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I cannot teach anybody anything,

I can only make them think.

Socrates
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Water Hammer

occurs when the flow of liquid
in a pipeline is suddenly
stopped or when slugs of fluid
in a gas line are set into
motion by movement of gas
or condensation of vapor.

WHAT WENT WRONG?, Trevor Kletz, 5t ed., Elsevier,
Burlington, 2009
http://www.edn.com/article/509997-Water_hammer.php

| Ac valve MSS-25 was opened, the

erater Hammer in Pit

¢rame illustrates the valve lineup prior to the accident. About 1,500 gal of 55°F
~<ate had collected upstream of valve MSS-25, which was located at the dead-end
-t pipe and was the lowest point in the system.
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200-ft steam line, containing Valve MSS-25 [ : 6-in. vaive

55°F condensate ﬁ (closed) ] (closed)
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350°F steam line
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water mixed with the steam on the
4ownstream side of the valve.
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An enormous pressure
i as the slug of water
was carmed by the steam

o

ressure pulse blew the 6-in. valve A = N
tting, filling Pit U-3 with steam. : ots A S




CHEMICAL TANK & PUMP
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LIQUID STORAGE TANKS

ATM / Low
Pressure Storage Refrigerated
fanks ~ StorageTank
Pressurized
3 \ Storage Tank j N
N
ATM Storage Tank:
stored liquid vapor s
pressure < 2.5 psig Gases with a critical
Low Pressure Storage Liquid with a vapor temperature
Tank: stored liquid vapor pressure > 15 psig < Ambient temperature

pressure < 15 psig

Gases with a critical
temperature > Ambient
temperature

API 650 / 620




P | ——
fothuansLadl (Storage tank)

Y

A

1. Fixed roof tank
@hanasanlaiiadoni )

2. Floating roof tank (3#a%adIA1LARWN)

3. Other types (?jﬁﬂa‘% )

» 1.1 Supported cone roof

—» 1.2 Self-supporting cone roof

. 1.3 Self-supporting dome roof

2.1 Internal floating roof tank
¢ With vertical column supported fixed roof
e With self-supporting fixed roof (no
supporting)

2.2 External floating roof tank

™e Pontoon type

¢ Double deck type

| »3.1 Bullet tank

[ ™3.2 Bolted tank

3.3 Sphere tank

In short, storage tanks usually come in four basic designs: cylindrical fixed roof

tanks, cylindrical floating roof tanks and pressurized tanks of either spherical

or horizontal cylinder design.

Ref: dinmalulagnnuilaeade.glesnasgiumsesniuy msadng msfads msl¥au msasivasy nazmsthipinm

fufuasIANouAI18 (Storage tank) Usztanansalu
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ATUNEN (Girden)

{vent with cage) 71791 (Handrais)
8411 (Hatch)
1win (Ladder)
HAIAUBIUUNEIR

S : (Roof Manhole)
ekt HIA (Shell plate)
(Roof Piate) : | Fua

' [ AMUTUUTIBN (Wind Girder)

gnsay
ginalinsy - 5 uHurudi (Bottom Plate)
-~ 5
' ] 7 ~l=7 4B1AUSITNIIST (Shell Manhole)
& W o / ' 3
.‘/ F # it |
b s s 7/ 0
< s / P e | 2 ﬂ
- , (ol -
: / s R TIUTINAEUAI
""ﬁ;. o , {Foundation)
18172112 (Drain) k@Y
Ypvindmianengud

w1 (sump)
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u

o w Y] A g’J 3 o Y]
Ref: d1inmalulaginnuilasnde.giesnasgiumsesntuy Msa3ie Msaans msldau Msnsivaey taznmsingadnmoufvmsnd
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External Floating Roof Tank

maudnyundim

(Roof piatiom) \

A w A A
PUHATIAIAUAADUN

o3 i % S‘_ muuusen
P T ITAT S S .
y (wing girder)
oo Lo (Floating Roof Tanks)
Dip pipe
N
Desk plate Support leg
Rim Seal
suvmmohiingin w1 (Shel Piate)
(Roof drain system)
uHurfud (Bottom plate) e TU'A (LacCeEr)
Sesnussituiadl
ey BIHURARID Internal Floating Roof Tank
(Roof Platfrom)
; » TaITZUNBAMUAK (Vent)
TBIAUBILUNAIA

oda w. %
vﬁam‘mqﬂnﬂﬁs:mum"mﬂumo=J
(Roof Manhole)

wasm Litndoudt
(Fixed Roof)
a - -
RRINLARDUN
(Floating Roof) /Desk plate
ula
Rim Seal
(Ladder)
vawniwm3anznen
o W L] A L S
Ref: drinmalulagnnuiasnss.aloinasgiums S
PONIUY MITA31I MIAAAT MINFIU MIATITBY Haz Slpnor.tod ”:’;’:_”;'”
rain
M3 UNVANSIANOUAIY (Storage tank) Yszion _
TOIAURINHIIND

a5l

(Shell Manhole) ]
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wazausulafuia3e-TVP (True Vapor Pressure)

Uszinneasdmiuniseaniwuulasditsfstladugaauln-FP (Flash Point)
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ﬁ"lmmg’m

Uszunn/vuavaand

WUIYLWR

el
FP- Flash FPoint

FP = 60 sariwawgud

s . ad \ ™~ e
ﬂﬂ‘ﬂum“ﬁ‘ﬂﬂjlﬂ RSN A U]
(Fixed Roof)

FP = 60 pafiwaltad

e tanfinuasAnaaau
(Floating Roof) d@wiu
g ey . w
daidiidusinaudnany
= 15 Lum5
[y , &t ' i )

e favtiauasmlumfaui

. o [ [T I:Jﬂ

(Fixed Roof) @wsunanii
WUHIAUENAT < 15 A

s ad B e
AuFUlaNuase,
TVP -True Vapor
FPressure

VP < 1.5 psia

s =, v P - e
DaruAVMa IR lLmEDUN

o s e s
Wugavianza vsu

(Fixed Roof) answailnsimnusule
A3 enIINS
sTwpsfigamail
ANTMUINADUWTD
DUNNIUIIEINIFA

1.5 psia =TVP = 11.1psia ferdandsneaoun
(Floatine Roof)

11.1 psia < TVP < 17.2 psia | dawilsndsniiadoud AT1908NLUUADY
(Floating Roof) u#azsing Arflaflanguung
finrsundudanuniels Tudruiineadoeiu
ATuAUY (Pressure Vessel) yanwiiiaanla

SN VDIATILAL

Aun: Usennvesdsiieonuuulngldiedugmanuln-FP (Flash Point) §148491nu1m5§70u NFPA 30 warUselnnunsdis
Heonwuulasldladomudulainiata -TVP (True Vapor Pressure) 8148391NUM5§714 APl 650, BS EN 14015

waz ERA

U A (v % % [ v v
Ref: poaguasumalulaganulasasalsanu. fjmmmgnm:nmJaeﬂﬂﬂmwmﬁumsmﬁeumm fmSududuvina 25,000 ans vull
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Fixed roof tank Usz1nm - BENUUUUAZANNIGY - mmﬂz‘l-ﬁ'ﬁﬂn%’uwaammﬁﬁﬁﬂqﬂ
. Supported cone roof tank | - ARAzEIMILUNTEARUADIG AR 1ulWunnngdn 60 °C wdawEn
- Self-supporting cone roof ﬂﬂw"ll"ﬁ'ﬁ'umaqmmﬁ‘qﬂ?ﬂu'lﬂﬁau
tank N1 60 °C NIt nIdEUE Y
audnataiasnii 15 was’

- @asriardragruTiniudanssnanndn
iissanuaseuuunsaoiidiniin
winnimasenuulan sens
AasF g IUIINGINGN

- oW I lFIzUUAIUAN (Control
system) MANIsENTINTINITIEE
szuunmsdnaaudlofitslulasiau
wiafmaay (Nitrogen/lnert gas

blanketing ]E'r

Fixed roof tank Uszinmn - MAIRINIINITINIINAN Twiin - mm*lz‘l"ﬁ'ﬁﬁn%'umaammﬁﬁﬁﬁ@_ﬂ

Self-supporting dome roof HauniHRINTILULNTIU FIWIIN aqu'lWunnngn 60 °C wesMAI0

tank Fudhwiniesndn ens danlgnuvesmainganulviiey

faEF9gIWITINGAINGT N1 60 °C nItinoIiLEuHI
audnatedaanda 15 wuas

- PaNUUULAsAAAILAN

- liwsnsdmsunsalARuAasdi$ain

- anade s lETzuuRIual (Control
system) ALANIzRUTINTIAITVEE
szuumsdnaansaofinalulasiaw
wiafmfow

1 a = [ 1A U Y N [ v v a 1&’1
Ref: ﬂﬂﬂﬁ\‘i!ﬁﬁumﬂiuiaﬂﬂ’nNﬂaﬂﬂﬂﬂiiﬂx‘i11!. QNE)NWWQ11!?]’3131‘1]aﬂﬂﬂﬂﬂ]iﬂﬂlﬂﬂﬁ]i!ﬂﬁlﬁ)uﬂﬂﬂ AHIVDUNVUYHIA 25,000 aAT euuulﬂ



= as (=3 =1
DAAYDIDNILAUAEIILAN

External floating roof tank

o/

Vae

)]
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Tsifizasinenduninivaslaszine
RALANIRNITRZFNVDI LD ITLAEL
wazlanafanatAaussuInan
frusnaa LwW'le
NANIFYLFUVDILAN Wiloganns
STne
FrpaanisiianisUutdawlu
a1n1e (Air pollution)

ADINNA
LANNZ TR 1R IT UYL a’sﬁﬁﬁi']q@
nu'lWitesndn 60 °C
msnzs‘h%%‘uﬁ?ﬁﬁﬁLé’uﬁhuﬂuﬁnaﬁa
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Internal floating roof tank

v f — AT
laisivaainernidunNwinuadlaszLng
AAlaNIRNIIRSRUVDI LOTELIAL
wazlanigneatiauIsaNIan
fruInéda Lw'le
FapaaniIIAenIsUuidawlis
a1n1e (Air pollution)
TALLWHNNTU adnwN ISR LINRS
Twgdle
— Q- 1 L
Jaesnisdaasuszun alvl,aaaﬂgg
nguwan (Vapor emission)
WauNINDINUVDILERITRARRIAN

= = 1 B o ar
LRaBNALWaN thagan Lu'lasu
HANTENUINNNITWNAVDINTZLLRRN

(Wind effect)

L%Mﬁ:i“ﬁ’ﬁ%’]%%’umaamanﬁﬁﬁ'ﬁg@
Mu'lwitasndn 60 °C
mm'}:ﬁﬂ%%‘uﬁaﬁﬁm”mhugmﬁﬂma
15 tuasa il

Bl ﬂ’]l%ﬂ’]iﬂl D®ING i.a'\‘i

winemg 90NV 1¥msnaaeudeitaeila (Closed-cup Flash Point)

1.

a A Yo . o LYY 1 d'd 4 v % a = a 3’,
nimmaiﬂﬂvmmmmu Fixed Roof Tank mmmﬂmmmmamm;mm"lﬂuaﬂn’n 60 °C 3LADINBIMINNITIAANIIS U

anuUasafiNAN 1Y 5:11fumiﬂnﬂqué”mﬁ”w"luimmuﬂ%%mﬁaﬂ (Nitrogen/Inert Gas Blanketing)
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Hazards of Chemical and Toxic Substances

Websites for SDS searching

http://www.merckmillipore.com

http://www.chemtrack.org

15



Chemical Properties

pH (D3A-1U7)

Vapor Pressure (mmé‘fu"la)
Boiling Point (2010190) u
Vapor Density (A 14%H11H119)

Specific Gravity (AN UNL)

Water Solubility (ANNaNNIIDATAIGHT)

Flammability (A 213013 13)

Expansion or Liquid-gas Ratios (901351015880 3v09LN )

16



A Y = =
msgemsaNdusuasisasaNuuun 1

A21ULTUSUASI8UDVAISIADMUSEUUGHS!

The Globally Harmonized System

of Classification and Labelling of Chemicals (GHS) T

stuU GHS Wus:uuanatumsHnuunmubuduasiguazdoarsanuidu
duasigyavaisinid lusduuuyavaain (Label) uaztonaisdayandudasanse
(Safety Data Sheet : SDS) wialRudazUszinAaiuisadoaisuaztdnindoya

AU L0 uduasigntnanaisiAbliunANMYIGedAU

gonuuaavAMuLldusuasie (H CODE)

rmenizod System of
c and Labelling of
(GHS)

stuU GHS ImsmKkuadannuuaavAudusuaseg
ua:tdska H CODE dvaituisaqdayatwutauldiu

AMANUDAUDYADD GHS yarlas United Nation

CH2XX 1lau 2 waavnvawidusuasigmomoniw

HXX H3XX 1au 3 uaavivawidusuasiecdoguniw

H4XX 1au 4 uaavtvanuidusuasiecoavudadou

wuvoantu 3 du

1. mwiWuduasremomenw 17 diu
2. muWuduasigdagumw 10 du
3. mwWuduasigdadvinadou 2 d1u

GHS

(bl bItT]

H200 runeidiv Sags:10alblatios ssiave
H300 nuedv 1fJua‘umswﬁomaIdtG'ané‘uﬁ17
H400 nunedv 1Wuwussusvdaaviddsatudh



awsaAuKItaya H code yavarsindudazstualdmntonaistayandiulasans
(Safety Data Sheet : SDS) Kadiafi 2 misuvaNUITUSUQsIE (Hazards Identification)

(ag1v H CODE yavnsaa=ASan (Acrylic acid)

2. msuvsAubuduasie (Hazard Identification)
ovAUs:NDUYDvaaNaIUs:uU GHS

sUdryanunianududuasiy ’@ @ ’% ‘%
Mdtynicu duase

Jondwuaavanutduduasie (ska H CODE)

H226 wvoavikasuazloszikaIW (Flammable Liquid and Vapour)

H302 Wuduasioibondudu (Harmful if Swallowed)

H312 (Wuduasioibodudaddki (Harmful in Contact with Skin)

H332 Dusuasiabokielanlu (Harmful if Inhaled)

H314 rhikAdKUbIKDagvsulsviazia1eadvm

(Cause Severe Skin Burns and Eye Damage)
H332 DuWudisusvdodvissatudi (Very Toxic to Aquatic Life)

novaviasuinalulagadiulananslsvoiu e Ins 02-430-6314

ﬁ www.facebook.com/diwindustrial O www.diw.go.th
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Flammable Materials

Source: http:/www. tcijthai.com

0 N O UV A WNER

Fuels for heating, welding
Solvents

Lubricants

Industrial process chemicals
Plastics and polymers
Hydraulic fluids and hoses
Rubber products

Metals (Sodium, Potassium,
Magnesium, Lithium,
Cesium, Rubidium)

Some types of dusts and

powders
20



Explosions in process industries are of the following types:

1.

S

Physical Explosion - resulting from mechanical failure of pressure systems,
or unstable pressure and/or temperature conditions in pressure systems
Condensed Phase Explosion - whereby flammable materials are liquids or
solids, such as ammonium nitrate, organic peroxides, sodium chlorate and
other types of explosives

VCE - Vapor Cloud Explosion

BLEVE - Boiling Liquid Expanding Vapor Explosion

Reactor Explosion due to runaway exothermic chemical reactions

VEEB - Vapor Escape into, and Explosion in, a Building

Dust Explosion

Of these, VCEs are frequently the most serious hazards in the process industries

as they cause the largest number of fatalities and most extensive property

damage.

21
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Expandable Polystyrene (EPS)
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NI IITZba v 2564 2.528109

99/ Naphtha 7213393 90,000 m’

(pemgszidauaz Flash fire ¥a4z Tank shutdown {NON1INTID

S GEYTAEN

a = o U | A A [
VUSINALTIA uﬂumammﬂ"lumag 5 AU I@g¥IN 3 V1A 2

suRAREN
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INaNSsziUaias Flash fire
szﬂ’inmfiﬁqa%’nm
ey External Floating Roof

Tank ‘ﬁﬁ Aluminum Geodesic

Dome 99U

ﬂ1§ﬂ3ﬂﬂ3~lﬂ'|xﬁﬂ’3ﬂi§3~l

(Engineering Controls) v
MINIVANNINTUIHITIAMS

-~

(Administrative Controls)

NIDUNIAUASNIINIUAN

MINMNUUBIHIVIHIN ?

INONI I Confined-space Entry
Wil 24-32 24
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Process Safety Management (PSM): The application of management

principles, methods, and engineering and administrative practices to

prevent and control accidental releases of process chemicals or energy.
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IEAT’'S PSM REFERS TO OSHA 29 CFR 1910.119

14. Trade Secrets 1. Employee Participation (EP)

2. Process Safety

13. Compliance Audits Information (PSI)

3. Process Hazard

12. Emergency Planning Analysis (PHA)

and Response (EPR)

MANAGEMENT 4. Operating
Procedures {(OF)
11. Incident LEADERSHIP&
Investigation (Il COMMITMENT
5. Training

10. Management 6. Contractor Safety

of Change (MOC) Management (CSM)
4__9' - A
9. Hot Work and ' ‘rﬂ.'.ij f)-”‘ 7. Pre-startup Safety
Mon-routine Work Permits Review (PSSR)

8. Mechanical Integrity (Ml) 28



VaM¥iua OSHA 29 CFR 1910.119

N1SNFIUTINURINUNGIU (Employee Participation: EP)

PrROCESS

—

fﬂgam’mﬂaﬂmﬁﬂﬂizuqumiwam (Process Safety Information: PSI)
N1FALATITURUASILNTEUIUNTSHAR (Process Hazard Analysis: PHA)
ﬁgumum'sﬂﬁﬁamu (Operating Procedures: OP)

N15ENausy (Training)

n15anN1sANNUAaANRESULUNN (Contractor Safety Management: CSM)
nanunIuANNLaanfEiaunssNIAULATaY (Pre-startup Safety Review: PSSR)
AMNWSaNlTaa9gilngnl (Mechanical Integrity: M)

© ® N O O ~ 0D

msﬂgzyﬁm‘mmﬁmqﬁﬂﬁlﬁmmm%’@uumﬂ%mﬂw (Hot Work Permits) Laznis

fagcy'mvi"\muﬁvlaﬂﬁa'mﬂszfé"\ (Non-routine Work Permits)

10. nsamnsngLasuLLlag (Management of Change: MOC)

11. ﬂ’]ﬁﬂ@ﬂﬂ'}%@‘lﬁﬂ’]iﬂi (Incident Investigation: II)

12. mﬁm?‘zmﬂfnuwé‘l’ﬂuLLﬂzﬂﬂimauTﬁnﬁqz@ﬂtau (Emergency Planning and Response:
EPR)

13.  nigagaailszidunisd)insndaniuum (Compliance Audits)

14.  AINAUNINISAN (Trade Secrets)

Ref: http://www.ratchakitcha.soc.go.th/DATA/PDF/2559/E/111/17.PDF (In Thai)



It should not be necessary for each generation to
rediscovery principles of safety which the generation
before already discovered. We must learn from the
experience of others rather than learn the hard way.
We must pass on to the next generation a record of
what we have learned.

Jesse C. Ducommun

TEAM: Together Everyone Achieves More

30
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