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Fig. 1 Flow chart of the human factors risk

calculation method
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Fig.2 HFACS universal model
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Table 1 ~ Safety check list and hierarchy
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Fig.3  Simplified HFACS model
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Table 3 Probability of leakage caused by human errors

NP ISR p UNEES ISR P
D, 2.9396 x 10 ~° Dy 2.9699 x 10 ~°
Dy 2.9396 x 10 =6 Dy, 2.9699 x 10 -6
Dy, 2.9396 x 10 =6 Dyg 2.5640 x 10 =6
D, 3.1150 x 10 ~© Djo 2.5640 x 10 ~°
Dy3 2.9396 x 10 ~° Dy 1.0140 x 107
Dy, 2.9699 x 10 -6 Dy, 8.8193 x10 ¢
Dys 8.8193 x 10 ¢ Dy, 8.8193 x10 ¢
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Table 4  Orthogonal test plan and results analysis
HEA HEB HEC HED FHEE BETR

RIS Hk WO We K@Y EE, TR/
W¥/% 1&/mm FE/m mes! «C m
1 1 1 1 1 1 1. 194
2 1 2 2 2 2 2.242
3 1 3 3 3 3 4.369
4 1 4 4 4 4 6. 357
5 2 1 2 3 4 0.422
6 2 2 1 4 3 6. 805
7 2 3 4 1 2 4.732
8 2 4 3 2 1 7. 044
9 3 1 3 4 2 0. 482
10 3 2 4 3 1 2.435
11 3 3 1 2 4 12. 461
12 3 4 2 1 3 6.983
13 4 1 4 2 3 0. 488
14 4 2 3 1 4 2.359
15 4 3 2 4 1 4.273
16 4 4 1 3 2 18. 873

R 2.958 9.168 6.353 2.708  2.846
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Table 5 Risk matrix
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Calculation method of human factors risk in anaerobic reactors

ZHANG RuiBo' WANG YiPeng' SHI Lei’ WANG Feng'”

(1. National Foundation Research Laboratory of Fault Prevention and Control in Hazardous Chemicals Production System,
College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029 ;
2. State Grid Beijing Electric Power Company, Beijing 100031, China)

Abstract ; In order to accurately identify and prevent wrong operations, this article presents a method for calculati-
ing human factors risk in anaerobic reactor use ; the method consists of a probability calculation, a consequences se-
verity calculation and a risk rating determination. Starting from a human factors analysis and classification system
(HFACS) model, we enriched the classifications of the model and established a human error safety check list mod-
el of an anaerobic reactor cluster for use in risk assessment. The safety check list contains 140 items of information
which are summarized and classified into four general categories and 11 detailed categories and all included in the
HFACS model. The weights for different safety check list elements have been determined by an analytic hierarchy
process. By filtering out less important items, a streamlined model was obtained. Based on that the latter model, a
fault tree can be constructed leading to the probability value of leakage accidents caused by human error. Subse-
quently, by focusing on simulations, a quantitative predictive model of incident consequence severity can be ob-
tained by regression and the consequence severity value can be calculated. Finally, a risk matrix of human errors
was set up. By using the probability value and the consequence severity value obtained as above, human error risk
assessment for the anaerobic reactor can be analyzed. It is recommended that there should be a focus on preventing
high risk human error. When an abnormal condition appears, putting forward a solution based on risk assessment
can prevent major accidents.

Key words: human factors analysis and classification system ( HFACS) ; safety check list; anaerobic reactors; hu-

man error
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