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Abstract: The risk probability reduction quotient( Q,, ) is defined during the evaluation of the
safety integrity level, and the formula of @, is given. O, is used to characterize the reduction in
the risk probability. The value of the Q,, corresponds to the failure probability required by the
system safety integrity level, and then can be used to determine the safety integrity level.
Integrating the @, calculation into the classical HAZOP-LOPA evaluation method can more
accurately and quickly evaluate the safety integrity level of the system. This method is used to
evaluate the safety integrity level of the ammonia refrigeration system. The leakage and explosion
accidents in the ammonia refrigeration system were analyzed, and the safety integrity level of the
safety-related system was evaluated to verify the effectiveness and feasibility of the method.
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Table 1 SIL with different required operating modes
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Safety integrity level determination schematic
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Table 2 Corresponding relation between Q,, and
SIL in different demand operation mode
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Fig. 2 Engineering process schematic of ammonia
refrigeration system
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Table 3 HAZOP analysis of ammonia refrigeration system
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Table 4 LOPA analysis of ammonia refrigeration system
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Table 5 Safety integrity level of ammonia refrigeration system
— kR KME BIRE RERE  dorfp RN AT HR
- PHER PR REEE PRRDE PURPED O BERP, BBERP o o g
JE 773t KR EAHFE i 2
ERERE & 2.6E-02 1.0E-02 1.0 2.6E-04 1.6E-02 4.2E-06 1.0E-05 -0.38 ng
B R h
Tt KRR
FEHLEHAT™, 1.5E-02 1.0E-01 1.0 1.5E-03 2.6E-02 3.9E-05 1.0E-05 0.59 SILI

M1 4 385 ZUR Ml 45 ik, il T K
R A et T =, 320K 8 A TR T B AR
5t B A D gk Sz AR ARl TR 0, 8
N -0.38,/NF 0, WA 2 2o AL ST &
FOR AT E R HAD 2 2800, i T |

A ) PR 2 AL <k, 327K 2w A I B A
555 S R A S S AR R T TR
0,64 0.59, 13 2 A1, % RGU AT 20 4 4
SERENEEION 1 WL R AR IR R G 4.



1038 RIKRFFIR(ARATIR) % 40 A
67 -73.
4 Qi:l_f 'i,/B (Zhou Rong-yi,Zhong An,Ren Jing-zhou,et al. Comparative

1) T RBHERFEE 0., 41 T 0,
At B T T O, I EDR i 2
A SRR S R T L

2) BT Q,, 5% 4 58 B M AE G iy X i G
R IO R S B X B A A R BRI
WY R GOR UL, W LGB Q,, WM K
TE LA R G T BRI 2 4 58 BV A 9 W T
O A7 7E (22 A A0 56 R gk U, w] DUl o 158
0., WA E A L2 TR RTINS

3) ¥ 0, Al A HAZOP - LOPA 4 JiikHh,
BT R K A TR SR S B I
iz PRI RGEMTEN B8 0F % 07 15 A 3L
PERTFTA T

SR

[1] KimGY,Yoo K H,Ko B G,et al. Procedure for assessing
hardware safety integrity in legacy systems|[ J]. Journal of
Loss Prevention in the Process Industries, 2016, 40.
461 -470.

[2] Kim S K,Kim Y S. An evaluation approach using a HARA
and FMEDA for the hardware SIL [ J]. Jouwrnal of Loss
Prevention in the Process Industries,2013,26.1212 - 1220.

[3] Baghaei A.3-parameters SPW technique; a new method for
evaluation of target safety integrity level[J]. Journal of Loss
Prevention in the Process Industries 2013 ,26 1257 —1261.

[4] Dutuit Y,Innal F,Rauzy A, et al. Probabilistic assessments in
relationship with safety integrity levels by using fault trees
[T]. Reliability Engineering and System Safety,2008,93 .
1867 - 1876.

[5] SRS BhR AT, 5. Z 2 RE R A5 I F I E
I L[ 7). o 4 e PR 2R R 2014,10(3) .

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

study on determining methods for safety integrity level of
safety system[ J]. Journal of Safety Science and Technology,
2014,10(3) .67 -73.)

Hietikko M,Malm T, Alanen J. Risk estimation studies in the
context of a machine control function [ J]. Reliability
Engineering and System Safety,2011,96.767 —774.

RV PHOE L. B A RGN % A S8 e AR O e 4%
[I]. T Ak K d3,2006(2) :71 =75,

( Guo Hai-tao, Yang Xian-hui. Safety integrity level and
choice of security system [ J]. Control and Instruments in
Chemical Industry ,2006(2) :71 =75.)

Omeiri H, Innal F,Hamaidi B. Safety integrity evaluation of a
butane tank overpressure evacuation system according to IEC
61508 standard [ J . Jowrnal of Failure Analysis and
Prevention ,2015,15(6) :892 —905.

BLLL, Rom 2 B, %) D e 2 4 2L Al AR ik TEC61508 1Y
WFFE[ 7). %A P2 AR ,2009,5(2) 271 -75.
(Jin Jiang-hong, Wu Zong-zhi, Hu Fen. Research on
functional safety basic standard IEC61508 [ J]. Journal of
Safety Science and Technology ,2009,5(2) :71 -75.)

Piesik E, Sliwinski M, Barnert T. Determining and verifying
the safety integrity level of the safety instrumented systems
with the uncertainty and security aspects [ J]. Reliability
Engineering and System Safety,2016,152,259 -272.

Ahn J, Chang D. Fuzzy-based HAZOP study for process
industry [ J ]. Journal of Hazardous Materials, 2016, 317 ;
303 -311.

Alimohamdadi I,Jalilian M, Nadi M. Determination of safety
integrity level ( SIL ) using LOPA method in the emergency
shutdown system( ESD) of hydrogen unit[ J | . Iranian Journal
of Health ,Safety & Environment,2014,1(4) ;191 —195.
Baybutt P. Overcoming challenges in using layers of
protection analysis( LOPA ) to determine safety integrity levels
(SILs) [ J]. Journal of Loss Prevention in the Process
Industries 2017 ,48 .32 - 40.

JEIZR S, ZEA0bR KU1 3. HAZOP 23t LOPA (1% 5 ]
FLT]. hE%2R4R,2010,20(7) ;76 - 81.

(Zhou Rong-yi,Li Shi-lin,Liu He-qing. Study on application
of LOPA in HAZOP [ J]. China Safety Science Journal,
2010,20(7) .76 -81.)



