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Optimum Management Plan for Soil Contamination Facilities

Jae-Soo Park, Ki-Ho Kim*, Hae-Keum Kim, and Sang-Il Choi

Department of Environmental Engineering, Kwangwoon University

This study was to investigate the unsuitable rate of the storage facilities, the changes in corrosion process over
time after installation according to the status, the time to install the facilities, years elapsed after facilities
installation, inspection of methods and motivation, and so on, based on the results of the inspection at the
petroleum storage facilities conducted by domestic soil-relate specialized agency to derive optimal
management plans which meet the status of soil contamination facilities. The results showed that the facilities
more than 5 years after the initial leak test at the time of the installation need to be inspected periodically by
considering costs of leak test and remediation of polluted soil. The inspection period can be decided by cost
and leak test methods showing discrepancies for the results obtained from individual test whether it was direct
orindirect. To compensate these matters, we suggested that the direct inspection method on regular schedule
is recommended. On the other hand, the inspection can be voluntarily completed to ease burden of the results
by inspection or equivalent level to this inspection method. Also, it may need improved construction
supervision and performance test system to minimize the occurrence of the nature defects in installing the
facilities as well as the upgrade program for the facilities during intervals of inspection period.

Key words: Leak test, Oil storage tank, Petroleum facilities
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Table 1. Overview of surveyed facilities.
Type No. of businesses

Legal Leak Test 699
Motive of Inspection Self-Precision Test 1,016
Total 1,715

Direct Method 870

Method of Inspection Indirect Method 845
Total 1,715

Before 1985 126

1986-1990 189

1991-1995 609

Year of Installation 1996-2000 362
2001-2005 57

After 2006 44
Total 1,387

Less than 5 Years 136

From 6 to 10 Years 380

From 11 to 15 Years 501

Lapse of time after installation

From 15 to 20 Years 262

More than 21 Years 108
Total 1,387
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Table 2. Unsuitable rate of business unit and compare with previous studies.

Study Case Unsuitable Rate
%
Defect and leak of facilities including vent pipeline 58.7
This Research Defect and leak of facilities excluding vent pipeline 53.6
Leak of facilities including vent pipeline 30.7
Leak of facilities excluding vent pipeline 25.7
Konkuk Univ. Affiliated research institute (1993) 75
Ju-young Kim Pollution status of gas stations directly operated by refining companies 49
EPA Steel Tank Leak 25
API “50% leak experience in 15 years” 50

Table 3. Comparison with legal leak test.

Legal Leak test

Unsuitable Rate Comparison (Multiple)

%

Average between 1996 and 2009 3.1 17.3
Average between 2006 and 2009 after introduction of legal regular leak test 2.0 26.8
2001 when unsuitable rate is the highest 214 2.5
Table 4. Inspection result by unsuitable caused facilities.
) Suitable Unsuitable
Type No. of Businesses
No. Rate No. Rate
% %
Storage Tank (Leak Only) 837 782 934 55 6.6
St Tank
orage‘ ‘ 837 548 65.5 289 34.5
(Non-leak included)
Inlet pipeline 753 669 88.8 84 11.2
Outlet pipeline 819 596 72.8 223 27.2
Vent pipeline 640 488 76.3 152 31.1
Table 5. Inspection result by each inspection motive.
) ) ) Suitable Unsuitable
Inspection Motive No. of Businesses
No. Rate No. Rate
% %
Legal Leak Test 699 579 82.8 120 17.2
Self-Precision Test 1,016 434 42.7 582 57.3
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Table 6. Inspection result by test method.
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Suitable Unsuitable
Test Method No. of Businesses
No. Rate No. Rate
% %
Direct Method 870 358 41.1 512 58.9
Indirect Method 845 655 71.5 190 22.5

Table 7. Occurrence rate by each defect type of storage tank.

By each defect type

Type Crack/Blow hole Non-welding Insufficient thickness Partial corrosion
No. of inspected tanks 3,322 3,322 3,322 3,322
No. of non-conformed tanks 594 175 72 146
Occurrence rate (%) 17.9 53 22 4.4
Table 8. Inspection result by the lapse of time after installation.
Lapse of time after installation  No. of Businesses Suitable Unsuitable
No. Rate No. Rate
% %
Less than 5 years 56 31 55.4 25 44.6
From 6 to 10 Years 197 74 37.6 123 62.4
From 11 to 15 Years 235 135 57.4 100 42.6
From 16 to 20 Years 99 47 47.5 52 52.5
From 21 to 25 Years 33 15 45.5 18 54.5
More than 26 Years 19 7 36.8 12 63.2
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Fig. 1. Unsuitable trend of each business by the lapse
of time after installation.
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Fig. 2. Unsuitable trend of facilities by the lapse of
time after installation.
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Fig. 3. Trend of changes in average minimum thickness
by the lapse of time after installation.

Table 9. Average minimum thickness by the lapse of time after installation.

No. of data

Average Minimum thickness

Lapse of time after installation

No. of businesses No. of tanks (Unit) (mm)
Less than 5 Years 50 199 6.03
From 6 to 10 Years 171 684 6.00
From 11 to 15 Years 180 741 547
From 16 to 20 Years 75 333 4.97
More than 21 Years 31 144 4.47
Total (Average) 507 2,101 (5.57)
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Table 10. Unsuitable rate by installation period.
Installation Period Unsuitable Rate
Business Storage Tank Inlet Line Outlet Line Vent Line
%
Before 1985 60.4 25.9 4.6 8.6 12.7
From 1986 to 1990 61.1 234 33 7.1 17.4
From 1991 to 1995 54.5 273 4.4 5.0 10.6
From 1996 to 2000 41.5 14.0 4.5 5.0 83
After 2001 429 13.5 2.6 1.3 7.6

—&— Unsuitable rate of business (%)

429

Before 1985 From 1986 to From1991 to From 1996 to After 2001
1990 1995 2000
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Fig. 4. Unsuitable trend of each business by installation
period.

Manufacturing Tnc, &) @ATeNA AXE Hit 24
344 (0,109 mm/Y (1986, H. Robbins)} H|Z3t
Uebget,

=T ol A FA| 8.2 mm oo Zhe ARE
SkEs sk 9ln Al Fa Fol AAHe €
= 6 mm WA 8 mme] Auko Z Az}l glo] o]2Z]
WAk 6 mmo] HuS AMERE B9-2he 281 o
Slovt, Wsk oz o] wale A7) el et 1
Y & o] HX/} 31 Table 7o|A1Q}F Zro] FAlo g o]t
S vl glo Fiel Ao o3t FANES W
o e skl R Lk e A2 ek

T;i':
i

=
% WS

rﬂ

° “éﬁ?& 7;12& E‘dﬁk

Aletel xlAIE
e wi
o

N M S RASLT, o A7
Ag wolat et (Fig. 4.

A BN 2 SRS R, 59 20] 479
219] ol 19954 ol el A 2] v $EE
At glov 1991d e 19954 Alole] B8 Alo] 7}

A 9Fom, 19961 o F9) A HHKREO R 4%t 2

Fig. 5. Unsuitable trend of facilities by installation
period.

O epgT] Hﬂﬂﬁl%c ARAZ)7F WE AYeE =1
olF Fat Ak FAE Holal glou Tl A
1986W5-E] 1990 Atolof] Az|H Zlo] o8 o0& 9k,
A AX A7)0l BAIGlo] E FAFTES Ve

AR AL] 79 19954 o el Adx]E Aol 1996'A ©]
ol Az)E Aol Hjgl] Y53] w2 FALES YERf L
=, olet Z-e At vehd wiEE fellEH, W2
AZ7149] 2% Q] SFAF 1990t 0]% SHET A EA|
294 &3, o|ZHga B 1992 HIAX PR o3t
FAMATAIAE = 2 A5 H] o] AR
AAE 4= Q=S JRASE A 52 :

gk, 20009 o) Fof x| v FAFHEo| vt

S AL el ol AT l A A= A
TS AR Bobsh=t] W2 AukE Ko, 20014 o]
T AR g vite] 1 o]Fef AR A5l vlste] HAF
Eo| dAs] W2 AL olFuiw ¢ aguljyto] de] ®y
EHA w3 A me] FAo] AL Bl o] AXH
Ao A= e stol| w2 EA|7F obA] A E|R] oFal Q=
o] 7]olst Aoz Kot}
3/ o] B9t viate] AR o] 9l FRA]

anE
C’

g mlo

Al
—/F

ﬂJ{ﬂ

o,

O

$ 7 Al A BATEIL Tl Eo] ot kst Ak
A e, shpe] hete] EA7H A7 ofet vk of

Zl’g,] /\]‘]_g_ il 1:]—7_-“7(4 oz H]—A]-]o].,__ 7:]3-]:01 O]L.Eﬂ Eg
3 A&7 &0l SAE B0 gt ASAEA =7} A



Optimum Management Plan for Soil Contamination Facilities 299

2 %

2 Aol T 3 EGTARE WA AN A
FRAGA L TR WA A AR A LA A
Al BREFe Rt gAdRRE egEdo] FEEE
|EoRE 25.7%, AW A SO HAY 49E
S 53.6%7F FAYOR et sRe] Etat
A B FAYE 31%0Hs AT Hol7t glom],
SAAE BAShs B710k A Bl w2 ATl
o9 hEA vebel, 3L, Al Aol A Aol

ot &2 A2 8]le] Hil Q= ©WATE of 20%0] o=
I glom, A AR el mhE AMlA = HX
T 109 oJs} A9 RAG R Ao =A YER
ok ojoh 22 AIES EHiE EEt SAEGe duEy
% g 2|20 ApeEeyele ot A
2 AT AIE EE 3 WAREHAR ol &
e A5Ne] A9 53.6%, IHNe] 7 30.7%=A
AEIE B2 Aol7F 1o ol &0 =Y
2= o]& AAshes 2Hgol HojAls KW, el

T 2

43 S0 BAROR WL AHY 5 A
AollA] ulE QU Ffole), FARY] B Ei RAY
A} 5 egate] BAIRNE of/|H: Aua eken, of

S As] S B Ee) fAkael T8 e A
Y 5ol AL B

A58 =3 NZﬂ =20
2AE 4= 9= z,\_ég /\];ﬂjﬂig UPE'L@P

= =

A A AT i

Ao =07 ol HA AE 5O

WEHoR wske Fn2 Holn|, olot L2 #AE 9

287] flsiAl= Alat Aol tig BelAlE=E sk &
4 5 *E‘*QC’SJ&EIEH*RW < AXE 3 10do] Autst
FL o= 671Y o|U] A B2 3 Fjo] EoF
Ry A Asx XﬂlWﬂ 50| e A ¥ 59
o] ATst Ao T WA= Weke wEsof dit,
AVdE AATE 5 109 o) Aash daekele] Aot
B2 9% oF 1494, AHERE FE WPES oF

0.25% ¥ Z7}513 9t FEAAL] 7] AjZo] WAy
= =22 QI3 347 e} Enlg, RS ot
2 AFAR AR w1, FAlel whE 27 5
AE aejste] AAshe Aol Bt 2Rt Aol
hE 229 ¥l akE vlaste] BAsks A= sl W
Qo] & &= ek dlEEel, FEAA IS d4 1500
o eAE Had) EFHoHIES 1Yo sk FA
WRolAe] wiARt 71 oF edo] Hrh 2ed,

o] AxH AL} wjHAEe] FH2 A9 569
of spte] Bt ujto A EAI7E A=A L R] Ao
A SR 082 JARE BAIZE A E AL, Aldo] Witedgh
o mefjgkrg 11 ko] FEERER, dHAL] AHEAF
A o] HHAE F9oll= AARTE AL TEste] 28
k= A 1 avk ok

2 AFollA ArpAle] W2 HHANE B, dat
fo] HAFFEN = 58.9%L} 22.5%, #FYA0] gk
Ao A 23.1%2F 1.6%, Z=Quike] S 4.1%2} 0.5%, =9
vl ke] AL 5 5%t 4.1% 5 AFH oz HAS AL} 7t
X*‘:”011 Hsl @A3] wof, PR HHE X|&sh=

9 T Aok FES WAehs At 2EiEE RS

UrEP*E} o|¢} T2 EAIE dasty] Yelixle, € 71
oje} BEEA] 2o R S AXES AL 23t
S wapste] AEES AT a7t ot

Hlat Aol A F245 | AgYaE Ao a3 &
st A3} 7] ®= vER % A&k Tl A A=
A2 Agro g FHAG H Zlo] oF 20%0] 0|21l Q=
ol A9 w3 3tE 1% FAn ]Eﬁ} T HEA]
'dxd Aglo) o3t B4 E Bt w2 Aot ofep 2
A A g AYHAE ﬂ&% FA] 7Tt
AAE oA 7]R1gt Ao & o] & sl|ad}7] HaliA= 2k
o] FEHALE HIEA] Zﬁj‘ﬂﬂi AAsto] A Agt
HBIE S sk, @A) ErdTe el o5t A
JsAE7IES hAstA *HEOI AR AP =2
T Hm A EE AAlste] Alzkab oA WAE Aol A
AL Stofof gl

ArRE A | 718 AAURARE iS4
ArE BRate] Brkst Aaf, A2 A Q] AME
o] HAFZHANA Y] FA7 M Hlgl @A =A

] '
S, AAAT AT H 49 e 2xel i
al

¢

%

)

=

o N ooz Jo & rlr Ju
mlm

ox M

e

spistels et 2 At



300 a1 - 417)

S A Heh AAAR aHShe] EXEF dTE|thAt

A SR ANHOR B S U ok, A

) =
RRE AFE] FEof O3t Bx|2] ©HE AT} A
1S mEjste] A oR  ARERAE s ALY A7)
EFo ot AAS Edf 99oHe solatrE Hete 9)
st gk vk Qleh
E Bk Ayt A AL XA 7 QefE A 22
2 =0 mAsles el 9ol Auto] HALrE g
o] Az apdsol| wh2 HF|AFAQ] FoloA Bl
01 mm S A8 A9, 6 mmel HBE ALE D

-

2= JEE
2 7|7k
ATHE 23}

Fi

PR E“EH 257 (3.2 mm)of| ©]
& U7 Agh2 28 224, 20124 7|E Ui

Aol 7.3%C] o221 le, FA7|ol A
A8 Fai (FEF 3.7 mm)o] A9 ol 24| Tk
Az 0.9 mmefl EXsiths AEelth o|e} o) ATy
off gt Aldeu o] 24 Widdhe 2t Ao Hist
ol 2&0] 71 Ae] AR Fdl 1L AEE Tlefsial
71 Aol w4 Ei= Upgrade kS Z-sfiof it

;

@

o]

1

;

(

|
rﬁ&'

=
=

o
o
b
ox
e

ol 2
o

—

Igj

HO

Bae, W.K, J.C. Hong, W.J. Kang, and J.W. Chung. 1999.
Prevention of soil contamination from underground storage
facilities. Bulletin of Environmental Science, Vol. 20,
1999, EERI. Hanyang Univ.

Choi, M.J. 2006. The characterization and management of
leaking underground storage tank in gas station. Univ. of
Seoul.

Fleischer, D.W. 1993. Error sources in automatic tank
gauging systems. ASTM, Leak detection for underground
storage tanks, pp. 17-29.

Jeong, C.W. 2010. A study on interference of the stray current
induced by electric railways on adjacent buried pipelines.
SNU of S. and T.

Jeong, J.S. 2000. A study of soil contamination sources and
countermeasures in gas station. Yonsei Univ.

Kim, B.R. 2003. An empirical study on safety management
underground hazardous facilities. Univ. of Seoul.

Kim, M.J. 2003. Plants of management reinforcement for
underground storage tank. KIPE.

Park, J.S. 2003. Comparison of leak testing methods for
underground storage tanks. Hanyang Univ.

Yoon, T.G. and S. Lee. 2006. A case study on the method to
improve on the structure of oil tank. KSMI, Book 10 Vol. 2,
pp. 185-190.



