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Leakage Potential Assessment System for Underground

Storage Tanks

Student : Pei-Jung Jiang Advisor : Shin-Yu Shan

Department of Civil Engineering
National Chiao Tung University

ABSTRACT

In Taiwan, the concern of the environmentalists and the public on
environmental pollution grows significantly in recent years. The
groundwater pollution due to leakage of underground storage tanks of
gasoline stations is one of the major issues. As of 2009 there are over 21
million automobiles in Taiwan and the gasoline consumption is inevitably
large. According to the investigation on gasoline stations and facilities
with large above ground storage tanks conducted by the EPA during 2000
to 2008, there are 42 out of 800 gasoline stations operated more than 10
years and 18 out of 400 gasoline stations operated less than 10 years have
caused soil and groundwater pollution. On the other hand, only 16
stations out of the 400 gasoline stations established after 1998 have
caused soil and groundwater pollution. However, although the gasoline

stations have installed various leak detection systems, there is no



assessment system based on the risk of potential leakage of underground
storage tanks to facilitate the management of gasoline stations.
Therefore, by comprehensive review of literatures and interview with
experts, this study classifies factors that cause an oil spill to five major
categories: (1) underground storage tank facilities, (2) site conditions, (3)
operation conditions, (4) monitoring measures, and (5) management
effort. Second by designed questionnaires for experts, this research
determines a risk value of each category and item, and establishes
assessment criteria for the risk assessment. Based on these criteria, which
establish the leakage potential assessment system, gasoline station or
corporate managers can access and use the system via Internet to
understand potential risk by entering data they attained. The results from
analyzing the questionnaires are be categorized to a variety of ratios in
the five major categories: (1) the management of underground storage
tank system 30%, (2) environmental effects 15%, (3) operating conditions
15%, (4) monitoring 25%, (5) managements 15%. When all of the items
of a gasoline station are under the best conditions, the lowest risk value is
39.76. For example, the applied system receives monitoring data at 5

gasoline stations in Chiayi City whose risk score is between 57 and 64.

iv



The most important factor that affects the risk score is the date of
establishment of the gasoline station and the ratio of staffs who have

attend the training courses and been certified by the EPA.

Keywords: Groundwater Vulnerability ~ Leakage Potential -

Underground Storage Tanks ~ Questionnaire Survey o
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3. SINTACS # T K3 A BS 7% 2

SINTACS ;% [15,16]%_Civita'and De Maio ** 1997 & 12 DRASTIC
G RAHD TR E SRR B T RE A LS T R
PHENGU) R R TRFAEFRR LT AT GE TR D2
22 DRASTIC #g i > & % = -k 2 b B S 8ciE Ko o ¥l T3 17
e E S BN AL R B TR LB P R ch T R
#cd F i TRk za 2R (Soggiacence S)~ » % & (Infiltration> 1)

4z {ed i 7% (Attenuation Effect of Non Saturated Zone > N) »

-15-



% E & %3] (Typology of Overburden > T) ~ 7 "k & 2 -k = & B 454
( Hydrogeology Characteristics of the Aquifer » A) ~ -k 4 &3 % #ic
(Hydraulic Conductivity » C) ~ # % s & (Slope of the Topographic
Surfaces > S) °

SINTACS ;% &2 ¥2 DRASTIC ;£ i# * 4%% % % #c4p > it SINTACS
FREAEREDLRMNR: GEAREARSI AL I A A G
-~ HXRER CKREXRER CRRETY REERE AR AN
?;Lﬁﬂ’ét,;gw.%z?u %FX#lZiJ}?%\éP*ﬁ%ﬁﬁxiﬁﬁim it a1 iT, I
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4, 3 FToRF %,ﬁ%’“:}ﬁﬁ%— (AVI) #

2 I %L,%E'%’“:}ﬁ 1£7% [15,17] 5 Van Stempvoort et al.>* 1993 &
A I FRER T RBAER TG Y SRt
# DRASTIC i f 3 1 g% 574 i end 35k 2 3 fdc: 5 kA& & -
CREEER (D 5okk S REELLT kS BEAE (K)-
5. 6B dtH T KT REAR IR S 2

PR SRR TARTRABESE L T A R R REATR
T E P R B AT 7 A7 FopE R Dzhamalov fr Zekster #74& (2002 )
[18] » R R 3 Z 23 By T AL BB R - BH B 3 2RI F
o R B TR AR SR EARE S AR R T RS R
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6. Holting 3 ™ -k i3 4 B3 w2
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AR E Lol 4 WO 2 2R BRG AES G 1]

oA MESS AR (P52 EA 2 2A) #
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—

2+ R ke %Az A (Compactness) s B34 H vV F S p 72}

Wy P BB AN CEEEIRER S 2 BB R TR
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Fok A nic 4 (PA) % #okw 3 PR £ 300 R 3k enit 4 de

> AR IEEEZ KA a4 (PS) =R & K 2R Rk 4
e od B i S g sw B 7 -k £ (Effective Field Capacity » EFC)

3 » %:% ¥ (Percolationrate » W) » A %:EL @ § o
> FEIBEZAREEF DR REZ KA D4 (PR) — A 38
Ak hwa‘ﬂmjpa]%]{% B3 =R P TRk g (234
Bk k230) Bk > T kg > 22 LY
ik - 2h B H G 2K R 2 R 4 o IR iR iy
7 d A& #3] (Rock Type» R) % 5 & (Thickness > T) %

SIS o

W

> BRI okA 4 (PA) D AR LR Ravke s FRREY
ke TR g7 RE R BRI A ooa gt - iR
a4 A& BAat4E 0 3Kk k4 (Perched Aquifer System > Q)
"% KRR 4% 2 (Hydraulic Pressure Condition » HP) & 78 Sk -
7. EPIK 3 T ki3 4 BTG
47 % HE E Y > 4o DRASTIC i ~ GOD i % i 53 T ki5 4
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Conditions > T) ~ #% 273 g% E 25 (Karst-network Development >
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% ¥ P2 1750 P
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2. % B Superfund /5 % HFxt g LS
RS ARG AE A E RAFY SR (R 2-5>
#2-8) - BF A PR ARKEHFE A w0 ATAET 5~ CERCLA
7oL & % (Comprehensive Environmontal Response, Compensation, and
Liability Information System> CERCLA )> — 4& & ¥ &8 ¥ 4 34k (&>
FHRERE R e RIS E D RE 0 5~ CERCLA ¢ ¥
PR EA ARt p AR T WA KR AT
F RS B A 2[22,23]
(- ) 4= =% (Preliminary Assessment > PA)
B SHAHT AR A GERT MILEEZ A
o IR TR R RN A R R A R e
B PR &A= F O SR A LM 4 HRS
ﬂé’ﬁéﬁ{@%ﬁr? R E 0 50 WAE S 2R & i
ati& » CERCLIS » 41 * Pre-CERCLIS &£ 425 > AR /7 4 3Hnt
P TR > AT EE RN B aRTERITE .
(=) #u# 4 (Site Inspection » SI)
BB B L7 T TARE R o % UG R PA G0 % 3E BRI
¥ HRS F3l o 2 PAcilg % > SI¥ & 5 = 48
> E8: 4 (Focused SI) @ ¥4 # % % ? " HBEKEFIF > B
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> #H~#H 4 (Expanded SI): ik g T 325 K 3udr g 34 38 P iR (7
R

> H-32% (SingleSD: 2E€BHAEEH DA kieFki H =
BB A E LA X T AL A2 K AHREL o R AR
2R L UR S I LA

(z) B %% %% (Hazard Ranking System > HRS)

I BT bR (Risk Assessment) ok 7= %7 L F-h 4 §8 i

4

B p A E TR A s DA A RS AR R

PG ALY - REPEE N P PR T T BT R
HR R nER A B R A RARN NS P AR BT

kss gk 2§ 22 CA29) lpf AT o Auld BET A
PALZ B3 P 538 & WA > M B ST A BT 2 s ek
Kf M L BE S B RS A A BAEB L 1004 %
VAR R s BB SR A R B b % 0 CERCLA
BB 4R FR 2R 52305 95 5%3] 10% (5 400 B 3F-n )
HIZo A28 28.5 & o s L Bicim 7 28.5 & 5 d M H-h 2 4F fe s
FApArag P S A SEengn ¢ i ¥ £ AR AT ahF
2R RFBE S T RS JRATE 28.5 4 0 - LA

-25-



Z

EUIRIRUASE " 1 I e W L
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TR L B A 1T
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/Feasibility
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HREICEE (Record of Decis

fir 2 o I F I A, R T, RS et |
BEEaTE] (Remedial Design / Remedial

He{EBIES 8 (Operation and

({Deletion/5-year Review)
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::} Pre

Eo s Ty i aRecrT
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Preliminary Assessment ek /Rl

AR R 2% )
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3% 0 3 FIHFPHRE LT

Site Inspection Haun

HamBa B g o EFRERERE A3

BETORE

>

%

B E

HRS/N

.

Hazard Ranking/National | #*

'a\?.zﬁ)»

145 HRS #=4 » 3= & % 5| » NPL - CERCLA k|

PL Priority List B PR B AT | 43 7 FEE 2100 13 H-nk > HRS PP 4 #ic 5 28.5 4 (4
4t (NPL) A 100 A) o
RI/FS Remedial Fic A8 ™ | RIpv i anfs 2 7Mool 4o

Investigation/Feasibility TG

Study

R R SR e LI g

Sy

FAORE R L AT

S LE %°W%#ﬁ%

R

ROD

Record of Decision

'F‘:#ﬁl’@

AR TAEAPRE AR 218 > (T AL e

Remedy Selection w e
RD/ Remedial BEaR TR F AR ER OB AL R FR
RA Design/Remedial Action
O&M | Operation and Monitoring | 4% (T2 & | HheR 4 TSR ETER o
Closur Closure BEsR R Hh s s o FA AR ER
e Deletion/5-year Review

(F# &k © % M% #% SUPERFUND 2 3 23 T -k i5i i

(F# %R : % F% %% SUPERFUND 2 3225 7 -ki5 4376

H Rz &

A 2 B RS 0 R )

#2-9 kGRS X MITma s i1 4

5 BRp e
TR A T

PATHWAY

TARGET CONSIDERATIONS

Ground
water

Determine targets for each aquifer separately

Determine targets exposed to actual contamination and the level of contamination
Determine any aquifer discontinuities or interconnections within defined distance limits
Determine population served by each target

Evaluate standby wells

Identity and verify blended water-supply systems

Identify resource uses and Wellhead Protection Areas, if necessary

Surface
water

Identify water bodies within the target distance limit: determine flow rates (or depths for

oceans and Great Lakes)y: determine whether each water body is fresh water. salt water,
or brackish

Identify significant surface water targets

Determine targets exposed to actual contamination and the level of contamination
Identify drinking water intakes and populations served: evaluate standby intakes
Identify and verify blended water-supply systems

Calculate potentially exposed target values after applying dilution weighting factors
Identify resource uses, if necessary

Sail

exXposure

Determine approximate area of observed contamination

Determine whether contamination occurs within the property boundaries of residences.
day care centers. or schools, or on terrestrial sensitive environments or resources
Determine targets exposed to actual contamination and level of contamination
Identify workers and resource uses. if necessary

Air

Evaluate people regularly occupying areas near or on site sources

Verify populations near the site (e.g.. within 1 mile)

Determine targets exposed to actual contamination and level of contamination
Identify sensitive environments near the site (e.z.. within | mile)

Identify resource uses, if necessary

£t 0 B )
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3. RS 4 SR ind =

ERA 1960 & B 2 A A B TRFRAEE B
RESF #7522 #7734 (Contaminated Land Research
Program » CLR) — k7|5 B g 3% ~ p T3-RAFAE ~ s
EIEEEAPM PR > Y G B4 2 # F EaiiA2 & CLRIL §
FHam@ M s &5 Model Procedures for the Management of Land
Contamination » #-/x424 2 = BFFE (B 2-6): (- ) k"= (Risk
Assessment ) ~ (= ) iE #H £i>> % (Options Appraisal ) ~ (= ) F *& &
e+t 3 (Implementation of the Remediation Strategy )o 12 F i 4+44( - )
R *% 3= (Risk Assessment) # 4 H5[23] :

BTA N DR EERR Y - RE MO ERG TR T RS

AFF AP ET > gAY TR BLEAAEZ > TFL

Por R ARV REAMERARRI L L DRT TR EY
AR B TR R @3&%] AR SR ERRIEY 2 T
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GrZ A RBFE AL T EELEE B TREL T A iEARY
FAREREAMIICERTE T AL A F A FT AL

(Availability ) # ¥ 2 |+ (Bio Availability) % % & o

LEL -'-'"I e S ST S o L EEL
Jdeed I| ' I_-' = '-.;"-T'EQJ-L::?_ el e | 'ﬂ%”'z'-'f_d:

w | AR AR %

51 AlERSERE i

B 2-6 BRI IHEFTLTET LB
(FR KR IEE S TABLIBTRHRFFARFTE L5 2 Fregm—n

FjRE B REFT 0 2005)
223 i HEF R ES TS
Lot &5 S 2 A M43
iR L5 AR T ORAE > 4 0598 E R [ shpr

AAE TORMBEAGETRIRAG AP TRRY FEETE L 0 1995 98
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ERDENTREE (B2-7) VUER B RHTHNRESL T 4P
b2 R F[24]

REEM R F AR AT EY TR e Y
¢ 918% » @ bbb i T 2R AL A E e F R, P
93.4% > H v iE 5 1.02 5 $HRE A i R 0 & RS P 1Y
BTy Ed Tddeal ¢ L 07% tiatad el 2ROL A F
tep B RSN 0L 14% B ERE 2. F U R Rk

W b %R Y R e At s

- FHEASTR

it Lok L
fii] it .
%o bk %) 5 EE %)
HivEmg 10759 | 918 | 341 934
HIEMARE{E R ) | 538 48 18 49

BIESETA ) | 189 | 18 f 03

Efir 145 12 0 0
ERETR 86 0.7 § 14
1880(123%)  1,838(157%) / it 1717 | 100 | 365 100

B) 2-7 98 & B 4cjd #h3 B E LA PER AL B

(Fﬁﬁ_ljw)g, s fmaE iz » 2009)

2. B MAIN 85 LS 2 AP M IR

o

THREFHGE T AR A A 2 S AR IELS LR
BEFE (L) 8% - AR RPN R GRS S
28 (95 70%30%) » B EAARFR > BA N E R A Ak

GENTAREARESS FEFTRED AL HF GRS G
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BT ERANESLFRIEG AP AR LM EIL[25]

£ S B R T S R A iR

\\\

BIE#? 4382 (Frequency and Extent of Dispenser Releases at
Underground Storage Tank Facilities inSouth Carolina » U.S.EPA - 2004
EQP ) A HEIRFERLE 2D AL RS N FRE I G

B (1£99/183) #mP~38 ¥ & (1£100/218) f' % (®2-8) [25] -

B85 % 875 4 R 3% a5
84 99 118 100
& #ARBSL 5 3RBSL
49 0
15 #+RBSL 1%~ RBSL
50 ) .50

R Ay K B 4% & #u(Pressure Piping System) "R FL A, & 4 & % (Suction Piping System)
Bl 2-8 s B ko e T ERE R AL ST 4

(FRKR P SHEEY ARF AL AESFEELP > RFEF > 2006)

3. B TRk E LS 2 AR

\\\Xy

THREFREFT 2R E L e 2 A EH BT L RD
23 E () %% 37322535 Bdedab? > 5 193 TR
W3GEp B 13 e TokARESRFE EAIREE (F68%) 5 FRIF
FRETP B FLEN P EBELTLRADAETE () L%
o R R AL R 12 B kY 0 F 4 EkE TR 3K

P\,ﬁﬂ 3«&:,#4—1‘ J\ﬁ ‘F—l; ’g *ﬂ_g(]‘-!;75%)’?]4ff’%—rl\



kimor s - £ & F]H[25]
4. FRT & R EE 2 A0 B LIE T

BRIZEPP IRE - CHB REZER I N GLERNEE
Ak AT BT A L gk & TN € B ARIT 2 M RS [26] 5 12 4
MEER R R BEF A R BOES T2 SR NME £ A
B A BRI R
5. F eSS LA 2 Ap MR

BILEIR S &2 tha BRI E g 27 P TR R

e

oo RE S LI N L LR AT e F oo bbb X B E 7
FHEEIDRU P EITA G E T L LR e B H 2 ‘1’}3 1
B b 2k 2 5 4R o
e B[27]% POE R e Hh2 X 2RI T s R
2 TS ZIN I E - NP2 TR AN BT AT
(PHA) %2 g 217 3% (¥4 247 (HazOP) - iEARY & * "4 il 2
BAch A1 FA B N AT A H BT AT o I XL
RFdp e (F&ELI B ) dnFfh kA B4 d bEd %2 B PR iE
AT T RN R R e RV R BT AR - VA B
AP EIEPEAATHE T LT F 22T R RF T BT/ %
2FEHE 2 T A p gL s W EF DR R e PR R
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L ¥R I8 2 4 B F— =X HazOP A& 7 » 30t fdeid = dh 11 % >

R L R T S e b2 XTI HFS RFTRIL 2FT
LR BB R e o T R RE TERL A 2P
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2 F 28] B T E IR E R bk B T KRR R
T2y o Ay A S MEL T K F LR F] F 0%
FBLELR AT ARG R e B K 2 S o F
FETF TR Fodsb B s R R B E 2 5B
S ASFR CBRFREFRFAMIZIZRETH S IHRGEF- &
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2.1 i¥% > & #7 (Job Safety Analysis, JSA) ; & {8 & {744 5 i 4cid =b
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PRl FEREE FEFRL AR F AT EF AR T
Bo $75 Zeed S FFIoZ 1 0% &gy Bde i 2hd 508
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r
¥
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I S 2 )R 4 A B
23 BEFRTYEvwA

BE A Bl - AR R S ik thr B L gt
POFARET - FRAOREABEF PR ARAAL -PRTED

L AL HFAL T EALCRRALT AR IR D

1>l

Bt e 0 R e T et 2 A k7 > 4o SAS ~ SPSS ~
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