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1.4.2 sUuuunsUseiiiuaudes (Risk Assessment Pro-Forma)
aaAnIAsiinsmsugUiuUde 9 Mannsaldiiensduiindamaunuainnisussdulaenaly
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1)
2)
3)
4)
5)
6)
7)
8)
9)

AaNITUVR9U (Work Activity)

Sunsefionavziintiu (Hazards)

mmmimw}uﬁﬁagj (Control in place)

yanamilenaides (Personnel at risk)

asfuneznoliAnsunse (rrudulldlunmsifinsunseduinnieaiiod)
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1.5 Usmsdnn1saaun by [ 9,41
N15UT2LHUANLERRENTUTZENSAIN AIFALANTUAIULNLNIAITY TABNTZUIUNITUINITIANIS
Aan Ml Asanslugui 1

Risk Assessment l

Risk Identification

v

< - » Risk Analysis )

v

Risk Evaluation

S
®
.i Risk Control *
g Risk Reduction
- - *
g Risk Acceptance *

Risk Review #

< - Review Events

g‘dﬁ 1 Quality Risk Management Model [ 9]
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1.5.1

A5UsEIUANLLESY Risk Assessment:

msUszfiuaudes (Risk Assessment) mneis Mslnsisiiarsanddenta wasau
quummmé’umwaﬁﬁ‘ffﬂaaaﬂmﬂé’ Fansimzinasnsussdiunnuiianaindiausaiinled
Tunsanduau Feiuisanudsan szuU wsenandunaadunisinseiuvesninudss
Jumsdeadniies vie anudesiiveniuld anudesge videmnudssionsulild ns
Usvidiumnudesd Li“]umi@i’ﬂL‘Dumﬂmsuﬁaamﬁ’ammilﬁmﬁumzmumsﬁwLﬁumu uag
A1599IUTDILADeile Lﬁaaﬂé’m‘flwﬁauvaiumioﬁ’ﬁLﬁmmmuqummL?%mmiilsuﬁumm
GIRN

1.5.2
1)

1.5.4
1)
2)

1.5.5
1.5.6
1)
2)
3)
4)
1.5.7
1)
2)
3)
1.5.8

miisqmmﬁm (Risk Identification)

mﬂsﬁﬁﬁagaﬁﬁagadwﬂuisuu (A systematic use of information)
FafianansainanuRaundléderlsthe (“What can go wrong?” )

MsAsIziaudes (Risk Analysis)

farsanlenia (Aruuiazdu) fezifinauiaunf  (Seeking  the  likelihood
(probability) that it might go wrong)

naanauAnUnfty enaduerlslithe (mudeus) (What are the possible
consequences (severity) ?)

mmmmiﬂuﬂwmmﬁummL?{I&Nawgﬂﬁ’lmnué’w (Delectability of risk may also
be included)

nsUseiiumAu@es (Risk Evaluation)

Wisuieuiunawinsusadufismun (Compares against given risk criteria)
Avualenia LLazmmguLLiwmmmL?%EN (Assign the probability and severity of a
risk)

mﬂ%’ﬁy’mswauﬂmﬁq@mmw nIOLUSNIL  (Qualitative or quantitative process
might be used)

mﬁmmumwmﬁ'm (Risk Control):

nsanAIdes  (Risk Reduction):

AAAUTULTY  (Mitigate the severity)

anmsiinvassunseiiy (Reduce probability of harm)
iunEnsalun1snTI9dusuns1e  (Increase detectability of hazards)
msnsanaey WldneliAnanandsdlng (Check have not introduced new risks)
nseeusuAILdss (Risk Acceptance)

onaldanunsnanmudeddditoma (Might not entirely eliminate risk)
éf@ﬁu%aau%“umm?imﬁmﬁaaej (Decision to accept remaining risk)
Asandunsalll  (Case - by - case basis)

nsdeansaades (Risk Communication) :

nsuaniUasudeyaifgiiuanudeaaznisinanissenigiisnunadndulanasiay a1
WAnduldluynagtuneunisaniunis Wunsnsluvess Suiiniduenansndngiuynass
diefin1sdeansegrantumienis

1.5.9

ASNUNIUAULELS (Risk Review)

NSNUNIUMAN TR
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1) anuiuavdsvaunisallvig

2) MslUlEluAINTTUA LAY LaguDNLHY
3) andlunaduszess

4) FSAMUIINATNSERLSUALEES

1.6 in3esiloudmsninundess (Risk Management Tools) [ 5, 9, 13, 18 1 léuA
1) Checklist
2) Failure Mode and Effects Analysis (FMEA)
3) Failure Mode Effects and Criticality Analysis (FMCEA)
4) Fault Tree Analysis (FTA)
5) Hazard Operability Analysis (HAZOP)
6) Hazard Analysis and Critical Control Points (HACCP)
7) What If Analysis
8) Risk Ranking and Filtering
9) Preliminary Hazard Analysis (PHA)
10) Supporting Statistical Tools
11) Questionnaires
12) Ishikawa Diagram
13) 5'1,46'1
feghaisnisiesedieluldlunsdnnisaaudes wu [ 5]
1.6.1 75 Checklist
Huazildlunistussunselagnisiwuunsalulflunisasiaaeunisaduanululsany
\iofumsunse Ll:uumawi“ﬂaué’wﬁﬁaﬁwmmﬁL?’im%’mﬁ’m’mﬁ%ﬁmm@iw6‘] \iensa9aeui
imﬂgummmmmﬁmmﬁaaﬂLLUU 119551UNSUHURMUUSaN MU HAIINNIIATITE UL
¥msTUssunsIetuneunsAnE 1151ek waznumunissdunululsinuiiedussunsiodne
35 Checklist TRl
1.6.1.1 fuuarivedediazasivaeuanudasnislunsaidunululsay
1.6.12 $1918azi3onvesiesiiazdesnsradeu tnsfiansadetunaunisufoa
TN UAIUDITIBUTBLALANNUaDAN WazHInTFIUAUUADAY
1.6.1.3 thswavBoalute 1.6.1.2  udpsiuuuasmadielddmiunisasisgouning
Uaoast
1.6.1.4 ATRABUAIIGNABINALAYIIALYSITBILUUATIY BnadalnefAidussaunisal
dieliAneusulriuuuanatiunseurquUssiull gmarnaeafefifuoe
1.6.1.5 Wnvussiageululdnsiageuanulasanslunisaduanululseuy
1.6.1.6 YIHANSNTIIADULTU SRS LitemLualtuvesdunsefionaintuainitud
37U LA30sTns nSeile gunsal wazfianssusingg
1.6.1.7 Yinan53Usduns1wanUseifiunnudes edngfuannudessunsiofiens
AatuaslunuunistussunsenaznsUsyiiunnudes
1.6.1.8 $A9UNUIILUIMITTANISAMUEBI LS ERUALLEs iU Ul adlukuy
WU
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1.6.2 3% Failure Mode and Effects Analysis (FMEA)
Jumalian1suadusselunisieszilugieuuanuaumaiwazaainedy  Jadunis
ATIvERUTUAIATITNTRUNTlluLAL dIUYRITEUULAINILTIAT I INATIIEL AT 1D
AnAudumavanAsesdnsgunIal  anansaussendldlanulaiesiiauazdsguigainy
aza2nA19Y ware1aldlun1sIATIERNITANEUNITNER LAaTNATDINITANTUNITHARNGD
HanSuIIToTUNIUNNTATUA

g = a L3 o a 6 :s' Q’fl [ 19 14
TURBUANTANYT AT kagnumunsaniuvnululsauiatusunsieie FMEA 14

1) dawdoudeya tonansuazunudaiiofinwiiingizd FMEA  deyanietenansiililu
3R AaseiifiotsdSunsnede FMEA
2) Andonnguynmsfne FMEA sdesusznauseyaansiduszaunisal
wwamnslunsvin FMEA sl
1) Wenfemfiernuavesannisin  FMEA Taedasienisvesdesineg lulssnuegraduy
580U Fari seuu mnefsdudszneumuareneiesinsgunanl vie uarduusznay
B Mbudatuayy wu udeudalwih dindeidu Busu Kildesrseunqumiini
NSYINITURE ALY TR
2) eSunETEazBavesTudIuMEnTessEuUAneg Tulssuiien1sinszidenieidectu
nanesruy egalsfinugunInindneaudazsruuinagyinudumanionin fu
drugonq FsnguiAnuiitaszsimada FMEA aunsnthaudumanvestudaugenly
sl lumsnnedldiiifidomnaeglungusie
3) uruTteya daszneuluse
a) iwaz@smaa%udauqﬂmai WATSTUUATUAYY
b) JUkuUATwELImMTEenlIT e vsesmLEva)
O HaNsENUTIANIINANLELIVAIVEITTUUTIM LagTeuutet
d) 3BMINTI9IN LAEMIATIEIMANMFVIANLAUYIAT
e) sTuumMIhnunaLulasui iR
nsmunutuiinteys Suandifiuimannudumainesduduiifdessuy anudumed
fanundaduanvgliszuuldaunsoianuldduigldsunsfarsunomn taglifinng
Szl asTanuTULITsHAN ST ULz LT uTR Mg N Saftue LedpsdnsgUnsald
Ie5uanudemeenaaziduranamnudumaiuisesswesszu vatuayudls Wy anned
nszualwihandunau deiuidefunhdvesfiemeilunsiisduideadiuluns
tufindoya Weszyisaudumariifinadensianuluudasszuu vielifeduisdnwus
ypanansznuanANLdvadlukivesluiezneuliiAinanugydodenananuioe
el
menuiidesiaifiouanssanisinvagiufinfoyaadusuumsivssunseuasdssduaiudes
feil
1) 51865L%J”amms‘??uﬁaum‘%'aﬁmQUﬂﬁﬂiLLamzwaﬂfuayu
2) ANUAUMIVTEAIUALMIENTBAIUUNNTBY
3) AVNVIAILAUMAWETEAIALENTOAULNNT O
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0) wadiinnenuduvavionudemevionuunnes resdudiiaiesingunsal
wazsTUUATUAYY
5) wmsn15Ueeiu AIUAN wazuly
YnanistUssunsanUseifiunnudss edndduaudssdunsiofietainiy adluwuy
MM5TUTUATIBNATUTEEILANULESY SAVULALUUINTIANSAAED LTI UAL
Usztiiulnasluluuauay

1.6.3 3% Fault Tree Analysis (FTA)

Jumedanstvssunmeiiduiigifiog viegtRsehousiiiniy wioaaiasfntudie

ihlulengimannauesnsiiomg  Wumaialunisdndeunduiiendendnnismig

pssninelunslivdnmsuasivena  iedinssimanivgvesmaingtimavieguase

Hreuse TnedudienginnmaingtRmeriegifssheussiifeturioniainasifniu e

finrsanmnsaivanifetudey  udahuiwanuasduneuniainmenisaiiianain

wnnseigesarlslétng uanmmnsaidesatuiatuldesndls nshuganisiieseidle

wuhaumsueansinivnnisaldesidunaliesninanuunnsesveaniesdnsgunsal  vde

arufianainanmsufifnu Biduialdievssdumiumnuesaufanann Tagldiie

duaudodessou vemaidoauy

Funoumsfine Jased mummunsiuiuelulssouiietvadunsededs Fault Tree

Anawgsiﬁﬂﬁﬁaﬁﬁﬁ

1) iRnsandensiaeannnisaiuan (Top  Event) fifinduvieraiintuld deasdemna
nsgnuvi g URduSIeuTINLN

2) AwTeimanmnvenisiiamnnisaikinininlaanmenisalgey (Fault Tree Event or
Intermediate Event) azlslauns

3) Annpdimannguesvgnisaisesaitudnaunisiasgiiavnasdugadonudn
ULl wan1saigesiintudunaninainanuunwiesesaiesinsgunsni
\esile sruuANIUADAtY AuRaNaInvesURTRNY LarviesruunTUIMIians
fedanartidaitunanisaifiietuldlasun (Basic Event)

0) wanskanIsANY WAT1ed uaznumuiodussunselusUunugilnglfiedomne Tu
P399 1

5) agUnansdne Jesed wasnumuntsiudueiulssnuiieivsunseg warUssdi
Arudssadlunuumstisdunmouasnsussdiuniudes

6) daviununuuimsinnisanudssnuszdunnandssivssdiuldaduluuusuny
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ms1ait 1 dydnwalildlunsieszsinisivssunse
Fyanwal o AUNLE
D AND Gate wnnssiasAntuldidosnauvmraisaig
ANVAVALAI
Q Or Gate wan1ssigiAaduldidesainanvglag Anui
GANGIE Andy
Basic Event wansaigosfiAntuldnuund dmsuieaingd
O wiulatnaulaglidsewinnisimssiianngsely
foduamgusnvaanisiingUhde
Fault Tree Event wnn1saigosfidenaliAnmanisaldeidosaudu
winlunisiing Ry
Undeveloped Event | innnsalgesiiliifiosinnisiinsevimanvssisld
<> esnnlifideyaaiiuayy
D External Event wgnssineusnviedadumeueniiiuaimniivi
TyAnmAN5alAneY

1.6.4 75 Hazard Operability Analysis (HAZOP)

Jumadansfinu Jesed uasmumuiotussunneuasdumiymiioafiatuanns
sdunlulssnu lnsnsiesgimsunneuasdaymuessuusineg deerainainalyl
anysallumsoonuuuilistulpgldldiale dFonsfesmoniiausfaounisaivesnisndnly
Ameene o Taensld HAZOP Guide Words Tumsnefi 2 anUszneuduiadenisudnd
gonuuuld MIeANUUANTBIMAZANURAUNAIUNTYINIY WU §nsInsiva gl Audy
Budu iilethunustsunseviedumdgmlunssuiunisudedsenailfifng iRimmude
RS eusatuls
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M99 2 HAZOP Guide Word

HAZOP Guide Word AMUUNNIBITERAUNRATUN1TYINU (Operating Deviation)

W - laifinslua (No Flow)
1 v .
- lnagaundu (Reverse Flow)
(None) Lo jaaa )
- liiAnUA3e1 (No Reaction)

~ Snsimsinauiiudiu (increase Flow)

11NN ~ Arsuiindu (ncreased Pressure)

(More) - QmﬂQﬁLﬂ'wﬁu (Increase Temperature)
—5@13’1ﬂ’1'§l,ﬁﬂﬂﬁﬁ%&nlﬂwﬁu (Increase Reaction Rate)

- 9n31N15kaanas (Reduced Flow)

oA - ANUAUAAAY (Reduced Pressure)

(Less) - gungianas (Reduced Temperature)
-anINMsNAU)NseIanas (Reduced Reaction Rate)

- mswasunlasdiunauvesingiu (Change of Ratio of Material
Present)

- mn‘dﬁau%@qau (Different Material Present)

- annglssnufiuansnsainnisufiAedaund (Different  Plant
Conditions from Normal Operation)

- mMsiuA3esdng (Start up)
Hadudug MAuates - MIMgALATRLENT (Shutdown)

(Past of, as well as - M3Uanealsiall AuaY “1av (Relief)

Other) - msldindesile (Instrumentation)

- MSIAUMIBE (Sampling)
- mmmwéawaqiwuﬁ’] syuuln Judu (Utility Failure)
- N137ANIBY (Corrosion)
- M3¥eNU13e (Maintenance)
- M3AALYIE (Erosion)
- In#hade (Grounding / Static)

JUADUNITANET IATIZI WAZAISNUNIUNITANTUINUTIUTTINULNBTUDUATI8A287T

v
a va v A

HAZOP TujUasadl
1) wugthaudnvenguyana wiouUseiRod1ans1 veusazau
2) fUTEAaINIUeINgulauedIsnIslunsin HAZOP  ielvaun@nlungunieuiay

N1SANYY AT wagnunIunsaiiunislulseany

3) duauelingunsnimuauivesmsiaiviengdunseviadeundu elvinseminds
amnuufiviazdunsevesasinatiu

a) andnlunduiesiusdunmeidowiulunssuiunsndnnouiiearldmugnlsasduas
13711 HAZOP uagtilugnisufuilunuimiasendiu

5) MMUAYEULIAUBINTTYIN HAZOP
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6) NMSAUAITIALTNIU NFUAITAUAITIALTIUALYAR9T LieAnwrlmdnlanseuIunis

YIN9U

7) davszyungugesneldveutneuiimuslunisi HAZOP

8) asufeyanmuadildainnisine Ansest uazmumunssnfundlulasnuresnduas
TunuumsTUs U s MsUssiiuaadss

9) thuansausdunsIsanUsefiunnudes ednadunnuidssdunsiefionainiualy
LUUNTTU IS URs1OLaENNSUTEEIUANL D

10) FAvhuaLIUUSMSIANTISAUEB L sERUALEssTIUsTEUl ARl Ul U LY

1.6.5 3% Hazard Analysis and Critical Control Points (HACCP)
Wudsianunsaldiieuadinas 3an15Au A g 9@l ud uasien1edmun1e NI LAl

=
LASYINTIN

1.6.5.1 M3UATILROUATIY (hazard analysis)

1)

2)

Andndesdlun1siinseidunseiiiossiiuindunseiiinansznuienin
Uasnsevasiuslan \Rertouarilonaintulusswinisdeniels Tneses
firsundunsennviafiorafintuluanienisndntu 9 waemindduase
At I;:J:mamf\m’faqﬁmmmimmmﬂmﬁuﬁumwﬁu domndunsemdri
ofintulfnanizundeunsuaniasantadeaieuen T vTnunsuas
91713 MIIMNUNENAIDIMS wazn1sguandndueiemsneudddiiugnan
SnvanuaTenusInemans Useinsduthedtiluveswiinay wasdoya
Usznoudulduansiiiiuinsunmesnanilenmainiulundndusimalifing
AUANTIIE L

Andaresduiintayalunisaniidun1sinseidunsie swﬁ%mmmamuqu
Hosiuduneimantiy

1.6.5.2 TUnSMNNI5HASIZIoUR8TUTD 1.6.5.1 91981 TARNALEAIINDURSI8NLNITD

ﬁ’ummﬂaamﬁﬂuqmawwﬂiimmmiﬁiamalﬁmsﬁu ANARAZADITAYIIUNLITY
HACCP WHuaednuwaldnys Timung auﬁ’uamavmswamﬁammuﬂmﬁu
aumwuu 9 LLa"’UQ‘UGIGH&JLLN‘LM?JGW]']QJUE]EJNZJ‘LJS‘“EWISJY]W WAL HACCP
FoadnrinTulamzdmiuusaseiinuomaEniag  uazanuiinae mmammmsa
FNGUANTHARGAs NI oUTTLANNISHEA LA mﬂammmmaumwm
LﬂEJ’JGUE]ﬂﬁ?iWNﬂ’l\'ﬁﬂ’JUﬂlJWiﬂLLﬂ PINGA VBULYHINGA FuneunsATIRANAY
mssiunsudludeianisfoauy waznisasianiuasy wileuiy

1.6.5.3 51885188AT04HNUU HACCP fainsaunquagtaeitanisaluil

1)

2)

seySunseiitlemaiatunassosaiuay muitiesedldands 1.6.5.1 iy
Famsranfedunsionisdinin wad uaznoam

5¥UAINaA (critical control point) &15UN1SAIUANKARZEUATIEY TABaIUT
1% CODEX Decision Tree Haglunsfiansan vioismsduinzay wagmnlsl
ansomuan an vde manduameiiflenafetuiuldlunssuinniude
Ananfesiulasunsruiunsudnvionmsmuauauain  iauisnaiuny
SunseiulfeglussiuitlineliAananssudeguninvesuilon
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3) Amuaveulsanga (critical limit) AidesnmuaNdmiuusazgaingn Teyaild
fmuaveulaingretannenanIdefiundefeviengssdevunigiuves
Useine 113l veuleingadeaiinisnsiatiudu (validation) AnsimenzauveInis
AR

0) fvuntuneuiins wegauilunisaTaafiaey (monitoring) winzaAIngm
oramnzauiielinusiulainnismunudseglureuuningadifmunusmunns

MTIAAAINGINAIRDIIA L SURRvoUA L HUN TLar U TR 19atlaue

HSURAYRUAMITHAMNIUAUSTaUNSAlTVIN T A

5)  AMNUANISAMAUNISHALY (corrective action)

a)

b)

dosrmuaiduunuliegnsdaau el ftansuluiuiiinasdesduiunis
ogslaidleinmsidoauuaniidvunlilureuwsingn Tnenisasounaui
nsufladymlindudgannzniswdndigndes  msuflafianwe  wazans
fulunmsfusunandsinldsunansevy

wAnSusiionaldTunansEnuanunazdosldsunsdnuenaananudn s

[
4 =

UnA  LHaRTIaMIUABUANNUARANY  TIUABINNISNUNIU  (review) A1S
dunsenbuieanuulalulssansankasiiang  F9n1suiludaaiudin
Wuanednuaisnus

1.6.5.4 Anuan1InTIanIuaay (Verification) WaEANUD WNORTIEBUINTEUU HACCP

Ao o a = = Y o A o & = °
MpvidanumangauaziismeiagauausuneNfeItosTINiainisily
UfUReg1eliusednsam

1) NSATIRNIUERY fosrsaunguianssuseluiliduegtes

a)

b)

N
—

4

2) o
q

N1SNUNIUNTIATIENSUATIEUALATULNZANVBANUIIY HACCP e
arianpagstionTazeds wasnnadaifiniaudsundadle 9 forafinanseny
somaiindunss madsuudaslag o1asuds FgAunieunasuesingiu
gns wanduel WA sruunmihdsdua Inguszasanislindngdue
vonguvesiuilan  nsnumudesiudunisiaeyrainsiifinimg e
dleludunsefiierdostundnimiuazszuy HACCP  wazdeaiinng
USulasuunuany  HACCP  viufifinanisuseifiunansinunuauilldelsl
ansamuANsunela

nsmsImuaeuLUUsialiles dldud msvumudedouieuvesgndn a3
Uiuiflsugunsniaziadesilofiltlunsnsafinnugeings  wagnninsa
BATILINEA TN

msnumuliudin (record review) Tafansasansileteuas Tufivesinumiu
Tnetufinvasnisnsaseludfidomuniu

NAMLADIAWRUNITLA U TUAUT MINNANITATIINIUADUT A UNULDUNNI DT
Nudawily

1.6.5.5 szuunsiaLiviuiinuazionans
= v & o = o A Yy o v =% Ay o &
1) fszuumsdaiuduiinuagienansiiendesiu HACCP lagduiiniinesdaiu
laun wan1snsafenINgaings nsatliunisudludieiinnisideauy wazka
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MIRTIIMIUERUSNSY TIFNanIsUSuiBuIeSeile Tuduveaenasteyai
Fosdmufiu 1éuA wwusu HACCP uasteyaaduayunsinermaniay 9
2) wunesnutuiinnissainnugaingn msaseuagy fil
a) o uazanuiidavesudn
b) FufluazafingIinn
0 anwiletevesgiuiunisnsrafany
d) s¥ysuvisesiandnsie
e) foyaduq MAvatoaiunisnan

1.6.6 3% What If Analysis
Junszuaumslunisdne 1esed waznumuiietussunsislunsaniiuausie lu
Tssugeannnssslaenissamniy “anfneylstu. 1. What 1) wazmmeulufa
wanuiletussunefiorafntulunssiiuenlulsany
Funounsinu Tnszi waznumumssiuaululssnuiietidunseseds What If

Analysis 1ﬁﬂﬁﬁaﬁdﬁ

1)

2)

3)
4)

5)

6)

uhsRanguyanaLiiavinsine Aiased uagnunaunissndunululsaudedvs
dunsimegULuUAmaIL (What If )

fsrupraULLATRSN1ANYY AT uasnumawiietvsdunsis Tnsnsounquiislunsd
Aowadlue! szidn ansedvFoingdunsiesilva

ssyreuRIVAsTIiaduaTe wariuifildsunansny sauieliildsunanseny
Youlwavaraiilndunselunszuiunisudneay

a) aseiviseingdunsiey

b) ieFesdnsgunsal

Q) MUIEYBINTEUIUNITHER

d) ‘ﬁuﬁmiﬂﬁﬁ'ﬁmu

e) szuuamssyulan

f) wuvulnames

wisudeyaswandenluiitone Ssundnnguasdomunimenansiiugiuiid @i

]
(%

Tsﬂuﬂﬂi(??qﬁwmw?fqfﬁ’mumamagﬁw‘%amﬂmamLﬂ?ﬂlaummmnmmﬁmamﬂa Maly

nsdifiinsdniunulnd Aeund waziamganduiu ustinsdfiinnudeuuwas

N3EUIUNIHENLUAINNITHEAUN ﬁmﬁwmjmzéfaqL%”]ﬁﬂiﬁ%ﬁuﬁmiﬁwmuﬁé’umwEJ

dieflpidrlaaninily uargunsaifiRendosluiiufiads ileussavsamlunisusady

RGN

favharnulidussuuuaznumudaiuingg lnsaundnlungu dmuguiuunisi

fanslvinsanluuszdiusneg il

a) AwdumaveassesinsgUnsal

b) anmnnszuIUMIHARTIRAUNAIdes gl Awiu Wiomnudumavesnision
TogAvdnszuiunsndna 1usiu

0 Arwdumaveassesile laiesin

d) eudumaivesszuuassylaaiiiisides
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7)

8)

ANURANAINIINATYINUVBIAUIY

nsvheulsidulumudunou serisanmnisinuund mafuaiesing viens
vigLATeains

gtRmmiiAedesiunstentieinm

gAmnluInuanuinihulifedes wu flufluds nansgvuaInInenve
gURmMAsEHInanIsuuEs Wuduy

APURUMAILAETIN LYY AIUAUNAIVDRUNTAUNA TR YTDAIUAULNAIVDY
gUNT0lAN FAAUAPLRANGINIINNTTINUTBIAUNIY

mssafamagdeaduszuu TaBunngaisuduresduneuusnlunssuiuniawdn v
fetumeundngarig mssamadaunsaussandldtuanimnszuaumanandilaiunils
AnduNsANYY TATIEN LLazmmuLﬁa%ﬂaé’umwﬁwmﬂﬁﬂmi%ﬂaé’umwiugﬂLLUU
f101u What I Tassauandiniusieg Whdefudumnangmudduiunaunisude
TnevadeusazaedinlunuunistussunssuasmsUssdiumudsanzssnauds

a)
b)
@)
d)

A4 What If
SunTIVEENATIAAT UM LA
AN OaANANTENUTBISUATE
UYolaUBLUY

9) TUNISNUNMIUILBUAUAEANDIY What If weagA1n1y tngRa1sateeunsIe Nanagine

AN LAZUINTNNSAANANTENUTLNEITBINUAIMNWAAZ AN SIUVITDLEUkUETUNNS

Uaatiudunse lnemiihnguiinihadanisiumonuvesusaznguaauliuduasaieu

Founeunazsumaudely FanguazdeteeusuAnoutasdaiasansie duiioully
Uszilluanundeialy
10) agudeyanliannnmsfnen A1 kasnumUNSAEILUT YU URT 180N NRT

TuluUNSTUIDUNT 1AL NITUSEIUAIULEE

11) YINan15TUIUAS189UNUTLIUANULELS LANDIAGIAUAINULE 99 UATI87ID1NAT LAY

LUUNNSTUIDURTI8WALNITUSELIUAMULEES

12) AAVLA U UUSINSIANISANULESIANNTEAUANUESNU T U LA A LU UU LKW1

1.6.7 FNugruntlelunisusnnsdanisanudss (Basis Risk Management Facilitation
Methods)

[

WiuguNtelunITUTMIIANITANES LYY

A5 Flowcharts

AN591 Check Sheets

N15%11 Process Mapping

n15911 Cause and Effect Diagram (#3® (shikawa Diagram #3® Fish Bone Diagram)

N15%1 Brainstorming

N15%11 Causal Explanation/Investigation
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1.6.8 75 Preliminary Hazard Analysis (PHA)

& ada % Yy 1 a A v o a ¢ Aa 1A a s2
Jwisnanunsalduseleonilaiduegned Wedawihmyinsgissuuiidey vsensiaTenis
a A [y I o v v addycs ::l' A aa % a a =
Fandsadunsiolduaiduiug  wliduesewlenivuldluninuvasadefsssuuvtinnis
\nsesavtniluingaunazlaiiasieiounsieuesseuulutisssuzuuifn (Concept Phase)
WAzIzeEeanLUU (Design Phase) Lila¥usdunsneie1ad uaziausiinsnisdesiuniuny a
Teurhdumanainsgsianudes

1.6.9 nskin3eslonsadn
msldipdesdioneadn wu
- Control Charts
- Design of Experiment (DOE)
- Pareto Charts

- Histograms

1.7 Us£leauvaan1susmsanuLaed

nMsuImsadssglviesdnsamsoussqimngluvus languassaviedsdiliaianisi
p1Antusludunatilsuagnsuftiey Jestuanudemesdenineinsveesding uas
a¥anuiulalunmsrenusaynmsUfiRnungsedeu msuinisanudesdaiusglovinane
Usgmseail

D.

ANADAARBANTUIENIIANE BT UlS (Risk Appetite) LagNRENEVBIBIANT: ANULEES

D

gonsuld Ao muliuusulassiuiiesdnseeuiuldlasindiigsiaussardmane anuides
sonsuldIutiadeiddlumsuszliumadonlunisiiiunagns msumsanuidosiels
fuimsfinsanaudesiivonsuldiiaenndesiunagnivesesdns
AuduiussEiamnAule Avmdes uay nanouwNLgsAY: MuInsendssatuayuly
osdnsanIaUstvinsal Yssduarndsuaranisarudediaenadostuingussasdsiu
NSAULALAEHANBULNUYBITIND

nsdanisanudes  desannsuimanrindes aseuaqunnsiianuadiiatu el
Fuduredosiinameddiiduaudens Jesliiuimsannsausduasldusslovian
winnsadldauintiegesinsuasivszansnm
msanmnugaydeuardsilimaniminnisduiuns: msvimsmadssieliesdnsmsymin
fanmnisaifiorafietulumadens Yssduaindes waedmunisdans dnuiadunisan
dsfildmaniauaznnsgayideresina

nsudmsaudsaiaieesdng: esdnsynuisUssautuaudssnnunedeinadeniasay
uarnsURTRLAN nsudmseudsstheiliiduiaudedicudenlsstu duduns
Fansenudssiomnienisusanudedunmenmedesdng

nsadalona: msfimsanvnnisaiimeiionaintutessdnslnglidriaanizanuded
Buarudenie Gaelifuinisauisovsd warldusslosiannmanisailudeuanlfd
UsyAvEnImannty
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2. anudduasiinvestiymitinnsise
\losanuuinerdemaluladnszaeundisuyilduniseysiReuussinaniioatuayunisaiis
TSI UAULUURAREITIINgUINYIR muansgIe PIC/S  GMP Taglasuminusiudieainaudiug
Amnssukagimalulag¥inimuisnd (ay.) ddnnuiauningimaniuazinaluladuieyif
() Fsludagiuldfinisdidufanssunsnanluudivien weedivisduidslunegsswi
nssuiunsinsensias lurusRefudodinsdarissuuauamlimdulumulseniansensis
15150488 30ensiinunsgazdeaifsafundninueitayisnislunisuaneusudag i s
nnuangindhee wa. 2554 Tuniglulssnusuuusdadiirguiend msgnsissuuuseiu
AR azLunisifinanudesiuliungiuuinns wasdiunansenu Magsiulaldinnunmues
wanfausioildanlssnuiinuniifiviuientu Taslssoudusuundnedr inquissnid Wuuss
winuagwisAedluussimalvefidunthsnuyesdy wasiinguszasdlunisiiagtioduaiy
gramnssunInanelulssimaiiodaaiumnuiunmisel (Drug Security) voswsemaAlaonis
1#u3n195A1u Contract Research Organization (CRO), Contract Manufacturlng Organization
(CMO), nsfineusy (Training)  IWAumhenuisaeSsLazoNTY FasunsRAIMINTZULNTS
AR T TmgEINIRTEIL GMP euszuy PIC/S  Aduinasgiuannadl asdunisiaunssuy
FUKUUAUNIEUIUNSNERe T Ing Wiiuanavnssunsyuiunisnane lulsema dudunisimun
TnssaiaituguddinseduliAngramnssuedaagliAntululssimanazsosiunsidian
vosszenauondoulud 2557 flasiel

othdlsimalunisdnrszuuUssfununmiduluusaresdnifesinhs vuuseAuamnniidunuy
wizrewnhseuiug osanludengunedidaiuldllind1nddislunsdaiissuuusy iy
A Uszneudunsiidiinnuanznssunsemsuazen (ee) iauszdlduszniansznsag
1515008 FoemsimunsisazBoaifisafundninueiuazisnislunisuaneunudag iy anm
ngueidaee w.e.2554 (aerudninmst GMP e PIC/S wld) Ssusznimatiuifanudusn
1NNIUTENANTENTIEEITUGUS DINsAmURTIBazBemiEIiudnInaAsiLay B nslunsHEn
eunutlgtumungraneindiee wa. 2506 SeuffiRodlugnamnssuenasdosinuiliiia
anudlafidaauinndelunarannsniiluufoRnuatedegndedldfinmstmualifuenans
ogsAsUiUasinmTIRneuegniUsE B LA Asdhdnydeslensyviinogianoinnisums
fanaieafuszuuauamiisudunisadunuamreseilvifiaudasafouasiaumanzay
dwfuaasanuislunisinwiuninninisujoanudediduresnguming daaziiuldinlunis
ﬂﬁﬂ’ﬁmu‘tﬁaamé’aqﬁu PIC/S GMP thuflseaziBensiuuaneiatonnn edmndnnsdszendld
mimmimmLammuﬂmmwmnmmaiumiﬂiuLmuﬂmmaawmi LUUANNINITYIELANT
vaufivssAviamm anduneunsiien anUSinunuiidesh mufaunsdieaniulszan
N

Fetumalssnudunuundnia inquienddslddnrhamenunsinsgiauidssiuamnmd
orafiannmivszneviianislulssnuduuuy  Tagdesimsfing  Aees wagnumiunis
Fufunufietusdunme  Ussliuenudess  wasdavununumsdansanudesiu - fdl
nszuIuMIUIsanudsadunszuiunsfildlunisssy Jnsed Ussiiu uazdaseiuauidod
finansenudan1sUIIangUIraIdvUesnTEUIUNI T MIBY 130989096nT SIS
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UIms/danisanudes lasiuuauuamenisaiuauiiiedesiunioananudedieglussdud
sausuld Ganspurunmsdandniasduiald desdinsdearslinuluosdnsléfiarug arudlaly
Fosmsuimsanuidsslufieniaieddu nasnauaisinisdavissuvansauma Weldlunis
Anszispduaudes Slumideatudaznanfimsssiiuenudesiunmni §il

2.1 113M3795U509N15AARY (Installation Qualification) Ua¥N15ATIVIUIBINNTHNY
(Operational Qualification) %@ﬂﬁgﬂﬂﬁﬂjmimam (Process Equipment)
iosnedundndasitldlumsthdauas fnvlsn Safufudsdifetostuiiouaraunin Faly
wanSariedesinunn danuvasafeuaziiuszdvsnmiesainanenn 9 wie graneides
asednuapviornudoanmsluaun minadlfAndufueuserslaiingn Fuulsfosdnumisly
MsUfURdmTuNMIHanTeRienfudvdninusiisnnsiflunisudnen(Good  Manufacturing
Practice, GMP) asmliﬁmmﬁaﬁmé’ﬂmmeﬁﬁagj Lwﬁ,amammﬂm‘wmmﬁﬁﬂﬁlﬁmmaﬁia@mmwmmm
findndu q Assnsdiogld uazueadilianusonsaaounionaaougmnnanudniusifindnas
wilfedensuiu  fewainamdnemnduneudeslsiunismuauiuedieiifioleniinge
sonutuiinaunmanuiidwualy defnwneandeses “nstmuaseazdenieatundninas
warIsnslumsndneundagiu aunguaneinshes wa 25547 Uszneulusedeimuasegi
AIUALEAAVINTTHEIRILAIT 90 AN TANTUT Sruuatiuayy yaans queutsle nTsuIuNTIHAN
NITUILUNIAIUANATININ NNIATIDABUALLDY TEUULBNANT TYUUUTEAURAMAM WaziidRaydesd]
N13M9I93UTILALNINTIABUANUYNFADS (Qualification and Validation) [ 3 ] Inenann1sves
N1399395UTBUATN1IATINERUANLYNARIEMTUNSHARNEN U9l Fle  HEndeesEydnng
mmaaummgmﬁaﬂmﬁaﬁ’wLﬂwiamiﬁqaﬁmimmumgLﬁuﬁwﬁ@maaﬂWiﬁwLﬁumsﬁ?u AOVIINTT
ayvasUmNgndoaliefinsiasundasiifiduddnlumsndn wiedle wavnszuIuns Geenedl
wansznuienuANYemania  AslduimenisUssiiuanudssnfiansanvoulunveenis
ATedeUANLgNFBIIaz el UsEneunuaz Ui TR MU lugnamn ssueAam i ladaiay
sinnfunaglfifuiamdunsufoR dwsudkdneunutiigtu viadudiedmiunmmalsaiu
Yosheuiiieaies wagdnmgraniaiidesdiiunisii Qualification wag Validation Ao (309
yeansUsziuaunm wieliissiulalditnaennszuiumssansaunsandnelagndes fnam
ashiavelunsndn iadosileinieadnsfilidensdussansammsvhnuegaflsamsiuazgniesuas
FWharwiolfunassusaenuarunsodluldould ddunsduiunisi Qualification  waz
Validation e1anuglimienuliunnsstuthauslaegassmnefiiedunsassasuiiiofigagi

(%
&Y

iwdesdnsudenszuiunsegnamisannsvhauldnsanugaszasaiiosfudeld  msazduns
AyvaeuANLgndesealUUszgndldfugunsainnsndn (Process Equipment) vieili3endn
Equipment Qualification Lagn3zuIUNIIHEs (Process) wel3unin  Process Validation %38
o1mlldfuman  Utilities, Facilities uazdsiiAsadosiuyaansdanisuseifiuanudowiny
ANATMYBINIATITUTMAzMINTIRADUALgndadlulssnudddl

2.2 UFUNMIATIIFUTBITPUUANUAYY (System Qualification)

szuushe qilFlumsmuauanmnedesiifnansenusendyfuriduasdomsaouanaifuay
arugndadunsinuegidulses  lasawgluduneuiniiaiarsdoninisnsaaeudidly
Tssrufinisnmaaeuanugniesuesss Uty ssuuth (Water Qualification), svuUBINIASALY
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(Compressed  Dry Air  Qualification), S¥uumIuiau ANNLdukazsyuIgeIna (HVAC
Qualification), s2UUMBIEz019 (Cleanroom Qualification)
2.2.1 UMUNINTIISUTBITEULatiuayu (System Qualification)
dwiu System Qualification Lﬂuﬂ'mma'ﬁUiaaausiauvmaﬁwuuauuauu Felunsngia
Susesunedasiletiudosiimsasuifisuiriesiienaiade
2.2.2 mstpsinwuazasuiisugunsalinvseaunsalsenau

in3estietaililunsruiunisndnvedlssuiaziinssuaunislunismsaasuuazasuiiioy
\nesileinlitianugndesmuveuting anuasardeufivonsulduar muald el ildnnsgiu
rouhluldau uddeindesilogninluldsuszesuils ergvesdinuszneuuaziedosdietailday
onfimaasuidas fnnuivdsunlanennurainedeutemanms IafAntull o1adinns
Drift w3en saseiiou nuneds N1swlsiuegndng munavednvuswnaTIneveuadedle
19 é’mﬁaammﬂamauLLMﬁ@MNﬂ EATELBIEE 11/\117% LAl ‘vﬁasziwﬂa Vudu
[ 6] uananil ﬁlmwuLﬂiaﬂummvmmmvmﬂaEJLauam msdenanmusaaiedilon faanans
mmuimmmﬂmﬂmmua mimmﬂmaﬂms agiu oinTesdioTnegluannzdendn Ae
anAeiAdesilainfiaguenAinisiafignaes srovsnsnimaeeuluaniiy dualinansia
Algsuliundetie viemniaiesdesinanluldamlunsruiunsuandondssansenusenunin
YBINTOONUUULALNTTUILNTHAR N3 Drift viFensidsuulaenrdesiiotnliaunsoridals
wAaunsafiszaTanunazuiluldlaeiiunszuiunsasuiiisu denisldfminsgiunisind
ausaaeunduldginnsguuiiniieasuiiiou Tituiedosdioildlunssuiunismdn ey
nsaeuiieuiadutiadeiiddy fnsaiuaruiiulaluanmsiaveseiasdietannguszsiam lidiay
Jundesdletnfildlunssuiunisndn mamedeu warn1iAsIeiaamszesiussnoufidday
fanlunsiiagyinlinanistafiistuduiidedeld Aonislfiedosdetnifienugniosuasutug
wangaufunsufiRnuiiues fiaiedlotaliifewss nsdndununimudndusiiliifewsmie
Annanald fafunisaeuiisuinasgueiesdeTnidfydenisndnndnfufuazuinisnnigu
AMAMEA LU 1ISO 9001 , ISO 16949, ISO/IEC 17025 , ISO 14001 =@+ Fsilvorivualid
ulsnemsaouifisuinasgiuaiasiiofausdaziades anudndudesaeuifiovuinsgiuazgnld
UssiuedosdleTausazmineuthluldnurdedouuimanisldnugnivdsuluedeiiboddny

msfflunsaeuiisuifuianssuideslimldseuinisaeuiiieuifinnududumszmin
firsanlifasduiyasanudemefidatutudeyaidolfintosletaitlilumnsgualdanely
nsdmatengnialdislumsaeuiisuaosdiotawsrnisaeuiiieuivhanniuaudsndud
onaneliAnaugdssdssnamemhsruiuanusiduduion fu fadumdsanuduoy
wAnEN T InquisnATslFTaisEuUIMsALAssuAAm (Quality Risk Assessment) Lile
Uszifluaidsslumsaeuifisuveaniesdieinineiedleiladosaeuiioutie  iileidunisan
anltaeludruitlaidniu

3. nQUszaeAvadlasInisivy
3.1 9asaszuuUInsAaAm NIl UAULUUNERETITRQUTInIALUTEUUNTNARATLAAUN
Julateun  lesulufuiasgiuninedtesiunisndndiennan  (Active  Pharmaceutical

Ingredients, Sterile Products, ke Investigational Medicinal Products)
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3.2 davihszuuUImsANNEsmAm (Quality Risk Assessment) 9893zUUUTMIAMAINLD
Uimsdamsanudsauazidunisanaildineludiuilidndu

3.3 dhenennuiilasulugnisu fURnuatdulssnuduuuundnndringuuiadiiefaun
yransfiiadeuaziatuaiisosdmndiu PIC/S GMP uaznsuIsaunn Tduuds

4. YAULIAYRLATINTIVY

JavhszuuuImsmnudssiuannm (Quality Risk Assessment) Y8933UUUIMIAMANYBAITINY
FunuuHARe T nguiend amAnendemelulainszaeundisuyd lnensuszgndldnisuimsaundes
fuAuAMAUTEUUUIMSANN FaszuuuTmsanuidssiuganm Uszneuluse 1.Risk Assessment
2.Risk Control Wag 3.Risk Review Liletheliszuuiimsnugammwannsailuldlfedamnzaunass
UseAvBnm  Taeiadseduveansuivs sefouluuumy wazenasresnssuIunmsusmsnais iy
A mFRIdTUS TN UvDIA IR

5. 38n1saniiun1siig

5.1 Anwuagsausmenansiidungrang defvun uazseideuineg MAsafuszULLIMISAIL
FoarununimuarszuuuImsaun el tlulssnundaediinguiisnd

5.2 %’m&”’wzwﬁmimmLﬁmé’m@mmwLLazizUUU%mi@mmwLLamNLLmumumiL%auLaﬂm'ﬁﬁ
Aedes wu
5.2.1 U8UYIYITUUUIMITNIUAAIN
5.2.2 ulgungnmunn IngUszasRnmnn
5.2.3 1AT9a51999ANS
524 WURUR nsvurums waznimens leensimusdediiaenndesiunsufifiiiel

pefnsaINTaUTIIITUUMSUEUAMAIN HdnINueIuaz S ASTIALUNSNER LazAnS
AIUANAMNIN

5.2.5 MVUAAIUTURAYEUVBIEUTINTTEAUEN
5.2.6 aanuaulAlena1singuUIMIAEAUeI0IANS

5.3 [ WguULenasiu Quality Manual, SOP (Quality Risk Management)

5.4 Ussidiuenudesiunmnwlusiadomeant wy
5.4.1 @nans (Documentation)
5.4.2 A1SHNaUTULAZN1SANE (Training and Education)
5.4.3 YounniowuAMnIn (Quality Defects)
5.4.4 715»33989V (Internal Audit)
5.4.5 nsnuniu (Periodic Review)
5.4.6 LU?{sJuﬂ'lﬁﬂ'mﬂmmsé“mms / m3waeuuda (Change Management/Change Control)
5.4.7 U%JUUEQEJEJNGiaLﬁEN (Continual Improvement)
5.4.8 N15ATITUTBINIAARS (Installation Qualification)
5.4.9 N13ATI93UT89N159197U (Operational Qualification)
5.4.10 nmsgeuUnsagadesiu (Preventive Maintenance)
5.4.11 nsdeulisy (Calibration)
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5.5 n3MANYT 3 N3l Lown
551 NMIATINIUTDINTAARILAZANSATIIFUTONITLTDITEUURAMINUTAVS (Purified
Water System; PWS-01)
552 mstissdnwnazasuifisugunsaifaniogunsnivsenavresszuuniniiuians
(PWsS-01)
5.5.3 NaN13A5295UT0IN1IAAGRILAEATIASUTDINITAITUIDITFUUNARD N AT AL
(Compressed Dry Air System; CDA System)
5.6 mumumamiﬂiuﬁum’mL?ﬁlmLLazaqua
5.7 3nvi51891u

6. NOWYUATNTDIUKUIANNAAYDILATINITIY
annsaUszgndldmsuimsenandenuannmiussuuuimsnan muedlssunanendringuran
Tuadadadelud a1t
6.1 1en&1y (Documentation)
1) enumumsimuaymivszendliifetungtededulutiagiu
2) \ionsiedeuALdenndasuar / wiamuemadmsu SOPs | suideline
6.2 NMINNDUIHLAYN1ANY (Training and Education)

1) iensndeuamumnyaLTasNsiufuLay / vidensiineustedisdeiosuuiiugiuues
nsfnwuszaunisaluaridonisvinnuvesninau n1suselluseesreansinousunay
ive

2) leszyidonisilnousy Uszaunisal auautinazmiuaiuisanianienindidieli
yaansanssautianuldedrsnindefiowazlifinansenuiilifeUszasdiastununim

YDINGN U9
6.3 TounnsaamuAMAIN (Quality Defects)
1) ielviugiudmsunisseyTwun N5UsELlUNALAENNTERENSNIAMAMAINANTENUAD

founnses (defect) do¥oaFou (complaint)  wuald (trend)  Armidesiun (deviation)
ns@eUAY (investigation) nannaaasiilaioglutsiiimun (out of specification) 1A%

2) \fledruneauazmIndenIsdeasnnuides (isk  communication) uaguuaRlunsT
winzaudiourladeunniosveandn fueifidanuddysinduniisauiifugua (19u
N3SENAL)

6.4 #5198V / #51980U (Internal Audit)

lerdmunmnsfuazveumresnsnsvaeunelusaznsuenlnemilsiedadomand

Formuavesngruneiidor

anuzNsufuRnuleeTnuazUsyiRves Facility

yuaeUAINTIINTUIIIANLATUAAA N

O B~ W N -

ANMUTUYDUVDIVUIEIU
ANMUTULDUVDINTZUIUNISHAR
ANMUTULDUVDINAR AN AZAMUAIALAEINUNISUNITR /SN

o
IS 1

FUIUUALANUEAYVDIVBUNNTDITEHAFDAMNIN (1 NTITENAL)

~N O

)
)
)
)
)
)
)
)

8) HAAWSUDINITNTIIAAMINATINDUNT / N139TI9&8Y (Previous Audits / Inspections)
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9) msAsuwlasiddnyuetenis, gunsal, nszuiumsyaansiidiiey

10) Uszaun1salvesnsnanuanioe (1Wu aud Uiinadiuauves batches)

11) nansnegeuveiasfiiiniseginlunians

6.5 NunIU (Periodic Review)

1) iedenUszifiusauazulanaunliuvestoyanelunsmsisaeugainimussuingios

2) Tumsirudeyamsnsiaseu (Wu ieatuayunissziduauvanzanves revalidation
visomswasundaslunisguiiedig)

3) LU?{auﬂﬁmU@mmﬁmmi / maasuulas (Change Management/Change Control)

1) msdansmadsunasmuanuiuazdeyaazanlunisiaunsuaslusewinamandn

5) ileUsziliunansgnuresmsiUaguilasuesiandusigarng

6) ieUsziiunansznusenunnueINani v siUdsuUaseadsaniud, gunsal, Yan,

nsTUINNISHaRIaNIsaelaumanaila (Technical Transfer)
7) WenswaeunisnszyiimingaunsunsiuiunisvesnisiUasuulas Wy nsnadeu
8) U%JUUEGEJEJNGiaLﬁEN (Continual Improvement)
9) ileUfuusanszurumsessellowmanniaasTinnaniue (Product Lifecycle) [ 9]

7. Ustlewfiiaradneslésu

7.1 Ifunuuvesszuuuimsmiuidssiuganinuas seuuuimsgan ez dunisaisesdannuii
annsahluldissgndldlulssnundne @ inguiani

7.2 fidnuiseldtunnudarudlalussuurimsanudedunun e ssuunimana sy
anunsaainayrainsiilaniuiuazUszaunisalniadiuuinmsainudssuaruinisqua gy
biopharmaceuticals 19

7.3 ansnthanuiiildnnaniddemenesliiieusiunuuazilugnsufoanuassulsanusuioy
Wlenanendringuisnd siminerdemaluladnszasandsuy’ waranunsadionenssdanuifinalug
famasguazentuldsiely
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UNN 2
A5 HUNISIVY

nsdudunsiideides nmsdaiszuuuimsauidsafiunmnin (Quality Risk Assessment)
VBITEUVUINITAMNNINVBILTHNIUAURUUNENENTITNQUNYIH U Inenaeinaluladnssaounaisuys
Tnguszendldnsuimsanandssnuaunniussuuuimsaunmiietaglvszuuuimsnuigannuay
anunsoilldUsEneumshenldessiussaniam fdundsanudusuunEae @ nguised Tidar
szuuuimssuamnmiiielflunmsduiunislunssuaunssisnufssuuumsanudssiununin Tng
fnsduduisedeteluimudu
1. N15ANNITEUVUINIAUAIN (Quality Management System)
Javieilenninn (Quality Manual) Tnedaay Tngimuaveulslunisandiuvanulumusiieg neglulss
AULUUNEREITY TN WIAYR
2. msUszgndldszuuumsanuissiugunm
sruvatuayunszuannnds Iiun sevusdmhuiand ssvusdeledhazenn svuundnoinaazen
7184 Faduszvudfgizidudenszuiuniswdn fdesdinsmuauszuusiaqliivszansam Fatunns
U'%mimmLﬁﬁW@ﬂﬂﬁﬁﬂLﬁumﬂuiswaﬁuauumzmumiwam%qLﬁuﬁ'aﬁﬁmmﬁﬁﬁ’agﬁ”’ﬂuud@mmwﬁ
dwaronszurumanan uazauduAivesnlitiglunsduiiung fefulunissdunsinuifodisld
vihmsUszgndldszuuuimsanudssinunanmiunisaliunsvesss vuatu ayun sE U THER el
spuusneg Mdaiuayunszuiunsanedingfildnunimasmunudnvas LagaonndeariuunsgIud
Anvua (USP/BP) Feiulutumeunisnsiaiuses (Qualification) nsldu msaeuidley saufenis
thysinwmesssuvatiuayunsnandesiinsduiunuesgisasuiiuazgndessiuisananudssiienaas
Antulusewinenssuiunisadaedaing Tnednsdfnundwiolud
21 nsdifnwndl 1 nansrafuseantsfnauazn1IngiaiusensineuvessruURANT TS
(Purified Water System)
211 msssylgmitorasiniulunssuiuns
InviuNuNan13vieu (Flow chart) ?Jmiwumamf’m‘%qwé TSR EV AR Pt
Useillugainga (Critical) m@aizuumamﬁw%qwému ISPE Baseline Pharmaceutical Guide
volume 5 Commissioning and Qualification (No. 2 & 3)[ 10 ]uazﬁﬂﬂﬂaﬂqmﬁwuuﬁ
Uszaana Lﬂ'aizq‘{j@mﬁ%Lﬁm%ﬂumsmaﬁuiaamiamé?aLLazmaﬁmmﬂﬁﬁwmwm
izuumﬁmﬁm%qwéimﬂw Mind Mapping Wag Impact assessment
212  msuszdiuanudesesilamm
ihitadetlgmitenaasiintulunssuiunsildainnisUssatanalusuaes Mind Mapping 17
Useiuanudedlegldia3asile Failure Mode and Effects Analysis (FMEA)
2.1.3  MIUsEEiULININIIAIUAY
thwansUssifiuanuidesitldainnisi FMEA andaiunasnisauauiymilunszuiuns
TSUTeINMIRRRILALATINSUTEINITYNL Taan1sdnh Protocol dmsunTiaiuseants
AnsauaraTasusesnsinny
214  m3uims / dansanandes
FuN5ATIaUTeINTARRILAEATIATUTEIN1 I TaaUR TR Protocol 9173
Ussifiumudesiamadietestullymitensasiiatulunssuinms
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22 nadidnuii 2 mathaeinwuazasuifisugunsaiiaudegunsaiusenauvasszuunAntuIans

221  mssrylymitonnesfndulunszuiums
v uNuRan13vieU (Flow chart) maaixuumamﬁﬂﬁqwé Uik sTaLlF
Uszaana Lﬂ'aizqﬂmmﬁ%Lﬁ@%ﬂ%ﬁ@ﬂﬁl%’mmmiaﬂéﬂLLa\zmw%’Uiaqm'ﬁv‘hmwm
iswwémﬁ;ﬁﬁqwﬁmﬁ Mind Mapping

222  msUszdfiuanudesvesam
ﬁ’]ﬁﬁaﬂfyjmﬁaw%Lﬁmﬁuiuﬂismumiﬁlé{mﬂmwizmamaiugﬂmm Mind Mapping %1
Usziiiumnudesingldiadasilo Failure Mode and Effects Analysis (FMEA)

223 mMsUTEluinnINTAIUAL
thwansUseiliuanudssilidannmsih FMEA ndaviiunnsmseuautlamilunszuauns
pRsuTeINIARRILAEATIaTUTRIN ST Tnen1sdnsh Protocol  dnsunTiasusesnts
Pndauaznsrasusasnayiney

224  MsUIMs / danisarandes
FIUNITATI3UTDINTRARILAZATIIFUTEINI TV IngUfjusniy Protocol 971013
UﬁzLﬁummL?%&Nﬁy’wmLﬁai’]aqﬁ’uﬂﬁgmﬁaw%Lﬁmﬁ‘fmuﬂismums

23 nsEifneni 3 NINSITUTBINITAARINALAITATITIUTBINTHITUVDISTUUNERBINAS LTS
(Compressed Dry Air System)
23.1 ﬂﬂii%qﬁ@ﬁﬂﬁ@?ﬁ]ﬁ]%Lﬁﬂ%ﬂiUﬂ’i%U’mﬂ’li
Sovhunufan15vau (Flow chart) vasszuuranen asause anntuhunuiamsyiauils
WUszLliugaings (Critical  Point) @13 ISPE  baseline pharmaceutical engineering  guide,
volume 5 Commissioning and Qualification (No. 2 & 3) [ 10 ] LLazﬁf’lﬁgmaﬂqmﬁWUM’lUﬁzuaaNa
Lﬁaﬁxq{j@mﬁ%Lﬁmsﬁulumﬁmm%’mmmiaﬂé?aLLazmm%’Uiaamiv‘f’mwuaﬁswwémmmﬂé’m
uiis Ingldiedesiie Mind Mapping
232  matsufuanudssvestlym
ﬁﬁﬁaﬁﬁa{j@mﬁma%Lﬁméfue[,uﬂismumiﬁlé’mﬂmwizmawaﬁl‘ugﬂmm Mind Mapping 31
Usziuanudedegldindesiie Failure Mode and Effects Analysis (FIMEA)
233 MsUsEluinInsAIuaL
tnanisUseduanudssdiléannisyin FMEA 13eviunsnsAIvAndmlunssuIung
AT195UTRINIRRRILaEnTI9TUTEINSY Tnensdaiisnsadeu (Protocol)  dmsumsan
SuseImsAndLarAsIRS eIV
234  nsUSMTLazdnnsAEed
9?'1Lﬁumsmm%’U'ﬁaﬂﬂ'ﬁam(??qLLazmw%ﬁﬁaqmavﬁ’wm‘[maﬂﬁﬁ’amu Protocol  31nn15
Uszidlupuidesiomun Lﬁa{]aqﬁuﬁgymﬁawLﬁm%ﬂumzmumi
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UNA 3
NANISNAADILAZIITAINA

1. N15AINIITTUVUINNSAUAIN (Quality Management System)

Javieilonanm (Quality Manual) Tnefwuaveualumsaniusulusmumegnelulssiuluundn

enFrmquitend Tnedaudadeluil

1.1 9AUsEaNAlUNTUTSNUAMAN
I MuagnUsraIdlun1sUINISNUANAINLALABAARBON1 AN TLIUYDL T UAULUUNER
g1YIINUNIYA

1.2 YaUlUAluNITUTMITNUALAN
TafmuAveUAluNITUTTNUANA INLAL ABAADIRBN1TANTUIIUYDILTINUAULUUHEREN T
QAR

1.3 Ulgugama TN
Ianmualeuigamun nlunIsUTMSNUAMAINLAYARAATDIRBN1TALTUIUVBLSIUAULUUKER
g1YIINUNIYA

1.4 uWURIuIyg
iéfﬁmumLLNuﬁqU%‘mﬂumw%msmuqmmwimaﬁmumﬁw%mimuﬁqmamiﬁ'@ﬁuﬁ%LﬁmLLaz
A0AAADIABNITANTUNUTDILIINUAULUUNENEITI TN UIAYA

1.5 wihfinsuiinveu
IEvunminiieusuiinuazanusuRateuvetudasswmitlunsagaisnsUedudyyanuuaus
mMsUImsiitaauLaraenndoson st iunueslss AL UURARE T Tnguiie

1.6 1A59@39ITUVUTMNIAMAN
Ieimunlassaisszuuuimsnuguandaduidelunisdiiunsineg Adanuiazaenndede
msfudunuvedsanuiusuusdeeiiiaguiend  Inefinsfinunseasdeauaziunoulunis
dudunsluusagiite duidelumsduiuigmulasaiessuuuimsnuaunimesdssiy
FunuunAne T nuisend Sielud
1.6.1 SLUULDNATAMAN
1.6.2 ﬂﬁmuaumsmﬁauwm
1.6.3 NINTIAADUAUYNADS
1.6.4 msdansiedesilalriesinsuagssuuatuayunsnan
1.6.5 Msaeuiisuiniesilan
1.6.6 N3&wFI9E14
1.6.7 MsnAdaU
1.6.8 M3IANTINQAULAZHEN N
1.6.9 Mmydanandnsasialidulunadeimun
1610 MIUIMIANUALIARATH
1.6.11 mMInsI9Usuiiiu
1.6.12 n15¥ANTsUAINIUALENBUTY
1.6.13 N15IANITNTTUIUNITHEN
1.6.14 msdansermsuazan Ll
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1.6.15 NSUSHISANNUADNNULATDITIOUNY

ImmﬂmmmmmumammmmmmwmuLaﬂmsmmmmﬁmiﬂgum (Standard Operation Procedure,
SOP) iiteldlunisuseiiuanundedssinisaiunis feil

1.
2.

mﬂivmumwmaamﬂmeﬂ%muumwuuﬂ

ﬂi”‘U’J‘L!ﬂ’ﬁ‘VILﬂ/i%J’]”ﬁﬂJG]EJﬂWi’JLﬂiW”Mﬂ’J’]&JLﬂEN i’JﬂJﬂﬂﬂ’ﬁUi”LﬂJUQ’J’]QJLﬁ 89 LagN1TUTUITINNIT

ﬂ'J’]@JLﬂEJ\‘i uu ﬂ?ﬂ?'ﬁﬂﬁ?ﬂ‘Uﬂi%U’JUﬂ?iﬂ?LﬁUﬂW?UENV]\‘i 3 SUUG]@‘LJ muam”lugﬂmwm 2

2.1

Initiate
Quality Risk Management Process

Risk Assessment

Y

Risk Identification

v

< Risk Analysis

v

Risk Evaluation

unacceptable

Risk Control

\ 4
Risk Reduction
<- - P ¢

A

Risk Acceptance

Output / Result of the
Quality Risk Management Process

Risk Review

Risk Communication

s]00} Juawabeuepy ysiy

A 4

< - > Review Events

JUN 2 ANSIU0INTEUIUNNTIANITANLLEESRE18AMAIN (ICH Q9, 2005)

ms‘dszLﬁumm,?imasmﬁ@mmw
211 nsUssdflumnudes Wunszuiumsiienfunisusd nnsiesietasmsussiiiy
AuRanaafiansnsaialElunseiuey FEINEANNEEAIN TYUY WSeNARNTT
212  msUssiiumnudesd LfJumsoﬁ’wLﬁumﬂmaéfaqmé’i’ammilﬁmﬁmizmumi
ALY waENTIUTeNA3oe
213  msUseduanudssiy Shasddionn 3 e Aldlunsedumsdmsus 3
Suneude)

1) Mvstanades: evlsAedefianunsaisanaiananals

2) MylATERAuEs: ozlsredditaudululaieziinnuRanain

3) MyUsziiuanuios: aslsﬁa?aﬁdwaqwmLﬁatﬁmmmﬁmwmﬂsﬁu
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2.2

23

foyansidoauu, YeyansiesFeu, nanismsadey

215 msUsimudes aunsnerdetoyafidumslieseiidmged feEimngan 16
WU LU I5NNSTEaNaLDY (Brainstorm), wiued Cause & Effect, wWuURd Ishikawa 13
wH Ul Fish bone, Fault Tree Analysis tJugiu

216 msiesgianuidss WunssuunsidensemanisaifdulldhasAatuiy
ANUENLNTALUNNTATIANUAUHANAIR

217 AnudAyvesiumin1egvessyuy enaldilusyauanuduiuslunisuseidiu
ALk seangnsaifilddosnsliAstuudiietulunssuiuns wageuaansolunis
ATIANUAVIUHANAINYDINTLUIUNTT

wdnaflelunisdanisaudes

fhegrianslunsdanmsaundes iswelul

2.2.1 75 Basis Risk Management Facilitation Methods Ltu

- n15%1 Flowcharts

- 1991 Check Sheets

- 1991 Process Mapping

- A9 Cause and Effect Diagrams

- 151 lshikawa Diagram

- A19¥Fish Bone Diagram

- N15%1 Brainstorming

- 9% Causal Explanation/Investigation tJugu

222 33 Failure Mode & Effects Analysis /FMEA (annsauszandldldfuiniosilouas
A981un8AUAZAINA9 waze1ldlun1sies1zRn1sANaun1NER wagHaTeINIS
SuiunsHanferan eI TuneuMsILEuL)

223 5 Fault Tree Analysis/ FTA (Juisfilfifloussiumiumaveseaiionain lag
Tfleduaiudedeaiou vionmsilonuw)

224 33 Hazard Analysis and Critical Control Points/ HACCP (:{Juisfianunsaldidie
Ustuazdnnisanuidesiiiiendoddiidusunmemeunienn il uazdanam)

2.2.5 75 Hazard Operability Analysis/ HAZOP (L‘ﬁlu"iqﬁ'ﬁﬂizqﬂmﬁli’fﬁ%ﬂixmumiwﬁm
TWAIMIHERkazNsARdmIULngEInIenguen)

226 38 Preliminary Hazard Analysis /PHA (Ju3sTianunsaldussleniladuetied e
Fowhmslinsesiszuniifley viemsiiasgvitedeiidmadunedudiusiueg)

227  mskiedesiiennsadi wu Control Charts, Design of Experiment, Pareto Charts,

Histograms

PIAIUANANLIALYNAFLAN N

231  nseuAueuidss aieduiiean uay/vieseuiuarndssiiogluseduiiiiue

13

232  nsemusueudsidinnudedediuounasn Lifecycle vosnsduiiunis
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233  UszasivesnsaiuauAIdBfe oanamidedsieglusesuiisensuls Tng
fodianisousumstuegiuanuirumdlannineimansvosmasiiunis
234 fenudssiuannsaseniuld maduiumstuazdinadulumuiioonuuuly ud
Tunsdifianudssduldannsosouiuld Asndufesdinnfiudunen vioaruaunis
fifiunafioannndesiy
235  fowiiannsatelunmssidutuneut fo
1) ardesiuegueninileseduiiannsnensuldiell
2) aunsasuiunserlslétig iloanvieudnaudes
3) AuaunafivIyausywinsHaUsElov A uazninens Avexls
0) emudedlmiiinanuaveseudesiignustly awgneiuaudenielsl

3. fiimihivssidunnudsstufinnnsusziiiuaandesaddunesaunsiesgianudsasns

Uszifiuanundes
a. shmthdhefignussidiuenuides naedeutareyiineunsUiiulasm T inandes
5. vhwthihefignussidiumnuides dsessnunstsziiuiazmyinsizsiarandedsiiuied
et (Quality Risk Commmunication)

6. MINUMUANIEBIMSTUANNN
- vhwthihe QA uazsmthwneiheiifstos Wudimehinuniuaaudesin Lifecycle
VBIHFRSUN
- madnAuladefuanusidufiesdemumu antusgfussdureinissoniuamiudss
waztladedun Wy nsidsuulameanisiiiuns madeauy dedeadeu
- msvfudsuudlunszuiunisiuiums msiidlenavesnisnsiafaauuansliiiu

7 a av 1 P aa v U 14
wwaltnvesden iduluauiienuay Siemsnldanansoseusule
- mMsUSullasuunly msaunmsneuazinisdesuy

2. msUszgndldszuuuimsanudesiununmn
2.1 n3diAnwi 1 mamamw%’mammiam&y’qLLazmimaﬁmmmiﬁ'mmﬁuaﬁwuw%mﬁw%qm‘é

(Purified Water System)

2.1.1 maszydgmiteransfedulunssuiuns
mﬂmﬁﬁmﬂmzmumiszwwﬁmﬁw‘%qm‘é Purified Water System (PWS-01) o thiu
(Raw water) fIEun13509 91NaNT09IUTINTIE (Multimedia Filter), fansosiiussganuru
1uf (Activated Carbon Filter), 5ﬁﬂiaaﬁussmmw§aami%u (Cation Resin), S¥UU Reverse
Osmosis (RO) uawszuu Electro Deionization (EDI) Tnetiu3avsfindnldazsesiiannnsgm
pudiviun dteluil
1) Al (Conductivity) lsitAu 1.3 ps / cm flgaumadl 25 °C
2) A1 TOC (Total Organic Carbon) laitAu 500 ppb
3) #1 Microbial Limit lsiifiu 100 cfu / mL
4) #1 pH JA19EAIN8 5-7

Bailunurian13viinu (Flow chart) faguil 3
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Multimedia Filter

PW-01: Post MMF

A 4

Activated

Carbon Filter [
I

A 4

Cation Resin

PW-02: Post ACF

Return Loop

————— —/PW-12: Washing & Final Rins

e

N

————— —/ PW-11: Preperation_ 2

————— —/ PW-10: Preperation_ 1

PW-09: Bioprocess 1

PW-08: Bioprocess 2

WFI&PS

O U U U U

(PW-13: Return Loop} ==

A

T uv
I
|

S

PW-07: UV

Pump < T
I

Storage Tank

PW-03: Post SOF 1

PW-04: RO 1

PW-05: EDI 1

RO Unit

EDI

PW-06: PWT
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WeAnwUadenineataiunseuIun1sinaTuYesse UUNEMINUTEMEnuuNuian15v191 (Flow chart) vesnsyuiunsvinaulagdssidiuaiy ISPE Baseline
Pharmaceutical Guide volume 5 Commissioning and Qualification (No. 2 & 3) [ 10 ] vhliduunlaingaladugeings Fuansnamnisnd 3

M1599 3 N15UsEuTTeNNeI Ui uNTEUIUN SV UVRITEUUREALNUTANS

Impact assessment of PW System refer to ISPE Baseline Pharmaceutical Guide volume 5 Commissioning and Qualification (No. 2 & 3) [ 10 ]

Action for Commissioning

Commissioning

Component/FDS/URS | Code Function Specification Impact/Critical . .
/ Qualification / Qualification
Pretreatment raw water
1 Pre-treatment to feed to RO&EDI to
prevent clog
MEDIA: Non-critical => Verify specification,
' Sand/Anthrasite, Protect Activated | installation, function for Commissioning
. o Suspended Solids o o
1.1 | Multimedia filter MMF-01 R l hot sanitizable Carbon (ACF-01) | normal, sanitize
emova
Housing Material: Qualification
SUS 316L (IQ/ 0Q)
MEDIA: Activated Critical (failure Verify specification, o
) Remove . . ) , Qualification
1.2 | Activated Carbon ACF-01 ) Carbon |, hot => RO failure => | installation, function for
color/odor/chlorine N . N (IQ 7/ 0Q)
sanitizable PW failure) normal, sanitize
Remove hardness to MEDIA: CATION Non-critical => Verify specification,
1.3 | Softener SOF-01 | prevent scale in RO Resin, hot Protect RO unit installation, function for Commissioning
membrane sanitizable (RO-01) normal, sanitize

Housing Material:

SUS 316L

Check pressure inlet/outlet
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M5 3 N15UsEuTTeNNeI TR UNTTUIUN SV UYRITEUUREALNUTANS

Impact assessment of PW System refer to ISPE Baseline Pharmaceutical Guide volume 5 Commissioning and Qualification (No. 2 & 3) [ 10 ]

Action for Commissioning

Commissioning

Component/FDS/URS | Code Function Specification Impact/Critical . .
/ Qualification / Qualification
Non-critical =>
1.4 | WV Uv-01 Bacteria Reduction UV 254nm, 0.1KW Protect RO unit | Check intensity of UV commissioning
(RO-01)
2 | PW Generator
Non-critical =>
, . Suspended Solids 5 Micron, Housing ‘ Verify specification, o
2.1 | Pre-Filter 5 micron CAF-01 : ) Protect RO unit ) ] Commissioning
Removal, RO pre-filter Material: SUS316L installation
(RO-01)
Multi-stage - . o
, _ . Non-critical (no Verify specification, o
2.2 | High pressure pump HPP-01 | Supply water to RO unit | Centrifugal, Head . . . ) . Commissioning
built quality) installation, function
170M
Reduction of Inorganic
contaminants, Organic SS316L, MEDIA: . ) ) o o
. . . . Critical (Built PW | Verify specification, Qualification
2.3 | RO Unit RO-01 contaminants, Colloids, Polyamide, . . ) .
) ) Quality) installation, function (IQ/0Q)
Microorganismes, Recovery 60-70%
Endotoxins
Electro De-ionize,
, remove impurity of water . Critical (Built PW Qualification
2.4 | EDI Unit EDI-01 Hot Sanitizable, -
and reduce conductivity Quality) (IQ/ 0Q)

Recovery 90-95%
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M5 3 N15UsEuTTeNNeI TR UNTTUIUN SV UYRITEUUREALNUTANS

Impact assessment of PW System refer to ISPE Baseline Pharmaceutical Guide volume 5 Commissioning and Qualification (No. 2 & 3) [ 10 ]

Action for Commissioning

Commissioning

Component/FDS/URS | Code Function Specification Impact/Critical . .
/ Qualification / Qualification
o Check PW conductivity . Critical (failure Verify specification, o
Conductivity sensor . Sanitary, range 0.01- . ) . Qualification
25 CE2401 | output and trigger dump can cause PW installation, function
at generator (after EDI) ] 3000 uS/cm . . (IQ /7 0Q)
function failure) normal, Conduct fail
- Critical (PW
3 | Distribution loop
contact)
. o Verify specification, o
Contain PW and maintain . . . Quialification
3.1 | PW Tank PWT-01 _ SS316L Critical installation, material
quality of PW B ) (IQ/0Q)
certificate, Ra, Welding
Material: SUS 316L,
. - | (Internal Surface Ra Perform pressure hold test, o
Contain PW and maintain . - o Qualification
3.1.1 | PW Tank . < 0.8 micron), clean | Critical passivation, check
quality of PW . . (IQ 7/ 0Q)
& passivated, no drainability
leak, drainable
Integrity testable,
. . . o 0.2 micron . Verify specification,
3.1.2 | Air vent filter Filter air inlet to PW tank ) Critical . ) IQ
hydrophobic, installation
sanitizable
Rinse interior surface of SS316L, spray angle Verify specification, o
Qualification
3.1.3 | Spray ball PW tank with high of 360°, Ra< 0.8 Critical material, installation,

velocity jet of PW

micron

coverage test

(IQ/ 0Q)
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Impact assessment of PW System refer to ISPE Baseline Pharmaceutical Guide volume 5 Commissioning and Qualification (No. 2 & 3) [ 10 ]

Action for Commissioning

Commissioning

Component/FDS/URS | Code Function Specification Impact/Critical . .
/ Qualification / Qualification
Verify specification, o
. Detect PW level and SS316L, pressure . . ) o Qualification
3.1.4 | Level transmitter LE-2401 , . Critical installation, calibration,
trigger PW Gen function sensor, 4-20mA ) (IQ /7 0Q)
functional test
SS316L, Ra
Deliver PW to get velocity | <0.8micron, . Verify specification,
3.2 | PW Pump PWP-01 Critical 1Q
>1m/s 8000L/hr, H 62m, installation
Sanitary pump
Material 316L, no , o
Verify specification,
dead leg, good . ) _
, ) installation, material
o . welding, Sanitary . - .
3.3 | Piping system Deliver PW Critical certificate, Ra, Welding, IQ
valve, Cleaned and
. perform pressure hold
passivated, no leak, o
. test, passivation
drainable
Control bioburden, Qualification
33 | UV Uv-02 . UV 254nm, 0.4KW Critical Check intensity of UV
oxidize ozone (IQ/ 0Q)
Generation conc. Verify specification, o
, » , . , Qualification
3.4 | Ozone generator 0Z-01 | Control bioburden ozone 0.22 ppm, Critical installation, function 10/ 00)
a.6¢/hr normal
Conduct sensor @ Check PW conductivity Sanitary, range 0.01- N Verify specification, Quialification
35 o CE2402 . Critical _ ) .
distribution loop output and trigger dump | 3000uS/cm installation, function (IQ/ 0Q)
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Impact assessment of PW System refer to ISPE Baseline Pharmaceutical Guide volume 5 Commissioning and Qualification (No. 2 & 3) [ 10 ]

Action for Commissioning

Commissioning

Component/FDS/URS | Code Function Specification Impact/Critical . .
/ Qualification / Qualification
function normal, Conduct fail
Measure Ozone
‘ ) SS316L, sanitary, Verify specification, o
Oz- concentration during . . ) . Qualification
3.6 | Ozone sensor _ range 0-5 ppm Critical installation, function,
2401 normal operation & o (IQ /7 0Q)
. (mg/L) calibration
sanitize
o Verify specification, o
. Measure PW velocity in SS316L, range 4-60 . . ) . Qualification
3.7 | Flow sensor: critical FE-2401 ' . Critical installation, function,
pipe at return loop gallon/min o (IQ /7 0Q)
calibration
4 | Operating Function
Check function for PW Functional test refer to
4.1 | Functional Check - Critical o 0Q
system commissioning
Functional test refer to
4.1.1 | Start-up system Start - up of system Critical o 0Q
commissioning
Normal-operation Normal — operation of . Functional test refer to
4.1.2 - Critical L 0Q
system system commissioning
. Functional test refer to
4.1.3 | Shut-down system Shut - down of system - Critical o 0Q
commissioning
Functional test refer to
4.1.4 | Back-wash Cleaning media filter - Critical 0Q

commissioning
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Impact assessment of PW System refer to ISPE Baseline Pharmaceutical Guide volume 5 Commissioning and Qualification (No. 2 & 3) [ 10 ]

Action for Commissioning

Commissioning

Component/FDS/URS | Code Function Specification Impact/Critical . .
/ Qualification / Qualification
Regeneration .
. ) ] N Functional test refer to
4.1.5 | Regeneration resin performance of cat-ion - Critical S 0Q
_ commissioning
resin
o Sanitization method in . Functional test refer to
4.1.6 | Sanitization by ozone N ) - Critical L 0Q
purified water pipe commissioning
o Sanitization method in .
Sanitization by hot . ) . Functional test refer to
4.1.7 PW generation unit - Critical o 0Q
water commissioning
(RO/EDI)
o o Functional test refer to
4.1.8 | Operate hot sanitizer - - Critical o 0Q
commissioning
Check alarm when PW Functional test refer to
4.1.9 | Alarm check - Critical o 0Q
system error commissioning
o Protect unauthorized - ,
4.2 | Password verification - Critical Verify password 0Q
personal to operate
Conduct <
Check performance of 1.3us/cm @25°C, Verify conduct, flowrate,
4.3 | Performance check PW system when normal | velocity > 1m/s, Critical operating parameter 0Q

operation

check with design

param.

compare to design value
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Impact assessment of PW System refer to ISPE Baseline Pharmaceutical Guide volume 5 Commissioning and Qualification (No. 2 & 3) [ 10 ]

Component/FDS/URS

Code

Function

Specification

Impact/Critical

Action for Commissioning

/ Qualification

Commissioning

/ Qualification

4.4

Productivity

PW system can be
produce PW water more

than design value

1800 L/hr

Critical

Verify production rate

0Q
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Component Component Function
Name Code
Activated Carbon . .
Filt ACF-01 Remove color, odor, chlorine and reduce organic matter
ilter
. Reduce inorganic contaminants, organic contaminants,
RO unit RO-01 _ . ] .
colloids, microorganisms, endotoxin
EDI unit EDI-01 Reduce ionic matters
PW Storage Tank PWT-01 Storage PW and maintain quality of PW
Air vent filter N/A Filter air inlet and outlet of PW storage tank
Spray ball N/A Rinse and wet interior surface of PW storage tank
PW Pump PWP-01 Deliver PW with specified flowrate
Piping System N/A Deliver PW to point of use
Control bioburden and oxidize ozone in sanitization mode
uv UV-02
of distribution loop
Ozone generator 0z-01 Sanitize distribution loop
Measure level of PW in storage tank to control PW
Level transmitter LE-2401
generator
o Measure conductivity of generated PW and trigger drain
Conductivity . o T
CE-2401 function when conductivity of generated PW is higher than
sensor
set point
Conductivity o o
CE-2402 Measure conductivity of distribution loop at return loop
sensor
Measure ozone concentration in sanitization mode of
Ozone sensor 0Z-2401
distribution loop
Flow sensor FE-2401 Measure and control PW flowrate in distribution loop

ﬁmmiwﬁ 4 ﬁsymeﬁﬂqmLLamé’ﬂﬂWiv‘hmumaﬁuwmémﬁﬂ IMUUALIINITNTIFUTBING

mmu,a A39UTDINITVNNUVDITY Uumammusamﬁimma "\]ﬁnﬂi](’*] ""UQNﬂ']'i'i”U‘UEUW’WI

91998 AN L L LT E I NNSEUIUNSITIATUTDINTAARILAE 1SR TIASUTBIN Yl uwsas

Y Ingelaelyd Mind Mapping mg‘d‘w 4

35/83




The P&ID is in accordance o the as-built system

All equip devices, i and P are Iy identified and labeled.
The sampling valve locations are able to collect sample.
P&ID
All equi devices, i and P are able to access to clean and maintenance.
The vent filter is available to perform integrity test in place.
The checked d has been hed 1o the test report.
Each document is provided, all required
Document

are and ¢

The welder and welding inspector are qualified with centificate.

The welding log is present and traceable.

The self-inspection must be carried out for at least 20% of the Weld Quality

orbital welds and 100% of the manual welds.

L/D ratio of all checked valves and
instruments must less than 1.5
Dend-legs
There must be one or more points through which the piping can be emptied. The

lowest positioned points in the system must all have a drainage possibility.

Horizontal pipeline should have enough slope (>0.5%) to ensure drainage. ~ Draining Ability
Installation

The pressure gauge used is calibrated,
The pressure leak test has been available and completed with sign and date.

There is no leakage of" ion pipes and comyp and the welding Pressure Leak Test

points under the pressure of design pressure at least for half an hour.

The cleaning and passivation 1 must be adaptable and apy d.

The cleaning and passivation have been leted, and the

Cleaning and Passivation
report is available and readable.

Utilities are correctly d and identified and their op

parameters are in accordance with the design.
Utility Connection

The installed components are in accordance with the description in the

list. The checked refe d has been hed 1o the

test report.

Metal materials in contact with the product shall be S8 316L.

Material for non-metal materials in contact with the product shall comply

with FDA regulations.

The checked refi d has been hed to the test report.

Calibration certificates shall be present for the critical instruments,

The checked refi d has been hed to the test report.
The installation qualification is available, complete and approved with sign and date,
Pre-requisite check

Spray ball is able to rinse and wet all intemnal surface of the PW storage tank.
Coverage Test

When power is restored, the system operation does not start

When power is restored, the system resumes its regular functioning without

lies and setup p do not show modifications.

Power Break Test

The parameters of system before and after an electrical power loss are attached to the test report.

All test result is according to the expected result for all functional tests.

Operational Functional Test Al operating parameters are in design parameter range as shown in the test result table,

All operating parameters are in design parameter range as shown in the test result table,

Operating Parameter
The flowrate from PW generator to PW tank is not lower than 1,750 Vhr.

The supply flowrate of PW from storage tank to point of use is not lower
Capacity Test il e e
than 1,750 I'hr when 3 points of use are opened simultaneously.

1. The conductivity for CE-2401 (without temperature compensation) is not
over than limit in below able.
The conductivity is not more than 1.3 “Sa’cm a1 25°C for CE-2402.

Performance Test
The PW velocity is not less than | m/s when 3 POUs are opened.
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2.1.2 Msuszifiuanudesestym
l9A3esilo Failure Mode and Effects Analysis (FMEA) 1nUsgiiumanuides Asnns19i 5

M15°99 5 aseUseiiuaMudseadynnluniinsiasusaan1sinfakarn1snTI9TUTBINISNUYTDTEUUNENUNUTENS Tdnseslle Failure Mode and
Effects Analysis (FMEA)

Risk Assessment P: Probability High 3 If S = 3, take action
Equipment Name : Purified Water System D: Detectability Med 2
Equipment Code : PWS-01 S: Severity Low 1
Location : National Biopharmaceutical Facility (NBF) RPN : Risk Priority Number if =>8, take action
Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN P
and Operational Comment
P D 5 P*D*S P
Qualification

Documentation
1. Each document is provided, all required documents are

2 2 3 12 Yes -
available and complete.
P&ID
1. The P&ID is in accordance to the as-built system. 1 2 3 6 Yes -
2. All equipment, devices, instrument and components are -

) - 1 2 3 6 Yes
correctly identified and labeled.
3. The sampling valve locations are able to collect sample. 1 3 3 9 Yes -
4. All equipment, devices, instrument and components are -
. 1 2 3 6 Yes
able to access to clean and maintenance.
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Effects Analysis (FMEA)

Risk Assessment
Equipment Name : Purified Water System
Equipment Code : PWS-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2
Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
Risk Identification (what can happen?) FMEA RPN Inspected in Ins.tallation
. 5 . S and OF.)?rat.lonal Comment
Qualification
5. The vent filter is available to perform integrity test in place. 1 2 3 6 Yes -
6. The checked reference document has been attached to the . ) 3 ¢ Ves )
test report.
Component
1. The installed components are in accordance with the
description in the equipment Llist. The checked reference 1 3 3 9 Yes -
document has been attached to the test report.
Material
1. Metal materials in contact with the product shall be SS 316L. 1 2 3 6 Yes -
2. Material for non-metal materials in contact with the product . ) 3 6 Ves -
shall comply with FDA regulations.
3. The checked reference document has been attached to the : ) 3 ¢ Yes -
test report.
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M399 5 a1Usziliuanudsswesdynlunisnmasusesnisindazn1sntasuseant i uresssuunaniiuIans 1da3esdle Failure Mode and

Effects Analysis (FMEA)

Risk Assessment
Equipment Name : Purified Water System
Equipment Code : PWS-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2
Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN :
and Operational Comment
P D P*D*S
Qualification
Calibration
1. Calibration certificates shall be present for the critical
1 2 6 Yes -
instruments.
2. The checked reference document has been attached to the . ) ¢ v
es -
test report.
Installation
Weld Quality
1. The welder and welding inspector are qualified with . ) 6 y -
es
certificate.
2. The welding log is present and traceable. 1 2 6 Yes -
3. The self-inspection must be carried out for at least 20% of . 5 5 y -
es
the orbital welds and 100% of the manual welds.
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M399 5 a1Usziliuanudsswesdynlunisnmasusesnisindazn1sntasuseant i uresssuunaniiuIans 1da3esdle Failure Mode and

Effects Analysis (FMEA)

Risk Assessment
Equipment Name : Purified Water System
Equipment Code : PWS-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2

Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN :
and Operational Comment
P D S P*D*S P
Qualification
Dead-legs
1. L/D ratio of all checked valves and instruments must less -
1 3 3 9 Yes
than 1.5.
Draining Ability .
1. There must be one or more points through which the piping -
can be emptied. The lowest positioned points in the system 2 2 3 12 Yes
must all have a drainage possibility.
2. Horizontal pipeline should have enough slope (>0.5%) to -
. 1 2 3 6 Yes
ensure drainage.
Pressure Leak Test
1. The pressure gauge used is calibrated. 1 3 3 9 Yes -
2. The pressure leak test has been available and completed 1 2 3 6 Yes -
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M399 5 a1Usziliuanudsswesdynlunisnmasusesnisindazn1sntasuseant i uresssuunaniiuIans 1da3esdle Failure Mode and

Effects Analysis (FMEA)

Risk Assessment
Equipment Name : Purified Water System
Equipment Code : PWS-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2
Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN :
and Operational Comment
P D S P*D*S P
Qualification
with sign and date.
3. There is no leakage of connection pipes and components -
and the welding points under the pressure of design pressure 1 3 3 9 Yes
at least for half an hour.
Draining Ability
1. There must be one or more points through which the piping -
can be emptied. The lowest positioned points in the system 1 3 3 9 Yes
must all have a drainage possibility.
2. Horizontal pipeline should have enough slope (>0.5%) to -
’ 1 3 3 9 Yes
ensure drainage.
Pressure Leak Test
1. The pressure gauge used is calibrated. 1 3 3 9 Yes -
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M399 5 a1Usziliuanudsswesdynlunisnmasusesnisindazn1sntasuseant i uresssuunaniiuIans 1da3esdle Failure Mode and

Effects Analysis (FMEA)

Risk Assessment
Equipment Name : Purified Water System
Equipment Code : PWS-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2
Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN :
and Operational Comment
2 D S P*D*S
Qualification
2. The pressure leak test has been available and completed -
1 3 3 9 Yes
with sign and date.
3. There is no leakage of connection pipes and components -
and the welding points under the pressure of design 1 3 3 9 Yes
pressure at least for half an hour.
Cleaning and Passivation
1. The cleaning and passivation protocol must be adaptable -
1 3 3 9 Yes
and approved.
2. The cleaning and passivation have been completed, and the -
) i 1 3 3 9 Yes
report is available and readable.
Utility Connection
1. Utilities are correctly connected and identified and their
1 3 3 9 Yes
operating parameters are in accordance with the design.
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Effects Analysis (FMEA)

q

Risk Assessment
Equipment Name : Purified Water System
Equipment Code : PWS-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2
Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN : i
and Operational Comment
P D S P*D*S P
Qualification
Operational
Pre-requisite check
1. The installation qualification is available, complete and
o 1 2 3 6 Yes -

approved with sign and date.
Coverage Test
1. Spray ball is able to rinse and wet all internal surface of the -

1 3 3 9 Yes

PW storage tank.
Power Break Test
1. When power is restored, the system operation does not start . 3 3 9 Yes -

automatically.
2. When power is restored, the system resumes its regular . 5 5 9

functioning without anomalies and setup parameters do not
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Effects Analysis (FMEA)

q

Mode and

Risk Assessment
Equipment Name : Purified Water System
Equipment Code : PWS-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2
Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
Risk Identification (what can happen?) FMEA RPN Inspected in Ins.tallation
. 5 . S and OF.)?rat.lonal Comment
Qualification

show modifications.

3. The parameters of system before and after an electrical . 3 3 . Yes )
power loss are attached to the test report.

Functional Test

1. All test result is according to the expected result for all : ) 3 ¢ Yes -
functional tests.

2. All operating parameters are in design parameter range as . ) 3 ¢ Yes -
shown in the test result table.

Operating Parameter

1. Al operating parameters are in design parameter range as . 5 5 9 Yes -
shown in the test result table.

Capacity Test 0 -
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Effects Analysis (FMEA)

Mode and

Risk Assessment
Equipment Name : Purified Water System
Equipment Code : PWS-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability
D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2
Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN :
and Operational Comment
P D S P*D*S P
Qualification
1. The flowrate from PW generator to PW tank is not lower . ) 3 ¢ Yes -
than 1,750 Uhr.
2. The supply flowrate of PW from storage tank to point of use Yes -
is not lower than 1,750 /hr when 3 points of use are opened 1 2 3 6
simultaneously.
Performance Test
1. The conductivity for CE-2401 (without temperature
compensation) is not over than limit in below table.
o 1 3 3 9 Yes -
Temp. (CQ) 20 25 0 5 0
Cond. (uS/cm) 1.1 1.2 1.3 1.4 1.5
2. The conductivity is not more than 1.3 uS/cm at 25°C for 9
1 3 3 Yes -
CE-2402.
3. The PW velocity is not less than 1 m/s when 3 POUs are 1 3 3 9 Yes -
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Effects Analysis (FMEA)

Mode and

Risk Assessment
Equipment Name : Purified Water System
Equipment Code : PWS-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2
Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Identification (what can happen?)

Risk Analysis Risk Management
FMEA SE Inspected in Installation
and Operational Comment
P D S P*D*S

Qualification

opened.
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N9 3 m’mﬂﬁvLﬁummL?ﬁlwuaqﬂfumiuﬂwsm’sﬁ]%“usaqmaﬁaé?mamnsmn
i‘UiENmiﬁ/ﬂ\ﬁ’m%@\ﬁuUUNamﬂUiﬁV}ﬁ S TneldieSasile Failure Mode and Effects AnaLy5|s
(FMEA) wﬂmmmsmvu{jmmmmmmmmmmmmmwmawmmmmmimum TR
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2.1.3.1. mimw%’mmmiﬁm& (Installation Qualification; 1Q)
1) Documentation Verification

P&ID Verification

W N

Component Verification

N

Material Verification

N U

Verification of Weld Quality
Verification of Dead Legs

oo

)
)
)
)
) Calibration Verification
)
)
) Verification of Draining Ability
) Verification of Hydrostatic Test
10) Verification of Cleaning and Passivation
11) Verification of Utility Connection
2132, N1395195U509NTV191U (Operational Qualification; OQ)
) Document Verification
) Pre-Requisite Check
) Coverage Test
4) Power Break Test
) Functional Test
) Operating Parameter Verification
) Productivity Test
8) Performance Test
Fafinsdari Protocol  dmSunTIasUTEINsAnRuarATIaSUTEINTIY (MY
WBNANTHUY 1)
2.1.4 N3U3MS / San1saanades
Ffiunsnsnsuseansinfanaznsaniuseanisvinny Taeufi@au Protocol a0
miilizLﬁummL?imﬁgwmLﬁ'aﬁaﬂﬁ’uﬁagmﬁmfﬂ%Lﬁ@%ﬂuﬂsymuma (MULBNETT
WUy 2)
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s Back Wash
Filter was clogged
New replacement

Remove large particle, pre-filter Sanitization by

Multimedia filter
Bioberden increased hot water

Not remove chlorine New replacement

Remove odor and chlorine Filter was clogged Back Wash

Pre-treatment Activated Carbon L. .
- Bioberden increased Sanitization by hot water

Regeneration by
salt water
Not remove hardness of raw water
New replacement

] Remove hardness of raw water
Softener Filter was clogged Back Wash

Bioberden increased Sanitization by hot water

Remove small particle, pre-filter Filter was clogged Replace new pre-filter
Pre-Filter S micron
Bioberden increased (Intensity of UV

decrease) Check intensity of UV Monitor New replacement

UV Remove bioburden
Replace new RO on life-time

Filter was clogged Flushing by PW water

PW Generator . Remove bioburden
RO Unit Bioberden increased Sanitization by hot water

Pump pressure error Monitor Maintenance
Remove impurity of water and decrease . . o
conductivity Conductivity sensor error Calibration conductivity sensor

EDI Unit Monitor Maintenance

EDI power supply error

Vent filter Filter was clogged Monitor New replace

PW Tank

Pump error Monitor Maintenance

PW Pump giow sensor error Calibration flow sensor

- =nSi - SErEaSE i New replacement
Distribution loop v Remove conc. of ozone Intensity of UV decrease Monitor P

Oxidize bioburden Failure Monitor Maintenance
Ozone ) )

generator Ozone sensor error Calibration ozone sensor
Conductivity Conductivity sensor error Calibration conductivity sensor
sensor

JUN 5 nsssytaymuazsuimaiilulussninnssuiunsinnuvesssuunantiuians lneld Mind Mapping
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19A309ile Failure Mode and Effects Analysis (FMEA) anUsgliiuaanudes fadl
M137°9% 6 M31aUsEiuANUEssesly lusEninan sy uvesssuunantuTans leeldinIesile Failure Mode and Effects Analysis (FMEA)

Risk Assessment

Equipment Name : Purified Water System

Equipment Code : PWS-01
Location :

National Biopharmaceutical Facility

P: Probability
D: Detectability
S: Severity

RPN : Risk Priority Number

High If RPN (P*D*S) = 3-5 = Weekly
Med If RPN (P*D*S) = 6-9 = Weekly + Monthly
Low If RPN (P*D*S) = 1-2 = Yearly

(NBF)
Risk Analysis Risk Management
Frequency
Risk Identification (what can happen?) RPN Weekly + Procedure of Preventive
P | D S Weekly Yearly _
P*D*S Monthly Maintenance
(3-5) (1-2)
(6-9)

Pre-treatment
Multimedia filter

v - - -Back Wash
Filter was clogged 3 1 1 3

- - (3y) | -New replacement
Bioberden increased 2 | 2 1 4 v - - -Sanitization by hot water
Activated Carbon
Not remove chlorine 112 |2 4 - - (3y) | -New replacement
Filter was clogged 3 1 1 3 v - - -Back Wash
Bioberden increased 312 1 6 v 4 - -Sanitization by hot water
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M1519% 6 M11UsEiuaNUEsweslyluseninansinuvesssuunaniiuIans tneldiasesdle Failure Mode and Effects Analysis (FMEA)

Risk Assessment P: Probability High If RPN (P*D*S) = 3-5 = Weekly
Equipment Name : Purified Water System D: Detectability Med If RPN (P*D*S) = 6-9 = Weekly + Monthly
Equipment Code : PWS-01 S: Severity Low If RPN (P*D*S) = 1-2 = Yearly
Location : National Biopharmaceutical Facility _ -
RPN : Risk Priority Number
(NBF)
Risk Analysis Risk Management
Frequency
Risk Identification (what can happen?) RPN Weekly + Procedure of Preventive
P | D] S Weekly Yearly i
P*D*S Monthly Maintenance
(3-5) (1-2)
(6-9)
Softener
- 4 - -Regeneration by salt water
Not remove hardness of raw water 1 2 3 6
- - (3y) | -New replacement
Filter was clogged 3 1 1 3 v - - -Back Wash
Bioberden increased 2 | 2 1 4 v - - -Sanitization by hot water
PW Generator
Pre-Filter 5 micron
Filter was clogged 3 1 2 6 - 4 - -Replace new pre-filter
uv
- v - -Check intensity of UV
Bioberden increased (Intensity of UV decrease) 2 |1 3 6
- - (1y) | -Monitor
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M1319% 6 M11UsEiuANUEsseslylusEninan sy uvesssuuRantuTans tngldasesile Failure Mode and Effects Analysis (FMEA)

Risk Assessment P: Probability High If RPN (P*D*S) = 3-5 = Weekly
Equipment Name : Purified Water System D: Detectability Med If RPN (P*D*S) = 6-9 = Weekly + Monthly
Equipment Code : PWS-01 S: Severity Low If RPN (P*D*S) = 1-2 = Yearly
Location : National Biopharmaceutical Facility _ -
RPN : Risk Priority Number
(NBF)
Risk Analysis Risk Management
Frequency
Risk Identification (what can happen?) RPN Weekly + Procedure of Preventive
P | D] S Weekly Yearly i
P*D*S Monthly Maintenance
(3-5) (1-2)
(6-9)
- - (3y) | -New replacement
RO Unit
-Replace new RO on life-
- - 2y) ,
time
Filter was clogged 1 1 3 3 .
v -System  Flushing by PW
water
Bioberden increased 1 2 3 6 - 4 - -Sanitization by hot water
EDI Unit
v -Monitor
Pump pressure error 1 1 3 3 - - ,
-Maintenance
o v -Calibration conductivity
Conductivity sensor error 11213 6 - (1y)
sensor
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Risk Assessment P: Probability High If RPN (P*D*S) = 3-5 = Weekly
Equipment Name : Purified Water System D: Detectability Med If RPN (P*D*S) = 6-9 = Weekly + Monthly
Equipment Code : PWS-01 S: Severity Low If RPN (P*D*S) = 1-2 = Yearly
Location : National Biopharmaceutical Facility _ -
RPN : Risk Priority Number
(NBF)
Risk Analysis Risk Management
Frequency
Risk Identification (what can happen?) RPN Weekly + Procedure of Preventive
P | D] S Weekly Yearly i
P*D*S Monthly Maintenance
(3-5) (1-2)
(6-9)
-Monitor
EDI power supply error 1 2 3 6 - 4 - ,
-Maintenance
Distribution loop
PW Tank
Vent filter 2 1 1 2 - - (1y) | -Monitor
Filter was clogged 2 |1 1 2 - - (1y) | -New replace
PW Pump
-Monitor Pressure gauge of
Pump error 1 1 3 3 v - - PW Pump
-Maintenance
Flow sensor error 11213 6 - 4 (1y) | -Calibration flow sensor
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Risk Assessment

Equipment Name : Purified Water System

Equipment Code : PWS-01

Location : National Biopharmaceutical Facility

P: Probability
D: Detectability
S: Severity

RPN : Risk Priority Number

High If RPN (P*D*S) = 3-5 = Weekly
Med If RPN (P*D*S) = 6-9 = Weekly + Monthly
Low If RPN (P*D*S) = 1-2 = Yearly

(NBF)
Risk Analysis Risk Management
Frequency
Risk Identification (what can happen?) RPN Weekly + Procedure of Preventive
P | D] S Weekly Yearly i
P*D*S Monthly Maintenance
(3-5) (1-2)
(6-9)
uv
_ v -Monitor Intensity of UV

Intensity of UV decrease 2 1 3 6 - (3y)

-New replacement
Ozone generator

-Monitor concentration of
Cannot be Oxidize bioburden 1 2 3 6 - 4 - 05

-Maintenance Ozone sensor

-Calibration ozone sensor
Ozone sensor error 1 2 3 6 - v (1y) -Monitor concentration of

Os in PW water
Conductivity sensor

o v -Calibration conductivity

Conductivity sensor error 1123 6 - (1y)

sensor
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2 | SNEIUNAY WBYINAILATDINA1INIBITBITINTBY ACF-01 AN MBI
3 | a9EIUNAU WDYNAMNALDIAEIINTBIYBININTDY SOF-01 NIUANUBNINUA
4 | eelsareIszuy PW Pre-Treatment fi8i3ou yndua/
AN YRt e
X . % . A Inla EDI
5 | 9L%el3AT095¥UUPW Generation AIg113au NURAY
2o POWER SUPPLY
YNNUA
wsamulusia (v
AsLdANIsIUYeIgUnsalineg Y8eszUY PW Generation v . DQ)
6 , nnaUAm
LU Pump, RO, EDI 18 280 -
300 V
nsrLiranIn neludaiunuvedsyuy PW Generation 19 _
7 _ ynduam nszualui(A DO)
a8lvl/Magnetic, Contract “1a
8 | mvvdeuAnTELakarusanulniives EDI POWER SUPPLY NndUAm 1-5A
AsrLiANTYUYedgUnsaling Y8eszuY PW Distribution .
9 , nnauAm
Loop WU PW-Pump, UV-Lamp 184
asRdnanmatelugeriuanvedsyuy PW Distribution Loop .
10 | , nnauAm
YU Inverter, Magnetic, Contract “18v
11 | mygudelsaseuuPW Distribution Loop saglalau (Os) ndUAY
ATIEDUITAUANUIINTUYD U 1Wevinnisaielsaniy .
12 NNEUAY

Tolou
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MANNaz1nNglUARIUANYBITEUU PW - AnTale
. v o 7N 1 oy 3
Generation wagszuu PW Distribution Loop L1 ‘ L2 ‘ L3 | ANTEY
4w . . . w3l (HPP-01)
wWasuldnses 5 lumseu (CAF-01) 1w 5 1 NN 1 ifleu
| | [ 3s0a15v
. , AU nseuabudin (HPP-01)
NIANUELDIRAIU Quartz Sleeve VaInann UV -
adoy o o bbeiN
(nsaindsldasuivrunlasuasn) <8A
<50%
AFIVFBUTLAUANUIUTUYDINADA UV-01, UV- - wsanulndn (PWP-01)
VN 1 ipiau
02 | | | 380-a15 v
A5IERUAINTELE NN LasLses vty - nseualudn (PWP-01)
NN 1 piau
HPP-01, PWP-01 | <5A
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NN 1 ipiau
Intake to Ozone Generator
fSIFOUNITNNUVBY Ozone Generator 7N 1 WU
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1 | m539@80U Air Vent Filter ¥83 PW Tank n 1Y
2 | »379@ev Ballast vasnaan UV-01, UV-02 n 1Y
3 | anvdeuanmvesiduasn UV-01, UV-02 n 1Y
4 | nMndA Nott Bolt e EDI Stack 1y
= #ouLiBUNSYINIUYeY Conductivity Sensor Lag L3
N
Conductivity Electronics (CE-2401, CE-2402) )
6 | srohanuavernuarsndelsaldiunusumaisiad 21
A191ANAZDIAYBY Concentrate Port 483 EDI Unit -
7. ynn 2 Y
AIBNTA
. A197NANNEZOINAIINIATBIEINTEY Mixed Bed Tu .
N
Dilution Port 483 EDI Unit
. AuazeInlagnsaerugULazsie (Regeneration & -
N
Sanitization) 89 EDI Unit '
10 | Waguusiusuil PROBE Safn OZONE wn 21
\WaBUAINT0MINELAZLEUNT LR UBdAT0INTDI MMF- -
11 yn 3 U
01
Wasua1snsas ACTIVATED CARBON 2a4tA583n589 ACF- .
12 yn 3 U
01 !
Wasua1snsas CATION RESIN va4As8ansas SOFTENER .
13 yn 3 U
(SOF-01) !
14 | Wagunaen UV-01 uay UV-02 vn 31
15 | wasuldiusiusu (AP > 15% voeA1i3usw) yn 3 U
16 | wWaegu EDI STACK n 3 U
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5 | asavdeusEAuAMINTUTawmaen UV-01, UV-02 N 1 1oy N 1 oy
6 | myasuanseualiiuazissiulnihwesly HPP-01, PWP-01 N 1 1oy N 1 1hau
MFIFFBUNITVINUYDUATDINGA Air Generator Intake to Ozone . o
7 N 1 1oy N 1 ey
Generator
8 | m339@euN3Yiues Ozone Generator N 1 1oy N 1 oy
sauluy - 2,800 - 2,800

WNHULNA

neds ANNANAEIUNTES

o @ P

23013951 9198991nANeNTIFINUVBITEUURANINUTaNS

Mnedy  AnudNfeatnasnw AldannnsussliuaudsueIssuuRanIuIaG

A I P ° o o o ¢ N a 8 a L 4 o v = ° Iy a 8 a LA
1NN 10-11 L‘UUﬂqi‘UigLllu@'ﬂfﬂﬁnBIUﬂqiuqiﬂiﬂUqﬂigg\]’]aﬂ@’ﬁﬁLLagL@]EJUSUENigUUNamu’]Uia;V]ﬁ Lll@urlLLUUUUWﬂﬂ’]i‘UqéﬂiﬂﬂqigunUNamu’]Uiqmﬁw

lganmsUssliuanuidesanldlunisdanisaanudss asmuledn eldislunisingesnwnddaingiionislidauvesssuundmhuiansivaldanente

nNsUsEiuaMNudslifamuwananeiuy

61/83




'3
a

d' ! Y o o o =~ a 961 a
$13199 12 ﬂ’ﬂﬂﬁ]’]EJI‘LJﬂ']TU’]E\ﬁﬂHWUi%ﬂWUﬂJ@QiSU‘UNaG]‘LI’]‘Uiq‘VIﬁ

- anudndeiigednem AlganeTunis
318A1TNTINIA v » y A ¥ oo o o
(§199991ngilan1sldeuvasszuunEniuIgng) U13e3nen (U)

1 | m579a0U Air Vent Filter 483 PW Tank vn 11 500

2 | m579@9v Ballast ¥93nasa UV-01, UV-02 nn 19 500

3 | avaevan nvadldvasn UV-01, UV-02 nn 1Y 500

4 | mndn Nott Bolt vas EDI Stack wn 1Y 500
#OULNBUNIIVINIUTY Conductivity Sensor Wag Conductivity Electronics -

5 ynn 1Y 10,000
(CE-2401, CE-2402) )
avhenuareInuazanelsaldliusumeansial nn 13 10,000

7 A1991AMUELBINYDY Concentrate Port U84 EDI Unit A38nsa nn 1Y 10,000
A9INANNALBINMILNIATBIANTNTBY Mixed Bed Tu Dilution Port 984 EDI .

8 _ nn 14 10,000
Unit
MANNazeInlaun1sAeAusULazeTe (Regeneration & Sanitization) ve4 EDI .

9 _ 3 nn 17 5,000
Unit !

10 | wWasululusui PROBE 3ne1 OZONE nn 11 10,000

11 | WAgUENSNIBIMNTULALLOUNI YA V89ATBINTEY MMF-01 nn 1Y 2,400
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16 | 1Wieu EDI STACK wn 1Y 85,000

sauduiu 246,400
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2.3 NIEANT 3 NAN15NTINTUTBINTANRIUALATITSUTOINTHNUVBISZUURENDINATAUTS
(Compressed Dry Air System, CDA system)
2.3.1 miszuﬁzymﬁm%zLﬁmﬁﬁuiuﬂizuauﬂﬁi

NNTANBITEUUNARDINIFBALNS (Compressed Dry Air System, CDA system)
szuurAneMAsauraussuUaiinisnaneIna (an) usaduge fuseiuuseann 6 - 7 uns
Huavazern Usiemanii sy c!uazaaw’%a?qﬂut,ﬁawmﬂ AUNIAIFIU SO standard
for compressed air 1S0-8573 Class 1.4.3 lnsfiaunioannadauiiail axgninlulélu
nIzUIUNISHARETIING TngUszasAvesnislidnud 2 Ysenshe Thdueiniedmiuaiugu
mMsviuveaedesdior3esdng (nstrument  Ain warldiluenniadinsunseuiunisnan
(Process  Air) Gaormedmdulilunszuiumsnaniiinsdudatundnsaet dafussuu CDA
JuduszuuiidsmansenulnenssionnnimuesnansasiDirect  impact) adlsszylily
ISPE baseline pharmaceutical engineering guide, volume 5 Commissioning and
Quialification.

MureaAIessasINAlIIINgAIN AV eANLEN (Air Intake) Litedaitnly
Jp3038naNe (Air Compressor) a1nATuASaIdae N ARdY 2 fuliludufueinia
(Air Receiving Tank) S?fﬂﬁmmﬁ’umuauﬁammﬁm mﬂﬁ?ummmwmulﬂé’w'%nmmaaaﬂ
yesfufiuenna fasindaniainsesenne (Pre-Filter) ﬂsaaamaﬂumq 9 LU Huayees 7
919098UIAUDINIA Lwai’]aaﬂulﬂmmmmmLaamaﬂmwu ﬁmuummammmaqmmﬁ
Tsnasdae Air Dryer mammummamqmmmLLaummm%uaaﬂmﬂmmﬂ dloonan
Air Dryer w&zdl FinalFilter Bndwilaiionsasennie vt LLazﬁﬂéqaﬂUiﬂﬁhmmﬂ
meluvie deud gy Header (Distribution Header) wasiilonu Header avdl Pre-Filter
way Final Filter ﬁm%’ummmmﬁﬁﬂﬂ%ﬂﬁauﬁwlﬂé’a'«gmﬁm (Point of Use, POUs) U89u#
avdrun1snan lnsernadauiaiilddmiunssuruntsndndy avlddmiuiaiocly
nIzUIUNT WU SeUfnsaiinnin (Bioreacton) wiipfwintiofelath (Autoclave) Adaadng
wInliuea (Vials-Washing) 1udiu SeunufanssuinnsvauuesssuUnaneInAsawiass
wamalugud 7
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Air Air Receiving Compressed
Intake air —> —>
Compressor Tank Air Filter
|
\4
Compressed Distribution Compressed
Air Dryer —> —> —>
Air Filter Header Air Filter

\/

Compressed Production

Alir Filter Area (POUs)

FUN 7 WHURaNTEUIUNMTTINNUTDITEUUREABINIADA LAY

gUnsain19q luszuundneiniausis azdndfid dglunisaruaudifuys
(parameter) Iﬁﬁﬁ’lmummg’]u ISO standard for compressed air 1ISO-8573 Class 1.4.3
Fagui 8
| 1S0 8573-1:2010 Compressed Air Contaminants and Purity Classes

Water il

PRI s saasl NOTWOO ByMess | VeporPresswoDewpont | Liauig | HOU SRR
0.10 - 0.5 microns 0.5 - 1.0 microns 1.0 - 5.0 microns | mgim® ‘c 'F gim? mgim®
0 As specified by the equipment user or supphier and more stringent than class 1
| 1| 20,000 400 10 | £-70 £-94 - <0.01
2 400,000 6,000 100 | £-40 £-40 - <0.1
3| : 20,000 1,000 ] <20 <-4 - <1 |
| 10,000 = $+3 £ +37
s | 100,000 ] 247 +45
& | D -5 %+ 1-3 4 ‘-»U
7| 5-10 I 05
- . 5
o | | 10
3 > 10

Microbiological Contarmnants Other Gaseous Contaminants

No purity classes are identified

N . o
N purity classes are idanified Gases mentioned are: CO, CO, SOz, NOX, Hydrocarbons

gﬂﬁ 8 ANUIM3gIU ISO standard for compressed air 1ISO-8573 Class 1.4.3

NTIWALLDYAVDINTTUIUNITNENDINIADALIA LLawﬁwﬁmﬁﬁwmwaqqﬂﬂsaﬁmq6]
swanunsnihdeyaundszneunisfiansandiedinszsimasingivesnszuaunisvhay lng
Uselllumy ISPE Baseline Pharmaceutical Guide volume 5 (Commissioning and
Qualification) (No.2 & 3) [ 10 ] fawanslunisnad 15
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N a v A a v J L3 a (Y Y A a L3 a a
B9 15 ﬂ’]iﬂi%LﬂJu{]‘WﬂﬂLﬂEJ’)’IJ’&NIULLG\@SENV’TLJ?%ﬂE)‘U‘U’E]\ﬁB‘U‘UNﬁG]E)']ﬂ']ﬂ’&)ﬂLmQL‘WE)’JLﬂi’]%‘Vi‘Vi’]‘gﬂ’JﬂE]G]

Critical/ non

critical

Action

16U Component Functional Design Specification
generate compressed air consistently
1. Air Compressor flow rate 6 m3/min,
oil free air compressor
2. Air Receiver Tank no leak

verify specification, check POU => 1Q,
functional test on pressure by vendor (refer

to commissioning), start gen when pressure in

air receiver tank < 6.3 bar => 0Q

3. Pre-filter: HFN 072 P/AS

remove particle > 1 micron,

remove oil to 0.1 ppm

perform pressure hold test => 1Q

non-critical

4. Air dryer

pressure dew point < 3 deg.C

No qualification

verify spec, functional test (refer to

commissioning) => 1Q, OQ

) remove particle > 1 micron, o ) .
5. Pre-filter: HFN 072 P/AS ) non-critical No qualification
remove oil to 0.1 ppm
6. Distribution Header Distribute air to POUs non-critical No qualification
: remove particle > 1 micron, . ) )
7. Pre-filter: HFN 072 P/AS ] non-critical No qualification
remove oil to 0.1 ppm

8. Final Filter: HFN 072 S/AS

remove particle > 0.01 micron,

remove oil to 0.01 ppm
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verify spec and installation (visual check),
check POU =>1Q, OQ




P399 15 NsUseliudadenneitedlunsiasasfdusenouredssUUNanaINASALTLNEILATIEINYRING A

. . . . . Critical/ non .
a1nu Component Functional Design Specification o Action
critica

perform pressure hold test (refer to

9. Piping no leak o
commissioning) => 1Q
o . check pressure when 2 POUs are using
Number of POU using in same pressure should be dropped despite many . .
10. . o . simultaneously for 5 days, check daily =>0Q,
period POUs are using in same period

PQ

) o no particle additive, no adsorptive, no ) . .
11. Material of Piping, valve verify material and cleaning => 1Q

reaction

o & & ) ¢ Y v o Y a I3 a A v = v A A a ¢ . .
vail wenmilenndaduainesdusznevresszuuudy fulladedugenadugaingilusyuuls slaldinTesonsiasieviuuy Mind  Mapping
(wnuilsPnuAn) fauandlugui 9
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Design Review Document

S Air Compressure _
_Commissioning Document ( N
: - |Alir Recieving Tank
_Drawing and Schematic diagram ‘ " Air Dryer
:' | 4 In’.
Operation and Maintenance Manual . Documentation LS L Compressed air filter
Equipment list Piping and fitting after final filter

Spare part list

Vendor document review
. ‘Stainless steel 304

. CDA system Schematic Critical Point of . Materials
 CDA distribution schematic = INER LU TR L) CDA system
| Pressure
Particle
+*7 Process Parameter m:ﬁt
_PD Staff (User) oil

I:_;_FEStaff{Owner)! % Man

) Pressurt_a_g_gp_ge‘;_l
Suppler Staff (1Q 0Q Tester) sl 0

\ Measurement

2.3.2 nMyUsziiiuanuidssuastym
uhdedymionsasintulunssuiunsilaainnisussaianaluguves Mind Mapping wUssiiiuanuidsdagldiniesile Failure Mode
and Effects Analysis (FMEA) lanan15197 16
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d‘ a = [ a & [y [ a [y 1% v A =] .
M1 16 ﬂ’]iﬂi%Lllu@')']llLﬁﬁﬂeﬂaﬁﬂ@ﬁﬂUﬂqiﬁ]i?'ﬁ]i‘UiﬁJ\‘iﬂ'ﬁ(ﬂ@@\iLLagﬂWimiﬁﬁli‘UiﬁNﬂ']ﬁVl'N']u“U’e]\ﬁB‘UUNﬁ@@’]ﬂﬂﬁ@ﬂLL‘VN Inultinsesiie Failure Mode

and Effects Analysis (FMEA)

Risk Assessment
Equipment Name : Compressed Dry Air System
Equipment Code : CDA-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2

Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN : i
and Operational Comment
P D S P*D*S P
Qualification
Documentation
All documents are provided; all required documents are available and
completed. y
es
(Design review document, Commissioning document, Drawing and 2 2 3 12 . o -
o . ) ) (Installation Qualification)
schematic diagram, OM manuals, Equipment list, Spare part list, Vendor
list)
Drawing/ P&ID
Yes
The P&ID is in accordance to the as-built system. 2 3 3 18 _ o -
(Installation Qualification)
All equipment, devices and equipment are correctly identified and ; ) ) 1 Yes
labeled. (Installation Qualification) ]
All equipment, devices and equipment are able to access to sampling, ; ) ) 1 Yes
clean and maintenance. (Installation Qualification) ]

Qualified Person
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d‘ a = [ a & [y [ a [y 1% v A =] .
M1 16 ﬂ’]iﬂi%Lllu@')']llLﬁﬂ\‘iﬂ@ﬂﬂf}j‘ﬁﬂﬂﬂ?imi'ﬁﬁli‘UiﬁNﬂ'ﬁ@]@@\iLLagﬂﬁifﬂiT‘ﬂi‘UiﬁNﬂ'ﬁﬁ/l']ﬂ']u“U’ENiB‘UUB\Ia(ﬂ@’]fﬂﬁ@ﬂLL‘VN Inultinsesiie Failure Mode

and Effects Analysis (FMEA)

Risk Assessment
Equipment Name : Compressed Dry Air System
Equipment Code : CDA-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

High 3
Med 2
Low 1

if =>8, take action

If S = 3, take action

Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN : )
and Operational Comment
P D P*D*S -
Qualification
No
PD Staffs (User) 2 2 il (PD Staffs will be trained -
after qualification.)
No
FE Staff (System owner) are trained. 2 2 aq (FE Staffs will be trained -
after qualification.)
Suppler Staff (IQ OQ Tester) 3| 2 18 Yes
uppler Sta ester -
i (Required Certificate)
System Component
All components are installed accordance with the description in the ; ; 18 Yes
equipment list. (Installation Qualification)
System Component
All components are installed accordance with the description in the ; ;3 18 Yes
equipment list. (Installation Qualification)

Materials
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d‘ a = [ a & [y [ a [y 1% v A =] .
M1 16 ﬂ’]iﬂi%Lllu@')’]llLﬂﬁﬂeﬂaﬁﬂ@ﬁﬂUﬂqiﬁ]i?'ﬁ]i‘Ui@\‘iﬂ'ﬁ@]ﬂ@]\iLLagﬂ’]i(ﬂi'J'i]i‘UiﬁNﬂ']ﬁVl'N']u“U’e]\‘iig‘U‘UB\Ia(ﬂ@’]ﬂﬂﬁ@ﬂLL‘VN Inultinsesiie Failure Mode

and Effects Analysis (FMEA)

Risk Assessment
Equipment Name : Compressed Dry Air System
Equipment Code : CDA-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability
D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2

Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
FMEA Inspected in Installation
Risk Identification (what can happen?) RPN . .
and Operational Comment
P D P*D*S o
Qualification
Metal materials in contact with the product shall be of SS304 material . ) 6 Yes
certificates. (Installation Qualification)
Material for non-metal materials in contact with the product shall comply . ) 6 Yes
with FDA regulations. (Installation Qualification)
Process Parameter
Pressure
Air Compressor: generate compressed air consistently 5 5 1 Yes
flow rate 6 m’/min (Operational Qualification)
pressure transmitter of air compressor : sent signal to air compressor 5 . 6 Yes
when pressure below 6.3 barg (Operational Qualification)
- Yes
Piping: no leak 1 3 9 ] o -
(Operational Qualification)
Number of POU using in same period: pressure should be dropped ) ;3 1 Yes
despite many POUs are using in same period (Operational Qualification)

Particle
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d‘ a Qll U/ a :.J/ U o a [ v v d‘ A .
M1319N 16 ﬂ’]iﬂﬁgLllu@')’lllLﬂﬁﬂeﬂaﬂﬂ@‘ﬁﬂUﬂqiﬁ]i?'ﬁ]i‘Ui'&Nﬂ'ﬁGWWNLLagﬂ’]ifﬂi?"iﬁ‘Uiaﬂﬂ'ﬁVl']\'i']uleEJ\ﬁg‘U‘UB\Ia@@’]ﬂ']ﬁ@ﬂLL‘VN I@?JELGULV’W@QN@ Failure Mode
and Effects Analysis (FMEA)

Risk Assessment P: Probability High 3 If S = 3, take action
Equipment Name : Compressed Dry Air System D: Detectability Med 2
Equipment Code : CDA-01 S: Severity Low 1
Location : National Biopharmaceutical Facility (NBF) RPN : Risk Priority Number if =>8, take action
Risk Analysis Risk Management
) o FMEA Inspected in Installation
Risk Identification (what can happen?) RPN .
and Operational Comment
P D S P*D*S P
Qualification
Pre-filter: HFN 072 P/AS: remove particle > 1 micron 2 2 1 4 No -
Yes
Final Filter: HFN 072 S/AS: remove particle > 0.01 micron 2 2 3 12 ) o -
(Installation Qualification)
Yes
Material of Piping, valve: no particle additive, no adsorptive, no reaction 2 3 3 18 . o -
(Installation Qualification)
Oil
Yes
Air Compressor: oil free air compressor 2 3 2 12 ) o -
(Installation Qualification)
Pre-filter: HFN 072 P/AS: remove oil to 0.1 ppm 2 3 1 6 No -
Yes
Final Filter: HFN 072 S/AS: remove oil to 0.01 ppm 2 3 3 18 . o -
(Installation Qualification)
Dew point
Yes
Air dryer: pressure dew point < 3 deg.C 2 3 3 18 ) o -
(Operational Qualification)
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d‘ a = [ a & [y [ a [y 1% v A =] .
M1 16 ﬂ’]iﬂi%Lllu@')’]llLﬂﬁﬂeﬂaﬁﬂ@ﬁﬂUﬂqiﬁ]i?'ﬁ]i‘UiﬁJ\‘iﬂ'ﬁ@]@@\iLLagﬂ’]i(ﬂi'J'i]i‘UiﬁNﬂ']ﬁVl'N']u“U’e]\‘iig‘UUNﬁ@@’]ﬂﬂﬁ@ﬂLL‘VN Inultinsesiie Failure Mode

and Effects Analysis (FMEA)

Risk Assessment
Equipment Name : Compressed Dry Air System
Equipment Code : CDA-01

Location : National Biopharmaceutical Facility (NBF)

P: Probability

D: Detectability

S: Severity

RPN : Risk Priority Number

Med 2

Low 1

if =>8, take action

High 3 If S = 3, take action

Risk Analysis Risk Management
) o FMEA Inspected in Installation
Risk Identification (what can happen?) RPN i
and Operational Comment
P D S P*D*S P
Quialification
Calibration of measurement
Yes
Calibration certificates shall be present for the installed instruments. 3 2 2 12 ] o -
(Installation Qualification)
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2.3.3 MIUsELEUNINTAITAIUAYL
Q']ﬂﬁﬂﬁ’]ﬂ‘ﬁl 16 G]’]i’N‘Ui%Lﬁuﬂ’J’]ﬂJLgENGU’ENﬂQJ,‘Vi’]IUﬂ’]W]TN%J‘U%Nﬂ?ﬁ@ﬂ%ﬂ&ﬁ%ﬂ’ﬁ@ﬁ’ﬂ%ﬂi@ﬂ
MIvhuTessEUUNEReInIASawie Tngldiadesile Failure Mode and Effects Analysis (FMEA)
villtanunsnseytlyvfilanudesmsminasifidesdnviuinsnsaivay  etostullamiias
Aty Fedavinanasnsmuaudsdiviatelunisdidunu fd
2331, msenasusesnsinga (nstallation Qualification; Q)
1) Document Verification
- CDA System Schematic
- CDA Distribution Schematic
- Commissioning Document
- Design Review Document
- Operation & Maintenance Manuals
- Equipment List
- Spare Part List
- Vendor Document Review
2) P&ID Verification
- CDA System Schematic
- CDA Distribution Schematic
3) Verification of Equipment
- The installed equipment are in accordance with equipment list.
4) Calibration Verification
- Calibration certificates shall be present for the critical instruments.
5) Pressure Leak Test
- The pressure leak test has been performed for piping with
documented evidence.
6) Verification of Material
- Metal materials in contact with the product shall be of SS304

material certificates.

2332, M1I5195U509N1391197uU (Operational Qualification; OQ)
1) Functional Test
- Low pressure: Set low pressure for compressor starts operation.
- High pressure: Set high pressure for compressor stop operation and
alarm activated.
- High dew point: Set high dew point for alarm activated.
2) Performance Test
- Pressure of all points of use is in accordance with designed value (> 6
bar).
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F93N159A%1 Protocol @vsumsIa5UITBINISAAAILATATIASUTBINISYINIU (INULDNEATTHUU
2)

2333, MUY/ IANIANLEES
ALTUNITATIIFUTOINTAAAILAZATIVFUTBINTYINNU TaeU TR Protocol Wilel
PnnsUsziduaudssuaie e siutymneraindulunszuiunis (muenaIsuuy
2)
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1.

uni 4
ayunan1sveassuazdaiauawus

dyunan1snaasg
MnMsAunsidedes msdaiissuuuimsaandesinuannim (Quality Risk Assessment) ¥4
JEUUUTM AN LTI UAULUUNER 818 TR uviewd unnInerdemalulagnszasunaisuys loy
nsUszgndldntsUsmsamdssinunuamivszuundniniand  Tulssoufuuuundneiatag
uswR uninendeimeluladnszasuindsuys el

1.1 nsdifnwadl 1 mamw%’maqmiamgﬁLLazmimaﬁmaﬂma‘ﬁmmmmawuwﬁmﬁw%@m‘é

(Purified water System; PWS-01) Wua"

1.1.1 1uizuum§mﬁw%qm'§ﬁﬂﬁwiw’] Multimeter filter (MMF-01), Activated Carbon Filter
(ACF-01), Softener (SOF-01), UV (UV-01), Pre-Filter 5 micron (CAF-05), High pressure
pump (HPP-01), RO unit (RO-01), EDI unit (EDI-01), Conductivity sensor at generator
(after EDIXCE2401), PW Storage, Tank (PWT-01), PW Tank, Air vent filter, Spray ball,
Level transmitter, PW Pump (PWP-01), Piping System, UV (UV-02), Ozone generator
(0Z-01), Conduct sensor @ distribution loop (CE2402), Ozone sensor (0Z-2401), Flow
sensor (FE-2401), Functional Check, Start-up system, Normal-operation system, Shut-
down system, Back-wash, Regeneration resin, Sanitization by ozone, Sanitization by
hot water, Operate hot sanitizer, Alarm check, Password verification, Performance
check, Productivity ﬁawriaﬂl,ﬁl,ﬁmﬂawﬂuﬂizmumswamﬁw%ajmé

1.1.2 dflodsgianiadoionanelniaiym ilvaiursaduungeinganiegunsaiiiiaiig
Angeluntsviauressyuuld fail Activated Carbon Filter (ACF-01), RO unit (RO-01), EDI
unit (EDI-01), PW Storage Tank (PWT-01), Air vent filter, Spray ball, PW Pump (PWP-01),
Piping System, UV (UV-02), Ozone generator (0Z-01), Level transmitter (LE-2401),
Conductivity sensor (CE-2401), Conductivity sensor (CE-2402), Ozone sensor (0Z-2401),
Flow sensor (FE-2401)

1.1.3 1ileduunyningauesszuuudisiavin Protocol dWFUMINT93UTINIANRILALHTIT
Suseanisineu Tngldiadesile Failure Mode and Effects Analysis (FMEA) unUssifiupaiy
desvesdgmiluszuundninuiansvinlfanunsassyided miunisasaaeulunings
FUTINSRARILAENTATINSUTOINISYIL

1.1.4 21nMseiiun1InsasusenIsinduayaTasusean sy TngUftAnu Protocol  #ilé
Usgifiuaudesimuaudmut Iiiuiunsnsiasusenisiasanuiade il
1. Documentation verification

P&ID verification

Component verification

Sl

Material verification
78/83



5. Calibration verification
6. Verification of weld quality
7. Verification of dead legs
8. Verification of draining ability
9. Verification of hydrostatic test
10. Verification of cleaning and passivation
dmsunsaiunisnsnsusesntsyhadlddiiuniaite fail
1. Coverage test
2. Power break test
3. Functional test
4. Operating parameter verification
5. Productivity test
6. Performance test
mﬂmi‘wmaauiumimaﬁumiamé’?ﬂLLazmimm%’maﬂmsﬁwmmaaazwwﬁmﬁw%awéﬁ”’wm
wudmnneaeuaenadesiuinusiniseusuLarinuanuDsnuLAsTy
1.2 n3difnuil 2 miﬁ’ﬁq%’ﬂmLLavaaUL‘ﬁEJ‘U@Uﬂiai"j’w'%aaﬂﬂiﬂiﬂiuﬂawmsvwwémﬁwﬁ%awé
(PWS-01) wui annnsaldnwilute 1.1 wﬂ,‘wmwmWmmﬂqm%mﬂmW‘UUmammmama muuL‘wa
‘VlﬂmﬂLL‘L!TVI’I\‘]ﬂ’]i{j’eNﬂULLauLLﬁlGU{jiUWma’H]ﬁ]wLﬂﬂ‘Uu ﬁ]quwmﬂqmuumﬂiuLuummam st
1.2.1 ss‘qﬂay‘mLLauLLuaWNLLﬁlﬂuswawaﬂszmumimmuﬁuaﬁsuuwammusqwﬁimiﬂ Mind
mapping mﬁwiumiﬁﬂw%ﬁ'aﬁlﬁmqLﬁuﬁmmﬁﬂqmﬁﬁmsﬁu WINAINNTEUIUNTT Pre-
treatment, PW Generator, Distribution loop
1.2.2 Lﬁ'auauﬁua}m%ﬂqmLLasLmeﬂLLﬁlquismiNﬂizmumi‘vﬁ’ﬁmuﬁuaﬁzwmamﬁm%qwéué’a
'i]’mﬁ?uﬂizl,ﬁum’mLﬁaﬂumzmumi Pre-treatment, PW Generator, Distribution loop Tng
#in304ile Failure Mode & Effects Analysis (FMEA) ilalinstuiannudlunisguainem
wwwémﬁuﬂﬁqwé
1.2.3 hranmsusgiliuauidesdildainnsyih FMEA sndavhinasnsaauguuagiuamansudlely
sEMianIrUIuNIIITessEUURAmnuIans nedarimenisthssinvivesssuunamni
U3av’
1.2.4 LﬁammzagmaﬂumiﬁﬁLﬁumiﬂﬁqﬁﬂwwaaiwumamﬁw%qw%
ANun

TR HuNITA1US180157

4 s
o a a

1.2.5 ATUNITIINLAUNITUIFIEN Y1095 UUNEAUIUSANS wud arunsaanalddnsludiunly
nu lalaeUszanaudosas 52.19

1.3 ﬂiﬂ‘jﬁﬂ‘w’]‘ﬁl 3 wamsmm%’maamsamﬁy’aLLazmaa%’maamsﬁNmsuaawuuwammmﬂé’mﬁq
(Compressed Dry Air System, CDA system) WU
1.3.1 lussuundnonnadauriediadosneg el
Air Compressor, Air Receiver Tank, Pre-filter: HFN 072 P/AS, Air dryer, Pre-filter: HFN 072
P/AS, Distribution Header, Pre-filter: HFN 072 P/AS, Final Filter: HEN 072 S/AS, Piping, POU,
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Material of Piping, valve, all staffs who involved this system fio1anelaiatgyyilunszuiunis
NANDINIASAUIS

1.3.2 dloianeiantadesionanslifiiatam ilvarunsadwungaingaviegunsaliifinnny
'3ﬂqm1umﬁﬁwmusuaﬁzuulﬁ fatl Air Compressor, Air Receiver Tank, Air dryer, Final
Filter: HFN 072 S/AS, Piping, POU, Material of Piping, valve, all staffs who involved this

system

1.3.3 \dlosuunyeingauasszuuudiiedania Protocol  Fmun1smstatusesnIshndanansg
Suseansvau ngldiadesile Failure Mode and Effects Analysis (FMEA) 1nuUseidiupany
deswostlymiluszuundneiniadauiis villiaunsassyidedmsunisnsaaeulunsnga
FUTDINIANRIUAYNNINTINFUTOINTINY

1.3.4 Q’]ﬂﬂ’]ﬁ@l']Lu‘uﬂﬁi(ﬂi’mi‘UTﬂﬂﬂ?i@]@ﬁ]\iLLﬁuﬁi’]QiUﬁ@ﬂﬂ’]iﬁ/l’]\‘i’m I@EJUQUG]W]QJ PrOtOCOl ‘Vll(ﬂ
‘U’iuLMUW’J’]@JL&ENVNV@J@LL@’JWU']’] VLGWHL‘L!‘Uﬂqﬁm’iﬂ]"\]i‘lﬁ@ﬂﬂ'ﬁGIG]GNG]'WlIWJ‘U@ mu

msmm%’maamiamé?ﬁ (Installation Qualification; 1Q)
3) Document Verification
- CDA System Schematic
- CDA Distribution Schematic
- Commissioning Document
- Design Review Document
- Operation & Maintenance Manuals
- Equipment List
- Spare Part List
- Vendor Document Review
4) P&ID Verification
- CDA System Schematic
- CDA Distribution Schematic
5) Verification of Equipment
- The installed equipment are in accordance with equipment list.
6) Calibration Verification
- Calibration certificates shall be present for the critical instruments.
7) Pressure Leak Test
- The pressure leak test has been performed for piping with
documented evidence.
8) Verification of Material
- Metal materials in contact with the product shall be of SS304

material certificates.
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N19919295UT99N159797U (Operational Qualification; OQ)
9) Functional Test
- Low pressure: Set low pressure for compressor starts operation.
- High pressure: Set high pressure for compressor stop operation and
alarm activated.
- High dew point: Set high dew point for alarm activated.
10) Performance Test
- Pressure of all points of use is in accordance with designed value (> 6
bar).
ANN1INAFEUILNTATIITUNITANRILAZNITATIIUTEINISHIUYDITEUUNARDINIASALTAS
ﬁgﬂwmwuimﬂmﬁwwaauaamﬂﬁaﬂﬁuLﬂmsﬁmiaau%LLaﬂﬂJW‘UM’mLﬁ&JﬂmuﬁLﬁWﬁu

1NNFANTUNITITELTBY N15IAVITFUVUTIMIANNESAUANAIN (Quality Risk Assessment) vk
aunsaszyielanuazgaingalussuundmiugnswazszuvanadawialed weldiluwuimienis
JostuldlmAndaymilunseuiunisudninusgvisuasssuuannAsauis

LIGILILIE

2.1 ﬂ?'ﬁﬁ’lizuuﬁmim’mLﬁaﬁéf’mﬂmmw (Quality Risk Assessment) mﬂizqﬂmﬁlﬂuwuug‘m Tu
Tssmdutuusdneringuisnnd wu Tfluszuuiesaven safunieadieiniesdnsililsem
Lﬁaﬂaqﬁ’umsLﬁmﬂﬁwﬂuﬂizmumimam

22 \dlefifeyauardsraunsaifintumehnmstssduarundsaiussenfeanaruiianainiionnas
Antulueuen
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10.
11.

12.

13.

14.

15.

16.

17.

LONE1S919D4

ToMUANITIATTUVIATIHNTUATIUAAIUANIATNGM (Hazard Analysis Critical Control Point) Tu
NSHANRARATTUTTLS, ﬂaam53aaau%’*u'ﬁaqmmsgmammwﬁmiﬁwLLazmémﬁmﬁé’miﬁw , NINUTTU,
Wwgu 2547 [9]
AuuzthuFoRnunasnansEnsassagy Fee mimmungazdeafefuinasiuagisnig
Tunsudngunudagiuaunguangdinieen w.a.2554 angyinaudaiiAkuziinsuiiRnuniy
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