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Risk assessment for an underground crude oil storage facility with
water-curtaining system during construction phase
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Abstract: The construction of underground oil storage facility with water-curtaining is characterized by large investment, lack
of mature design and construction specifications and many uncertain factors, which will induce risks for the construction. It is
very important to assess the risks involved in the construction of such facilities. In this study, the risk assessment is performed
for both the stability and containment properties for the facilities, which are the critical concerns. The assessment results are
compared with the practical experience in the first large underground oil storage facility in China. The risk sources for the
stability and containment properties are identified. A survey on the significance and probability of risk resources is performed.
Using the fuzzy mathematical theory, the fuzzy weight set of each risk source and fuzzy evaluation set are obtained, and the
rating of the influence of each risk source is determined. The typical accidents of instability and loss of containment property
during construction of Huangdao underground oil storage facility are introduced. The causes of the accidents are analyzed and
compared with the risk sources rating results. The research can be helpful for the risk management and mitigation for such
facilities and for enriching the assessment methods and scope of underground engineering risk assessment.
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Table 1 Risk sources for stability of caverns during construction
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Table 1 Risk sources for containment property of caverns during

construction
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Table 3 Statistics of significance and probability of risk sources for stability
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Table 4 Statistics of significance and probability of risk sources for containment property
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Fig. 1 Statistics of significance of risk sources for stability
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Fig. 2 Statistics of probability of risk sources for stability
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Fig. 3 Statistics of significance of risk sources for containment

property
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Table 5 Matrix for calculation of weights of significance of risk sources for stability
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Table 8 Weights of influence of risk sources for stability
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W 2 A A iy 0.51 0.63 0.32
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Table 9 Weights of influence of risk sources for containment

property
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IKFEE KT 1.00 1.00 1.00

AT AR BT 20 0 0.10 0

IO S 0.10 0 0
IR 0.78 0.68 0.53
W VR 0.10 0.21 0.02
7KA 0.91 0.93 0.85
G5 L) T 2% 5 0.56 0.48 0.27
S AT 5K I 52 0.72 0.74 0.53
L AR N 0.55 0.70 0.38
W JE A A i 0.71 0.48 0.34

F 10 REMKEEFENHEF
Table 10 Rating of risk sources of stability
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Table 11 Rating of risk sources of containment property
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S M R KR PR TR [ Y A KRS R KA
WAEERE I H . TR X R L S, o
SPYIbR A 220 m, 5 s bR A 350.9 mo AR M
BhEdRas,  PEhEDC A b 2 a2 B R G S R
o EEPNVEKA . RHKCAR. A AINARA
BE, R RES ), HelRiis, A AR R
SEHE, IR PEA R 80 % LA b, JE IR .

RN AR R EAFE 2 45 TARTE, 9 NI AT S
ZoOKFEARIE, WK 5 Fios. M aEEEd 9 NS4 k.
2 45t TARTEN VAL TR ZE R A, vt =3 28 70 m,
O S B AR VG B I ) R R, F R AR RS, S
AR T ) 3 AN 3 ) R A AR PR R, i AR
TS A 9 m, ik 8 mo 9 AN F2i % H Ba b i V5
ITWE, = BRI AR =50 m, BrHEEs 20
m, il 30 m, TR EEE T . A T RUER
PEs I, EEESEILL F 25 m AhEE 5 4&KE
FiE, KEEBEMLELT RS FmE, %R
B4 Sm, W EH 4.5 me KIFEFL AT A S, H
i FEAN T N L

E5 TR THMHER
Fig. 5 Layout of underground structures
MR AR AN Lo B =0 B )z
NEREARAORSE 4 J2IHZ . LRIHZ SR T 3
THZEER AT, PREAT P12, e TR %

KGRI G B RREZ , A O 2 MR G TR
T = S R AT R SR e L, AR
Ze FAAZ X A5 H A SR A A A S o it Tk R )
AL AT AT, R ISR ER B AR AT
JETEIRAL R, DAORAE 2 K A

AT KA 2T 7K Ay e s e v i R R
SE PR RIZK S RS i d, o A SO A I R L, R L
ST A DRI 1 5 e A P b A T 40
4.2 FEEMEXE

T A pT i e TR, HARME L f R
T R AT PR S 5 SRR T B, &M N OKEA
T it O AR R IO A e As gl AN
HEG. ©. @I 3 WIRERE K.

PR o 4 e 45 SR Sl

(D A= FE ARSI ES NN 12 mm, #ET0T
B d5e KA A 12 mm, K22 BT TSI 4 ~8 mm 2 [i],
PETRYIRE— M AE 3~6 mm Z[7],

(2) Hikr5 KN JJEA 196 MPa, 1H 2 B4
AN 1A/ T 50 MPa.

(3) SR FH 8 75 3ot U 7 20 45 330 == FHZ P sl
Fil{E 0.8~1.3 m Z[i],

T R2TEAHIHT 3 AR R B I L AR
JEPR 38T o A 12 TR 04T, S Ml 5 e e 1k &
T A NIJPRGL BT % iAo
PR AR, X 5K 10 45 R IEA R8N, 1%
TR, W TR AN = TR AR, IR 2R
I . B 6~8 24 3 R kA E L I DL
4.3 IKEMEXEE

MRPEZK B BB, b K S A b e FR Kk s 4tk 2
TR S . ARHEK B ZESR, 1 R oKE A
T R KA AR AR +20 mos AR B

H T RIKALE DL, oA B KA AL 20 A4, 3
VRSB BeAT B KA L 13 A, i T s
A B KL L 7 A o it T FE R % 20 AN KA FLBEAT
TR, I B

(1) 52 TREFFAZ R £L P 7K A7 B B[] 52 B
B, KA FBEEAE 5~130 m A2, Pk ZHUuKAL
LN AT 50 m,  BEGEHH LI ZE K B 2K

(2) ZHLTEREM, WIUGTKAL i (P 7K AL ALFL A 7K AL
NN

(3) M A /K Gk 1 5 =542, DHUKAL
FLKAE TR, A K R BORES: .

13 4 SRR A Sl AL S o A o 3
H IR KL N BRSO, IR TR BRI . &0k



9% 6 T, A R KA R e XU PP BT 1065

& 12 BT KB RHRESRRIREHIEER
Table 12 List of stability accidents

FP 5 (A RO A JSAL T

. T E@0+474~0+482 HE 5 HREBRAS PLIAE S AE A OAR, die QO TR 45 KA A1 2 o T B AN R B
R ETAL KERIEL 4 m, BT840 60 m® s @IS AT SRR

5 T EG0+456~0+475 HE5 TR KETT, BWHNKRA Tm. OmbEidsE, NoO%ES; @ KEAL;
2 e LG Fe4 6 m, HJTEZY% 800 m® @A H B e U 52 )2

3 T E@0+430~0+470 HE'5  BEHCAMATL IS, BLARTEL 40 OS5I -5 s 25 i AT UE Bk @
JRJZ A7 I3 i m, 5 10m, JF¥ 052 2m A% HIFFE K

13 R TKE AR EKH KRG BHIEER
Table 12 List of containment accidents
R (%) KL T A itk J5 A 23 A
ZARALAL 3 AN WAL N BE 60 m, B f/KAL R +5 wfe, PR A OFF7E TR G5 I R 228
TREBIR RGEATER AL B, BRI EARAZ GRS TR, RS AR @I R @8 —
5, fEEE A EENSK A (CWE 9 Jras), QJETERAREL, e IRTER AR o 12 SRS M @
K RGEANKALAFAKALEITT 60 m, P AR FEET KA . IKFFE KIS TIA L
IKAL B 130 m, BRAKKAL R -40 m mfe, /KA FREREBORKALfL.  OFFAE /R G5 M I 5 T2 3 Tl A
5 7K003 AKALAL KB TARIE L KFEAL e Bt T Aefe, Wos il Mk, @L5MImITRER; GKE A
W TR . SRR, BEB KA T R EORMR, R gerbar i TR =3 K R
TGS K AL R T B, KALRE 2420 m =i
T AT 5% 3R [20].

B 6 REQEMKIZIIFIERE
Fig. 6 Rock mass collapse in cavern No. 3 B 8 RE@FEMKIZIIFIFERE

Fig. 8 Rock mass collapse in cavern No. 8

B 7 EREOERKIZIFERE . :
Fig. 7 Rock mass collapse in cavern No. 5 & 9 KArFL XZ02 RERIR I B RERTI 4 B
R, sE FE K B IR 28 R KA. KR Fig. 9 Tracer distribution for borehole XZ02
Ky VERBORM S M sk 4%, 5% 10
GBI, Ml TR R, W, E 5 &
T & RN KB PESE AN K o 56 T3 B K B i M F KB A A EE G BR T, T v it
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