,437 3,274 60,893 92,903 46,677 22,359 30,346
lomsthdminde veade - - - - - - 288 - 252 716 217 - 42
Lﬁaﬂ’]iﬁmﬁ’] 3,905 1,309 5,397 3,967 12,712 2,674 418 1,070 6454 3,769 5,853 8,220 -
ilemsanssagu/lsmetuna | 11,340 - - - 633 998 - - - - - - -
Lﬁamimwm 710 2,692 1,600 - 2,478 871 1,066 3,662 16355 7,911 5,486 3,270 11,515
Tsausu 5,647 10,845 - - 11,587 4,237 16,614 18,046 42950 27,209 35,930 31,087 69,277
ilonstuia - - 540 - - - 235 - - 2,160 - - -
91ATAUNU - - 4,208 4,605 9,935 2,133 2,665 16864 5,762 3,960 3,298 6,130
Lﬁﬁ]ﬂiﬂﬂsﬂﬂgu‘] 3,391 1,347 4,153 24,965 7,711 4,113 4,174 22,221 8041 17,226 25,458 13,702 22,801




A1519 N10 Yayanufinsnea’nee1nsuseianenee vesdaminings Al w.ea. 2550-2562 (§inanuadauviend, u.U.40)
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‘Uﬁmaa?ﬁﬁaﬁ%ﬁa 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
Lﬁ@@&gjmﬁ& 59,913 45,892 53,576 65,239 58,844 75,310 83,507 67,634 51,762 33,196 52,952 68,498 94,373
Lﬁamiwm}ué 2,505 4,570 2,398 3,405 6,706 5,895 9,955 9,917 9,879 2,978 8,043 5,213 7,587
91A15%A ABUlAdlL ey - 0 - - - - - - - - - - -
ilemsgnavnsuuas
. 736 1,224 - - 335 - - - - - - 6,097
\omsthdminde veade 273 - - - - - - - - - - -
Lﬁ@miﬁmﬁ - 0 133 - - 1,608 784 784 - 202 129 113 731
Lﬁamimﬁﬁmqm/

T5aneuna ) ° _ _ _ ) ) ) ) _ _ _ _
Lﬁamimwm - 134 - - - - - - - - 1,418 1,403 2,025
Tsausu 360 - - 6,132 5,409 4,472 244 2,517 4,790 2,546 2167 380 2,045
o stuiia 6,633 0 - - - - - - - - - - -
91ANTETINIUY 839 3,800 - - - 1,625 430 485 540 - - - -
Lﬁaﬂiﬂﬂ“ﬁﬁgu‘] - 390 2,952 - 120 7,505 2,582 3,303 4,024 9,127 474 440 2,789




1% '
=] I

M579% n11 Jeyaiiunnisneainee1msuseianeeg vesdminaaral Awat w.a. 2550-2562 (@winanuatauianii, sd.J)
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vilnvasdeniaasne 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
ieagonde 1,146,396 | 1,076,227 | 1,107,755 | 1,859,908 | 1,848,850 | 2,055,542 | 3,636,047 | 1,809,159 | 1,225,916 | 1,129,975 | 1,148,744 | 1,113,771 | 1,027,723
ilensndive 110,357 | 105808 | 70,092 | 116303 | 144,917 | 665662 | 313,267 | 222685 | 166,510 | 155066 | 145112 | 119,230 | 161,413
917130 AoUlALlL ey - - - - - - 35757 | 37,296 | 12544 | 17,770 - - -
Lﬁamiqmammimaz
- 163598 | 99,316 | 66474 | 111228 | 166,711 | 56,988 | 63,754 | 68379 | 292,088 | 116,802 | 137,578 | 98,402 | 167,097
domstdatide veade - 5,639 657 10,362 4,782 6,850 - 1,364 - 15,298 - 13,707 7,665
itensfing 35849 | 18422 | 23930 | 15751 | 39,460 | 25299 7,061 15017 | 18,390 | 26,938 | 13927 | 16,366 | 12,309
Lﬁamimﬁﬁmqm/

o - 9,681 - - - 45 120 196 288 - 2,675 755 8,900
iiensinuns 4,860 6,294 3,011 10,467 3,864 19,346 6,754 3,611 4,709 16,693 | 40,337 | 12360 | 19,504
159usy 1,186 2,215 8,460 51,030 | 41,730 | 54,644 | 54,915 | 37,613 | 41580 | 103,638 | 71,241 | 25910 | 41,494
ey tuiia - - - 8,461 240 693 1,738 4,673 1,265 - 174 - 1,388
91A151INIU - 16,672 2,101 1,880 3,404 17,760 | 19,017 - 3,080 - 23,553 | 14,285 3,913
ileUsglomidug 22,068 | 28,064 8,841 36,106 | 29,161 | 30,658 | 41,732 | 29,421 | 15852 | 16877 | 21923 | 15683 | 37,209




3.2 dayaiuninisneai1eniilye1nnsuedminuasAIssINsy Janiniings uazdwmdnasvan 939U w.A. 2550-2562

A1519 12 Yeyanunnsneaseiiiilyernsuseaneieg veaiminuasessTsusy aawst w.e. 2550-2562 (frinanuainuvied, 1.4.4.)
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Usznnaunaadng 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
’%"’J/ﬁWLLWQ 936 458 a7 15,435 1,060 744 145 94 3,096 4,986 4,986 3,823 2,229
auw/mMesall/

GEATR! 2,469 18,240 734 98 14,347 44 - - 4,238 7,968 7,968 1,760 2,074
Vi@/VlNi%U’]EJ‘lE”I 371 128 433 58 1967 2,354 964 1,254 6,155 2265 2265 3,849 8,658
ﬁi%’iw‘j’] - 120 - 578 - 1,023 - - 164 296 296 337 120
%mﬁwﬂu 340 6375 - 91 1895 368 132 740 12,497 | 21,557 | 21,557 | 17,271 | 19,285
N30 - - - - - - - - - - - - -
AUDATH 7,433 2,535 5,345 11,494 1,233 695 140 2,346 2,324 22,876 | 22,876 | 13,975 | 15,585
Uhglawan 163 6 189 1,035 164 24 106 399 534 103 103 517 1,182
AUAK - - - - 3034 - - 1,935 - - - 612 -
?ju 9 448 - 81 12,283 614 5589 315,081 | 3,852 15,505 | 10,129 | 10,129 7,314 1,941




A58 N13 Teyanuninisneairanilldernnsusznnene veedminings Al w.e. 2550-2562 (@dnanuaifuvianid, ud.l)
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Uszianeunaddne | 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
%’j’l/ﬁ’lLL‘W\‘i 4388 - 38 134 65 65 32 - - - - - 759
auw/mMesall/

2,370 11,585 2020 24 81 81 - - - - - - 1,680

$INY

vio/Mesyuneni - 200 - - - - - - - - - - -
v 381 - - - - - - - - - - - - -
Juehs - - - - - - . . . . . . -
RIoh! - - 2,495 - - - - - - - - - 1,296
AUDATH 708 - 502 - 276 276 - - - - - 857 750
Uhglawan 57 - - - - - 119 - - 74 74 113 63
AUINAWT - - - - - - - - - - - - -
?J'u 9 656 90 37 187 - - 338 - 164 29 29 119 96




A58 N14 Teyaunnisneairaniildetnisusaameneg veefminasvan daust w.a. 2550-2562 (diinauadiauviend, 1.0.4.)
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Ussinnaunaadng 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
%’j’l/ﬁ’]LL‘WQ 2,270 6,597 1,146 3,414 1,130 6,231 386 790 987 2,116 2,116 6,419 4,898
auw/mMesall/

GEA LRI 889 13,681 1,300 - 530 670 2,072 2,518 283 3,344 3,344 8,727 2,791
ViE]/VlNi%U’]EJ‘IE’] 3,554 3,452 2,993 1,621 4,184 5,928 2,986 3,267 3,551 9,096 9,096 5,148 3,035
ﬁi%’jﬂﬂ‘jﬁ 2,816 74 350 641 711 0 - 540 2,380 2,380 638 1,412
‘ﬂ:mfmu 6,818 5828 9,152 6,547 12,284 6,321 1,241 25 21,380 3,737 3,737 18,119 5,068
RIoh! - - - - - - 800 - - 1,540 | 1,540 - -
AUDATH 1,414 15,956 1,003 1,703 15,170 913 5,875 4,442 8,434 59,220 8,296 17,993 9,278
Uhglawan 427 283 1,828 158 2,262 1,503 550 752 1,473 2,859 59,220 1,442 192
AUIUNWN - - - - - 1,584 4,434 992 7,975 8,296 2,859 17,896 960
?'Jlu 9 14,583 8,178 4,543 3,076 10,748 | 45,530 5,208 | 207,362 | 19,862 | 25,317 | 25,317 | 11,993 1,452
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M3 N15 WIRTFIUTUNEMTUNINaIIUTENA (NTUN1IRIN, 2560)
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PUNIY

NiAe 1 2 3 4 5 REN NNVUIY

U3inainsasasiadedetu 11nN71 8,000 4,000- | 2,000- | 1,000- | 300 - <300
8,000 4,000 2,000 1,000
sasanudafildeanuuu nu v,
- 991U 90 - 110 70 -90 60 - 80 60 70 -90
- ML 80-110 55-70 50 -60 60 70 - 80
- N9 70 - 90 40 - 55 30 - 50 60 60 - 70
- ANUAATUGIGANNITIU % 4 4 4 4 e 4
- ANUAATUZEANIUTY % 6 6 8 8 AT 6
- ANUAATUGIGANIN % 6 8 12 12 AL 8
UszivRameasasiiauanuzuazinani %”uga NANe-ge anda %”'ugq Na9-g9
AUNINTBIRINTIT (1UAST) 2819UpY919aE 7.00 7 7 7 7 8 29995795 3.00 - 3.50 | ¥999919% 3.00 - 3.50
ANATeliani (wns) 189113 2.50 - 3.00 2.5 2 1.5 1 - 2.50 vi38 (Juman 281919 2.00 4.
473791149 1.00 -1.50 saldumawin
AUNINNTBIRIITITUUAE U (LURS) 11 12 11 12 13 14 agnunIemUULULY Ultimate Design
399819 Uoy 11.00 w.

AUNINBAIANIS (LUAT) 60-80 40-60 30-40 ANNAULNLZE
gnlAITIUEIER 10% 6%
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UL

1. anunidlwamsiivsngilulnania lnevludwmsuunsie mnfiamudndu

9197818 ANUAIelRAuANTITuveeluteTiy 9
2. ANSHUIRI195Ma IMaNIaLUIP 8L EUYDUNY
3. @EPNIUNLNILTT AUNINNIIN88190R8 971988 1.50 .

4. eundagnulumiety 4,5 Tuanemaiaininasluiuansgutunisly

SEELIANTUFU AINININAENIUDNRaNAbILARDI LN 9.00 U,

5. aafunslasvlulldninuaiades 4:1 89 6:1 snuu19rNATAuI NIy

AMUAIALDEIDNTLY 2:1 D19 3:1 ANUWANT

6. 1MIFIUNTY 4,5 Liwugtdmnsunaalawumy



A5 N16 Teyanunnisneai1anilldernsusznmene veefminuasassssusy At w.a. 2550-2562 (M nuUamLIe)
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Usznnaunadasng 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
£y /dums 11,232 | 5496 8,964 | 185220 | 12,720 8,928 1740 1,128 | 37,152 | 59,832 | 59,832 | 45876 | 26,748
auw/mMesalw/agwu | 24,690 | 182,400 | 7,340 980 143,470 440 - - 42,380 | 79,680 | 79,680 | 17,600 | 20,740
vio/maszuieni 371 128 433 58 1,967 2,354 964 1,254 6,155 2,265 2,265 3,849 8,658
a5 - 120 - 578 - 1,023 - - 164 296 296 337 120
Jurdhatu 340 6,375 - 91 1,895 368 132 740 12,497 | 21,557 | 21,557 | 17,271 | 19,285
N30 - - - - - - - - - - - - -
AUDAT0 7,433 2,535 5,345 11,494 1233 695 140 2,346 2,324 | 22876 | 22,876 | 13975 | 15585
thelawan 163 6 189 1,035 164 24 106 399 534 103 103 517 1,182
AUIMAR - - - - 3,034 - - 1,935 - - - 612 -
Ju 9 448 - 81 12,283 614 5589 | 315081 | 3,852 15,505 | 10,129 | 10,129 7,314 1,941




AN59N N17 Teyanuninisneairaniildetnnsusanmene veefminings Al w.e. 2550-2562 (MasnuUamiae)
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Usznnaunadasng 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
£y /dums 585.6 - 45.6 160.8 78 78 38.4 - - - - - 910.8
au/mMesalw/agwau | 23,700 | 115850 | 20,200 240 810 810 - - - - - - 16,800
vio/messueth - 200 - - - - - - - - - - -
syt - - - - - - - - - - - - -
Jaudatu - - - - - - - - - - - - -
139 - - 2,495 - - - - - - - - - 1,296
A1UDATD 708 - 502 - 276 276 - - - - - 857 750
thelawan 57 - - - - - 119 - - 74 74 113 63
AUNUARN - - - - - - - - - - - - -
Ju 9 656 90 37 187 - - 338 - 164 29 29 119 96




A58 N18 Yeyanuninisneairanilldernsusenmeineg veefminaavan daust w.a. 2550-2562 (a9 NuUamUIL)
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Ussnnaunaadng

2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
%ﬂ/ﬁ’]LLWG 2,724 7916 1375 4,097 1,356 7,477 463 948 1,184 2,539 2,539 7,703 5,878
auw/sesali/aewau | 8,890 | 136,810 | 13,000 - 5,300 6,700 | 20,720 | 25180 | 2830 | 33,440 | 33,440 | 87,270 | 27,910
ViEJ/V]NiEU’]‘EJﬁ’] 3,554 3,452 2,993 1,621 4,184 5,928 2,986 3267 3,551 9,096 9,096 5,148 3,035
aizdwﬁw 2,816 - 74 350 641 711 - - 540 2,380 2,380 638 1,412
ity 6,818 5,828 9,152 6547 | 12284 | 6,321 1,241 25 21,380 | 3,737 3,737 | 18,119 | 5,068
vise - - - - - - 800 - - 1,540 1,540 - -
a1UDATD 1,414 | 15956 | 1,003 1,703 | 15170 913 5,875 4442 8434 | 59220 | 8296 | 17,993 | 9,278
Unelawan 427 283 1,828 158 2,262 1,503 550 752 1,473 2,859 | 59,220 | 1,442 192
AUNAKN - - - - - 1,584 4,434 992 7,975 8,296 2,859 17,896 960
B 9 14,583 | 8,178 4,543 3076 | 10,748 | 45530 | 5208 | 207362 | 19,862 | 25317 | 25317 | 11993 | 1,452
mﬂﬁﬁayjaﬁ”wmifiaa%’wﬁy’qmms (1571971 N9-n11) wariifldormsuszunneneg (1151391 n16-n18) Lﬂuﬁi’fa%aﬁuﬁmidaa%qmﬂéfmaumeﬁuﬁizé’ué’mi’m flog
fetguldifeyadlisunsinviuasmeuniesnadumnisunngdnneldveuaiuiiquimziaavanan defiarsur Mufiquimsaauanaifuiinseungy

Y
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M1391 N19 Yeyaiiufnisneainee1nsuseianeee vesungulmeaauaaval AsaU w.a. 2550-2562
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ylinvasdenanine 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560 2561 2562
ileagenie 717,570 | 661,221 | 687,864 | 1,133,063 | 1,126,766 | 1,255,948 | 2,163,908 | 1,108,080 | 758,886 | 685,653 | 715209 | 710,428 | 688,273
ilensndive 66,583 | 65110 | 42,925 | 70,426 | 90,798 | 386,691 | 188,702 | 138,171 | 105633 | 92,525 | 91,759 | 74,057 | 101,463
917130 AoUlALlL ey - - - - - - 20,388 | 21,265 7,152 10,132 - - -
diemsgmamnssuaglsanuy | 93,983 | 57,830 | 38007 | 64041 | 95538 | 32709 | 36607 | 39,046 | 167,623 | 68246 | 79272 | 62,322 | 95814
dionsthiiminds vouds 261 3,215 375 5,908 2,727 3,906 5 778 4 8,735 4 7,815 4,371
ilens@nu 20,510 | 10527 | 13,867 | 9,051 22,725 | 16,007 4,782 9,330 10,600 | 15619 | 8,168 9,585 7,716
ilensansisaigy/lsaneua 201 5,520 - - 11 43 68 112 164 - 1,525 430 5,075
ilensinuns 2,784 3,764 1,745 5,968 2,247 11,046 3,870 2,124 2,975 9,658 | 24450 | 8444 | 13,258
JENIE 1,120 1,455 4,824 | 34948 | 29,161 | 35500 | 31,839 | 24,168 | 29,041 | 62005 | 43,326 | 15688 | 26,840
dtensuiia 6,330 - 10 4,824 137 395 995 2,664 721 38 99 - 791
91A151INIU 801 13,132 | 1,273 1,154 2,117 11,715 | 11,253 510 2,571 102 13,500 | 8,204 2,340
iieUsglomidug 12,643 | 16,398 | 7932 | 21030 | 16878 | 24,716 | 26333 | 20322 | 13021 | 18639 | 13,404 | 9,605 | 24,282
33 922,785 | 838,173 | 798,820 | 1,350,414 | 1,389,106 | 1,778,677 | 2,488,751 | 1,366,570 | 1,098,393 | 971,353 | 990,715 | 906,579 | 970,222




15199 N20 Teyanuninisneai1anillde1nsusenmene veaiungumelaaUaIual AU .. 2550-2562

156

Uszinenunaadne | 2550 | 2551 | 2552 | 2553 | 2554 | 2555 | 2556 | 2557 | 2558 | 2559 | 2560 | 2561 | 2562
S /S 2,132 | 4,524 844 2,818 870 4,354 304 543 741 1,554 | 1,554 | 4,473 | 4,268
auw/mMesall/ 28,124 | 191,801 | 26,820 | 246 6,340 | 4,601 | 11,814 | 14,357 | 2,365 | 20,480 | 20,480 | 50,072 | 32,314
dENU

vio/Mesyuneni 2,033 | 2,161 | 1,714 925 2,421 | 3,422 | 1,720 | 1,885 | 2,134 | 5227 | 5227 | 3,004 | 1,884
v 381 1,606 2 42 210 365 424 - - 311 1,362 | 1,362 370 807
Juehs 3894 | 3436 | 7,599 | 3,735 | 7,038 | 3611 710 27 12,412 | 2,513 | 2513 | 10,638 | 4,469
AIER! - - - - - - 456 - - 878 878 - -
AUBATD 1,614 | 9,143 | 1146 | 1,175 | 8,935 796 3352 | 2,574 | 4,850 | 34,172 | 5136 | 11,325 | 6,282
Uhelawan 301 161 1,046 108 1,293 857 429 436 849 1,703 | 33,839 | 939 191
AUNARY - - - - 54 903 2,528 600 4,547 | 4,730 | 1,630 | 10,215 | 547
3u 9 8,949 | 4749 | 2,627 | 2150 | 6,139 | 26,059 | 8,882 |118,302 | 11,757 | 14,643 | 14,643 | 7,081 954
5 26,177 | 42,690 | 17,559 | 16,293 | 27,769 | 41,587 | 20,693 | 125,811 | 37,718 | 71,606 | 71,606 | 52,453 | 21,923
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3.4 ANSUIALRAYAUINTNVDISIANNUNBES19UB981ASwas N Lda1ANS

M13199 121 $IAUsEIEUNUREaIUTEANANNY Yosdminasuan Qe uATUATATSITUIY

(NSUSUISNY, 2564; L1BLIUT No3 LBuaLeaLAn wanwWsa, 2564)

Ui:mw?ﬁﬂgna%"m . .
. f9van WNaa UATAITITUINY
(UIMABAITIWUNT)

Uszinnthuien 6,850 7,250 6,750
Uszlanuiuuan 6,800 7,550 6,750
USTLNIB I 6,500 7,150 6,600
UTELONANILA? 7,500 8,000 7,450
ARgEUAT TdAY 300 M19URT 5,650 5,750 5,500
ARSAUAT LAUNTT 300 AITIUUAT 3,500 3,600 3,400
AnUANY 6,900 7,600 7,050
Tsausy auadlaiiiu 5 Fu 9,200 9,800 9,350
15ausy ANgRAundn 5 Fu 9,800 1,0500 9,700
T5sungan 7,850 8,250 7,450
FADNUNYIUD 9,100 9,800 9,100
diinau gelaiiu 5 du 7,400 7,600 6,800
dniinanu gafiundi 5 du 8,350 9,000 8,500
ANAIAT 6,500 7,050 6,200
NETINEUAT 9,150 9,700 9,200
DIATNINTENTIN UszLnnduaiuan

o 8,000 8,300 7,500
AE

aaniusnsuTuTeInas 5,100 5,600 5,000
15997U 5,750 6,350 5,700
Aaa LalAu 1000 151993 3,650 3,700 3,450
AATM LAUNIT 1000 ANTI9LUAT 3,850 3,950 3,600
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M15799 121 51AUTBEUNUADATINUTEANAN VITMIREIVAT NI WALUATATTIIUIY

(NSUSUISNY, 2564; 1BLIUT No3 BuaLeaan wawnsa, 2564) (Aa)

Usztnndsugnadne . .
. d9van Wnaa UATAISIININY

(UIMABATIWUNT)
91A19010T8 UseLnvlauoanile 8,500 9,150 8,450
1599ULDUTDURA 5,600 5,900 5,500
21ANTADATH 6,100 6,150 5,700
91AsegodTIu adliiiiu 5 Fu 7,500 8,150 7,500
91A59YDIALTIM gauiu 5 ) 8,450 9,450 8,650
91A15MeYd Ussanludsusaeud 5,300 5,750 5,150
Toan1Tu 6,000 6,500 5,750
asyinen 8,350 8,500 7,500
AuUARIBIUNUTE AR 800 800 750
AUABUNIA 500 550 450
e UL3e 12,500 14,000 12,000
QUUADUNTA 800
mﬁzmaﬁw 3000
£meunin 2000

NVOYAIUN AT IDIAITUA

¢NAlY91A15USENBUNIBINUNBAS 19 AINNAY

a 1

Uszinn Fausazuszianiuiisiainisussidiuyarinisneas e uinuaneaiu azty

d' P2 | 1 % 1 dy d'd' dy ) 7 [~
LW@MmmiUizmm;ﬂammiﬂaaiwmwwwmﬂmmwigmmuuﬂﬂiﬁmaLLazazmmUu

a ° U (J LY o & v = a J ¥ Y Y & 1 a
AMDUNATINIULUUINGDINAINTEUU udumssiinsiaqearaininlmluaimen
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M50 N22 ARG EA9UIMINYRIANUTEUINTIAINDAT190IATURINUN G U MELaaTY

a8
udeaaeds | MaUsnasuneaduaie
Uszinaunasing .
(m19579LUR09) (VINHNBAITIWUAT)
ieaged 954,836 7,096
dionswidiue 116,526 7,304
21A15%9/Aaulailliley 4,534 8,283
LﬁaﬂﬂiqmaﬂwﬂiimLLaﬂNmu 71,618 5,933
Wonsthdaide/veade 2,931 5,000
\an1sAne 12,191 7,183
Lﬁ@ﬂ’]iﬁ’]ﬁ’]iﬁl&?j‘ﬂ/IiﬂWEJ’]U’]a 1,012 9,333
fion9inuns 7,103 2,500
159Uy 26,147 9,725
Won1stuLis 1,308 9,350
91ANTENUNU 5,282 7,942
iouselomiduy 17,323 5,076
AnadealsiwvdnlaeUseunn 7,000 UMNHBATINLUANT
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d‘ ! dl ! iO’ v ! 1 L4 dIQ 1 &J dl ! iO’
#1319 N23 ﬂ’]LQﬁﬂﬂ?ﬂuﬂﬂuﬂ%@\iﬂﬂﬂizﬂ’mﬁﬂF"l’]ﬂ8?!3’1\1‘1/1111508’]ﬂ?i%@\iwquuu’?%BLa’éﬂ‘U

asvan
Audesdiuade | MAUssInanuneadaae
Ussinaunaaing .
(M1519L4A3) (UIMABAITIWUNT)
S/ 2,229 2,000
auW/MIIalN/azniy 31,524 800
vie/maszureni 2,597 3,000
a5y et 528 8,117
Jundatu 4,315 5,233
1159 170 12,833
AUDATH 6,962 2,583
Uhelawan 3,242 7,733
AUINAK 1,981 783
3u 17,457 1,000

ANRRYAUITNIneUTE N

1,800 UINHIDATITINLUAT




3.5 nwmﬂ%mmﬁuﬁaa%’wmngaﬁi'lﬂaun'%maamufiaa%w

15991 N24 dndruUseidiugainsAianuesnuneaieenans (Blaud wes Sealeaan weunia, 2560-2564)

asafiuiagnondns | 5. 60 |fie. 61 [ne.61 |s5.a. 61 |fia 62 [fie. 62 [5.a.62 |fia 63 |ne. 63 |ne. 63 | Auady
Lol 6.00% | 632% |6.28% |6.45% |7.05% |7.09% |7.24% |7.21% |7.27% |7.04% |6.84%
FLuus 12.61% | 12.49% | 12.44% | 12.60% | 12.54% | 12.62% | 12.84% | 12.82% | 12.86% | 11.92% | 12.57%
NARAUNABUNTE 16.05% | 15.87% | 15.77% | 16.02% | 16.25% | 16.3d% | 16.53% | 16.45% | 16.24% | 15.68% | 16.12%
WianuagHanuaLuan 22.78% | 23.35% | 23.75% | 22.61% | 22.06% | 21.71% | 20.25% | 20.08% | 19.95% | 23.59% | 22.01%
ﬂi%Lﬁm 6.58% |6.61% |6.62% 6.78% 6.74% 6.78% 6.92% 7.06% 7.06% 6.72% 6.79%
”aeqmuﬂa 356% | 3.51% | 3.50% 3.55% 3.54% 3.55% 3.63% 3.65% 3.65% 3.47% 3.56%
Gl Youan 2.09% |2.06% |2.04% 2.07% 2.06% 2.05% 2.10% 2.11% 2.11% 2.00% 2.07%
QUﬂiﬂﬂWﬂ’lLLﬁzﬂi%U’] 12.59% | 12.46% | 12.35% | 12.48% | 12.42% | 12.48% | 12.74% | 12.84% | 12.84% | 12.48% | 12.57%
Fanroadnadu o 17.35% | 17.33% | 17.25% | 17.48% | 17.34% | 17.37% | 17.73% | 17.73% | 18.20% | 17.10% | 17.49%
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157991 N25 dndruuspiiiugacaianvesuneaiemiilyenis

udeadiuade | MaUszanawdndasinaunie
USZANUNDESI9

(M1519L4A3) (%)
£y /fums 1,858 10-20%
auw/yeTal/ayniu 3,152 60-80%
vio/maszuneh 2,597 10-20%
asyienh 528 10-20%
Jundratu 4,815 10-20%
1159 170 10-20%
aIUDATA 6,962 60-80%
Uhelawun 3,242 10-20%
AUNNANY 1,981 60-80%
Bu 17,457 20%
Aadedrniminlneyuszana 54%

e S1AUsEInuYanndndusiAounInvesuneaindilyetasusiay

v

Usstantuludveuansaariuziisiamuszanundaiau suidua1fuiannnisilssuiieu

kY

o

AAIULAANITUABUNIAYDINUA DT NIINLBNAITIIAINAUNBAT U TBLANASY (Bill Of

quantity, BOQ) NHNSIHILNIIINUNAINAAIYUAGINL
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M13NN N26 dsraunnanAsunIanilignuIAnunsinefnduradsmeliuay (03,

2559)
ANIIEIUNITHEN ?&Luuﬁ Nn3IY AU 13’1

(nn.) (av.a.) (av.a.) (Bn3)
1:3:5 (ABUNTANYIV) 252 0.62 0.97 180
1:2:4 (AOUNTALATIATI) 336 0.54 1.03 180
AdegnUszas 180 NN./AT.L. 304 0.43 0.85 180
AdenUszds 240 NN./AT.9. 336 0.6 1.09 180
AdegnUTzas 300 NN./AT.5L. 367 0.66 0.92 180
AdegnUTEas 350 NN./AT.L. 420 0.5 0.98 180

L% ] o d' o v 1 ¥ [ ¥ al' 5 d' dil’ Ql'
$298719N15ANUIUL DA NUALAIUNBAS 1T UUIUAEITULALINUA 100 M5.4. 198
ADUNIANALLESATIAN 2,000 Un/av.y. 1ddadrunandunaunInlaseasie 1:2:4 wazAny

0299 NNEVRIRUNDES1S (Madu) WiNAU 1,500 NN./AU.Y. 38AUILARLTUR DU 9T

1. 91NH1597 N21 VUAEITUAEIRTIANUSERUUTEL 6,950 UIN/MS.4. ANESITIUNUN

50 919.4. 9xAANUSEEWNNAY 100 x 6,950 = 695,000 UM

(% L3

2. INANTNN N24 YaAveInaniusneunInildadiulseiiiuievay 16.12 vaansneasng

o v '
v v ¥ =~

Y1999 muumumm%’ulﬁaﬁu‘jyjaﬁwamﬁmﬁmsﬁﬂauﬂ‘%mmﬁ’u 695,000 x 16.12% =

112,034 U
3. USunaumandusineunIafilddmiunisioadiarindu 112,034 / 2,000 = 56.02 aU.l.
4. feuUsunaiuilddmsunisneaiiayiiu 56.02 x 1.03 x 1.50 = 86.55 wWAsNsuU

5. Wgasun1sadednuiendudiedivum 100 #5.4. dedldfiunoasnaviiiu 86.55 wWasnau
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4. 9n51NNINTINANTURAEIMNTTUNBET19VBIUTENINTRIn1glun U U ngaay

GRXIGH

M7 N27 BNTINIFINITNANTIELABUVDY “WIAUAIUTINN NualAaIng” Agusl w.a.

2560-2563 (f11NURAAMNTTUNUFIULALNITVEBINT LR 1 a9van, 2563)

U 2560 2561 2562 2563
1NT1AY 13,699.2 30,197.0 16,574.0 26,324.0
NUARUS 23,539.2 30,910.0 20,102.4 24,538.0
fuAw 32,385.6 33,365.0 23,220.0 23,019.0
WYIBY 24,499.2 33,588.0 19,764.0 15,898.0
WO BAIAY 27,384.0 32,558.4 22,305.6 20,175.0
figuieu 26,799.2 31,040.0 41,025.6 22,018.0
nIngIAY 28,065.6 27,188.0 26,330.4 30,348.0
Fava 23,011.2 26,230.0 21,442.0 35,028.0
AU 24,494.4 30,442.0 4,320.0 29,945.0
maAY 25,444.8 27,778.0 21,269.0 28,548.0
AN 22,951.2 23,069.0 19,332.0 21,737.0
RAVRRTCHY 24,213.0 17,691.0 1,440.0 21,737.0

394 296,486.6 344,056.4 237,125.0 299,315.0
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ANS97 N28 PASIANAINISHANSIELABUVDY “USE T ulaue@an 9190”7 Aaunt w.a.

2560-2562 (F1inugnaMnITuNUgIuLAEMSITaNS 199 1 @ean, 2563)

U 2560 2561 2562 2563
1NN vgniaAs1 61,797.6 75,000.0 49,053.6
NUAMNUS gATIATN 61,142.4 62,500.0 50,169.6
fuau vgniaAs1 79,892.4 25,000.0 55,620.0
YUY vgniaAs1 70,732.8 50,000.0 61,207.2
NEWNIAN g 51 80,671.6 45,000.0 119,132.8
figuiey vgniaAs1 84,893.6 45,000.0 67,068.0
nIngIAY vgniaAs1 50,000.0 103,562.4 67,204.8
Ay 67,881.6 87,172.8 75,000.0 83,822.4
AU 59,947.2 94,809.6 157,390.4 84,880.8
paAy 63,158.4 78,000.0 67,435.2 77,552.4
N PFRANY 43,056.0 75,000.0 64,915.2 80,582.4
SuAu 53,445.6 75,000.0 56,023.2 70,869.6

374 287,488.8 899,112.8 826,826.4 867,163.6
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=i Y o w a 1= WY v o v A svvy, O 12
M1397 n29 dasridenisudnsetves “insjududnia nemdvdall” aeudd wa.
2550-2559 (1891un1sAnwaniniiuiuazanudndulunisimuaiiuiiving “inyg 6

o ] o o v 9y & Ia
G]’]Uﬁ‘Vl’WIiI’eJlVIﬁ DINDITUY JWHINEFIVAN LUULLW&Q‘VI‘HQ@?{’WﬂiﬁJ, 2560)

U w.a. NIINAINTIINANRDU
2550 282,281
2551 271,716
2552 292,128
2553 27,150
2554 241,524
2555 214,992
2556 147,240
2557 135,156
2558 195,594
2559 158,390
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M13°99 N30 FNIIMAINITHERFDROUVDY “euaIuTITR Inendludald” asuad w.e.

2560-2563 (#11nugnaMnITuNugIuLAENTITaNS 199 1 @ean, 2563)

U 2560 2561 2562 2563
1NN 1,688.0 13,704.0 21,000.0 20,000.0
NUAMNUS 14,532.0 15,672.0 16,000.0 20,000.0
fuau 20,388.0 15,168.0 20,000.0 25,028.0
YUY 12,144.0 16,666.7 20,000.0 98,084.0
W NP 17,964.0 13,888.9 22,000.0 éumq
figuiey 14,880.0 13,888.9 21,000.0
nIngIAY 13,668.0 16,666.7 27,572.0
dovay 8,196.0 RN PLERe 30,000.0
AUBYU 13,572.0 qu?"msn 26,000.0
paAy 16,992.0 16,372.9 20,000.0
N AINYY 15,960.0 23,7172.0 10,000.0
RAVPRTGHY 4,452.0 21,048.0 10,000.0

374 154,436.0 166,848.0 243,572.0 163,112.0
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ANS97 N31 BATINNBINISHANRDLABUVDT “USHN WWILAIADUAASATY I1NA AT W.A.

2560-2562 (f§11N91URAAMNTTUNUFIULALNTLVEIBILS LR 1 aevan, 2563)

\hau 2560 2561 2562 2563
UNIIAY wqm%’amn 15,000.0 44,200.0 -
AUATS 10,000.0 5,000.0 25,000.0 -
JuAy 16,500.0 10,000.0 qu%"'mﬁn -
SO 20,000.0 20,000.0 wqm%’amn -
NHWNIAL 10,000.0 40,000.0 30,000 -
nuigy 15,000.0 qu%’msn 30,000 -
NINNIAYL 10,000.0 qu%’msn - -
GRVUTGH 20,000.0 RN PLERe - -
AUy 35,000.0 nee 1A517 - -
AaAL 25,000.0 15,000.0 - -
N AINYY 25,000.0 20,000.0 - -
SunAY 12,000.0 15,000.0 - -
39U 198,500.0 140,000.0 129,200.0 -




dl v o v a 1 = « a o a NS
AT 32 RTIANAINTSHARRETUYBY “USEN Aantunialu

()

) 91
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[

A7 RauAT WA 2554-

2559 (s1eaun1sfinwaniniuiivazanudndulunisimueiuiiviom “Any 6 fuavi

wualns suneavuy Jainawal” Wuunasiugaaingsy, 2560)

U w.a. BRIINAINTIINANRDU
2554 29,220
2555 289,560
2556 263,353
2557 93,241
2558 91,164
2559 16,320
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1. S19ASDYAFTUNITAIUTUNUS KUY LASVUAVBIAILUTVDILUUINADY

AN51971 91 @UNISANUAUNUS 11128 LazslnveIiwUve9wUUINasUseuInsIuAL

fauls e ¥in AUNTITHAZAIRNINYS
Population Persons Level INTEG (Births — Deaths + Registered in - Registered out, Initial population)
Births Persons/year Rate Births x Birth rate
Deaths Persons/year Rate Deaths x Death rate
Registered in Persons/year Rate Registered in x Registered in rate
Registered out Persons/year Rate Registered out x Registered out rate
Birth rate 1/year Constant | 9m31N131AAYDIUTEYING
Death rate 1/year Constant | 8nsINsi@edinvesUszang
Registered in rate 1/year Constant 5@5%1551SﬁugmvﬁﬁmS&Luﬁuﬁﬁuawimﬁﬂi
Registered out rate 1/year Constant 561‘51mié’f’]aaugmaaﬂﬂﬂauaﬂﬁuﬁmmﬂismﬂﬁ
Initial population Persons Constant | 91U2UUTETINT A 1IA1VDINITATNHATIADY

P13797 V2 AUNIIANUFUNUS e wazinvaaiiuUsvotuudnaesUssmnsiuiuiquiimeaanuaswan

fauls Vaveld ¥l AUNITHAZAININYS
Population Persons Level INTEG (Population, Initial population)
Population growth Persons/year Rate Population x Population growth rate
Population growth rate 1/year Constant | 8ns1n1sAulsuesUszaIng (Min: 0.079, Mean: 0.431 and Max: 0.604)
Initial population Persons Constant | 9112UUsz¥INT 4 1I81BINTASIWaT1809 (U w.a. 2562 SUsewng 1,778,231 Au)
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A157197 U3 FUNITANMUFUNUS K1Y LazTLAUBIALUIVRILUUINADIUSUIUANTBILAEONSINIAINISHAR

fiauls {ATel] ¥l AUN1SuasAIGINYS
Resources Metric tons Level INTEG (-Developing reserves 1 - Developing reserves 2 - Developing reserves 3 - Developing
reserves 4 - Developing reserves 5 - Developing reserves 6 - Developing reserves 7 - Developing
reserves 8 - Developing reserves 9 - Developing reserves 10, Initial resources)
New resources Metric tons/year Rate Exploration + Regeneration
Developing reserves 1 Metric tons/year Rate IF THEN ELSE (Reserves 1 - Mining 1 <= 0 :AND: Mining permit needed > 0 :AND: Resources > 0,
IF THEN ELSE (Resources < New reserve desired, Resources, New reserve desired), 0)
Developing reserves 2 Metric tons/year Rate IF THEN ELSE (Reserves 2 - Mining 2 <= 0 :AND: Mining permit needed > 1 :AND: Resources > 0,
IF THEN ELSE (DRs 1 > Resources, 0,
IF THEN ELSE (Resources -DRs 1 < New reserve desired, Resources -DRs 1, New reserve desired)), 0)
Developing reserves 3 Metric tons/year Rate IF THEN ELSE (Reserves 3 - Mining 3 <= 0 :AND: Mining permit needed > 2 :AND: Resources > 0,
IF THEN ELSE (DRs 2 > Resources, 0,
IF THEN ELSE (Resources -DRs 2 < New reserve desired, Resources -DRs 2, New reserve desired)), 0)
Developing reserves 4 Metric tons/year Rate IF THEN ELSE (Reserves 4 - Mining 4 <= 0 :AND: Mining permit needed > 3 :AND: Resources > 0,
IF THEN ELSE (DRs 3 > Resources, 0,
IF THEN ELSE (Resources -DRs 3 < New reserve desired, Resources -DRs 3, New reserve desired)), 0)
Developing reserves 10 Metric tons/year Rate IF THEN ELSE (Reserves 10 - Mining 10 <= 0 :AND: Mining permit needed > 9 :AND: Resources > 0,

IF THEN ELSE (DRs 9 > Resources, 0,

IF THEN ELSE (Resources -DRs 9 < New reserve desired, Resources -DRs 9, New reserve desired)), 0)
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A157197 U3 FUNITANMUFUNUS K1Y bazslnUoIRi Ik USVRIMUUINADIUSUIUANTBILAEONSINIAINISHAR (7D)

fiauls {ATel] ¥l AUN1SuasAIGINYS
Reserves 1 Metric tons Level INTEG (Developing reserves 1 — Mining 1, Initial kbn)
Reserves 2 Metric tons Level INTEG (Developing reserves 2 — Mining 2, Initial ks)
Reserves 3 Metric tons Level INTEG (Developing reserves 3 — Mining 3, 0)
Reserves 4 Metric tons Level INTEG (Developing reserves 4 — Mining 4, 0)
Reserves 5 Metric tons Level INTEG (Developing reserves 5 — Mining 5, 0)
Reserves 10 Metric tons Level INTEG (Developing reserves 10 — Mining 10, 0)
Mining 1 Metric tons/year Rate IF THEN ELSE (Reserves 1 < Production rate desired, Reserves 1, Production rate desired)
Mining 2 Metric tons/year Rate IF THEN ELSE (Reserves 2 < Production rate desired, Reserves 2, Production rate desired)
Mining 3 Metric tons/year Rate IF THEN ELSE (Reserves 3 < Production rate desired, Reserves 3, Production rate desired)
Mining 10 Metric tons/year Rate IF THEN ELSE (Reserves 10 < Production rate desired, Reserves 10, Production rate desired)
DRs 1 Metric tons/year | Auxiliary | Developing reserves 1
Drs 2 Metric tons/year | Auxiliary | Developing reserves 1 + Developing reserves 2
Drs 3 Metric tons/year | Auxiliary | Developing reserves 1 + Developing reserves 2 + Developing reserves 3
DRs 9 Metric tons/year | Auxiliary | Developing reserves 1 + Developing reserves 2 + Developing reserves 3 + Developing reserves 4 +

Developing reserves 5 + Developing reserves 6 + Developing reserves 7 + Developing reserves 8 +

Developing reserves 9
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A157197 U3 FUNITANUFUNUS K1Y bazTLAUDIRILUIVRILUUINADIUSUIUANTBILAZONSINIAINISHAR (7D)

fiauls {ATel] ¥in AUNITHAZAIRINYS

Initial resources Metric tons Constant | Utnam¥nenns i Buduasiamasians (fuualivdoussaia 108 dmuesniu)

Exploration Metric tons/year | Constant | Auwunswenslml

Regeneration Metric tons/year | Constant w%’wmﬂiﬁuv\l‘]muﬁiim}ﬁ

Initial kbn Metric tons Constant | Usunaudseseausenudng “usem wrtulawisdal 9100” a anaadamadiass
(WdeUsrunal 855,808 LURSNEL)

Initial ks Metric tons Constant | Usinaud1sesassemuldng “Meiudiudnin nqualfiains” a Frsanasiwadngss
(wdeUszunad 578,000 LUASNEL)

New reserves desired Metric tons Auxiliary | IF THEN ELSE (Mining permit lifespan > INTEGER (Mining permit lifespan),
(INTEGER (Mining permit lifespan) + 1) x INTEGER (Production rate desired),
Mining permit lifespan x INTEGER (Production rate desired))

Production rate desired Metric tons/year | Constant | A199ALUUIATIANAINITNARUBUMIDY (MnUAlRNERIIAIRINISHEALYAAY 400,000 lasnAuAeT)

Mining permit lifespan Year Constant | @1gUsenultng (Muualiuseymultnsiiengwindu 20 U)
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15NN U4 AUNTTANNFURUS VI8 wazyTinvedfiuysvealuuTaeaasud T UNITHULAE TN T ANYEEARTILIUNITOU 1ML DS

Ay ATeld ¥iin AUNITHAZAIRINYS
Count Time Level INTEG (IF THEN ELSE (increase = 1 :OR: Increase = -1, Increase - Decrease, -Count), 0)
Increase Time/year Rate IF THEN ELSE (Aggregate consumption > Aggregate Production
:AND: Resources >= Mining production rate x Consideration time, 1,
IF THEN ELSE (Aggregate consumption > Aggregate Production
:AND: Resources < Mining production rate x Consideration time, 0,
IF THEN ELSE (Aggregate Production - Aggregate consumption >= Production rate desired, -1, 0)))
Decrease Time/year Rate IF THEN ELSE (Count = Consideration time, Consideration time,
IF THEN ELSE (Count > Consideration time, Count,
IF THEN ELSE (Count = -Consideration time, -Consideration time,
IF THEN ELSE (Count < -Consideration time, -Count, 0))))
Mining permit needed Unit Level INTEG (IF THEN ELSE (Count > 0 :AND: Count >= Consideration time,
IF THEN ELSE (Mining permit needed x Production rate desired > Aggregate consumption, 0, 1),
IF THEN ELSE (Count < 0 :AND: Count <= -Consideration time,
IF THEN ELSE (Active mining permit > Mining permit needed, 0, -1), 0)), Initial mining permit)
Consideration time Year Auxiliary | IF THEN ELSE (Delay time > INTEGER (Delay time), INTEGER (Delay time) + 1, Delay time)
Delay time Year Constant szmizwnawmhﬂumiﬂmimLﬂﬁsmuﬂaamaauzmmhwmﬂ’m
Initial mining permit Unit Constant | Usgymudnsiiengidis o Hrananasimadnaes (Jagduiiussniudnsiieny 2 wi)
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1519 U4 AUN1IANNFURUS VI8 wazyiinvasfiulsveanuudnaeaasudmsunsiukas I9sIM T iurEoandUIUNTOUY MY (FB)

Auds

e

¥

dUNISwazAInwUS

Active mining permits

Unit

Auxiliary

(IF THEN ELSE (Mining 1 > 0, 1, 0)) + (IF THEN ELSE (Mining 2 > 0, 1, 0)) +
(IF THEN ELSE (Mining 3 > 0, 1, 0)) + (IF THEN ELSE (Mining 4 > 0, 1, 0)) +
(IF THEN ELSE (Mining 5 > 0, 1, 0)) + (IF THEN ELSE (Mining 6 > 0, 1, 0)) +
(IF THEN ELSE (Mining 7 > 0, 1, 0)) + (IF THEN ELSE (Mining 8 > 0, 1, 0)) +
(IF THEN ELSE (Mining 9 > 0, 1, 0)) + (IF THEN ELSE (Mining 10 > 0, 1, 0))

A9 V5 FUNITANFUNUS NI LaLTRATDIMILUTUBILUUTIaIRUNIATINABUNTAS LULAA

fianus e ¥ AunNIsHazAIRILUS

RCA Metric tons/year C&DW generated per person x Population x Waste concrete from C&DW x Recycling rate x
Recovery rate

C&DW generated per person | Metric tons/person | Constant | §nsimsadswendenoadiuuarionsuseriussens fensiszana 0.02 wainfuseuszens
(Kofoworola tkag Gheewala, 2009)

Waste concrete from C&DW % Constant | dnduvendeneuninanueadenoasiuarieasulneiminidndiuuszunadesas 46

Recycling rate % Constant | 8as1M5sluiAaanvesdensunsndufiusnasiy Sdnduusyana 70%

Recovery rate %/year Constant | §asnsthueadeneatruasiensuusloda fdndulseana 7%
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AN5NN U6 ANNTTANNFURUST e uaziinvosiulsveawuudnassaudeinsAuluiugumeaauaval

Auds e ey dUNISwazAInwUS

Aggregate consumption Metric tons/year Rate Population x CA consumption per person

CA consumption per person Metric tons /person | Auxiliary | Cumulative construction aggregate consumption / Cumulative population

Cumulative population Person Level | INTEG (Population rate, initial cumulative population)

Population rate Person /year Rate Population

Government project Metric tons/year | Constant mﬂ‘ffﬁumﬂﬁ%ﬂﬁmaﬂmﬂ%ﬁ

Cumulative construction Metric tons Level INTEG (Construction aggregate, Initial cumulative CA consumption)

aggregate consumption

Initial cumulative population Person Constant ai’wmuﬂimﬂiazaﬂuﬁuﬁdmﬁmsLaawawawsdaﬂ .7 2550-2562 (22,602,761 AL)

Initial cumulative CA Metric tons Constant U'%mf,uﬂ’1ﬁ%’ﬁumaﬂudaa%f’mazaﬂuﬁuﬁfjuﬁmsLamumﬂumﬁmﬂ W.A. 2550-2562 (14,532,170
consumption LURATNFIU)

Construction aggregate Metric tons/year Rate Value of concrete in construction x Rock density x Rock ratio in concrete / Unit cost of concrete
Rock ratio in concrete Dmnl Constant | dndufiuanasislupsunislassadns (fuualsiandy 1.03 dwnssd n26)

Specific density Metric tons/m® | Constant | ANENTUNIEVRMULIATIM (MrualdrUsyann 1.50 wWesndusognuieiiuns)

Unit cost of concrete Baht/m’ Constant | s1A1ABUNTARDNUANIAT (MyUAlYTIAUTEIIN 2,000 UNdagnUIARLIRST)

Value of concrete in Baht Auxiliary | Construction area x Unit cost of construction x Ratio of concrete in construction

construction

Construction area (building) m Constant ﬂ%mmmuﬁaa%”mﬂixLmnmmﬁuﬁuﬁzjuﬁﬂmamumﬁnm TagAn Min = 798,820 , Mean = 1,220,812
, Max = 2,488,751




A15NN U6 ANNTTANUFURUS VI8 uazainvasiulsvediuudnaasanudansiuluiuiiquinvesaaivaan (ve)

fiauls wie ¥Un dun1suazAIfLys
Construction area (non- m? Constant | USunaisuneadnsussiandialdennns Inesian Min = 11,368, Mean = 71,505, Max = 215,977
building)
Unit cost of construction Baht/m? Constant | s1AnUszifinAnneadidsnoadnassianerns Mvualdsiauszana 7,000 UINABAISINWAT FIAN519
(building) i n22)
Unit cost of construction Baht/m? Constant | s1AUsziiuAnead sdenoaisUsenniialtonas (Frvualdsiaussann 1,800 UIMADANSIALAT
(non-building) AN5797 N23)
Ratio of concrete in % Constant | daduyarwansusinouninvesdenoainsussnneias (fuuslidndiuuszana 16.12 % fmnsei
construction (building) n24)
Ratio of concrete in % Constant ﬁhdaugaﬁwNéﬁfﬁu%ﬂauﬂ§mmaaﬁadaa§1ﬁﬂisLﬂwﬁﬁiﬁaWﬂﬂiaﬁﬂWi(ﬁwwumi%ﬁhdauﬂiguﬁa454 % 619

construction (non-building)

A5 n25)
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Stock of aggregate Metric tons Level INTEG (Mining - Aggregate consumption + Import - Export, Initial stock)

Aggregate production Metric tons/year Rate Mining + RCA

Aggregate consumption Metric tons/year Rate CA consumption per person x Population

Export Metric tons/year Rate IF THEN ELSE (Stock of aggregate + Aggregate production — Aggregate consumption < Stock level,
0, Stock of aggregate + Aggregate production — Aggregate consumption — Stock level)

Import Metric tons/year Rate IF THEN ELSE (Stock + Aggregate production — Aggregate consumption < 0,
ABS (Stock of Aggregate + Aggregate production — Aggregate consumption), 0)

Stock level Metric tons Constant | wiininesmuausziurvesafionfiustarluiiui (fvuslianu o)
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Abstract

Songkhla Lake Basin (SLB) is an important basin of the southern region of Thailand. The population of the
SLB is increasing every year. Generally, population growth affects the demand for housing and utilities, which leads
to an increase in the amount of construction and the use of construction aggregates. Almost current constructions are
using construction aggregate as the main material, so the development of the system dynamics model for studying
the influence of population on aggregate consumption will allow us to estimate the demand of aggregate in SLB by
scenario simulations, The population growth and construction aggregate consumption in SLB in the last ten years
(2007-2017) revealed that the average rate of population growth was about 0.48 percent per year and the average
consumption of aggregate was about 1.23 million tonnes per year. The initial system dynamics model in this study
for estimating the relationship between population and aggregate demand in SLB in the next five years (2018-2022)
are separated into 3 scenarios based on the last ten years data: (1) the lowest population growth rate situation, the
population in 2022 will be about 1.79 million people and the construction aggregate demand will be about 0.78
million tonnes (2) the average population growth rate situation, the population will increase to about 1.81 million
people and the aggregate demand will be about 1.26 million tonnes and (3) the highest population growth rate
situation, the population will increase to about 1.82 million people and the construction aggregate demand will
increase to 2.47 million tonnes.

Keywords: Songkhla Lake Basin, System Dynamics Model, Population, Construction Aggregate Demand

Introduction

The increasing of population affects the urban expansion, especially demand for housing, transportation and
utilities. Construction aggregate is one of the most important materials in construction, so the demand of aggregate
is increasing as well [1]. In 2014, there was a prediction of construction aggregate demand in 2017 to 2022 by region
of the world as figure 1. The most used construction aggregate is limestone. However, granite, sandstone, basalt and
andesite are also used [2]. The prediction of construction aggregate demand will allow us to plan the use of
construction aggregate suitable for the population. Songkhla Lake Basin (SLB) is the only large lagoon in Thailand,
it covers three provinces: Songkhla, Nakhon Si Thammarat and Phatthalung. The total area is 8,484.35 square
kilometers, which the land area (included islands) is 7.652.81 square kilometers [3]. Many researches are operating
in this area, so the SLB area is suitable to research the relationship between the construction aggregate demand and
the population for future predictions. Proper use of aggregate causes future sustainability.

Materials and Methods

System dynamics model is used to link quantitative with qualitative variables by mathematical equations. Stock
and flow model are used to adjust variables and study the relationships between each parameter [4]. Scenario
simulations of the system model are flexible and suitable to study the relationship between the aggregate demand and
the population in SLB area, The Vensim PLE 7.1 software is used in this research to create the system dynamics
model for aggregate consuming prediction in the future. The flowchart procedure is shown in figure 2.
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Figure 1 The construction aggregate demand of the world from 2007 to 2022 by region [2]
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Figure 2 The flowchart of research procedure

Results and Discussion

The analysis of the population data in SLB by district from the official statistics registration systems (population
and housing report) from 2007 to 2017 [5] revealed that the population had a continuous growth rate. The lowest,
average and highest rate are 0.27, 0.48 and 0.60 percent per year respectively, and standard deviation is 0.125 as
shown in figure 3. The analysis of the aggregate consumption data (building and non-building construction) from
national statistics office in SLB [6] using the appraisal of construction area per square meter [7] and the property
valuation factor of concrete product [8] to calculate concrete and aggregate consumption in tonnes [9] as shown in
figure 4. The result revealed that the aggregate consumption from 2007 to 2017 in SLB had no clear trend. The
lowest, average and highest aggregate consumption are 0.76, 1.23 and 2.36 million of tonnes respectively, and

standard deviation is 0.47.
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Figure 3 Population growth rate in Songkhla Lake Basin, the actual data and average trend
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Figure 4 Aggregate consumption in Songkhla Lake Basin, the actual data and average trend

The aggregate consumption per capita in SLB is used to predict the aggregate demand in next five years, like
the study of aggregate consuming prediction in California [1]. In Thailand, there did not have any research in the
same purpose of this research before. The data from Department of Primary Industries and Mines [10] revealed that
the aggregate consumption per capita from 2007 to 2017 in Thailand and SLB are about 1.63 tonnes and 0,71 tonnes
respectively (figure 5). These values are evaluated by the authors, there are not from any institution.

tonnes per capita

0.00
2007 2009 2011 2013 2015 2017

—8—5SlB —&— Thailand =— — —Average (SLB) — — - Average (Thailand)

Figure 5 The aggregate consumption per capita in Thailand and Songkhla Lake Basin
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Table 1 reveal the population growth rate and construction aggregate consumption per capita from 2007 to 2012
in terms of maximum, average and minimum values. These values are analyzed to predict the population and
aggregate consumption in SLB from 2013 to 2017 and compare with the actual values from 2013 to 2017 to verify
the prediction reliability. Figure 6 revealed that the actual population from 2013 to 2015 are close to the predicted
maximum trend, then the values are lower than the predicted average trend. So, the predicted population in next five
years is reliable, the actual values are in the predicted range. In the same way, figure 7 revealed that the most actual
aggregate consumption values are in the predicted range, which are less than the predicted average trend but higher
than the predicted minimum trend, except the actual value of 2013 that is higher than the predicted range.

Table 1 Population growth rate and construction aggregate consumption per capita from 2007 to 2012 in SLB area

Data of 2007 to 2012 Population Growth Rate (%) Aggregate Consumption per Capita (Tonnes)
Minimum 0.37 0.45
Mean 0.50 0.66
Maximum 0.60 0.98
Standard Deviation 0.11 0.21
179
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Figure 6 Comparison between the actual population growth and the predicted range from 2013 to 2017
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Figure 7 Comparison between the actual aggregate consumption and the predicted range from 2013 to 2017

The system dynamics model is divided into two parts: (1) stock of population which will change according to
the population growth rate and (2) construction aggregate consumption in tonnes which will change according to the
aggregate consumption per capita (figure 8). Each parameter type has details as shown in table 2.
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Figure 8 The system dynamics model to predict the construction aggregate consumption in the next five years

Table 2 Parameter details and equation of presented system dynamics model

Parameter Unit Type Equation and Initial Values
Population of SLB Persons Level INTEG (Population growth, initial)
Population growth Persons/year Rate Population of SLB x Growth rate

: - Value of conerete x Density of rock x Ratio of
Rock construction Tonnes Auxiliary R i z
rock in concrete / Unit cost of concrete
Rock consumption Tonnes Auxiliary Population x Rock consumption per capita
Value of concrete in - Construction area x Unit cost of construction
: Baht Auxiliary 3 2 X
construction x Ratio of concrete in construction
Ratio of concrete in construction % Constant  15.77 for building and 0.60 for non-building
Ratio of rock in concrete % Constant 1.03
Density of rock Tonnes/m* Constant 1.45
Unit cost of construction Baht/m’ Constant 8000 for building and 2000 for non-building
Construction area (building) Million m? Constant Min: 0.79, Mean: 1.27 and Max: 2.49
Construction area (non-building) Million m* Constant Min: 0.01, Mean: 0.04 and Max: 0.12
Growth rate 1/year Constant Min: 0.27, Mean: 0.48 and Max: 0.60
Rock consumption per capita Tonnes/persons  Auxiliary ~ Rock construction / Population base 10 year
Population base 10 year Persons Constant 1373

The prediction of population and aggregate consumption in SLB from 2018 to 2022 based on the historical data
from 2007 to 2017 are shown in figure 9. The population of SLB in 2022 will have a value between 1.79 and 1.82
million people (figure 9a) and the aggregate consumption will have a value between 0.80 and 2.45 million tonnes
(figure 9b). These data can be applied to the actual capacity data to find the optimum point between production and
consumption. However, the capacity data must be obtained from mines, sometimes it is the private data of companies.
Relevant departments can use this system dynamics model to determine quarrying policies for sustainability such as
controlling the amount of production and exploring new resources.

Conclusions

The prediction from the system dynamics models revealed that the population and the construction aggregate
consumption in Songkhla Lake Basin in 2022 in (1) the lowest scenario will be 1.79 million people and 0.78 million
tonnes (2) the average scenario will be 1.81 million people and 1.26 million tonnes and (3) the highest scenario will
be 1.82 million people and 2.47 million tonnes, respectively. The system dynamics model is an easy way to predict
the aggregate consumption but may not be accurate in some cases. The historical data of the population has increased
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continuously but the consumption was uncertain trend, so this relationship is more complicated. In the future, the
authors will apply other parameters like economic conditions and government policy to the model to study suitability
of production and consumption in Songkhla Lake Basin, which related to economic development.

Population in SLB Rock consumption
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Figure 9 The prediction of (a) population and (b) construction aggregate demand in SLB from 2018 to 2022
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ABSTRACT

Construction aggregate is an important material for almost all types of constructions. It is a material
that is obtained from various rock sources through the mining process to various construction industries.
This paper is a study of construction ageregate reserves and production capacity to forecast the quarry
reserves depletion with statistic information of production capacity and the depleted of resources on the
various scenario of production capacity in the Songkhla Lake Basin (SLB). By using a system dynamics model
(SDM), it helps to understand and assist in the discussion and decide to manage rock supply with a situation
that arises. The simulation results show the end of resource each scenario depending on production
capacity; (a) the maximum production capacity scenario, which produce 1.0-2.0 MMT/y and deplete in 2104
or about 84 years later, (b) the mean production capacity scenario, which produce 0.5-1.5 MMT/y and
deplete in 2123 or about 103 years later, (c) the minimum production capacity scenario, which produce 0.2-
0.7 MMT/y and deplete in 2205 or about 185 years later, and finally (d) the random normal production
capacity scenario, which produce 0.7-1.5 MMT/y and deplete in 2113 or about 93 years later.
Keywords: Songkhla Lake Basin; System Dynamics; Construction Ageregate

1. INTRODUCTION for the economy by being the primary raw material
Construction aggregate refers to crushed for all types of construction [2-3]. Most of these
stone or natural sand and gravel (primary aggregates are obtained from quarries. The current
aggregates), including by-product from the industry goal of mining is to bring resources to meet human
(such as slag) and recycled waste materials (such needs. This crushed rock is the most valuable non-
as concrete) may be used as adjunct (secondary fuel resource in the world [4-6]. Which, of course,
aggregates) for quarried materials [ 1] . The can be said that it is non-renewable resources

construction aggregate is an important raw material because it takes a long time to regenerate [7].
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In 2014, there was a forecasting of the
demand for aggregates in the world market. It was
found that in 2017 to 2022, the dermand is likely to
increase [8]. The mining sector expansion in
developing countries, which make an increasing
demand for minerals as the world economy has
grown in recent [9]. Thailand has grown in demand
of aggregate for the construction industry over the
recent decade [10]. The construction market is
expected to grow due to the government
infrastructure  projects and the  household
construction [11]. Although the world today can
recycle aggregate materials from buildings to be
used in construction widely, Thailand still lacks of
the policy to reuse or recycle it [12-15].

The Songkhla Lake Basin (SLB) is the only
basin in Thailand that has a large lagoon lake
system  covering

three provinces, Songkhla,

Phatthalung and Nakhon Si Thammarat. It has
approximately 8,729 square kilometres of total
area, which is about 7,687 square kilometres of
land [16]. SLB s an important economic area and
has a variety of resources. There has been a
"National Economic and Social Development Plan"
for a long time since 1961 to the present,
supporting the sustainable development of the
SLB [17-18].

Therefore, to forecast the depletion of rock
reserves and to assist in the discussion and decide
to manasge with a situation that arises. It would be
need a tocl that help to plan and manage
resources properly as an important issue. The SDM
of rock supply allocation of resources to meet rock

lifetime will help to manage the rock resource

sustainability [19].
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2. METHODOLOGY

System dynamics (SD) is a powerful method
for describing, processing, and analyzing large
complex issues or systems in terms of processes,
data, organizational boundaries, and strategies [20].
It was developed in the late 1950s and was
introduced by Jay Wright Forrester in the 1960s at
the Sloan School of Management in the
Massachusetts Institute of Technology [21-22].
Systemn dynamics modelling is a process technique
for linking various variables. Both quantitative and
qualitative variables with mathematical eguations
with “stock and flow” which can easily adjust
values and develop, expand system relationships.
Creating a simulation for an understanding of the
system studied can be quick, convenient, and
flexible when conditions change [23-24].
Simulation is a repetitive process of generating
results in which a medel designed. One or more
scenarios are defined from zero time to infinity [25].
Within expected logical and efficient syncing, with
the organization of all reserve remaining being
essential to production, such maodeling requires
interaction aspects between all elements of the
system. This is considered dynamic and complex
due to these interactions and the number of
elements involved (social, technical, nature and
economic) that such a system [26].

Therefore, this is one suitable tool that can
be used to study the production capacity and the
depletion of construction aggregate resources in
the Songkhla Lake Basin. The development process
of system dynamics model was shown in Figure 1,

which was used Vensim PLE 7.1 software by

189



JWiwattnanukul P.Sontamino M.Masniyom and V.Rachpech

Ventana Systems, Inc., to support the creation of

scenario simulation results [27].

System boundary
factors System
and CLD analysis ¥
l No
Collection & analyze Test & check
information logic

Conclusion Scenario

Figure 1 Research procedure flowchart

3. SD MODEL DEVELOPMENT
3.1 SLB information

Thailand has 318 quarries for construction
nationwide, with estimation of reserves about
8,010 million metric tons (MMT). In the Songkhla
Lake Basin (SLB), there are about of 108 million
metric tons of rock reserves [28]. Nowadays, in the
SLB area, there are two active quarries, which are
Kris Silaporn Part,, Ltd (KS) and Khac Bandai Nang
Sila Co., Ltd (KBN), and tree guarries have expired
in recent years, such as Thai Panich Khamai Part.,
Ltd (TPK), Kaodang Construction Part., Ltd (KC) and
Silachai Hatyai Part., Ltd (SCH). The location of each
quarry shown in Figure 2 [29], which has the
production capacity and reserves was shown in

Table 1 [30-32].

66

Figure 2 Location of quarries

in Songkhla Lake Basin

Generally, the information of mining project
plan is a guide line of working, but sometime it is
inconsistent with real action. On one hand, the
mining reserves run-out, but remain the mining
concession period, on the other hand the
remaining of mining reserves, but mining
concession expired. In this paper, the SOM that
generates a production capacity result by current
information to forecast the depletion of reserves
and resources with the following assumptions:

a) The current production capacity level
reflects the limit production capacity of
equipment, so each quarry remain their own
capacity.

b) When the mining concession expires, if the
resources is remaining, a new mining permit can be
extended.

c) When the allowing reserve is depleted, if
resource is remaining, resource will become new
allowing reserve.

d) The resources in SLB are considered to be

one that all quarries develop together.
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Table 1 Resources reserves and production capacity of rock in SLB

Resources of SLB : 108 MMT

Project planning Actual production capacity (MT/year} Remaining
D Production Iining conceassion Initial reserves reserves in
capacity period Max Mean Min SD (MT) 2021
(MT/year) (year) (M)
TPK 420,000 20 292,128 192,439 27,150 TL576 5,320,000 0
KBM 400,000 13 899,113 720,148 287,089 289,952 3,736,000 855,808
KS 400,000 10 344,056 294,206 237,125 43,873 2,890,000 578,000
KC 310,000 10 198,500 155,900 129,200 37,286 3,017,000 o
SCH 150,000 10 289,560 130476 16,320 117,627 1,738,000 o
MT = Metric tons
3.2 Causal Loop Diagram (CLD) N
e I
T
A basic causal loop diagram for resources Re*"‘“‘cesf] “lmr/i
y / \
reserve mining permit and production was shown / o R‘R“m"“s
A\
- ] [} A
in Figure 3. It was represented by two balancing / N 7 -
///
. - L . -~
feedback loops including, mining and developing [ -
\ e )
reserves. This CLD considers that, the mining \ . e (e k J
N - 2/ /
industry, permission is reguired for mining to ’m N
. . : | permits ducti
generate production, which will reduce the rock \F /.{ Production
— T~ . — /
—— o S

reserves to the end. Then, request a mining permit
to develop new reserves to have the capacity to
produce rocks to meet demand. Of course, this
product, to satisfy other human industries, cannot
be missing. Therefore, a request for a mining
renewal permit is required. These processes
directly affect resources reduction, so this is an

important variable to consider.

Figure 3 Conceptual CLD of the resources

reserves and mining permits cycle

3.3 System Dynamics Model (SDM)

Figure 4 shows a generic model that simulates
the deceasing and remaining of resources and
reserves in the SLB area depending on the
production rate from mining activities. The
structure of model is based on the extraction
process model of an ore in its environment [33]. It
consists of the “stock™ of reserves that change
follows the “flow” of the “mining” that value
depending on the production rate of each quarry
with different values. When the reserves are
depleted or the mining concession period expires,

it will affect the * mining permit for new reserves”
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activated, That is a new mining concession

“

permitted, with reserves according to new

reserve” and the period for permission according
to “time delay”. Then it will continue to affect this
new reserve to the “flow” of developing reserves
to reduce the “stock” of the resource and recharge

the “stock” of the reserves. The initial reserves in

the recharging of the new reserves depend on the
production rate and mining concession period from
the mining project plan. It describes the changes in
aggregate reserves and resources that depend on
the aggregate production capacity in the Songkhla
Lake Basin. Table 2 shows the main variables, unit

and equations of variables in generic model.

the model are the remaining reserves in 2021 and

initial resource initial reserve

2N

Resources s P Reserves
Proving - / ‘\dmmg
Mining permit for ‘)
New reserves new reserves
Production rate

Time delay

) - » Remaining time of mining ot -

L. concession period .. .
New mining P Mining concession

concession period \Jperiod used

initial time remains

Figure 4 SDM for forecasting resources reserves and production capacity of quarries

in the Songkhla Lake Basin

Table 2 Variables and equation of presented SD model

PARAMETER UNIT TYPE EQUATION AND DESCRIPTION

Resource MT Level INTEG (IF THEN ELSE (Resource - Proving < 0, Resource - Proving < 0
:AND: Resource = 0, -Proving), initial resource)

Proving MT/year Rate IF THEN ELSE (mining permit for new reserves > 0 :AND: Reserves <=

0 :0R: Remaining time of mining concession period = 0, IF THEN ELSE
( Resources < mining permit for new reserves, Resources, mining

permit for new reserves),0)
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Table 2 (Cont.) Variables and equation of presented SD model

PARAMETER UNIT TYPE EQUATION AND DESCRIPTION

Reserves MT Level INTEG (Proving - Production, initial Reserve)

Mining MT/Year Rate IF THEN ELSE (Remaining time of mining concession period = 0, 0, IF
THEN ELSE (Reserves < Production rate, Reserves, Praduction rate))

Production rate MT Constant  RANDOM MORMAL (min, max, mean, stdev, seed)

Mining permit for new MT Auxiliary  DELAY FIXED (IF THEN ELSE (Reserves - Production rate <= 0, new

reserves reserves, IF THEN ELSE (Remaining time of mining concession period
= 0 :AND: Reserves - Production rate > 0, new reserves-Reserves, 0)),
time delay, 0)

New reserves MT Constant  Concession reserves

Remaining time of Year Level INTEG (IF THEN ELSE (Proving > 0, New mining concession period -

mining concession Remaining time of mining concession pericd, - Mining concession

period period used), initial time remains)

Initial resource MT Constant  Resource remains of SLB

Initial reserve MT Constant  Reserve remains of each quarry

Initial time remain Year Constant  Mining concession period left of each quarry

New mining concession Year Rate Mining cancession period of each quarry

period

Mining concession Year Rate IF THEN ELSE (Remaining time of mining concession period = 0, 0, 1)

period used

Time delay Year Constant  Constant

4. RESULTS with actual capacity in the years 2017-2020 (with

4.1 Validation of the model

the statistical values during 2007-2016: max =

The wvalidation of the model focusing on a
quarry (TKP). The case of TPK, a quarry that was
previously operated in this area but has expired.
The data of TKP production rate are collected, then
it was separated into 2 parts. The first part uses to
statistical analysis, and the second part for checking
and comparison between actual data (Base Data)
and simulation data. It was used to test the

simulations by comparing the simulation results
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292,128 MT/y, min = 27,150 MT/y, mean = 196,617
MT/y and standard deviation = 82,227 MT/y) [31],
then performed using “random  normal
distribution” or technically called “Truncated
Normal Distribution”, it is a method of generating a
random distribution from the statistical value [34].
Thus, the simulation value generated by the
random distribution under the statistical values.
Finally, the resulting simulations shows the same

trend as actual production capacity (Fig. 5).

193



JWiwattnanukul P.Sontamino M.Masniyom and V.Rachpech

TPK Production rate
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TPK Production rate - Sanulaion #——#——#—2—3—

Figure 5 Comparing the production rate of TPK between forecasting and in the actual operation

4.2 Simulation result in the short term

At present (2021), the SLB has two active
quarries, KS and KBN. Focusing on the short term
period until the mining concession period expired.
The simulation consists of 4 scenarios: (a) max
production capacity scenario (b) mean production
capacity scenario (¢) min production capacity
scenario and (d) random normal scenario. The KS
mining simulation results show that, scenarios (a),
(b), and (d) were similar, which the reserves
depleted and the mining concession period expired
in 2023. While scenario (c) is ended in 2024.

Likewise, in the case of KBN, running out of

reserves, which not much different with KS
KS production rate
400,000 T
|
/\ LA A
300000 S
NP4 |
VA
200,000 i
Historical |
100,000 !
i
o i
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Time (Year)

K Max
KS Mean

KS Ma

KS production rate : Random - . . . + + .
K Historical

simulation result, scenario (a) in 2022, (b) in 2023,
() and (d) in 2024, see details in Figure 6 and 7.

In a big picture of SLB quarries, it was a
combination of KS and KBN quarries simulated,
which was shown in Figure 8. It caused by mining
reserves run-out and expired mining concession
expired in 2023 for scenarios (a) and (b), and in
2024 for scenarios (c) and (d).

Therefore, in the short term scenario, lifetime
of rock aggregate supply inside of SLB will be finish
in 2024, the longest case. After that, it will need
100% aggregate from outside of SLB, in case of no

new quarry permit.

KS reserves
M 1
i
15M t
|
M |
[Historical | Simulation
500,000 i \
: ¥,
o ! I~
2017 2019 2001 2023 2028 2027 209
Time (Year)
KS reserves - Max —+———+———+— KS reserves - Random —+ + .
KS reserves : Mean —# : KS reserves - Historical —§———§——
KS reserves :Min ———————

Figure 6 KS Simulation Results
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Figure 8 Short Term SLB Simulation Results

4.3 Simulation results in long term
Because of the short term simulation still have
a huge of rock resources available. It is a high

potential to produce aggregate inside SLB
continuously. So, the long term simulation is focusing
on the lifetime until an empty rock resources in SLB.
There are five quarries in the database including, KS,
KBN, TPK, KC and SCH, which were used in simulation.
The assumption of this simulation was developed
with the conditions of reserves to recharge
immediately when existing reserves run-out or expire.
Simulations results (Fig. 9) show that KBN quarries is a
highest production capacity, which has a cycle period
of 6 -8 years, while the mining concession is 13year.
It is a situation where resource development

permission to recharge reserves within a short period
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of time and this behavior results in a faster resource
decline. KS and SCH quarries have a production
capacity consistent with reserves and concession
period. The reserves run-out in the same period of
concession expired. KC quarries was unable to extract
all the reserves due to the mining concession expired,
while the mining reserve remains about 1.3-1.4
million metric tons. That is, the KC quarries can
continue operating for about 10 years with this
production capacity level. There are two possibility
cases of TPK quarries operations, able and unable to
operate until the reserves run-out under the period
of the mining concession by the simulation generated
by random normal function with a production
capacity value between minimum and maximum

capacity.
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Figure 9 System behavior cycle from conditions of SDM in each quarry in case of random simulation

Simulation results in a big picture of overall
the production rate and mining reserves of SLB
show behavior of swing graph. Swing down in some
periods when the reserves of some quarries are
depleted, leading to a decline in the production
capacity levels and swing up in the next periods by
assumption of recharging reserves leading to an
increase in production capacity. Swing depending
on the production capacity level for the random
scenario. In other scenarios, have a steady
production capacity that swings depending on the
timing of reserves run-out or recharge. That effect
to reserves behaving similarly, reserves change with
production capacity and recharging with the initial
reserves parameter. This behaves the same for all
scenarios with a swing in the range of about 5-12
million metric tons because recharged reserves are
the same, differ in resources depletion periods.
These show the behavior of an endless cycle of
depletion and recharging of the reserves until the

resource depletes (Fig. 10).
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Therefore, This SDM made a complex system
easy to understand, that the behavior effects a
continuous decrease in resources depending on
the timing of the reserves development and
production capacity interrelated. The simulations
of each scenario forecasting resource depletion
times differently due to production capacity levels.
The simulations of each scenarioc have a
production capacity range and depletion year of
resources (Fig. 11) are as follows: (a) maximum
production capacity scenario: with 1.0-2.0 MMT/y
and depleted in 2104 or about 84 years later (b)
mean production capacity scenario: with 0.5-1.5
MMT/y and depleted in 2123 or about 103 years
later (c) minimum production capacity scenario:
with 0.2-0.7 MMT/y and depleted in 2205 or about
185 years later and (d) random narmal production

capacity scenario: with 0.7-1.5 MMT/y and deplete
in 2113 or about 93 years later.
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Figure 10 Overall system behavior of production rate and mining reserves of SLB
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Figure 11 Forecasting depletion resources of SLB

5. CONCLUSIONS

The existing information analyzed and
simulated with SDM, which forecasting the end of the
current quarry, with each scenario dependent on
preduction capacity important, especially in the case
of KBN quarries. There will be no mining operations in
the SLB area to serve the demand in the area if not
properly managed soon. The underlying assumption
used as a basic policy formulation and decisions, the
model present within the context of the area. That's
to maintain the stabilization of production capacity.
The assumption presented in this way leaves less

room for misinterpretation and easier understanding
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of system structure. The behavior over time graphs
used to present the endless process of the
developing resource to mining. These assumptions
(definitions) can be modified and resulting changes in
behavior patterns. The simulation results of each
scenario are as shown in Table 3.

Finally, several factors involved in deciding to
allow the development of mineral deposits for
mining such as Socio- economic, environment,
resources availability, etc. The important factor is a
resources demand for human activities [35] that trend
increase. These can be study and develops from this

SDM to manage other conditions.
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Table 3 Ending the year of current quarry and depletion year of resource for each scenaric.

6.

Short term resutt (A0 Long term result Production

Scenario (AD.) capacity

KBN KS Sum Resources depletion (MMT/y)

Max 2022 2023 2023 2104 1.0-20

Mean 2023 2023 2023 2123 0.5-1.5

Min 2024 2024 2024 2205 0.2-0.7

Random 2024 2023 2024 2113 0.7-1.5
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