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Abstract Risk assessment and analysis for a medium-to-small sized chemical plant that manufactures a polyester resin
by the process of batch-type condensation reaction was conducted using K-PSR technique which is one of the risk
assessment methods used to implement the Process Safety Management System (PSM). K-PSR is a risk assessment
technique developed by KOSHA to compensate for difficulties caused by the lack of infrastructure of medium-to-small
sized chemical plants in the re-evaluation. To apply the K-PSR technique, the entire process of a selected chemical
palnt was classified in two review sections, i.e., the condensation reaction process and the dilution/filtration process,
and the potential risks of the process about these review sections were identified and classified based on the four
guide-words (release, fire.explosion, process trouble, and injury). As the results of the research, refer to recommend
of risk rating has been confirmed that non-destructive testing of old facilities and the preparation of LOTO procedures
for the electrical equipments are necessary as specific measures to prevent the risk of release and fire-explosion. It
was also shown that pressure gauges and thermometers should be installed on the hot-oil supply piping to minimize
the process trouble, and exhausting hood should be installed to prevent potential injury.
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Fig. 1. Typical condensation process flow diagram for polyester resin
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Fig. 2. Utility flow diagram of condensation reaction process for polyester resin
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Table 1. Hazard guide words for K-PSR

Hazard Causes/ Detail cause/problems
. u;
Guidewords Problem p
. In/Out or stress corrosion,
Corrosion o
Creep, Thermal repetition
Erosion Metal fatigue, crack, quake
Release release out of flange, valve,
Leak .
pump, spill, house, tank
Ete Missile effect, Sightglass
: rupture, etc.
Physical Inlet/Outlet valve close,
overpressure relief system failure
L. Fire of flammable mixture,
Limit .
. runaway reaction, catalyst
Fire & chemical . .
d dust failure, composition change
; and dus
Explosion by pollutant
Ignition Static, Spark, welding, friction
source heat, radiation, vehicles, flare
Etc. Air contact, fuel trobule, etc.
Failure of temperature,
Operation pr?ssu;e, concentration, pH,
Process stir, In-process, sequence,
trouble cooling, operator error
Material Raw material and catalyst
Etc. Otherwise
Unsafe
. .ty Defect from Oneself, safety
condition ard, operating condition
(physical) guard, op e
Ini Unsafety Hazard area access, unsafety
u . .. .. .
yury behavior condition/position, material
(human handling, communication
error) failure etc.
Etc. Otherwise that can’t classify
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Table 2. Likehood (L) Criteria

Like
hood Description

©

4 Very likely : could happen frequently (1 time/month)

3 Likely : could happen occasionally (1 time/year)
2 Unlikely : could happen, but rarely (1 time/5 year)
Very unlikely : could happen, but probably never will

1

(1 time/10 year)

Table 3. Severity (S) Criteria

Severity (S) Description

Victims: Deaths - more than 1 person Injuries

4 - more than 2 person (Loss day - More than
(Extremely | 101 days)
High) Facilities damage : More than 100 million won

Decommission : More than 20 days

Victims: Injuries more than 1 person
(Loss day - Below 31 ~ 100 days)
3 Facilities damage : More than 10 million won

(Extremely) | and less than 100 million won
Decommission : More than 1 and less than 20
days
2 Victims: None (Loss day - Below 30 days)
(Inter- Facilities damage : Less than 10 million won
mediate) Decommission : Less than 1 day
1 Victims: None (No loss day)
(Low) No damage of operability and safety

Table 4. Risk (Severity and frequency matrix) Criteria

(R)
Section Severity
Likehood 1 2 3 4
4 2 3 4 5
3 2 3 4 4
2 1 2 3 3
1 1 1 2 2
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Table 5. Risk assessment results by using K-PSR

Hazard Problem-
Guide Cause-Consequence Safeguards Recommendation
Concern
words
1) Periodi 1 of Refl i
Risk of environmental ) Periodic patro ? operator (9 eclt emergency action
. 2) Installed explosion proof scenarios, such as safety
contamination and operator health R K
due to release of solvent vapor on None type of agitator motor measures, in the event of steam
mechanical seal in a itatorp 3) Installed of LS & LAL on leakage in the reactor when
Release e seal port mechanical seal breakage
(Node 1)
Risk of envi tal worksh .
isco cnv1r0nmcng WOrkshop Obsolete Non-Destructive Test(NDT) &
from release of hot oil system due . o . . .
.| equipment for | Periodic patrol of operator Corrosion under insulation(CUI)
to crack of weld zone on half coil i
. 20 years test of half coil jacket on reactor
jacket
Fire&Explosion due to nitrogen Obsolete of 1) Leak test .
. . L L Installation flow meter and
gas supply interruption or over N2 pipe line 2) Periodic patrol of operator . .
. . pressure indicator gauge on pipe
oxygen concentration for purge in | and leak of 3) Installed pressure gauge . .
Fire: . line of nitrogen gas supply
ire reactor connect line on reactor
Explosion
Fire&Explosion due to i d 1) T ture indicat . -
(Node 1) ire&Explosion due to increase ) Temperature indicator nstallation temperture indicator
vent pressure or gelation due to PSE pressure gauge on reactor . .
. . gauge In-line and Out-line of
increased temperature by TCV check 2) Pressure indicator gauge TCV
malfunction on reactor
Process delay due to - Installation pressure &
Process ) . 1) Operator training .
heating/cooling supply problem temperature indicator gauge on
trouble NG B .. | None 2) Installed temperature L L
with failure of hot oil boiler or oil L pipe line of hot oil/oil cooler
(Node 1) indicator on reactor
cooler system system
1) Measurement of oxygen All reactors connected to
Suffocation accident due to lack of concentration in confined nitrogen gas supply piping are
Injury oxygen in reactor when entering None space prior to operation subject to confined space safety
(Node 1) an confined space for inspection 2) Groups of two when permit, and work permit
and repair in the reactor entering or exiting wok in procedure and instruction are
confined space provided
Leak due to pi ture due t .
e ue_ O Pipe ruP ure due fo 1) Installed relife valve on .
pressure increase during pressure Installation of Trench (Release
Release . . - pump type Pump -, .
pumping while shutoff valve on prevent facility) to consider
(Node 2) . . . : Gear pump 2) Installed pressure gauge L
pipe during resin / solvent transfer . vessel capacity in workshop
on pumping booth
to vessel
. . . 1) Do bonding/grounding
Fire&Expl tat] It
1.re& xplosion by static due to 200 KG Drum | when drum handling 1) Add anti-static agent in
failure to ground the solvent . Lo
. . handling 2) Wear anti-static shoe and solvent
handling contain
clothes
Fire:

i Fire&Explosi d by igniti . .
Explosion reccixplosion cau§e Y lgpl ‘on . 1) Installation of gas detector in
(Node 2) source when replacing electrical 1) Measure the combustible explosion area

equipment such as tank light gas concentration before P .
. . None . . 2) Add light replacement
outside the reactor with flammable electrical operation
. . procedure on reactor by LOTO
steam leaking from the tank 2) operator safety training
. . procedure
forming an explosion atmosphere
1) P
Process Product problem due to poor ) Prepare Standard process s .
o procedure Prepare the compatibility matrix
trouble cleanup of thinning tank caused by | None ——
. 2) Operator verification table by each products
(Node 2) mixed other products .
according to process
. . . . 1) Wear respiratory .
Iniu Risk of respiratory disease du to | Packing rotection Installation of canopy type local
(NojderyZ) disper}ser scatt?ring in packaging product temp. : ]2)) Regular measurement of exhal}st system on top of
container openings Below 70C opening

local exhaust flow
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