l ANUINUFIURAz Uy RNy

ANNAUYRIVDIINA lugnaI NIy

AuUNs Anedadguns

V N



MR. SOONTORN TIPPAYARATSOONTORN

Bachelor Degree — Chemical Engineering

Master Degree — MIBA

Thai Polyacetal (MGC and TODIC joint venture)

Jobs :Director and Plant Manager, Thai Polyacetal (TPAC)
Expert Committee, Chemical Engineering, Council of Engineers, Thailand
Ethical Committee, Council of Engineers, Thailand (Committee, 8th term)
Senior Professional Engineer, Chemical Engineering

Petrochemical/Polymer Manufacturing Experience - 33 Years

- Construction and commissioning 4 plants
- Plant operation and improvement and cost saving

- Waste treatment system such as wastewater treatment, waste gas incinerator, etc
- Plant operation & de-bottlenecking with safety.
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o Joynnaruaulunaiuansiall Low Pressure Fixed Roof Tank
* {29819N199DNLUUITUU Vent U89 Fixed Roof Tank
® BENZENE TANK COLLAPSE (n5adf20814)
* SULFURIC ACID 98% COLLAPSE (n3aifn29814)

® Pressure from Thermal Expansion

®* Contaminated Gas Drain Line

* gUnsaidue

® Questions & Answers



10U IEHA

a5UNeAUINUgIULasTnIF19 e NNEINUAIINAUVRIVBIINE F9ALUUNISLAN
Jeynluvauzlyanugungninieg sendnensaniunisngn lageniagnansalangg

= 49{ a v
ey luvuzdUnu

nautdinung

A1AAINSLazUnAnwIU NN UL USEaUN15alN8NUAITUAUYDI LIaNUSZUUNISNER




nautdivung

ANA2ANST LazinfAnwIaulnuNnldduseaun1salingNUANUAUYDISLUUV9 L 1a




O
UNU
* aruduvesedlua Ao snsndlruvessiivasluanseindanuleiudl (F/A)
* A21UAUATIUUINLLUIINGA 1BU +1200 BarG WAAINTUAUATUAUNLA -1 BarG %38 0 Absolute Pressure
* anuduiinuefu usedeiuf nuteauFURlY U9 feil
Pressure ] atm = 1.01325 x 10°> N/m? (Pa) = 101.325 kPa = 1.01325 bar
= 1.01325 x 10° dynes/cm? = 14.696 1b;/in* (psi)

= 760 mm Hg at 0°C (torr) = 10.333 m H,O(l) at 4°C
= 29.921 inches Hg at 0°C = 406.8 inches H,O(l) at 4°C

Absolute Absolute

vacuum abs vacuum
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* Aa1uAU 1 kg/cm? datlageaussunas 10 Wwas (P= P x g x h)

g A ' .. .. . =X ad ] ' Y
e Juilvianuyia 19U Positive wag Non-positive displacement @435015 197113 26190U
* atnanvawadllasuluniuaduaunazaungil ()

Substances Substances
that expand that contract

! on freezing on freezing
74 1 ' ) )
M19199ALAdAYBIUNIUABULUAINIUNANUAL X S
" “‘% Liquid point
gaunnAnlIaunsaen (°C) AIUAY (MmmHg ) NG,
‘
‘
30 31.8 R

Solid

35 42.2 o
Triple point
40 55.3
Vapor
100 760
121 1 kg/cm? G (1,495.5)




PA
Substances Substances
that expand that contract

ﬂfs'miwuﬁ'mtimﬂfs'mﬂuLLauﬂu (%19) i | i

A9

. LﬁamaammLﬂﬁauamumﬂuﬁ”w : USRI TSINUTU

Solid

‘Via’]EJﬁ@EJWI’] GIJUE]EJﬂU"U‘Uﬂ"UENLWﬁ’J

Triple point

* i1 USunsae wauu 1,600 L9 .

°* CO, UYsu1nsas meu 535 N1

°N, U3u1n538 meu 645 1N

* 0, Ulnnseziiudy 860 11 ;
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o msiReaiinduldviuiidefanudunazguunfiigaiien nisideainldvisainanuduiianamio
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AYNNINUFIUITBIANUAULATUY (5iD)

A9

* AMandlgaunniiglu aziiauvuiniuanas wasiusunnsunniu

9 Y

* aunula (Vapor Pressure) azuﬂmﬂ?iau%umuqmwgﬁ

* yaamandu incompressible fluid nsdavaanasluszuulaiilififng aziliauduiuldgs
1N

* anunulanazaunnlizninulivesvawnalludaivaisalissiludaninuadiazdeslyauny
d1sialiviinle L¥u Fixed Roof Tank waga21unuaaniuu (Design Pressure) Wazaun)iaanuuy

(Design Temperature) Yasn9aziavinle



Criteria for Storing Liquid Products in Atmospheric Storage Tanks

Parameter Criteria Tank type Comments
TVP < 1.5 psia Fixed roof tank Fixed roof tanks are generally
(0.1) bara) used where the products
stored

do not readily vaporize at the
ambient or stored temperature

conditions.
True Vapor 1.5<TVP<11.1 psia Floating roof
Pressure (TVP)* (0.10=TVP=<0.77 tank
main determining | bara)
factor TVP > 11.1 psia Low pressure Product is too volatile
(I'VP > 0.77 bara) storage tank or (gaseous) for floating roof tank
pressure vessel (roof may collapse due to

instability).

Tank emissions should be
recovered for recycle or
destruction.

FP > 55°C (130°F) Fixed roof tank For example, gas oils, diesel
oils, fuel oils.

Low FP < 55°C (130°F) | Floating roof tank | For example, gasoline, crude
oil, naphtha. (Liquids that
could produce a flammable
atmosphere at normal outside
Flash Point (FP)** temperatures are normally
stored in floating roof tanks,
except when the vapor

space is kept inert (free of air)
by a nitrogen blanket and
protected by pressure/vacuum
valves.)

Ref: BP Safety Group, Safe Tank Farms and (Un)Loading Operations, 4th ed., BP Process Safety Series,
The Institution of Chemical Engineers, 2008.
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Sraznaraiulatasus 967 tasanmaanigla wazdasnulilnirlusienieinen

References of pictures : https://www.autofun.co.th/news

https://www.facebook.com/100063520818995/posts/pfbid0CL3mzwH5AxPeyXodKhzffyE78mfBZtioy88LBsEYMbLTf7fzEyoGUEkZesHR6sil/?
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A19819 NavaInNIsWasudaIuzINVawnaduUfY wazftwduvaanad (sa)

o/ 1 1 dl =\ g v v =
A22819N15AULUUTMLAAYULANUNNHUAN /
AMSLANVRINLEULYIUT LD NS au




Y 1 dl < 6V 6V [~ I 14
M29819 NAYDIN1ITIUAYUFADTIUZINNVDILRAIUUNY Lazn1giluvaLiial (,a)

mamﬂmﬁmamnmmumumm flash steam
muu Aaguenlvioandnsal ladu steam trap
57 visansalla Wu flash steam

fusnletin (Steam Trap) Lﬂu'nafmfmﬂuLmuam‘luammmwmmuma
m'ﬁauaanmnswu‘leuﬂmi'maﬂ LLavwmu'manaﬂ'Nﬂaﬂﬂnulam‘lﬂw

$9lvia







Steam Condensate and Flash Steam

- Example: Condensate releases from steam trap at 10 kg/cm? to ATM

Steam condensate

at 10 Bars atATM
1gram 0.161 gram to flash steam 269.45 cc
0.839 gram to water at 100 C 0.875 cc

307.9429 time
By Volume

Steam Condensate Water
1 gram 0.839 gram
10 kg/cm?

) 0.161 gram flash steam
185°C ATM, 100°C
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A19819 NavaInIsWasudnIuzINVawRaIuUfY wazftgduvaaad (sa)

Wadin19lasunuasanuzagnesaniid lngenizfngiluvednad 81992NaN13NIEENNDEN
JULSY UNATHLHYINITTUNIUNT LU

1. NISANUN

ﬂ@‘L!ﬂ’]'iLﬂ'eJﬂ UNASULHIA Luaﬂﬁl’]ﬂﬂQUﬂ’]ﬁLﬂaﬂ ﬂ’]ua’]\‘i‘ﬂﬁﬂﬂ‘uLLN‘L!ﬂ’J’]ﬁJi’e)‘iJT\]“SJW’eNﬂ’]GULaﬂ6]
‘VILﬁﬁJLﬂﬂ‘UULLﬁ“’ﬁBH‘UN%ﬂWlUUu LLﬂﬂ’]‘U‘U‘UGLﬂaN’J‘L!’]&Ié]ﬂd‘i/iﬂ&lﬂ’]ﬂ’)’] 100°C AduU1911n M lAnanIS
ANULUULABNUN INALHYIALASLAANITATSULNA U‘J’]ﬂﬂﬂ’]iﬂéﬂLﬁﬂﬂ’)’l Cavitation

References of pictures : https://www.scienceabc.com/nature/why-is-water-loudest-just-before-it-boils.html



719819 NavaInIsWasudaa uzINVaLKaIuUfY wazftwduvasal (8a)

2. MsNARBULT (Water Hammer %38 Steam Hammering) Wagnglaundnluluviefigu

AIUTULIIVBY Steam Hammering @1u150%i1viATaddnsLHENE LA

Uﬁqngnﬂﬁaié’umﬁﬂuizuuvia Tudiregnsiifinnsiin fail
e \fednglotndnluduiafiuiufialansiiuiovasvaniu
e yhlilatharuutiuegesInduasiingyInAaned
*  YaanalsautiatlUianyaeing sinlinausanssunngenieluvie



719819 NAaYINTSWANUEnIUZINVRANANTUAY LazA1ULl

* N15L0A Steam Hammering waanglaundnluluviaiidu



https://m.youtube.com/watch?v=Wvzpxcgw-XE
https://m.youtube.com/watch?v=Wvzpxcgw-XE
https://m.youtube.com/watch?v=Wvzpxcgw-XE
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n15tAen (Cavitation) Tunuga (S

)y



n1stAan (Cavitation) Tuaruaa (Suction) vasdu (sod)

AMseanuUULT NPSH, > NPSH, aue

/\ Minimum Flow Line

. Pressure Gauge

1 Air Vent Line

Flexible Hose

>\




n1stAan (Cavitation) Tuaruga (Suction) vasdu (Ad)

EXPECTED CHARACTERISTIC CURVES

] i COMNDSNiED wATER
D [TEM NO P-07-4T/-27 SERVICE <Teev ¢@unxyf
PUMP TYPE ND 8x5x25 CENTRIFUGAL PUMP
] HR P M SPECIFICATIONS |
! | 100 = 0 I I I
i | i ; i E LIQUID Hw
| | 4 : A ! i | TEMPERATURE LoD T
il % 5 — 1T 1 1 | SPEC. GRAVITY 1.0
1 41 1 lsof ; —-;;@,F;; 3 = | | | VISCOSITY L0 CP &S
LA q—— ' e ' : | . | | ' CAPACITY as ~Yar
{ 4 A ; : _ : 2 : - < _ = : ! :‘ TOTAL HEAD @0 M
T T T T T o IN Tt 11+ NPSH @vail/reqd)33%2.0 M
1B 0O 160 | | ] ; . . < ! . . : | | R.P.M 2340 R/M
— M = : . : i . : : _ , ; .l DRIVER POWER 29 KW
= = = . = e i ' i ! i |
. | . _:26"?-5;._1 ___,.--—"":.'-Tri—'—‘--..h -I‘_-H‘L-ﬁ'““‘-l E i | i ! i | BHP NOTE 6.6
160 4404 3 ' | f/i'{"'\iw ClapeD |~ ! : | | : —
i i | % f.-"/ \\ : ' ; ] i : . ; | . . A1ed)
AN d N i ¢ |
6 1 11 1 [3 7 G T NI N N -
= 3 LA o
e | v~ |
4 14 120 . A L
Ol :1"" : ! :-gi}f___..:'__'___,.—-'" i i | i I
2 130] - ENIENEEN TP S B sal l |l ' |
7 E ﬂ : I i i | . |
4 I ] b H | I 1 I
0 {20201 Of AT ERp e —— I A Y
: - o I - I l |
{1 1 4] - ?TL__._..'-M-':"“ ' ' | i | | | | |
- _ | ] : l . | , | f
A [;;r - | i ? i [ | [ | , | .
- a o
E f LL: g ;_ﬁ 40 S0 80 100
Zz o W 5 T CAPACITY M‘TL-H
M R/M 2% KW M|




n1stAan (Cavitation) luniuaa (Suction) Gua\a!ﬁu (M)

Hanasn1aiNTuar N s ldevauiuiu Aesiansun NPSH, Tusiiaua

/Q Minimum Flow Line

Flexible Hose

> \_|

Pressure Gauge

- _—
———————————
—
e
-

—————




Cavitation

Usngnrsalinianacla (Vapor Bubbles) Auluvasunadiianinuauluuiiiniuanads
n31A21UAUlaYaIvanal (Vapor Pressure) aandunaslainanuazguna (Collapse) 9814
s TuUTIaiaNGUNaUgIdY i lRiRaksanssunnvuIalng

Pressure

A

Vapor bubble collapse
{implosion)

) | discharge pressure \

supersonic
liquid microjet

-~ (

suction pressure
L5

Vapor
Bubble

Cavitation damage .
. bubbles collapse (surface erosion) :

fuid vapour pressura

—— o — i — — — e s ———

¥

Pipe wall or valve companent

bubblas form 2 o

Ref of picture: https://www.slurryflo.com/cavitation
https://www.leo.co.th/post/cavitation-%E0%B8%84%E0%B8%AD%E0%B8%AD%E0%B8%B0%E0%BI%84%E0%B8%A3



https://www.slurryflo.com/cavitation

Ustaauntng Cavitation

n151Aa Cavitation tAnalanu
* YaanaMIuLn
* YDUNAMUUANIN LU Polymer ViviaauLiia“

*  USNUAnYaslu (Suction)
* Tnaluwm (Impeller)

Vapor (flash steam)
Condensate

Fump oscillates due 1o cavitation Damage caused to impelier

Ref of picture: https://www.leo.co.th/post/cavitation-%E0%B8%84%E0%B8%AD%E0%B8%AD%E0%B8%BO%E0%B9%84%E0%B8%A3



Demonstration of Suction Cavitation

» "ttps://m.youtube.com/watch?v=AU_Fnlu65quU



https://m.youtube.com/watch?v=AU_Fnlu65qU
https://m.youtube.com/watch?v=AU_Fnlu65qU
https://m.youtube.com/watch?v=AU_Fnlu65qU




ANULEENN8INN5LNA Cavitation

Y Y ' v ¥ a e v Y v = a . . .
LL3JLa@ﬂ?ﬁﬂ‘m@‘lﬂgﬂﬂ@ﬂﬁ'\il?fﬂﬂ‘l]@ﬁL%ﬁ')‘l/ldl?j\‘ﬂu 13J1ﬂ‘Vi3J']EJﬂQﬁ']3J'ﬁﬂVIUﬂ'ﬁLﬂﬂ Cavitation, Steam Hammering,

9
1'%

Erosion 1@

References of pictures : https://www.leo.co.th/post/cavitation-Aaagls
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81015 NPSH_

(Net Positive Suction Head available)

NPSH-{'MHHHE = hSp = hﬂ o hf - h*;-

P

Aﬂnk pressure
Liquid with

4 | T=—=—=—= 71 vapor pressure hep

Suction
5 line

v
WTTT [

h . due to pipe friction,
¢lbows, valve, entrance

(a)

Reference of picture : Facebook @chemengedu2015

Discharge
line

hf due to losses
in suction line

Eccentric reducer
hFF = atmospheric pressure with
tank open

: Liquid with

vapor pressure i,

Foot valve with

e

strainer

(b)

30



NPSH
(Net Positive Suction Head required)

V91552398 staenduniinviun NPSH

D

v

Al Aaadin1352u31 NPSH_ annislduaamadasls 4y Standard Curve vaedu guansinasivunidu

AatavLila lunul

sidasudsiugdune :
Uranldnuanseszls

® Vapor Pressure i1ls

*  uunAWils

o D).

Wianmum NPSH_ 31Mia2 {aaniuussuu faeA1uiu NPSH_ Warhdusn@asadnnussuy

Reference of picture : Facebook @chemengedu2015
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n1swNUunInIsLAn Cavitation

1. wWagudaalunia (Impeller Material)
* mnindudssUaseliiia Cavitation
* lgTannnuusinszwnnle Yreanmnuidenie wldedl Cavitation 1o

2. andnNsINITLE WY N5 Ya Min. Flow Line

3. WNA2INEIVDIVDUNAIAIY Suction (Lity H)
* fiuusaduiidugavesis

4. WLYUIAYiD Suction
* annsgadeLsInuluve (h, anag)

5. LANVDIULRAINLTUNINE
* yhldganglisiudias ¥I8an Vapor Pressure

34



AMseenuUULT NPSH_ > NPSH, aus

Minimum flow line

’ Pressure Gauge

Flexible hose Air vent line

>4\

Flex

e

21 NPSH_ =2 m massneszauaanad laadiesn 2 m gnaaansala
ANAALAD WIATHANIDUUNNUBANAIAINAILNFIRUINAALADA ATNATNTZTULUIAZRINITAFL

PAIUUAMULNAUUNA AUNTENIRINALINLEA
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LASDIUDIASLAUMITIUNANANS

sesliadnszauntdunigalugnainnssuviinnile NAa Differential Pressure Type (DP type)

III."
| | hI P1

lunsal sUsuvuBIARnfsaUnsalinviln

2U WU Radar Type wigunanau [

veaadu ALY DP Type

AMUAUE P1 —P2 = A21UAUNLANINNVDILIEY

ANAUNLANRINVBIMAT = Pgh

v ¥ A v . < Y
A9UU B3 Density Y99089WaINALEIUN5A3
Augs walgndluluginfe azdasdinisninuaan

Density tUua1msf
01U UInAIYR9HaINA Density WANAISNY LYY
Density 410NI19NIAUA -> SEAUVDIVILNRARZAININAMIALA

Density Wagnd19nInun ->32AUYDIVBANARLEINIIANIALA

—p Reflected Signal

Transmitted Signal

LANAINNT Startup %138 Commissioning
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LASDIUIASEZAUMIITIUNANEANA (§a)

Density 4a8nd1inun -> 52AUVBIVBUNAIATFINIA1NIAlA

WU 81 Density f149401W 20% 2BI1USSAULAUDY WASZAUVDY
VBIUNAIILEINTIAIN

‘Vi’]ﬂLﬁJaﬁuﬂUﬂx‘i“Uuﬁ]‘U‘VI?ﬁJ P2 mammu‘lmm 80% LLﬁ')ﬂ\‘i‘VI
mnuumlumummu ((Ws91e P1-P2 ﬁ]uﬂ\‘]‘lfl) 9133 LﬂﬂﬂﬂJ‘W’]ﬂ’]ﬁ
a‘L!Lﬂﬂ"U‘L!

““-i%




N15gULIINNA

15181311500AU11NNTRN lndniiganiuns ?

AUAUATUAAAIERA AB O Absolute Pressure Tuvaugiiauaunuunilaidnne

* AUAY 1 BarG detlageuszuna 10 wns

® Vacuum -1 BarG gatlaanuszunas 10 s

A15199ALRanvasNUagULUAININAIINAY

1 Y
acn o

aauundningusaaan (°C) AUAW (MmHg )
30 31.8
35 42.2
40 55.3
100 760
121 1 kg/cm? G (1,495.5)

37
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maguﬁqmn‘ﬁﬁﬂ ($19)

24
| 1 Q/ o o

* nsguihludnmiaidueggendnseauin aunsavinle Ly 10 wns

Tunangud) wnadudunviegalugaainaa (0 bar abs): U19sgNAUTUNIGIEA 10.3 LUAT

9 7

€ €

* lagundlumelfjun dusssuadngairlaliinu 4-5 was (+ foot valve) tiasandulyianunsa
#3195 INAaNYsal wasiiusamnumulussu 1wy Augyde (Losses) wag Vapor
Pressure 98411 (N151A2AYBIUNAAAINANUAUNANAY)

* nsuAlsyn Wagalile Adasdeunuy (Greduaslulngun)



40
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wannsguiiunalaglddugu (Submersible Pump)

* lgauunivareign duduguidtuiataifinnudnuin

n\ 1

*  Juazgninnsguasiuluvsiruimanieluviguang

q
Y] Power cable
=R o/ 1 .

*  IUUIZNUAMUANAILLE 10-50 LUAS %15aU1NNIT

* wawasaTgnIaNuULIaEmduun (IP68) Uaanulsiliin

WrluneTudawmas & szuu AUunly Mechanical Seal

inlat SCrEen

J99NUNI1ss7

References of pictures : https://akvopedia.org/wiki/Submersible pump
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msguﬁqmma (519)

wann1sguLuInalaelduuin et Pump/Venturi)
=> Uszansmwnsldwasaunn (Uszuna 50% Wguiudugu)

=> s1angunsalgn wamunzldeuiiaanudnlsivnn wu 5-15 m

l_—Return Pipe

| Jet Ejector

o

Foot Valve

References of pictures : https://itoolmart.com/product/9ohp
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Deep Well

IIUUNDA

a3y InaJansvadu
KS2IUSAINDS asJsunsvau
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Uu1131nAUAY

"Lué’\uﬁumsmﬁ (Low Pressure Fixed Roof Tank)

89LAUETI5LANYLA Fixed Roof Tank1uﬂ'im1/I1°ZiLﬂUﬁ’l‘J‘ln3Jﬂ’]'ii°’L'Vi&flﬂﬂ’]ﬂ maammumalum
umsmaﬂuuﬂm ATUAUNRY Lﬂaaumﬂulﬂﬂ'Jﬂ ezmﬂnm Fixed Roof Tank unanaamwu‘twwummﬂu
&1uau Vacuum lesnunn (19U -50 09 -200 mmH ,0) mimnﬂaummmmmauuaﬂ

References of pictures : https://engineering.purdue.edu/P2SAC/presentations/documents/Storage%20Tank%20Dike%20Design%20-%20Air%20Products.pdf



Uu1191nAUAL
TugaAuanstadl (Low Pressure Fixed Roof Tank) (#18)

--..______‘___‘

‘z‘- |

2 ARy

=-—
'-
i# -

NIIFUVIUKAIDDN WAL Breather Valve

Mal-function nMsUAsuLUaIQUn)liag1939nL57 kag Vent System Mal-function

Breather Valve wfillgyi Tank Vacuum #gnisaaainiadinluluds widesszieanisnaunussuninsarsindindufingllwuazainianiegluds




AI9819 m&;msaﬁi June 3, 2023, Calcasieu Refining’s Tank Farm in Lake Charles, LA

01 Breather Valve MM91ulvianniatn Uy

aanuastalwnilaszmenalule

(Flammable Gas) uazo1uusunuaandLay

LINBSWD 5AUNY Ignition Source LU WA

IWanin a1 lvtinguawe Inlval waz
a Y < v

n13552Lunle Wuau

v ¥ v v A &
aetiu Hesnuuuasnuasadiniduansialy
AzAaIlasnuANAUAUAY hilvideguy

v o/ 15 Y 4 -
razraslasnulilvainialuluds

Lower Flammability Limit & Minimum Oxygen Concentration
& Grounding

https://youtu.be/hyzep2KsyEw

https://www.ogj.com/videos/video/14295886/analysis-of-lake-charles-lightning-related-tank-fire-video-june-2023


https://youtu.be/hyzep2KsyEw
https://youtu.be/hyzep2KsyEw
https://youtu.be/hyzep2KsyEw




m29819 Flammability Diagram ¥a4tun1uaa

Flammability Diagram for Methanol

AV

80

AVA TS VAVAV.NVAN
AVAVAVASAVAV QY4

NN NN N NN
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Mark B Brooks and Dr. Daniel A Crowl
Hazards Evaluation Laboratory
Michigan Technological University
Houghton, Michigan
June 20, 2001

Flammability Parameters
Lower Flammability Limat (LFL):  6.7% Methanol
Minimum Oxygen Concentration (MOC):  8.6% 02
Flammable Boundary at Saturation (FBS): 11.1% O2

Flammability Diagram for Methanol
(Close-Up View)

0O ., 30

Nitrogen
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@® Flammable Mixture

O Non-Flammable Mixture

= Flammable Zone Boundary

Initial Pressure: 14.70 psia
Initial Temperature: 25°C
Reactor Volume: 20L
Igniter Location: Center
Igmiter Type: 1 cm 40 AWG SnCu / 500 VA
Igniter Energy: 107

Mark E. Brooks and Dr. Daniel A Crowl
Hazards Evaluation Laboratory
Michigan Technological University
Houghton, Michigan
June 20, 2001

Flammability Parameters
Lower Flammability Limat (LFL):  6.7% Methanol
Minimum Oxygen Concentration (MOC): 8.6% O2
Flammable Boundary at Saturation (FBS): 11.1% O2

@® Flammable Mixture
O Non-Flammable Mixture

e Flammable Zone Boundary

Initial Pressure: 1470 psta o
Initial Temperature: 25°C ﬂ
Reactor Volume: 20L
Igniter Location: Center
Igniter Type: 1 cm 40 AWG SnCu/ 500 VA u

Igniter Energy: 107



A20819 Pressure Regulator %138 Pressure Reducing Valve

Screw

N

k A A H e
SN

YA

F (Spring K)= P x A (Area) // dia P

outlet

Adjustment Handle

Copynght TLY GO, LTD.

o Y < a A v
A1 FIDIARAIMULLYIUDIEUTY %159 an Pou

Bellows

Adjustment Spring

Secondary

Frimary Pressure

Fressure

o
o
T

- {l

f

Main Valve

- —
——
e

tlet ﬁ’]&l’lﬂ"] ﬁ]u‘lﬁjﬁﬂu’ﬁﬂaﬂﬂ’ﬂutt‘%ﬂ

Ya9aUTelaual AfaaiNy Area AU Low Range Pressure Regulator dqulnajazlivunaunulaazunsulvg]



Breather Valve: Fixed Roof Tank

MNanldaruauauauN1glune (Self Actuation) LiNa
UaanuANuHenInans

FEUNBLIINUEIULAY (Overpressure) aantilanI1UAL

aglugandiung

A981N1AAINN18UBNLYIUN I UDILDLNAEN1ZEUEUINA

9 YV W

(Vacuum)
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@2 Storagelech

LT ISR

PRESSURE VACUUM
RELIEF VALVE

R

Pallet Stem 4 9
Weatherhood

Guide Posts

Mesh Screen

Pallet Assembly
Seat

F (Disc weight)= P * A ( Area)
41

-
[P § |

Vacuum

Breather Valve Y130 Pressure/Vacuum Relief Valve (PVRYV) Mrivn

AILANANNAUMETHTS TA8L 32T IAUTIUDY (Overpressure)

0NINDI 11AZ/130 AIDINIAINMUINMIITIUNBNATNIZTYYINIA

A oV U a 5 U
(Vacuum) 11010 3nUANNBLHISND9 1FH MFIZIUA 13I9M1IYUA

MmNV lagn@ Setting Pressure 3zag3z3n94 +/- 20-30 mm H,0

(NMYUINDI1DALAN AN Tank Design 154 API 650 Tanks for Pressures

up to 1700 mm H,O 1aM3aviinaz ladnnn)



) * AR
ABE19NITBBNRUUIZUU Vent U84 Fixed Roof Tank L)

’ - -

m=) Contaminated Gas
- )

10X? )
‘ X
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A12819N159NLLUUSZUU Vent U84 Fixed Roof Tank (§1@)

= )R
) N, =

To prevent O,

Y
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A19819N1SPDNLUUSZUU Vent U849 Fixed Roof Tank (§18)

mmm Air Intake
—— Vapor Out

)

Vapor from Liquid that Changes by Temperature,

Vapor Sunlight, Ambient, Raining

X

Vapor pressure will relate with liquid type (vapor pressure) & ambient temperature change.
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A19819N1SPDNLUUSZUU Vent U849 Fixed Roof Tank (§18)

— A“ake

—— Vapor out

N, = X + Alpha %

Vapor

Alpha (Volume change by temp.) is difficult to control by using high N,. Thus, this system is not suitable.



U58N1ANTENII@AFINNTTY 1389 A1TAIUANNITIZUIELD
a N ¢ v o <
A199UNFYITLRYINNINNLAU N.A. 2565

“szuunlunANlaansdunIdszue (Vapor Control System)” vagas szuuvia 89 gunsainlydsiusaule
#159UNII MY wazaunsalniuANAgILRNY NBN1TAANITIEUNEITBUNIEsEIEgUITaINIA N
Uszansnin ldidaenidnseasas 95 ©50UN1553UNYEI5IUNTITSIMEURENI 500 d2uluaiudiu (ppm)
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MI9Y19N1IDDNLLUUIZUU Vent U349 Fixed Roof Tank (,18)

Emerson Tank Blanketing
Type Y693
Body Size gffq;fda;; !

0.5in.w.c. to 10 psig |

Control Pressure Range 1 mbar to 0.69 bar

Maximum Inlet Pressure | 150 psig [ 10.3 bar

26,700 SCFH [ 716 Nm?[h
of Nitrogen

Flow up to

Operation Method | Direct-Operated

Cast Iron, Steel and

Bud’g Material Stainless Steel

Bulletin No. | 74.1:Y693

The Type Y693 utilizes a balanced trim design and large diaphragm area to provide
the accuracy of a pilot-operated regulator in a direct-operated design. The design also
provides minimal hysteresis and low inlet pressure sensitivity.

X

Special pressure regulator, Very low pressure but high flow

Breather valve +/- 3 mBar (capacity? Loading & Unloading & Temp. change), N, tank blanketing PRV set 2 mBar.

Limitation -> Pressure drop by pipe after PRV to tank shall be very low . w/ WIAANUALBENIIDaNYBY PRV



A12819N159NLLUUSZUU Vent U84 Fixed Roof Tank (§1@)

Pressure control will be primary control system and breather valve will

be secondary control & overpressure control system.
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N2 = 0 -X +Alpha

X

Woruly 3-15 U Asalaeu Breather valve 32fa9inagnals a1n1agazlaiign wastloenululudl Electrostatic %58 spark source veauzlUasu



NsUMI9819 BENZENE TANK COLLAPSE

(ATM tank with N, blanket & overpressure emergency vent & vent)

. L‘ﬁﬂmmé’ué’maumnmsmgwuﬂmqmwgﬁ%m
gaunarludeag1edunay 1esannsiRuuudy

* 9UNQNAVDY Benzene aNAIIIN 70°C vJu 35°C 9E14
590152 0UL3a1US N 5 Wi

o Aranreludsvrsdorulasuduvannan irldusuins
anas lasfideaurnvinhy tiaan1wa21uay -300
mm H,O

* 0198U31Nn Vent Line @afu (Condenser Clogging)
1$199910N1590NRUURANAIA (New Plant, Changing
Heat Exchanger Design without MOC)

58




NSEUA9819 SULFURIC ACID 98% COLLAPSE (#i8)
TANK Accident by Changing Vent Design

® Carbon steel tank

* Sulfuric acid 98% viscosity 26.7 cP at 20°C (water 1 cP)

59
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N5UN29819 SULFURIC ACID 98% COLLAPSE (618)

TANK Accident by Changing Vent Design Modification to change vent design

=) AR
“ AlIR

P
=

A8ANNANATUBINU Corrosion Yasn4LlaLin

Overflow La2 LN AHIVULEIWNEIINNTA



N5UN29819 SULFURIC ACID 98% COLLAPSE (618)

TANK Accident by Changing Vent Design

Loading by Tank Car

N

Overflow found (due to error
of level indicator) then stop

loading immediately.
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N5UN29819 SULFURIC ACID 98% COLLAPSE (618)

TANK Accident by Changing Vent Design

Immediate Action Tank collapse after few minutes

Stop loading from tank car. by vacuum due to suction

pressure and too high viscosity of

Increase maximum pump out. / \
! H,50,
= > AIR

Vacuum

y

MOC did not complete for risk evaluation before modification




Pressure from Thermal Expansion
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Thermal Expansion in Pipeline by

Ambient Condition

<€

Minimum Flow Line

P4

PG& PS

FIeX|bIe Hose

I

Pressure Gauge

Air Vent Line

After Stopping pump, operator also

closed V2,V1 then stopped pump at nighttime.
One week later, we found that PG & PS units
damaged by overpressure.

Thermal expansion co-efficient is about
0.00011 (for 10-degree change).

Volume inside pipe is 26 litter for 40-m pipe.
Calculated volume expansion is

0.00011 x 26 = 0.00286 litter only.

Liquid is incompressible.




Thermal Expansion in pipe line by

ambient condition

‘<

4" pipe & 3,500 meter >

/\ Minimum Flow Line

< P4

Pressure Gauge Benzene transferred to one tank during 8:00-10:00 AM.
Transferred temperature was about 30°C.
Valves V1 & V2 closed completely after transferred.
During 1:00 PM, safety valve activated many times.

FIeX|bIe Hose Air Vent Line

* Liquid is incompressible.




Contaminated Gas Drain Line

V1 pressure Gauge

Tnanaly watin Contaminated Gas NfasudrluuUn Wnazly Fan Blower Tun1sds
6V Y o w = < A v ) Y o o
Anwid1U1Un 1Weean Fan Blower Wuaunsaliiionsinisiviags waliwaearue
Jeynniinuvsy Aa WansAruLUduYasinazlaasaiiluszuuvia wag Fan Blower
LAZVDILNANLNATUILIUNIUNITVINGIUYDY Fan Blower waza1anilitasniala a1l

ULV UNAINAIULLLUNINND ALY ADINNISISUIYVDILNaDN LANUA LA LU
Drain Line #14l3naziinauasiaiiaanuifnig




Contaminated Gas Drain Line (§3)

=== 1
_ [ l
I i Gas out to prevent air block
[ i
! |
I |
[ |
- [
|
- —g—
< Condense liquid out
Crack Open L=1-3m to drainage
Liquid + Contaminated Gas |
— —1
ﬁuﬁﬂiu”ﬁnLﬁﬁﬁuﬂQﬁuﬁum@a Fan
(alsidnwa naziim Bubbling )
aauuaqluaaanain Fan Blower drunTneEing
laim laigsiana TBAUURI
Saganniia Air Block aanain Fan Blower laasins
Taganizilad s e uad GEalEtE

(~4 1
Wnaulualanyia
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q

Syphon (Waunu34liin n1anun visszuriianaagsuan)
AUUU (Ram Pump)

Themo Syphon (Mechanical Seal Pot)
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Syphon (Weyuslsitin)

guianisnllngs Ineldldnwasau vilaaselus
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u o = = | w . =] i
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Syphon (nM&nwin)

g} [~ 1
UILANNE

lua dargnasiniaiszauii

1sdluia VanAgauLdvia
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Syphon (¥iaszu1eiiandtaeslan / Auto Drain)

Overflow

LT B

5

/ Hole for air (neces:

wraler)

____———Water level E
i ®
Drainage tube [wa ﬁ'

S

o

%

£,
'l"-
L =
A
- ¥, i -
Tt i '!_
f- . 1 ,_-'-'__ ¥
gy = Bl _ L
e T
- e T
¥ z-_:. —>
Water in tank / &

Glass wall of fishtank

luszuunaluangnnnssa LaNNITAI2RILUAN
anigelisinaily azaasssdsnisinanuunianiy

Free Energy ? LHangailx



Syphon (Weyu3alviin)

quitandigs luiisn Taelaldwasonuiuldlaile

mnmewaqu mm"lmammm"l,ﬂ danananisunaan
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AUUU1 (Ram Pump)

/3

guinaniialungs legldwassuainnisivavasinlvaainiige 1-2 wns laglvnalanisweanisivavesi

1ne Check valve nauAIu 2 A7 NN IALNALSIIINAITATELLNN IINNAKIUIAY Lag lgLsIUAUUIIUIUY

Uaeq Yulungeuszunal 5-10 wns laediiifideeiisuszunal 3-5 Win vaaliiguiuigs

Delivery
Waste Pipesp out
valve

Drive pipe
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FS  Pumps & Systems > : b4

2N NYINNY VBuuMalazdl density

Winnu wazazliinanislua

Wognuvniigelu vauradNsauazll density
AN wazvinlviiansivaau

Seal Pot ZMURUINSTZUIEAIUSIU LAY

o Y a 1 1 zﬂl :%
‘I/I’]GL‘WLﬂﬂﬂ’ﬁl‘WaE]EJ’]\‘]GIE]L‘L!EN"U‘L!

Water Management for Pumps in the Beverage Industry | Pumps & Systems
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Themo Syphon luszuu Mechanical Seal Pot
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