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Abstract — In this study, a process safety evaluation is implemented, in which the process hazards are
investigated systematically about hydrogen production plants. Be used qualitative Safety management method
such as HAZOP and FMEA. Were analysed potential hazards (human errors or operating failures of every
processing steps) about parameters that flow, pressure, temperature of hydrogen production plants through
HAZOP that making deviations applied signified guide words. Analysed to using FMEA mainly about bad
components or troubles that equipments breakdown and malfunction in facilities and then propose its
influences, and counterproposal.
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Table 1. Evaluation points of risk priority number.
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Fig. 1. P&ID of a hydrogen product plant.

KIGAS Vol. 9. No. 4. December. 2005

g - AR - g

5t B ATNME YL BT oleh
Table 1ol AAE 7)Eel weh AR, A%, AEE
of A& Fo] RPN 22 73Tt
2|2 $AEARPN) A
RPN : Risk Priority Number = Severity X Occurrence
X Detection

32, AN = M|

Fig. 12 28 2/d1 9] PRIDEA gl 7]=3t
uke} o] dsldhd 4 Az Wos A 7 B
o] Ag-E= Adulelth6,7]. o) ¥l FA feed pre-
treatment, reforming, the water-gas shift reaction, PSA
process, boiler & cooling system ¥-#2 2 UFo]AH
TA 4B ol 2.

(1) feed pre-treatment - natural gasE U3t steam
reforming Ao 8 FHCE H,SE &8 ¥ AAT
t}. o] GANA AatElE A F4F steam A4l
o] &3ttt

(2) reforming - A2 ¥l natural gas$} 2.6 MPa
(380 psi)@l 57171 T4 = o] 4.8 MPa(700 psi)®] water
gasZ JfAECH

(3) the water-gas shift reaction - water gasv= HTS
(High Temperature Shift)2} LTS(Low Temperature Shift)
2 7 Hpst Cort w8t %] Fartsd
A,

(4) PSA process - 02%S] a7k 9714 99.999%
9] yE FAaviaE HAET

(5) boiler & cooling system - &% ko] AH
ol ow JHEs W dle IS AR
FR8 T Fh B BoF E& ATt

33, MMM otMM It
3.3.1 HAZOP #H7}
Fig. 19] Az48 & dAdoz 3o AT study

L *lb.xl L
]

—46—



Steam Reforming ¥ < ©]&

node(feed pre-treatment, reforming, the water-gas shift
reaction, PSA process, boiler & cooling system 5)=Z 1}
3L flow, temperature, pressure, reaction, adsorption
o] glEnE & &3l HAZOP 7|8S S8t &4
=

FaAzdu| o) g Hrt

olEol theh WAl 1 A T2y B F
A3t

$ish o] Wrt BAE AT Thed 2ol 2ok
o 9o}, A= AB|= feed pre-treatment, reforming, the
water-gas shift reaction, PSA(pressure swing adsorption)
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Consequences

Action/Comments

feed fuel release

set of release sensor
periodical checkup

failure of reforming

set of flow meter

flow decrease

set of flow meter
strainer filter check

working delay

set of manometer

rise of pressure

set of manometer
set of thermo-sensor

reforming failure

set of thermo-sensor

over pressure, rupture of
pipe and Reformer

strainer filter check
set of manometer

The water-gas release

periodical checkup
set of manometer and
alarm

over pressure
Reformer rupture

set of manometer and
alarm

thol B HAZOP 44 47E BAET & 14
78] study nodeollA] 84712} BB FHE L3l
Table 2. HAZOP DATA SHEET.
study node : Reforming
Parameter Guide word| Deviation Cause
ipe rupture
MORE | HIGH Flow Pipe TP
over supply
FLOW adsorption of suction
and deflation in pipe
LESS LESS Flow
pressure decrease of
steam
MORE | HIGH Temp troublel of heating
TEMPERATURE device
LESS LOW Temp | failure of heating device
MORE | HIGH Press pipe block
PRESSURE e of i q
LESS | LOW Press | PIc Ot pipean
Reformer
MORE HIGH Rate over reaction
REACTION
LESS LOW Rate reaction decrease

loss of pressure
Reforming failure

set of manometer

study node : PSA(pressure swing adsorptio

n) process

pipe

Parameter Guide word| Deviation Cause Consequences Action/Comments
periodical checkup
decompress failure device rupture set of manometer and
alarm
MORE | HIGH Press iner fil heck
PRESSURE block on deflation side | rupture of valve and strainer filter chec
set of manometer and
valve vessel
alarm
LESS LOW Press rupture of valve, pipe fuel release periodical checkup
and vessel set of release sensor
ture of valve. pipe periodical checkup
MORE | HIGH Flow | ™ - PP fuel release set of release sensor and
and vessel
FLOW alarm
LESS LESS Flow block on valve and output decrease strainer filter check

set of flow meter
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Table 3. FMEA DATA SHEET
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Fig. 18] A1) ¢] AA| A28 2 Refinery, Reformer,
Boiler, Cooling Device, CO Shift, PSA 5¢] 2j7] Sl=
REEZ vyol 3 2= 3 988 FMEA 7|¥
Bate] BAEATh § 46709 FFAA 1327H4
failure modeE AA 3L ©]E] gt Risk Priority
Number S 233102H o|EZ%E RPNS ZA%
o 7} failure mode®] AP A4, Bt & kA

FMEA num
Evba Page |1 of
System Hydrogen product Plant date
Team
Equipment | Potential |Potential effect Severi Potential cause of | Occur-|Detec RPN Recommendations
Item failure mode | of failure v failure/Mechnism rence | -tion or Comments
efficiency quality 3 AC replacement s 5 12 standard
precipitate | deterioration deficiency manual
Refinery -
(disulfuri- . routine checl:,
zation) malfunction | o inement 4 refinery breakdown 1 3 12 managemeiy
incapable set emergency
refinery
furnace Explosion impact 1 1 5 non-distruction
breakd Hazard by 5 test
reakcown release Temp. control failure | 3 2 | 30 | set thermometer
Reformer Temp. control failure | 2 1 6 routine check,
. . management
reaction refoirmmg 3 efficiency precipitate 2 1 6 set manometer
stop failure e oheck
catalyst tube breakage | 2 3 18 routine check,
management
efficiency | steam supply efficiency precipitate | 2 2 |16 routine check,
recipitate falling-off 4 : management
P aging 1 1 4 set thermometer
Boiler .
releasing high impact 1 1 3 set manometer
breakdown pressure gas 3 rise in pressure by , R " routine check,
overheated management
coolant leak | 4 impact 2 1 8 set flowmeter
. breakdown routine check,
Cool?ng rise in Temp 5 impact 2 1 10 management
device -
(coolant) | efficiency | . . adsorption 1 3|15 routine check,
recipitate | TS I Temp 5 - management
precip aging 1 3 15 set filter
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