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An Analysis of Supply Chain Risk Management in
Metropolitan Waterworks Authority

Puritchapat Sonwattana' and Thananya Wasusri’

King Mongkut’s University of Technology Thonburi, Bangmod, Thungkru, Bangkok 10140

Abstract

The paper aims to study and analyze supply chain risk management in Metropolitan Waterworks
Authority(MWA). We interviewed the MWA expert to gain insights data to identify risks that can occur
in MWA. The Risks that affect to piped water production are natural disasters, poor raw water quality,
deterioration of machinery and equipment and insufficient staff to operate. The main cause of the risks is
poor quality of raw water.Then, chemical stock must be effectively managed to meet with the chemical
demand needed for the water treatment process. A Simulation has been applied to simulate the chemical
demand that vary by water quality conditions. Then we measured the current performance of inventory
management by Order up to inventory approach for In — Stock probability, Out — Stock probability,
Maximum Inventory, Minimum Inventory and Safety Stock. The results shown that, MWA should increase
the maximum inventory of Chlorine, Polyaluminium Chloride and Activated Carbon to meet the chemical
demand at 99.9% of service level toprevent chemical shortage risks. Moreover, MWA can decrease the
maximum inventory of Alum, Polyelectrolyte, Lime and Potassium permanganate to reduce inventory costs

and chemical deterioration.
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UszAnBnmaessziviudiasadigegauacign o
{laq1iufiie8 Order up to inventorylaan1sni In
stock probability Llae Stock out probability Wia
Mnsnsaseulamanisziauaauansiadl laafias
M3 Cachon and Terwiesch [15]
In stock probability AuIUIINGAT
g St
(¢

S fp TTAURUAAIARIFIFA(FU)

u e USaenadisemslunilezaona (@)

¢ Ap dnudssuunnsguANaFaenslu

NiNTIIR ()

ntuinen z Adunaldlidenise
Standard Normal Cumulative Probability 2216 @213
unfudiazifudagluads (In-stock probability)
nfuduiumaauiasfuiifudesaauaau
(Stock out probability)

Stock out probability = 1-In stock probability

A1DH1NNITATUIUNT  In-stock probability
Az Stock out probability 703ARDIU

In_stock probability
g5k
(o}
Tasgiagmanusiasnisldasailutiefiseliidwwany
wasudsduddeiinnudiosn1Ineieuiaduwinty
479.76 M druifissiuuanudosiadunisivindy
9219 fusmiurhnisudasanudisansseiieul
Wuswduasd Tap 1 houdl 433 §Ua9 uay B9

LA (L) windu 0286 dUasi alé
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| 479.7x0.286

K 433

1 =31.69
~92.19x70.286

\4.33

6 =23.69
100 - 31.69
2369

7 =288

ez Aldannssuanldludsufisuran
In-stock probability 31nA1979 Standard Normal

A5 1N 3 UEANUITZRNEAINNITIANISRUAIAIARY

¥

Cumulative Probability a¢lfvinny 99.8% 30y
nsmanuasiduifudiazsiauaay  (Stock
out probability)

Stock out probability

Stock out probability

1-In stock probability
100 - 99.8
02 %

Stock out probability

Stock out probability

a13adyszneaniuiinnuiaziuiiiansauaau
Wiy 0.2% Aenns e 3

LREL Y aapdu | Indegliden | Twdbidnlns Yurn weEu | Aenuha
Aaalsn Tadi
Maximum Inventory (Tons) 1800 100 50 894 100 100
Minimum Inventory (Tons) 600 20 10 180 20 20
In stock probability % 100 99.8 90.27 100 100 17.9 100
Stock out probability % 0 0.2 9.73 0 0 82.1 0

NN1TILATIEAYIERNSNINDINITIANTT
AUAIAIATIWLIIAT In-stock probability T8y &158N
asnnslad Yuznuazaeivin ifllonaiiaz
iansaueaudud Tuzusfinasiuidn In-stock
probability el 99.8% #lemadiaziinniszauaay
fud 02% Iwlegiliflunnasladiie In-stock prob-
ability pgfi 9027% Hlemaiaziianisziauaau
§ufn 9.73% Wt In-stock probability agiii 17.9%
flamafaziianszaueauiud 82.1%

45 WM IUTulssEAuaudAIANe
\iaeannisdsstunsnaraiiiusedngdil
vinsthusshiiddy szdunstiuinisieeglu
StAUfR 99.9% iela N soNAMINTEINUENTI

inwuua:Twmuaqmmwnﬁuamoﬁaﬁﬁzﬁums
wiluasaiufidasimomalumahniy Seanms
FaUseAnsnneaInsIan1IRUAIAIARIAI8AS Order
up to inventory N9 §15eddIsineIRINY
Tnddidininslad Yuana swsoneusuesszaunsli
U3M3it 99.9% léms1zdlen In-stock probability ot
i 100% Fannfissls sussiaiiszinnesaiu
IndagAiilananslsd limansoneusuassziunsli
131371 99.9% lwanzien In-stock tipunin 99.9%
foiuafunstlasiunsfigudasadaioamianin
viuly 97N IMNTEAURUAAIARIFIA AR TEAL
auﬁﬁmﬂé’oﬁwqoﬂ '«gﬂﬁ"o%aw%auﬁaﬂ%mmﬁuﬁwmﬂﬁa
frspefimanzaniuIsFun1susnsil 99.9% lasfias
Auatudsil Cachon and Terwiesch [15]
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Maximum Inventory
AIUIUMNTEHU Maximum Inventory #i5séiu
mi‘u%msﬁ 99.9% 31NMA19 Standard Normal
Cumulative Probability 1¢ien Z wirfu 3.09 unulu
an3
U
S -
,_S-u
(¢

wlasgasiiu

S=(Zxo)+p
S =(3.09 x23.69)+ 31.09
S=104.29 ~ 105 #u

Safety Stock
Safety Stock = zo\LT

Z ¥R Standard

Normal Cumulative Probability

c @D ahuLﬁﬂamummg’mmmﬂ”aomﬂu
wilvtaan ()

LT A9 2tanin

3.09 x 2369 x \0.143

51.77 fu

Safety Stock
Safety Stock

Minimum Inventory ROP

Re order point = D X LT + Safety Stock
D fs Ysmuanudasmsfuduaie e
FDLIRT)

LT A 27etaanidn

Re order point = D X LT + Safety Stock
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Tasf D Wuaudasnissaisafuas

479.7
4.33

D =110.80 AusaaUa

D=

Re order point

(110.80 x 0.143) +51.77

Re order point = 67.61 fu

Expected Shortage
Expected Shortage = ¢ X L(z)

o Ao dnndsswusinsgiuaudesnisiu
wilatea (F)
L(z) wA1RINANTN

Standard Normal Loss Function
Tagien z Al4lunsAuIMm Maximum Inventory
#i Z Wity 3.09 1Ui8an1519 Standard Normal Loss
Function 2zl L(z) wiru 0.0003 unuluannisiiie
AUl Expected Shortage azlél

Expected Shortage = 0.0071 fu

Expected On-Hand Inventory

Expected On-Hand Inventory
= S - Expected demand over (L + 1) periods
+ Expected backorder

Tow

Expected demand over (L + 1) periods Aailanno
ANMNFBINSIUTIIIRT L+

Expected shortage Ao UsanaRudnfimainznaunau

Expected On Hand Inventory = 105 - 31.69 + 0.0071
Expected On Hand Inventory = 73.31 iy
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Expected On-Order Inventory Fill Rate
Expected shortage
Expected On Order Inventory Fill Rate = 1 - : -
) ) Expected demand in one period
= Expected demand in one periods X LT
. 0.0071
Fill Rate = 1 -
- - 479.7
Expected On Order Inventory @fa U3N10UAINN 433
foamslunilezaeiaan Fill Rate = 0.9999
LT fp gwiani Fill Rate = 99.99%
479.7
Expected On Order Inventory = ——— x 0.143
433
Expected On Order Inventory = 15.84 fiu
A5eN 4 MIUSulpsEauiudasadeTasaTaine 7 ¥ila
A58 ARBTU Twd wddidnlng | Yusn weEnu | Aneviudia
agfiiilon 1ad
Analsn
Maximum Inventory (Tons) 1200 105 360 6 35 460 57
Minimum Inventory (Tons) Or ROP 769.57 67.61 243.04 4.98 22.33 390.25 49.22
Safety Stock (Tons) 653.75 51.77 217.63 3.04 20.05 243.84 35.34
In stock probability % 99.94 99.9 99.9 99.95 99.95 99.93 99.92
Stock out probability % 0.06 0.1 0.1 0.05 0.05 0.07 0.08
Fill Rate % 99.98 99.99 99.98 100 100 99.94 100
Expected Shortage (Tons) 0.0598 0.0071 0.0299 0.0001 0.0009 0.0175 0.0025
Expected On-Hand Inventory (Tons) 968.41 73.31 309.22 3.61 30.44 279.48 39.88
Expected On-Order Inventory (Tons) | 115.82 15.84 2541 1.94 228 146.41 13.88

A13197 4 uaastedseninwoesnsUiulye
srAURUAIAYARITaLANTY 7 oila Geil
- 838N TEAURUMAAIARIEIFABET 1200 FL

U

a

RaANAnRuiAIRASegi 76957 U AidRsIns
WAnLfin 99.98% lanma 99.94% AU lurdouas
flana 0.05% fidudezsALAauLSHL 0.0598 Fu
fI0aRTEAURUMAIARIGINALS 33.33%

- ARe3U szAvAuMAvRRgIgRaLTl 105 Gy
adaBnfnAudnsadsegi 67.61 du fAisasins
Wiy 99.99% flona 99.9% fAifAusluadanas
flama 0.1% ARuA1Rza1ALAaUYSHIA) 0.0071 Fu

FDLNNTZAURUAIPIARIFIEA 5%

- IndogAiflonnaslsd szduRuAinvndy
goqmgﬁ 360 fu Qmﬁo@mﬁuﬁuﬁmmé’aagﬁ
243,04 fu fdnTINTANN 99.98% Hlana 99.9%
PfRudlundouariilonia 0.1% AFudazIALARY
Ui 0.0299 fugpiinsziufumasadogagnan
N 1 Wi

- InddidnlnsladseauRudasasogegaog

U
A

il 6 fu qadunfnfudnsedooyii 498 du 9
Sasimathandin 100% lena 99.95% NflAuMIu
adouazilonia 0.05% ARuMazIIALARULSINM
0.0001 fuaInanTzAURUMAIATIgIEALH 94%
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- YUINTEAURUMAAIARIGIEABLN 35 Fiu
o a I3 [ o Al o Ao
IAFIANLANTUAAIARIBETN 22.33 AU N1ATINT
WANLAN 100% $lana 99.95% NNAuATuAfLazdl
Tona 0.05% NRUFITIIALARULINIL 0.0009 Fu
sanInanIzAuAudAsrRIgeaald 96.09%
- WAUIEAURUAAIANIGIEABLT 460 iU
o a & a v o 1l o Ao
NANLANAUAAIARIREN 39025 @l fiBRIINT
WANLAN 99.94% filana 99.93% NRAUEuAFILAY
Aoma 0.07% NRuFIzIMLARULSNIU 0.0175 Fiu
FBILRNTEAURUAAIARIFITARNLAN 4.6 LY
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- AU s:ﬁuﬁuﬂ”ﬁmﬂé’agoqmagﬁ 57 iU
NSANANRUAAIARSEYT 49.22 i fidmsNsLAN
Wi 100% flana 99.92% AfdudrdluadILas
Toma 0.08% fRUEILIIMUARULTN 0.0025 Fil
mminamzﬁuﬁuﬁmmﬁogaqa‘lﬁ 43%

MINA 4 uaasszAuRUAAIANIgIgR
nazszduRudesadoign qadedanianrioUianm
RuAAYAGIRITRIT M AN A UN15USNNTT
99.9% FousaviennuuanafiinTuansyFuAuE

AIARIFIAALAL TEAURUAIAIARIATARIAIT N 5

AT 5 UEAIANNLANANITENITERURUMAsARuilag AT AURUMAIRR I TS UL

ilagtiu Uiunlge
I seAuAudendegean | sduAudeaduingn | stifuiasadegegn | sduAudiandenian fufAsndod1ses

() (@) (51v) (1) (1)
BREELFY 1800 600 1200 769.57 653.75
ARBIU 100 50 105 67.61 51.77
Tnfogiiflnasalsd 180 36 360 243.04 21763
Twdddninslad 100 20 6 498 3.04
Yuam 894 180 35 2233 20.05
woeu 100 20 460 390.25 243.84
Fnaviuiia 100 20 57 49.22 35.34
5. a1 up to inventory WRaWS A &19LANUIZLANENS

v
°o a v

snnowu%ﬁﬂﬁﬁﬂﬁm’m'jwumumaﬂqmmwLfluﬁu

m@wé’nmaomwmﬁ'mﬁﬁﬂﬁ@ ATURIFDILATUNENT
wilffissannuiesmstinmbh wsznistszin
upsa NGB HUSNSTULST T TUAReN 24 T,
ﬁ'nﬁmmsmﬂu,ﬂaumsLﬂﬁmav'iﬂﬁﬁaqwqmmswﬁm
viowdmilulFunsgrudenaliiinanuidons
atmummasmﬁammL%aﬁuﬁvjﬂﬁﬁﬁﬁwiamsﬂs:m
UATHAN FetuFeRMITANsRUAAASSlHILS N
ieawasdarudaefissaunisiiusnisf 99.9% lay
MINTEAURUAAIANIFITALAL TEAURUAIAIARS
mgn IndstendaanisUinuduiaadedisaiia
speduiuaaunsaiingaiitwwaraieasliainnson
feansiadldiuna
INMIINATEHUTZRNE A INDRINITTANITRUAN
AvARe o TegdunazyinsUiudgessaueesiudm
asnds 9adedn warAuiasadsd1sesdieds Order

ARDIU ‘[wﬁagﬁﬁamaa‘lﬁ UWRSHIGIU  A29Y1NTT
Lﬁm:ﬁumilﬁumimﬁgaqmLﬁﬂTﬁﬁﬂ'}iLﬂﬁLﬁﬂawa
saAnudaduazanadssfiaziianiszauaauss
wdl Twrausiiasefivsson asda Inddudnlnslas
YU uazeneviufy ASYINNTRASZAVNNSIALENS
mﬁgoqmml,ﬁaLﬂumiamﬁuvguua:wﬁnLﬁmmﬁLﬁ'au
smwaasanstaiiuananiilussefivssinn  s19du
aap3u Infegiifoanaslsd wod aeviufindes
v‘hm'ﬁl,ﬁumsLﬁuﬁuﬁﬂﬂaﬂﬁdd"\‘;aﬁwﬁv’o’«mﬁ’dLﬁ:u
Lﬁuﬁuﬁwﬁgﬁu Wintlaefun1siinanauaaufusi
Tuisaarunsailingafidwnaisieaslisnnsamn
foa3LaRlEnsenIIaIBnTenI3iN1TS NS IN
futmwwaneioaslunisnnisfiastlasiunsiaanainy
Woefionaintunazvurunisvhusniudiona
wmANsaiingm



270 NIETITBURLWAIUY 95, TN 87 aifufl 2 wweu - fguieu 2557

naeasilunuddelaildfasanssesinaily
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guunsdsziliunnaila (dudu fildiszpzinand
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