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09.00 - 09.45

AULA MAGNA
Pienary Lecture
Safety of Batteries

Wei Gao, Dalian, University of Technology. China

AULA MAGNA

of Foe B fo oo PEoan WAL
Tiemoriaim 01 107 PToTESSOr riot

11.10-11.30

ﬁy‘h Coffee break
=5

11.30-12.30

T
Explosion venting & mitigation | Dust & hybrid explosions |

anAn_1a9n
13.00 - 14.50

14.30-15.50

Hydrogen and gas safety ! Flame Propagation !

15.30-16.00

{d =l
@ Coffee break & Work-in-progress posters Ef

acan_17 00
16.00-17.00

17.00-18.00

7
%' Reach nartv
party
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AULA MAGNA

Plenary Lecture

09.00- 09.45 Understanding the Limitations of Using K_St to Define the Reactivity of Large-Scale Dust
Explosion Tests

C. Regis Bauwens, FM Global, United States

AULA MAGNA

(=
=
ai
(=]
'
—
—
—i
(=

11.50-12.50 Detonation & DDT Dust & hybrid explosions Hydrogen and gas safety
13.00-14.30 Lunch

14.30-15.50 Dust & hybrid explosions Hydrogen and gas safety Explosion Prevention
15.50-16.20 @ Coffee break & Work-in-progress posters rff

16.30-17.30 Free time

17.30-18.30 ﬁ:ﬁfﬁ} Guided tour to “Galleria Borbonica”

19.00 - 21.00 “\03 Pizza dinner
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/NI =K 558 ROK 35 ff (Marine Small
Portable Fire Stop, Marine SPES)
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Incident Investigation

of Hydrogen Explosion and Fire
in a ReSidue DeSl.llfUI'izatiOI"l Ting-Chia Kao ¢, Yuan-Chen Lin 9, Hui-Ning Yang?,

Hsiao-Yun Tsai ®? & Jeng-Renn Chen %?

Process *Southern Center of Emergency Respomse of Toxlc Chemical Substance

(SERT), Mational Kaohsiung University of Science and Technology

J

(NKUST), Kaohsiung, Taiwan

P Department of Safety, Health and Environmental Engineering, National
Kaohsiung University of Science and Technology (NKUST), Kaohsiung,
Taiwan

/4
3

i

i

aD !SH PMIE 2024

h - apol. Il

v Recommendations
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*Incident : Large explosion and fire during
pre-startup pressurization of the RDS
reactors and downstream coolers with
hur'lrncrnn
hydrogen,

*The damage : Significant damage to the
downstream coolers and parts of the RDS

reactors.
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nvestigation (2/7)
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* Pressurization continued,
and a large fire occurred
near the area below the
E-3004A/B unit.

* The causing extensive

, damage to the RDS unit.

the temperature was reduced °
by welding.

to 160°C, and hydrogen was
* Pressurization resumed.

After drying was completed,
rving P * The plug leak was sealed u

introduced into the system to
replace nitrogen.

Regular maintenance

(isolated & pressure tested) 10/20 10/25 10/27 22:34
e ° ® ® ®
10/23 17:15 10/27 19:50 The fire lasted
about 4 hrs.
The RDS unit was ready *System pressure : 5.5 Mpa * System pressure : 12.35 Mpa
for pressurization and « Concentration : H, (88 %) « Concentration : H,, 88 %
catalyst drying with = The E-3004 A/B reactor effluent air h
nitrogen. coolers (REAC) found a small leak and

B S T T

couild not be sealed by tightening.

* The damage to the RDS unit
On-scene photos.

Video cameras in the piant.
* In another plant elevated camera.

" Release modelling.
_ +  Fire and explosion modelling

o
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On-scene incident investigation (4/3)

Actual damage assessment

* Comparison of Damage Between E-3004A
and E-3004B:

1. The tube bundle of E-3004A was bent, and its
forced draft fan unit was detached and destroyed.

2. E-3004B and its fan unit remained intact.

3. There was extensive damage to the steel
structure and pipeline beneath the REAC.

* Damage to RDS Reactors:

1. The damage to the RDS reactors, with signs of
flash fire extending as far as R-3002.
2. The damage to REAC E-3004A was more extensive.

h ISHPMIE 2024

On-scene incident investigation (s/7)
A ndezml docssmssn mecnccsesnsed
Muilual ua llﬂyc a332TOIIIITIIL

Characteristics of REAC:
A SPECIBI iype of heat excnanger
that uses forced airflow to cool

the process fluid on the tube side.

The tubes are arranged and
fitted into rectangular header

e

DOXES.

mternal mspectlon.

There were four stiffening
plates inside the rectanguiar
Each tube has fins on the outer
surface to maximize heat transfer.
Each E-3004 unit has a total of
138 tubes, with be length of
O 136 on momd mem 1
|

d‘iameter of 22.1 mm.

completelv detached from
the box, while the remaining
ihree piaies had at ieast one
side weld cracked.

B Removal and Findings of E-3004A/B:
*  After removal from the site, a large crack was found on the outlet side of the

rectangular header box of E-3004A
recCianguiar neader oox O1 UUSA.
y

[ =s |
ind 1.2 m in length, with 2 maxim

*  The crack measured aro num opening width of
about 6 cm.

* Several tubes were ruptured, but the number of ruptured tubes was limited,
making it unlikely that tube rupture was the cause of the leak. 8
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Pressure (MPa)

B Pressure Data Analysis:
PI-0024/R-3004 and PI-0055/R-
3005 dropped to zero after the
incident, indicating broken data
connections.

+ Based on the distance between the

two distillation columns bracketing the
fireball, the fireball size at 22:40:13 is
estimated to be about 24 meters.

[ - ==

Leak Location inference

J

R

AV ISHPMIE 2024
w. y Napol, laly
" i [now] [nom] nem 0 —— : noTe |
E-3004A —==TI0171 =a=TI-0178 1]
2 k\ ——PI0024) I’—j 30 Edoie | r‘k:fﬂ | 250 +T1-0181  -8-Ti-0183 4 K_,/
h.N R004 . 15 105
o s _ e oo
N\ ht - = T | | S mon /
8 N o= PLOOAT] L — E3008 e
\\ \\,\ . r"L\ nois 81 .
° . -8-P1O058) —— == 3 e —
£ \\ \\\ RIS [ocas } |°-’W? r’m gmr / indicating reduced cooling
P00 - data disconnect
2 \L\)\\\ | | L..J | — [0 50 o aa—x S~ Isentropicexpansion
‘ \ R Coos | EsH —— i
100 a 10a 200 a0 Eaonas [ o % S
Time 200 100 100 00 300 “00 =00

1. The leak occurred

downstream of TI-0193/E-
3003A/B, possibly near TI-
0194/T1-0195 for E-3004A/B.
This is consistent with the
crack in the E-3004A outiet

haadas hav lasatad hativanm
neaGel ook, 10iaeh veIween

TI-0193 and TI-0194.

TI-0194 and TI-0195 dropped to
zero, indicating broken data
connections.

TI-0203A dropped close to ambient
temperature, indicating rapid

ranling maar tha ~ranl

COGiing N€ar une Cracr.

22y ISHPMIE 2024
', ’,‘ ‘&hi Napol, Italy
\isij
lant elevated camera

* The fireball size in the remote video at the same time should be the same, with

the largest fireball diameter estimated to be approximately 85 meters.

-41-
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ALOHA (Areal Locations of Hazardous Atmospheres).

It is a hazard modeling program developed by the

National Oceanic and Atmospheric Administration (NOAA).
It can simulate toxic and flammable gas clouds, BLEVEs,

jet fires, pool fires, and vapor cloud explosions for single-
component chemicals.

.

4 (

AL L LS ]

Qnmnhfv the simulation conditions:

.

-~
[A) ISHPMIE 2024

https://www.epa.gov/cameo/aioha-software

Toxic release

Consequence analysis (2/5)

= T
!

Thermal radiation Overpressure i1

A) ISHPMIE 2024

B Release modeling & S,mula ion condition setting
. Equivalent volume: 2,053.9 m * Env. temperature: 30°C
* Pressure: 12.97 MPa * Chemical: H, (100 %)
= Temperature: 152.11°C * Hole size: 0.036 m? (area of the measured
* Wind speed: 2 m/s triangular crack)
[ Vessels | ID(m) | TT(m) | V(m)
R-3000 530 2080 5365 ] *_ I
R-3001 4.57 767 | 1759 | ™1\ b
R-3002 457 1225 2508 || i | HI SIS
R-3003 457 1805 3459 I \\ =
R-3004 457 1805 3459 - LA
R-3005 457 1805 3459 L Tee——s
D-3002 2.90 6.10 53.0
Total 2,053.9

-4 -

2



Consequence analysis (/5)

W Explosion modeling

* The current fire and explosion modeling aims to
reproduce the results to uncover the precise release
consequences.

* The release resulted in a flash fire rather than
an explosion and overpressure.

* Flames affected areas up to 41 meters from the leak.

* For pressurized release, ALOHA can model gas clouds,

omesers e
jet fires, and vapor cloud explosions (VCE). ! I ® T
* The difference lies in the ignition time. VCE is possible -/"-" 3.~‘ 74 \\
only with an ignition delay of 3 seconds or more. 17 - A ' 7 e T
) . v : | | b 1 ot
* In a full VCE scenario, the overpressure of 8 psi 9 \ S T , | | —
capable of destroying buildings extends over 800 m, 03 ," 0 4 o/
which is clearly inconsistent with the actual damage. N/ W 7
* With a 3-second delayed ignition, the 8 psi ! | el | ) xk 1= :‘D— et ;o J
overpressure is limited to a short range of 11 meters. iomeress meters
St y . [ grester D 8.0 s (destoveton of bukings) e T e s s
This is @ more plausible scenario as the structural greater than 3.5 pw (sarous mjery Heshy) raster than 35 pei (sedces infury i)
Pl eater s L0 o (54 it han 1.0 o snatees gass
damage was limited to the area near E-3004A. bbb e Tt
Full VCE with for all possible ignition times VCE with 3 s ignition delay 13
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Consequence analysis (s/5)

* The video showed
different fire

* The sparkles were
due to the burning of
aluminum fins on the
exterior surface of the
E-3004 tube.

* The sparkles were due to the burning of aluminum
fins on the exterior surface of the E-3004 tube.

Cause of ieak

« Corrosion has been a maior issue in RDS
units due to the presence of sulfur.

* LOWET Bi
environment.

ada ctanl pe
auE sSLecl pe

Dupiex stainiess steei 2205

It's proposed for better corrosion resistance.

(509% ferrite & 50% austenite)

Snecial welding requirements and i

e e AL o

are needed (API, 2015).

inspections

G) ®

Proper phase balance of ferrite and austenite
in weld deposits and heat-affected zones
must be verified by ferrite measurements on
weld procedure quaiification samples.

Q)

Fire

* There was no sprinkler system to protect
the area from flame impingement.

;?:::Y:J;;rfgt:;tjze LT * The extent of the damage could

fire. have been much smaller if the RDS
Analysis of | area was properly protected with
Subsequent mwy  fireproof insulation and a sprinkler

/ system.

jith heavy smoke

o be due

ocated 1..-@- 1 1
vented fuel oil and other

containir
waste gases

revealed poor welding of
stiffener plates with

BN A PRS- The ruptured header box

significant defects,
including imbalanced
ferrite.

* Sulfur was found on the cracked welding surface.
* The failure was caused by sulfide stress cracking (SSC).

* Duplex stainless steel REACs have been linked to many fires
and explosions in RDS processes worldwide (Lin and Risse,

2013; APi, 2002; He et ai., 2016; Voifson, 2018).

~
N\

Conduct visual inspections of all existing duplex
REACs through tube piug hoies to identify
major weiding defects and premature cracking

‘@;

IS A Iy o e O ey

PRT
OI LNE SUnener pidies insige e nedaaer oox.
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Conclusions & Recommendations
Fire Risk DCS data assessment

Welding and Inspection When the RDS system primarily * Leak location can be assessed
Welding and inspection of the contains hydrogen, fire, rather than using DCS pressure and
duplex stainless steel header VCE, is the main cause of damage temperature data.
box shouid strictly foiiow because the leaked hydrogen is « Properisclation, rather thana
relevant guidelines, such as subject to shock-induced ignition. complete blowdown, can

API (2015) av¥; minimize the leak's impact if

APi (2015).

€

“ detected early.
£2 % L
Inspection of Existing Equipment Fire Protection Measures
« Existing duplex stainless steel
REACs should be inspected to
prevent similar incidents.
* The stiffening piate weiding can

be inspected using an endoscope
inserted into the piug hoies.

Proper fire protection measures,

such as a sprinkler system and

fireproof insulation, should be

implemented to mitigate fire

damage. 17

@) isreme 2024

Thanks for your listening!
Q&A
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