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Fig.2 Safety evaluation system for salt rock storage

during construction period

Fig.1 Fault tree model of an underground salt rock storage during construction period
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2.4 5
N N e Uy =(Uy Uy - Uy) n °
M. Matlab 5
VD =eig( M) w ; ° Table 5 Scoring model for cavity structure parameters
3 H<400 0
400<H <700 ( H-400) /3
3.1 700 < H <900 100
1) ° f/m 900<H <1300 -1.429x10*H? +6.857 x 10 2H +154
3 H=1 300 0
Table 3 Scoring model for salt rock mechanical parameters P<0.5 0
0.5=sP<2.5 —400P* /9 +1600P/9 —700/9
0<E<S 12E P 2.5<P<3 —-1600P/9 +1600/3
E/GPa S<E<20 ( —8E? +320E +1300) /45 P=3 0
E=20 100 0<j<2 50cos mw(0.5/+1) +50
O<c<l1 60c 2<j<3 100
¢/MPa 1<c¢<5 —-2.5¢% +25¢ +37.5 j 3<j<s 50cos w(j+1) /2 +50
c=5 100 =5 0
0<¢<30 ¢'/15 0<r<0.5 50cos w(2r+1) +50
©/(°) 30<¢ <50 —0. 1¢? +10¢ - 150 0.5<r<1 100
¢=50 100 r 1<sr<2 50cos( wr) +50
r=2 0
4
Table 4 Scoring model for interlayer parameters 2 ’ i L=rD L
1<K<4 ( - 160K* + 800K —100) /9 6
K 4<K<5 60K — 600K + 1500 Table 6 Scoring model for casing shoe unit indicator
K=5 0
0<¢ <1 60c; A<l 0
¢;/MPa I<¢ <5 -2.5¢,> +25¢; +37.5 l<A <2 (A-1) x100
=3 100 A=2 100
0= <30 #7115 0<C<l1 50cos mw(C+1)  +50
@, /(°) 30<¢; <50 -0.1¢,2 +10¢p; —150 h o
0. =50 100 c 1<sC<l.5 100
0<0<10 0.40% -80 +100 1.5<C<2.5 50cos w(C+0.5 +50
Q/% 10<Q<20 -0.6Q% +120 C=2.5 0
0=20 0 h=Ch*  h h
:K=E,/E_ E, E, o o
7

Table 7 Weights and values of the storage evaluation system during the construction period

0.333 4 13 91.3
0.333 4 0.3333 1.2 71.1
0.3333 40 90
0.250 0 3.25 90
0.250 0 0.5 30
0.3333
0.7 0.250 0 30 60
0.250 0 1.35 89.93
0.2297 1.25 93.75
0.320 1 520 40
0.3333
0.3202 2 100
0.130 0 10 19
0.5 0
0.15
0.5 3 42.18
0.5 1.772 77.2
0.15
0.5 1 100
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A comprehensive evaluation model for
the safety of the salt-rock gas storage
in the construction process

REN Song' LIU Weisha' CHEN Jie'> ZHENG Bin-bin'

CHEN Zuo-bo’

(1 State Key Laboratory of Coal Mine Disaster Dynamics and
Control  Chongqing University Chongqing 400044  China; 2
State Key Laboratory of Geomechanics and Geotechnical Engi—
neering Institute of Rock and Soil Mechanics Chinese Academy
of Science  Wuhan 430071 China; 3 PetroChina Southwest Oil
and Gas Field Company Institute of Chongqing Gas Field Devel—
opment Technology Chongqging 400021 China)
Abstract: This paper is attempting to analyze and identify the po—
tentially risk factors in the construction period in the storage place
by way of establishing a fault tree model for the underground salt
rock gas storage. We have also studied the nature of the so-called
salt rock as a kind of ideal place for the underground storing gaso—
line and natural gas. So far as we know little research has been
done on how to get rid of such accidents though the so—called salt
rock collapse can be taken as a kind of serious disasters in the
coal mining production. To solve the aforementioned problem we
have quoted 21 basic events that are likely to cause such under—
ground salt rock gas storage failure during the construction period
and then established a multidevel multi<ndex safety evaluation
model in accordance with the different characteristic features of
such events. For the research purpose we have also set up the
scoring models for the various evaluation indicators on the basis of
the experimental and numerical simulation results with the hierar—
chy analysis method being applied to the various evaluation indi-
cator weights derived and fuzzy—gray relational analysis used for
the safety evaluation on the gas storage space in Jintan. To make
sure the safety of the salt rock gas storage further during the con—
struction period we have also conducted a risk analysis of the in—
fluential factors and examined its stability by level IV-h grade
with the triangular fuzzy numbers to denote the distribution func—
tions of the failure probability of basic events for the shortage of
the accurate probability evaluation. In addition we have derived
the main factors that could lead to the accidents during the con—
struction period at the gas storage at Jintan while working out the
gray degree of the correlation data between the various minimum
cutting sets and the top events such as the shallow cavity depth
the unreasonable distance of two nozzle and the position of inter—
mediate tube the thin top—roof rock layer thickness the large
pressure difference between the inside and outside of cavity the
small pillar width the inappropriate height to diameter ratio of the
cavity. All the above preventive measures can be oriented and a—
dopted in hoping to prevent the likely occurring failure accidents.
Key words: safety engineering; salt rock storage; construction
period; safety evaluation system; fuzzy correlation
analysis
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