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Abstract

The leakage of underground storage tanks and pipelines occurs frequently in recent years.
The leakage is resulted from corrosion, constructional imperfection, or structural damage of the
tanks and pipelines. To reduce the liability of leakage, the owner and manager relies on the
effective monitoring system for early warning. In addition, it is important to replace old tanks
with new ones or upgrade the old tanks to reduce the risk of leakage. Currently, there are a few
types of monitoring methods that are approved by the regulations. However, there is little
information on the comparative effectiveness between these methods. As a result, it is difficult to
select the most appropriate monitoring method for any particular site. The proposed research will
make comparisons between these methods based on the effectiveness and the sensitivity under
various conditions. The evaluation of each method will be based on the relationship between the
time lag from leakage occurs till detection is confirmed. The results will allow the owners and
managers of underground storage tanks to select the most appropriate monitoring schemes of

each site based on effectiveness and cost.

Keywords: Underground Storage Tank (UST), Leak Detection, Monitoring
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TR M 2 T (850 2 5% R AR AR & 45,000 gal o {838 PI#E4E 0.05 gph » SRR
5% 0.1 gph

4.6.4 15 AEITRER A %
BAGERARESEMEA — KRBT o BAREENE - BHEGA
HEMAHBRTTREINGHRELLE -
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AARAL > EREAFTENERELRBFAELRAAZBERT » AROEFT
WL BRI A RN E 2R AR T ARMZRE ~ BAlHR
BWEZEF o F—7 @ AIGEABIKNGEF - RIE > RLARRITRE
BT RBLEBERAFREE -

LAV R 3 F /KBRS Uk G B o & 0 BT R AR 7 A RR B
6,35 © e H & (Leak Tracer Dye) ~ WA R ELABE T /RKE $ILey & AE15 58 » 4]
4o 42 F )% 48 % % ;& (Radio frequency (RF) attenuation) - # & & (Electrical
conductivity) » 2B £ty E 42 (Metal oxide semiconductor)  HEKILZE4HH
R %) % (Fiber optic chemical sensor) » # & & &-44(Conductive polymer) + & [
i 8 1t (Impedance change) ¥ % -

b R @ AR e R B AR AR AR 0 B35 2B Rt F
i# 2 Metal oxide semiconductor) - St 4%k 1t.2 45 H & &) 2 (Fiber optic chemical
sensor) ~ 74 & % 14 ;8 2% (Product permeable detector)¥ o sboh » LT RA A R
18 8 ¥ (GO Bl 7 3l > RF A A 7 M R M b RARIR A 247

4.6.5 #% &% {14 18 /8] (Interstitial Monitoring)

KB ER TR B8 A BT —RABDHT ©

T B 89 354 #) B & 4848 B B 14 44 79) 28 (Liquid-phase interstitial detector)
R R M AR RSO EART o T A WA & A
4 524 I 4 (Refraction) ~ & B4 44 15 $ £ & (Refractive index of liquids) + 3%
# B M (Float switch) - %% # B Ml (Magnetic switch) + # & & (Electrical
conductivity) + # # & (Thermal conductivity) ~ i & /& # & (Product solubility)
& % (Capacitance) ~ 28 % % (Ultrasonic) ¥ % - i&88] 77 & & & & SUL A%
BE# -
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b o TR B R A TR AR A AR E SRR IR H
BT T A B A B4R o ¥5 15,000 gal #9448 > #5#EZ T1% 0.1 gph -

4.6.6 548 % IR B S8R 7 SR RO 2 bR

RAF L 6 A BT 0 ST A S R RS AR PIRE (F
BE) BHEEOTH  THRAHBBIREG B G ELTESL R
NIEERBMEENF > REL®ET » By TEIYREMARPIEMEY
% 0.05 gph » #4528 & Ty 2] 0.1 gph -

B —7 @ o AR AARIR B AT e B R B R~ X BRI TR BRI
hRE R RS IRER > RIRE AR TR EE > RERED R
MMM S M BFAEGIT R P EE (E8E) BREANT
Fo Kdm o BAEET RS FAARAZEATRGRBEHKER > B4R
BRENEREDS  ABEK—E A BT ROBERBERAT X > THREE
B ERTEERR

4.7 KM% R T AR

ABBLREAASLERBA TG TE2HEFREALAREFALEH
o RPN EEAL o BT US. EPA F7 B 5T K ¥l o A7 4 BY 40 51 72 T PR
Z9 o BAFSREGEZ LR L SR TEGESIEE -

4.7.1 U.S. EPA ey A2 4

4.7.1.1 HSSM #2 K 48
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##A R U.S. EPA Prigfitey ey HSSM A2 X 40 REATHEE » Al FREA
JEfafo B 8y F %475 TR KOPT X H - 2HRIFATA OILENSE #
X E o BBEHEHTAH TSGPLUME #ZX3E - 252X G EEAMNK
2B THEL ARILIZZE Dr. Randall Charbeneau B 2548 18 & 5F 44 /% i 15
iE o BRE%eE - US.EPA RBEEEFEXNRER

i E— SR a8 ERTRYGEHEMAR) S G S ML US.
EPA 3t k3% ft 7% ;548 (Vapor Phase)tyih R i@ME N FHE R, » HIb BETH B
Rt LB PR E N LIBREZZEETHIF — B RITZ REHEK -
Kt E+ 428 o

4.7.1.1.1 & giLe4

AAHSSM ¥ » LNAPL(&# St a¥BE A =R F#mk - F—#HaRF
RLNAPLA Y » —#f b T RS LR GiRR o0kt - SEEXA LEF
K REHINAPLAR &Y &S - — B X R E R B H T A G LNAPLIA &)
Mo TR HBAREERARALLNAPLAILE ARG > BE—KHLNAPLR
& #F £ @5 69102 R 2 R o HSSMig gt 38 b 2k 2 — 988 - HAE
LR R A TRERITARY  CHTREEET RGN > ERTHER
B5 6575 He o Bl HSSMTT A48 Al R BB AT H - XTHRRMWORELEL
BBy o AT L AR eI R R KA BLNAPLEY — 51y o F LA RFR
Ml T AR Bl TR HRE S SRR ERTE - EE R
T A5 HLNAPL 418 & 2102 A HATHSSM - # X 4 Al & AR BOL Rz &
FRMER SO ERFTEHFRBEAGEE -

HSSM& & 7 LNAPL#3t#) - B ANAPLR R "R AR T AL €
T i A B A5 b7k S 89NAPL (DNAPLs) » X » HSSM#Y i@ &2 # 48(2.1
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)T AMADNAPL » BAZBANTRTAEL G XN RBEATE -

4.7.1.1.2 i & (Spill)

s B A LNAPLFE L 018 4E - B K TRRAEBE - RBRLEHFLNAPL
FRENTHEN - AHSSMY LA RwE L L mbi > HAEELRLER
NP EEANET B e THROKEFELALEF RGN Fde
k% v ALNAPLA M, & @Y AHIERE o

4.7.1.1.3 & %A A (Screening Model)

REEATROE BN ER KL EER  ERZBAFTFAEREATY
BEM XEBGEEBAZIHBALLIREXOENTA - B TFFELH
BELAZBER - 22 TRITHEEIA L TEME M -

KEME > B R AEBAE A AME T A BRI T 75 deid R ey 79 o

HSSM&Z — iR X, s C LI FSLERKIRE  BREBEATESY
AEANTIGRRIEPAT > Fodh X LR E - #lde > Bio A3 d » HSSMT
AR RIAEH TR R BRDOEL  -BEAZHEAT  FEBANERE
RBRAMBREELHES » EEANA LA REUEARERNMET - ML B
IAEFEEM FATFTAMTUREHAZXSLEYTH O REZERS -

BinEZRBERAERTHNG R IHSSME Ly i X a3
ROAMNFRAHEE S HEOHX » REKA &0 A VPIE R 9MOFAT A X
(Kuppusamy et al., 1987) ; & Geotrans % 3] % & #) SWANFLOW #2 &, (Faust,
1985) ; v Hydrogeologic, # R 22 8] £ & #9 MAGNUS# R (Huyakorn and Kool,
1992) ; & & & H A% 245 Bty VALORA X (Abriola et al., 1992) & & #
HSSM » k4% - HSSM# B A A A RZFF L E T RHAE R
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HAIRA 3 0 Jo st TREA LA A AKX T M AR A EHX
AR e

47.1.2 X EE

B 4.7.18 7 — # WS LNAPL/S 4 A3 2 EHAEH o LNAPL A #3 5]
Aimta ER 0 & T iREF AR (vadose zone) - LNAPLE & A& T
RIZRENEBE LBIH LR H R 2R - 55 ARGIHRFLNAPL
AWe BB HERGRERRAT o B EHLNAPLE k&4 B % K bRk
FRVA—B B T3 FR(ZM L > INAPLE RIS ALMER T o A ALEAXK
RSB T ARIZE BT AT R & S B A LNAPLZ B 3K © Fo3b Tk
SN B A E KIS G FLNAPLY AL Z R AR > B RILTREKE T
o MASRITEGME » AFEH TR TERE - RIGFIHIERM
EERNOLHNEINARE FHERE  —LABNTREKE T FRGR
SEFELERSAFLHTREKR LT HRRENFRER - BLRLHE
HB AL EHFRETREKRE - wEBRR » WFREKREEZRETHK
89 > B IR 8 T AL 1 3 4% E 4R 4T 4 3542 (Preferential Path) e

Vadoee Zore

HBNM.T&IO

LWW“ Takie

#4.7.1 NAPLZ# =& 8
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HSSMZ 4245 — i {L ZLNAPLAE X A - B4.7.288 ~HSSMAF Rk 89 & 47
BT 0 BP R L R AR e A ALAR A o ZEHSSM % » LNAPLE % — 4 #0 5%
BB AR OB I T RE - A TLRYUEREYE - LNAPLH—%
FH AL —ZLNAPLAA » 5 — & T Ml a946 8 R4 - L3 F k& L > LNAPL
HATRER A » EoRF BRI KR REHLNAPLAS Z A HE - 1L$ &
Wy IE A% B3] § B 89 T #5 4-B(Local equilibrium partitioning) » {2 & #%
RENIIT AR An 2| 36 TR B HIZARIES) o (LR RSB HH AL HREH
BAMABRTREKR TS ERLE -SLEBERNBE—F Wi HA
T & A9 E % F 4 o

R LG FIL2mD > AEAR G EEaEX -

PRA 8948 402 T X B 3 4] 7 42 X 69 3 A2 47 A% (semi-analytical solutions) » &
JLHSSM &y 4% 48 1 Ju 7K % & 3 (Flow Domain)#g # 4t (Discretization) » 4,1 %] A
R 7B & H (teration) K AR 4K 75 o it R B T RAERRIBYPITEK - £
B MM SIUIREAM AR T %% -

FLs 816645 b 8 24 X (The Hydrocarbon Spill Screening Model
(HSSM)) T ;A X Blig L AE 4 S B F g tm i o

A2 : 7% % & (Charbeneau et al., 1994).

B R EAAEFLNAPLA R @ ASH BRI —ELARTKRKEZ
WTFREGKBGMAE - REERHEIBANTARKE » NAPLE A EHH
RFEEHYR T A2 5 §etp 8 Bl TREKE K FiBEMass Flux) - iE
2FTETRERKBRFLBOKR > RALERFEAABRE SBAHY
RE - HSSMAg % — » B AR LNAPLA ARG TR & 184 -

oHE THHRi5ihEE14Es | (Kinematic Oily Pollutant Transport
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(KOPT))#=OILENS# 41 - KOPT#=OILENS# %42  — 8 EHg#2 X, » HSSM-
KO » T4 T KA 7KE 4 X — 18 Mo M s B 0975 HIRARI -

Lard Sutaca
Vadowe Zne
APL
\——’/umnag:
Agquifar

B 4.7.2 HSSMAT 4% Al &4 S BALNAPLERA T~ & E

KOPT#=OILENS 3} A — F] 8§75 AF 32 LNAPLAu /K 48 69 4L 2 R 5 89 HEHF © —
B AL R B R T Rz 0 B RS G i ERIEBIX R LNAPLE AR F
5 R W T ARAKE o doit » ER KT F Z Y ZLNAPLSLE RS
FHH T RAKE 1R - HAKOILENSER YT EA MM KR > B
BT RASKBHER & ZIFHEABBEMER MK BT RBRT - B T LA
AKOPTA=OILENS # it R &A% # — 3 » —#HEEFERRABR-2HF K
AT B RS %R & 4 M B # X (Transient Source Gaussian Plume
(TSGPLUME)) =

TSGPLUME/{# A £ #AKOPT#OILENS & #4455 ; E it ¥ T #4 NHSSM-
KOz i » # % 4MME B A T 542 X HSSM-T % - TSGPLUME# X AAHSSM-KO
4 FOILENSH 43t Heyn A BB StE TR LROEAMRA -

%4.7.1 ¥ 3 HSSMA% A& 42 4 — #5 & % 52 - KOPT ~ OILENS#TSGPLUME
302 2R » HSSM-KOAHSSM-TH5 89 & AT LM G TR -
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*4.7.1 BATHHHSSM #4

AT B HEHR EN TN
i#i /& (Vadose Zone) |KOPT HSSM-KO
T Rz OILENS HSSM-KO
T REKRE TSGPLUME HSSM-T

B4.73 HSSMyP & @A g2 T~EH

HSSM+ S @AM EEMHEEATESXNBATABLITIT - ABRBERR
¥ INAPLF 4y X B E TR ASHF| TR ©

4o B P 0 A5 R F 42 HKOPTAOILENS## o & dfeNB a9
7R Ao T /KA > NAPL & 69102 R 25 3875 %30 T 7K 47k BE - NAPLAL
2% 4845 % i TSGPLUMEAE $% -

4.7.1.2 RITZ #2 K,

RITZ R AR E/AIEMFE i iTRipeyidsl  PIBRENPILRLE
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HRA S TEAE ~ RM ~ B k(Water movement, volatilization, degradation,

sorption and leaching)

4.7.1.3 NAPL #t#t 2 (NAPL Simulator)

AR X THRBEN S FRRKEMRYARET » LISt R R T RS
KB Py o BBkt A ibsba =40 > K - NAPL » 88 > FeyF8r. T&
RIRsatn B F % 58 5 1H 49 £t 1F Al 2 1B 7 R % (accommodates capillary and
fluid entrapment hysteresis) » gb4h » LA A MREREH T ERH T AL 2 S
NAPL & @ Ao 48 2 694K

U.S. EPA R 32 #i3 £42 X 49 DOS # UNIX SR » 3 R4 EAEIK -

B F P EIAAMRE IERADRBENAPLS) 6 A R B2 09 R4 PT B 3084
TEATREGRE T HRGERE - EHRTATANTEZERANZBE ZAH
F89 B3k ¢ K RIEM AR (Vadose Zone) ~ £4aF B ~ Fudb TRE-3,F 7K
SARBER - EMBEREER=MH 54 : K NAPL » T R8 - HE KA
EH 0 RAREE R4F %84 IR T & 8 #{t(Hermite collocation finite element
discretization) - EHE BRERBFE L SF RN 2 J:. MEESZ AR PFHF
AMELN BRI IR BB F A EREE -
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4.7.1.4 MOFAT

b 8% R F @Ik bate B W AR IF AT A MOFAT 941 o JA2 X 7T 4
#% % 48 ;7 (Multicomponent flow) » €&,3&7K48 ~ FE/KIE(NAPLs)R & £.48 o
TREHEAW BB ERZOE TR - BMER > 9 THH - RAH - R
> 'H & #44 % (Advection, dispersion, diffusion, sorption, decay, mass transfer) e

U.S.EPA P32t £ X85 DOS» B 5 1991 SF ey K o

MOFAT % — 8 — #8094 IR F RN » BB S S ML s 5 R o188
AT @ KSR H R EE G & - AAXE R ZIRAEMAK -~ JEKIBERIENAPL)
Fo FAB YA S Ao AR 0 ] BEAL T U IR 74 — £ K B ] B AUA% R/ A NAPL AR
R ATy REEEE AR

AR KRS F BN R KARBESRAFEERR - KA AL
TRAAMNAE—REXRTRYEBEALNZ G FRWNAPL_48 5% 5 &K
NAPLA RES AL RBRAKETHAY - AL ERMFHZZBMET ERHR
RE-—HHRXETEIPRNT > SERELREF ALK - NAPL - £48
Fo B3840 2 B 4 Bl oy BB R SR o BEFR ZH TR ME KR
EAia ) EEBRARBRAKRKAFEBONZMOREIEALZS > LRFRE
FREOH EFERFEARZERNRY -

AMALFE-REARATERBSMAH S RS BHOEHNTEX A
B o MARBEBAETTERN —REEFEREIRBLIBITERABMEHES -

AR A JEF A R o B g o b 4] 07 A2 X K918 S 4 7 X b 2 Newton-
Raphsoni & 52 /KA 9 #7 6 JE QM B R 4 ©

KA EBGMATHEIEMEHEME - DRYGRIBT - AMHET
HHES S8 - FREFTHPERRTERE - THERBARAMBZTEK
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R tyvan Genuchten#E X R T £ =M 4B G R -tafo-LmiE /) H1% - i@
AFRRATR-KE@IRN HH - NAPLAHKEH ~ NAPLF KR BEES
NAPL#E# M ~ NAPLE & ~ NAPLR XA stafmE « LB REEHHE %
BorBREKRETURREOMAL BT TRELE ZM L% RN -

HETRBEBEHRIH > BATE2ORNEBERLBANATEHAE
(dispersivities) ~ #7144 89 /RABIRE ~ FE L EAZH ~ BRSO FE - BRAR
FoMREAE T ERBGEHE T HETEINZA) ot RIESTH -

AR ASARABEE A E SR RIE G EHRA RREE A2 897145
f&AF o BIn 75 ANAPL » SR XA G R 5 RAT B4 KR T
NAPL/KSE  RANH MR M EGERMEFTREREALSHR T ASSH
Eey AR KB (AU IR R G F - R A B AASEEFAA 224k R0) (42
KATREHR B BARRERR) o RO IR RREMET S BARSZ
F R RE R & o MAF R T Z ) R T A A LA F 2 Fk48E
Bl (AR REXEANRE T REHEGBEZERYIKRN) - ##
ATEAOERAEERABELFRLEMETEAY-2KR) -

AWML MASROEARTR - A& RMERAERA HF
W HIENE — AR S Bfafo RRF o B EEEFIES PS8
GRFRXTE WERIMREELGRE - WM AEMEELGH
Mdhh SaB e SR E c ERXBRAFTRHAKETERASH ALY
B A AR T AMBRR » K—BERATPITHEREIHHEHER -

4.7.1.5 MT3D
WFREGRE FYRIERT RADEHTIAR MI3D RAEH - 3= HEHR
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HABEOWCRLOE TR - E8 > FRERM » F BT TEHERE

4% 4 1% #2 % (Advection, dispersion, non-linear sorption, first-order irreversible) ©
A KX 5L 282 USGS 4 MODFLOW —A&4% Al » #1 Al MODFLOW #9% %

-

4.7.15.1 BeyfLEE

TR BEER B RAZHR LT RAGOBEES A
W5 o (R T2 P 5 2P| 4o B {4 #E #(numerical dispersion)do AE & 14
& # (artificial oscillation)Z F k22 MAFTRE SN TIHLBHEPHIT
B ERCHERRATDER  ALZASHYTREARET - Ak
KPR ERE —EX T RABERAREZNTRES  FAEALAS
KRN TEA BN ERAXEGER TR CREAPPATHMEFEH T K
PRI AT G AT o

ERHEAEMTIDS IR > BRTEVARTRAHZAL FH—R=
BAR S ERACERE - EHXRELE SR EEEFSE ) AR
Aty Eulerian-Lagrangianik K A A- L #-RRBF X - BF ZBSHRETH
MR AR KRR A EAESR A R o A X & A | MUSGS
Z Z A TR-£ 93 TFKiAEHE XMODFLOW & # 41 4 # (McDonald and
Harbaugh, 1988) o st 484t & 4 48 1338 1§ 84 ST A8 Z 3B BAB I ~ 388>
7% He B/ i5 #4274 % (Source/Sink) » XALLRE » AL EEE T RIEA HEFRMF
BERBAETMN ) ALY EHKBAENIEETRERE B LBEX T
MR EE R EHRRAHFZAAG -

MT3D/& ## X, 2 & T A2 wMODFLOW ¥ H k- £ 5 A& #E X E A £
B MEARANBEGHBIATGRAETEKRRGYMBER - £—BKRRBR
AMBhEr2  AHEXEEHELTATRABELBEBET X
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BEHRMBEARLEL - AASRBANEMEIEAF > THRRIAZ—EX
EE5MRABA MTIDRELFEL2E HORABA R Z soRAB AT
ARRBRTT R g & o sbdl o BEMBXZI B ERAKAEL
TREE ERGEIERE - BEKARRMBE B EE 2 HEMR S EBH T
X EHBETIREGEHATHR -

E S M i R TR s AR5 RIREE A 2 BB X
Ao f R BECRRE > MTIDEHEXTHEAABRER T RYE-BHTE
BT Hpn ey R B - X TALEMILERRA ¢ 2 -FHEH 6 R R
GHBRHARE T TERERENER - RELTRETEHRA Z X5
KT » B XX RALALE BN EHENLERR - BAMTIDT 4
SR T E M E 5 Ao @R RAEE : (DBER > EEIRREBIRGBIR - 5
PRILTFREKRE | QMM BBERR PR —R T EALTARYBEZE
QRERERTZTEEHER  Fo(@)IEAFTRBIRE R ERGBEY &%
BB e BEK o ST o B ER AR -

47152 K3

ABR-ER-RREXBETERGTRMART RAHZLTHESR - X
SHHBAT A TRBEESIR-E G- R B MY F X T 5 % & Eulerian
Lagrangian #,/% 4-Eulerian-Lagrangian (Neuman, 1984) -

fiEuleriani: F » #| Al it A FR-Z 0 RA MR- EFEFE T MBE KR
8% X 9 M - Euleriani: 324t T Bl R M BB R EH > AR REELEH/R
BT E EIE - R AT $ BRI A RN A £ F 4R Eulerian
EHBAERABEPES > B2 MR IEfEFIERS] o /A Lagrangianik
o THEEHOARIALAR T HAURYERRATHAREFTA -
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Lagrangian7A ¥ B R F A A KSR A ST R REBER L B EMR -
K> ABRAETARKER  AEA S EFRRTEREAREEER
B TR NE P > Lagrangiani2 TG I R B AT B EL Loy R
(Yeh » 1990) - /& 4-Eulerian-Lagrangianzx 4§ # /%8 A Lagrangiani: £ A2 ~ 3£ #
Fo B &8 A Euleriani: K A » & B £ 4 Eulerian 7% #v Lagrangian 7+ & % #4945 &%
M o

AMT3D# R &) $ {8 #% & % & Eulerian-Lagrangianik  i& 77 ik #9 Lagrangian
By 0 AR @ AT EH A BE(MOC) ~ & 4R EHME E R B IE(MMOC) ~ HiR
i MB & 0 RAEMSIFE o 8 & & Euleriandf iy 0 ERA ARG AH TR- £ 5
o AARERACERBE

FLUSGS = 4 655 % 12 ¥4 X (Konikow FeBredehoeft » 1978) ¥ 3% A 44 4%
BORRR 2R AERIHAE - MOCRFBA A — B S TBS A8 BF
LPHRTRESEDOREBRUME c BRI —EARRBERCLAERK
FOETHE  FARAZEERF > REE T TRTEEPITER -

14 E. 4% #3: (MMOC)(Wheeler and Russell, 1983; Cheng et. al., 1984)#| Al &
14 B A B4R b3 B B A B B Au M - BT RILMAB IR - MMOCH 75 i 1%
THHRLEXESHETHER A EEERINY TR LR LA
FEMOCH I A ESHELEME - MMOCR IS LR ERGEE ST
HABFGEANLEHBEIER - 152 4MOC/MMOCH 75 (#14e » Neuman, 1984;
Farmer, 1987)4 B & AMOCHMMOCH# &K » AARILEEFBHLE A
K EBAE - MT3D P it B $3R 242 A 78S LfvNeuman (1984)77 3 3%
H B o

EREBESDEL BRAEARANAASDHABRHRSHOBHET >
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WA -EHROMOCE I LM - BE L4 R BACARA B K RIFE
BB MMOCHE I K - & — B dAERPLERBIHH > QaTEHA
#)1%.k 0 ELAS4E M A T RS - MT3D1# 4% X 4% Al explicit version#y 4 k- £ 4
R MR R AL BRI o explicit schemedy FR4]Z BH & C A M eyiE T &
B HILHIETIFAR G Y — L1 - %K@ o 48 Alexplicit schemeZ € & & E &4
REWYTIGTIEE A

b HAFEBALFAMAE > BiistepdI IR B ABAEES
oo 3 #An RO 1842 6948 B )T 48 B o B IE & 89 & — {8 KA implicit schemes
HE R R R LB TR TRABREGRBER L REG OB EHEA T A XA
B PRANEATHRIAEFRRESETIRAGRE LA KGR
st Y I

MT3D/RAEME K 9N @ FE2 R 404 g FeMT3D & a4 X E & Fo il 69 R A K
fLog 4 £ R ROKEE ~ WBAFTIIAR @A E ~ &E7F LR Ko
EAnik & o % A USGSAK A X (MODFLOW) B /KA » — & "{LKMT#y42
R T2 FIMODFLOWAZ R REEHF A A °

4.7.1.6 BIOPLUME III

BIOPLUME III#2 X & —@# A BT R WA T KA ARBH=4H
FREMER - 2k g R REIBAE A3 © Hifl(advection) » 3 # (dispersion) » R
M (sorption) #= % 4 [ & (biodegradation) - iZ B4 X A Al 3F % 4F M Fo Rk A1
TFHEHE QR HKd - HU) > REB > PR FERARTE
ey kA EAR -

Bk % 0 3 % /KA R 5 A (pump-and-treat) £ 4t 5 K 89 & Al A
AABEHENRR  REFSHAEARIERARBRBTRTRIELK
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TAREIEH R T £ Newell et al. » 1996) o HF £ A B Ao (Z A AR %3557 B M
LENLIERREFEARRREAARETRESN  REREMNBETRASE
B RERATS B MIBRFTT LG FH E B 6 # 5 (Wilson » 1994) - & £
ZERREA T S(AFCEE) ) AT P E19BF MLm= 24
OB ERATH

A4 £ B30 A L35 ak d & 2] 89 F3 F #H(Wiedemeier et al. » 1995 —)4 47
3F M o R A B AR

)G H ik F E AT E B¢ B K %5 (Intrinsic Remediation)# 2 277 X, ~ F#Hik

g Bilr Ao § /o 7 X B A2 B 42 F (Technical Protocol) (Wiedemeier et
al. » 1995b) ; #o

3)M{E B 2R A5 488 T B : gy Groundwater Services, Inc. (GSI)&4Dr. C. J. Newell
% J& 49 BIOSCREEN # X fe # % (Rice) X % 49 Dr. Hanadi Rifai % & #)
BIOPLUME III#% K, -

Lo 0 15 2 Fob B B dy ZEi/MicroEngineering , Inc. #9Dr. S. Dendrou #eDr.
R. Dendrou%t & &9 Environmental Information System (EIS)f5&iE fg A 3, F KL
FEEERG -

ERERE BT & A LEMBIOPLUME I &7A —& - F e fe
BIOPLUME 11144 # 4% & £ & /& &, GSI and Deerinwater Environmental
Management (DEM) » ¥4 & 3% /1 7& &, % Rice UniversityFeZEi/MicroEngineering

o 3t B Bf 1% AAFCEEfEPASY AT £ A B FAZEIS £ e il B 18 B4 5%
FHEONBEBRSLA—RTAERE —EARLEEHRERAZEL
ERBEHER -

751994 5 # Denver, Colorado #& 77 49 EPA/Air Force Natural Attenuation

Symposium# 3t & PR & F ey dEd > BHG—BEAKREZRLEA
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B ARARRE Y —EHEEL -

EHmZT BB IT A BNREREF » R ERBFH ¥ O(AFCEE)
MEBRBENRRARTRELGT S ARARRBEFE P LY 354
REEREZETTEGARRBEHARHLETE -

4.7.1.6.1BIOPLUME III- %, #% 49 BIOPLUME I#=I1

BIOPLUME III& — @& A TR P 695 RS A MRy =t A R

EEX - BRARTHESA > 28 AMPETISR  LERTF MM
R AN 5 P 842 - BIOPLUME IILR & A #AUSGS (USGS)72 19894 5 & th
B4 4¥ #5473 (Method of Characteristics)# X (Konikow and Bredehoeft » 1989) o

BIOPLUME 1% & % %R REEA BT R Y ER T REABA - 28
R Aok A AR B 506h B KR - BIOPLUME A A # $ 5 G R 81T
FRZHE AR KRB D) HE B B RERA BT LM
EHER BHXEBERFASNKR RERES W ETREIH/RRE
Yoy E AR o HAKUDZ T FHLTHORR » SN BEHRHGA) X8
A Fold gy o

MR R 6 $ 7 KB A AR A A R R R AR o 15 B
ARG F—HRE - B R EFMonod$) /7 (Monod kinetics) » #| Al &
e RBRESEENACYFTEAFTTFRELEGAME -

Borden and Bedient (1986) 4% & #& 1M /& 1%z # Conroe, Texas #J United
Creosoting Company, Inci5 % 3% 3t & T 4k sk R 3 &R BIOPLUME 14 X -
BIOPLUME I A& # % b4 4F A AW ERE FRANRTREKE FT
Al M85 B MR #1898 3% - Borden and Bedient(1986)# 3 5% £t A 4 894F 1%
2 HERER GG RRZMGBRERR -
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Rifai et al. (1988)#] Al #§Borden and Bedient(1986)4 /& #4484 # 4 #|USGS
—HHE TR X 2 ¥ B R @ R Konikow Fe Bredehoeft » 1978) -
BIOPLUME I X i€ # S R s §ALS4 REH E o 455 S8 5 B R Rk
EE—WIE T ARFomR 8-S e R E - ABIOPLUME Il R &1 2 4y T4 2
RAE WK AW EEFE — R B R, -

BIOPLUME II #BIOPLUME 1% f] # a4 8k X £ 5] 61,45 -

e BIOPLUME Il & £ % &y % & /£ DOS 3 3% # 47 » BIOPLUME III

Windows953& 3% F #$/4T

e BIOPLUME III #= &y ZEi/MicroEngineering , Inc. 2 /& #&j Environmental
Information System (EIS)f& iE AR A3 T /KB -F 212 8 R 454 -

4.7.1.6. 2B 1ie A F A\

AREEARERXEAR T LR EAHERBEAEV FPALRRBALA
—GURAERMLTHEERMER ATV RRIEABHRLEFHTHE
o B R Fer Rk 2ERAES BHERAENGFEE - EISGREY
REAG)RARTERTRITVESREMTE - CTRARSEYE 285
R A st RAF R B B A BT R T RES T H T84

EIS& AR T oy oM RBR ¢
o ALY IEERIR S
o WHEMAMATHENEHITLGS)

o TR IR EEMMk2 &4y B T4 (Macroengineering) %2 #
o TASALIERTMMITEASLLN £(kriging)ik 894 B %
® FHHAKXFERNEETHMEINC(RLILNNGCISA G2 Lk Ak
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BB AT (X TR A SRR LN E B2 Mkt skaeien
o B AR TR £ E SRR 2 EAK

AAigd@d o EISTF£RAFCEEA R E R REAIERGIIHARER
(ARELARZEBIELTRZELEH o

4.7.1.7 BIOSCREEN
BIOSCREEN R — 18 & 5 1% Al #9 B 8T il IR A5 B35 0I5 sk S AL &4
A ARBRNA)E G S @REH K o i #8842 X AR Domenicorx H & #4 42
MAERX o AR MKExcel A E A SAIRE » RABBEBAL - 5% ARG E
MR BFRERB - AF S5 HFTLBNRERBE L B YERBAE
BIOSCREEN& 46 =@ 7 B ey A A
DEHTREET £87
NBELE —FERBEHE #DFH(Lumped-Parameter) 7 ) 69,5 5 12
A £ Y AR
) BBRAR] THER] G 4 EAFR E(BIOPLUME # 5 77 (€ /] 89) 695 B 1% 4
Fok W FEAE
ERAZRFREBERHTF AR PREARBOLENER - TR BHEAE
) 4k < 48 # Groundwater Service Inc. % 7 #iLittle Creek % £ 43ty 2 ER 15
A ¥ (AFCEE) B iy 84 P R &4 o

BIOSCREEN®# Al i&
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BIOSCREEN 4> ] % 2 Bl A RNA #9 vy 18] 2 8 1] 4 :

1 B8 H LA NN EH XRREE—F BRI FRROF R BEBRFTH
875 e B AFIEAD £ ik 9

BIOSCREEN4% Al /& K 1% &y 6 B 47 45 X Fo — 48 4 5 3 36 (In-situ) & 4 (6 4
BTN B RBEAFEMORRE -  EEAMERTLABSORREER -
WHRETRERTHRBELGIERILEWl 4o : KRAKKF - HTRBLE
B RABERR) - T REHBITESBEZA REEL A 9(Fl4e 1 ASTM
1995) - @ERBATAG R ERBRAREY T BN T > AKX LFHTE
AR o
2ERSAARRBRBAS CRFFLBHRK?

BIOSCREEN{# Al #4245 /275 $ R B IR 6 TR B3k b &4 fe sk S Lo dp e
MESRREBREGABRT ZFHE AT RRERTREMEFR e %
e BAEBRREEATLRERTAIERE  ARAYTLEREGA THRAR
& EFRSEIS00F - T EER—REREBNHG > BERAERIHFTLE
ERTEERBMESLEN - ZLRBRREFTLEERFMORAKITSR
ZAEF R E o

BIOSCREEN#{# Al % X, A — :
L A —HIPRNAT R TITHBEESR -

SRR T » BIOSCREENZE %7638 & e A ik Al Rk & & 5 Rig4TRN
FEREMNGFHOARER - L LTH T THLTHEE  FHEER
3o AT R4E R B RAE o sboh - B KX AHE A AT B ER KA YRNAE 7
3t -

2. A RBFIE R A BHRNAR TAESR -
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EE O g RELEHEAZ B (Wiedemeier,Wilson, et al., 1995)4% i 4o {5 J& Al 3.
TABRXRY BT AARBET R LAY THERARNART TS 4 B TH
AP 5 iE o

REL> FEHARS HEHHH > #4eSuperfundfeRCRAG 1k » % A
— & R AR M X wBIOPLUMET & L &K% - ARTHME » TEHAK
YA EGH > Fdedoihsk o €4 FIBIOSCREEN X 3 2. 4& & X £ R RNAH
Koo (GEE ¢ AREILER —BIWHRNA LR E Ao Kag) o

BIOSCREENA X F 84 FR 4] :
148 — 474 X » BIOSCREEN/R % i £ 4936 F KA Sy 4 o
BHATFTTUALRZRE B KAGERGEERT - oo EHKXFR
TR RS HRER TR ERKABER TSGR -
2. B —#E T » BIOSCREEN R A645 f5 £ B30 35 2 09 45 2R 1842 o
BHATLTUAALRLARRF m > REERLBERADEGERE -
FEHART » LIARZAE TEGHMEESX -

4.7.1.8

VLEACHRZ — B —#8AMRZ B REHFERRX » RARMGTERR P
WBRRGARTEYABS GBS AL TR T REBRERGHE - 542
KEMZHCHMHIELI990E £ ARG EFIXERR LR -

AR EEKXZE T BER-Goodyearfit 35 B 48 A 235 025318y » A
RILTF € R RFFFEHT RGP HERA BT 2piER
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(Rosenbloom etal. > 1993) o g FhF 2% » A2 X A B HOF U A RTE L
BTG RYIRT RGBSR E LR ARMRGEF - §HAVLEACHZ
MR > BB REHMZERFRNEEEBHIAK - 8502 HIR
ALIFRAR2.05 A F gt .

DERTRAZENGEE ;

DERETRATE—MANBELIME > A2 LIER T A EATCHINP?#
F 4] 5

DNRET MEBHAEE ¢ ()T RS EE ; Foi)e A #1526 8 A
BF 0 LR PSR MR L
DL AE R A7 P30 7 C solty 1% ;
5)&|42 XIEQUIL * 3% o — 5 4 1% SR+ 5 #8492 A 4kt (COMMON
Statement) : COMMON/BDRY/CINF » CATM » CGW? o

AVLEACHIR R 3% % TR MR > ARITRBAR T3 L8 A EHR
Z NP RAEFRAR -

2R AL~ BRR B RS

VLEACH #itiE@$He)—FBRiF44y AREBAFAL.ZM=ZTE4E : (1)
BBRARYZIEE A QRAMEYAR Q) ALEEABYBMILSW(AE
47.4)  HRBE R FHPAEEHSIBZ M6 BARED TR - H5 2
VLEACHTH# R A ZBEHHB AR AEHRABBER IS & LG -

ERBEBESI R AFIEH LY - FAFZAN L >4
FI5AMERMECTEBEZTEL - SAMPTHLIENT - #HERE
BT AR ETHRIE(E47.5) - K BRAAFMBMEABZIA BT



AR M ARG A A5 R R ARSI AR E I H (B4.7.6) -
PR REIEZ M) o 3t HAMAE A fo EARAEZ M 75 #0945 %) - Bk » VLEACH
e B RG R E M 2R ERE ARG ZEHR LB RS -

=41 » VLEACH3 B 75 4 H A& 48 ~ A48 ~ R M8 M ey F o
BC o REBBARWMIBAZ - ABBARKEREEAZTTEONE R IR SR
SLAgMAH A o ARB I E AR EZ M EEWE » AR TIT LA
RG HAFAARIE - A EAABBZMBEISRZE > FITHLEABETY
BHEEEHRE ST -

SR HHTELS R ABHIBREME AT - ARABERLE R
MAOEEMEAMNERREEEEERERG LM OH-HE T T REE -

ETHEMEe A% AUEKELGHE S R—RFINKIE - &
B—#XAHH 2T BVLEACHM B SILER ERM - AR VLEACHE >
BT AT EBE -
LA R REFRRRIGIRF LR ARAAF LIERZ MG HE o BRE
AR A ) $0 B 09 R R 9 T -
23K EH DT BARZRAEERI - ZAENT AARBREA
2RARKILIBREEH c THROBBRNARER S BR - ERBEER
RAOBE > ERAZTRAEHILERETRLGRTRMY LIRS KEABERE
R0 3 TR Sk ik o
3EFRMTEEARGRERELEREM - AEARFT Y FHEKE
ooty —RELBRABERLILEZEGER  EHORTFTERATHE
B AE -
ABBRA—HELABZIALERAEIHTEY - EROBBRRARLR S
R ARBEEETMENRE  EAFTARAEGLERKEMB IR LE
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PR RE RS R B3N LROEE - XA SBEZM GBS
M RE T AR TRM -

SH LB RGERLEEAABRAELLRE o RIEFEHEE A LR
A BREATRERES - AXRAREI mR T BEIXRBAFAY -

6.EEX T E BIEARMAMAEFE R LB Z RGN

\5\\u”////é/ Simulated Vadose
Zone Contaminant
Pathways

21N

)
Ay

o Ammosphere

asm g unbr |

10 Solid

100 Ground Water

B 4.7.4 VLEACH B #8975 £ BETEE
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A. Site Conditions B. Model Conceptualization

Podvgem Arew

Palvgoa Prdygon Pidyscn
1 hl 1

Grouwnd
Surlave

k. . Gl

»\\V_\/"— Water Tuble ™

B4.7.5 BRMMKAEBIEER S ATHEIBELTE

Polygon Area Single Polygon

Palygonn  Polygon I'odygon
2 k)

Ground
Surtace : 2
Ul N U pper My
: & Sarbace
Ciround - fatwer Beandary i

Water Table tirurad Waser | abhe

B47.6 -3 A ARESN S TEBA-KRLETRERVHESRHER
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472 EmELGERAEA A

K B AR LR US. EPAME X AR EHERKEHF AT XA -
Mk US EPA 2t F 2 X R A XS » EREBRUFE R syuit
TR ERGEE > L EHABRERETNGRE LR AZAR GG -

R85 R F Bt e B R IFIARET R R RERE MOFAT 447 - 4o
ik o g A2 R T RAEE £ 48 A (Multicomponent flow) » €L367K48 ~ JE/KIE 4R
(NAPLs)IA B £A8 o TIRiEZ B BB MERL TR - BBEH
SF B~ B~ Bk~ H 2 #4F (Advection, dispersion, diffusion, sorption,
decay, mass transfer) - K MR AT o

Fi 3k dafo B ok B AR T AR AIRFLOW/SVE 247 » X E AR S5
HaA %R Ee BioF&T 3-D Ry o ZAEBANTRY YRS T
A MODFLOWT - 3DFATMIC - AQUA » MT3D96 % 3D i5 (g #442 X 4%
— B -
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%{‘--ﬂﬁ gé?;:'é},v‘ }gé’%

RIF B AP GRRRS  BHYLBRENDAHRRGLETH - %
PREEAEAR AR R S 09 4i0] > ST oRIE B RAKE R PIAEE L9 B 0.05 gph» ¥AERE T
RiE2] 0.1 gph> 2R GAELEF EMLAZYIH#EERA > RLERARES
BAEKR—R - ARATHZE > BEF0ERHEL -

A7 E o HEAR A LT KB R P &k RE R PR e R A )
HRE > BADLT KRG Lk b Xt LRI P o R > T A5
&L FRTATFENRR 28 GAEEAREME > Hib > BT
BEHTEEFASBITANOHAR  SRAZH B L EHERFHE -

AR RBBRETERTHORERSAT - EFEAT—FE #IAE
LTH REBBREXNEIMN > P ELRFERTEAT RS THER
BEEAERER » ABRE MG S T AT LA AR B AR A 7 X B H S o dosb
TREE REE RA KB ERER T -
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&M TAE S EEH > THER 1994 THENBREWNRRZBEA
WTFRERBRAKEIGHES R THE  4LF 0 pp. 593-610

FAR > 9% 5 1994 Thoihsh L3E R TRFT R0 0T kiga g R
FHERBZBRA P HTRERBRAKEIGHEHETH G &3H 0 pp.749-760

BARE 21997 REARFEWO—SAR PEREA+TSFAAARD TR
EHTHOBBEEIAS S HEPREIERAR RN LSBT ZIYETRREE
Z Pk $3 T REE I B BRI

BIIRF > 1988 s Mok B EMEHE 0 BIFE LT EHRE

MIEH > 1994 Toh B iF R LB M T RZIFETHLELEF N > 3 T
3355 % 45 37 > pp. 93-107

“MEZ 1997 TMTDR A XM IZTZRA | %LE KM TR
n“? A& > 2. pp. 289-294

Aggarwal, 1., (1994), “Summary of Fibre Optic Sensing Techniques,” in Summary
Report of the Workshop on Advancing Technologies for Cone Penetration
Testing for Geotechnical and Geoenvironmental Site Characterization, 14-15
June, Engineering and Environmental Sciences Div.,, U.S. Army Research
Offices, Research Triangle Park, NC27709

Bratton, W., (1994), “ARA’s Environmental Sensors Past, Present and Future,” in
Summary Report of the Workshop on Advancing Technologies for Cone
Penetration Testing for Geotechnical and Geoenvironmental Site
Characterization, 14-15 June, Engineering and Environmental Sciences Div.,
U.S. Army Research Offices, Research Triangle Park, NC27709

Mayne, P. W., and Burmns, S. E., (1994), “Development of an Integrated Optics
Geoenvironmental Cone Penetration for Detecting and Mapping Soil and
Groundwater Contaminants,” in Summary Report of the Workshop on
Advancing Technologies for Cone Penetration Testing for Geotechnical and
Geoenvironmental Site Characterization, 14-15 June, Engineering and
Environmental Sciences Div., U.S. Army Research Offices, Research Triangle
Park, NC27709
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Bt 45—

W4T 09 R B 7 & Z A B A2 A (Accepted Test Protocols)

1. A $pfE4E3tal & 5 (Automatic Tank Gauging Systems)

Standard Test Procedures for Evaluating Leak Detection Methods: Automatic
Tank Gauging Systems”, EPA/530/UST-90/006, March 1990

2. #4252 (Bulk Tank Testing)

Alternative Test Procedures for Evaluating Leak Detection Methods: Evaluation
of Bulk Field-constructed Tanks”, Ken Wilcox Associates, February 1996

3. 4 KN % B4R % % (Continuous In-Tank Leak Detection Systems)

Evaluation Protocol for Continuous In-Tank Leak Detection Systems”, Midwest
Research Institute, April 1995

4. K 21&% % B4R % (Large Pipeline Leak Detection Systems)

Modified Third-Party Testing Protocol for Large Pipeline Leak Detection”, EFA
Technologies, Inc., August 1995 ,

5. 7 48 & BF R 1% 14 /8] 28 (Liquid-Phase Out-of-Tank and Interstitial Product
Detectors)

A. Standard Test Procedures for Evaluating Leak Detection Methods: Liquid-
Phase Out-of-Tank Product Detectors”, EPA/530/UST-90/009, March 1990

B. Development of Procedures to Assess the Performance of External Leak
Detection Devices: Liquid-Phase ASTM-Formatted Methods - Revised Draft

to Include JP-4 Jet Fuel”, Radian Corporation, June 29, 1990

C. Test Procedures for Third Party Evaluation Of Leak Detection Methods:
Cable Sensor Liquid Contact Leak Detection Systems”, Carnegie Mellon
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Research Institute, November 11, 1991

D. Test Procedures for Third Party Evaluation of Leak Detection Methods: Point
Sensor Liquid Contact Leak Detection Systems”, Carnegie Mellon Research
Institute - Advanced Devices and Materials Group, November 11, 1991

6. IEBE A ML 45 AE F B 4 2 % F & (Non-volumetric Tank Tightness Testing
Methods)

Standard Test Procedures for Evaluating Leak Detection Methods: Non-
volumetric Tank Tightness Testing Methods”, EPA/530/UST-90/005, March
1990

7. 8% K188 % % (Pipeline Leak Detection Systems)

Standard Test Procedures for Evaluating Leak Detection Methods: Pipeline Leak
Detection Systems”, EPA/530/UST-90/010, September 1990

8. %3t 75 ¥ B ¥ & (Statistical Inventory Reconciliation Methods)

A. Standard Test Procedures for Evaluating Leak Detection Methods: Statistical
Inventory Reconciliation Methods”, EPA/530/UST-90/007, June 1990

B. Protocol for Determining Applicability of a SIR Method for Manifolded
Tanks and Determining Size Limitation”, Developed under coordination by
the SIR team of the National Work Group on Leak Detection Evaluations,
November 1996

9. iy Ak I548)kE 2 5] i8] 2 (Vapor-Phase Out-of-tank Product Detectors)

A. Standard Test Procedures for Evaluating Leak Detection Methods: Vapor-
Phase Out-of-Tank Product Detectors”, EPA/530/UST-90/008, March 1990

B. Development of Procedures to Assess the Performance of External Leak
Detection Devices: Vapor-Phase ASTM-Formatted Methods”, Radian

Corporation, June 6, 1990
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C. Development of Procedures to Assess the Performance of External Leak
Detection Devices: Vapor-Phase ASTM-Formatted Methods”, Radian
Corporation, June 29, 1990

10. B& 814548 5 B 13X B8 7 2 (Volumetric Tank Tightness Testing Methods)

Standard Test Procedures for Evaluating Leak Detection Methods: Volumetric
Tank Tightness Testing Methods”, EPA/530/UST-90/004, March 1990
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M dk —

GRS RARRN Tk R AR

1.8 # T T X & 4% %189 BZ(AUTOMATIC ELECTRONIC LINE LEAK DETECTOR)

LR

BBk BRI PIEAE R K B

LineTite Pipeline Leak Monitor

0.1 gph/0.062 gph/341 gallons

Line Leak Detector Model LLP2

0.1 gph/0.05 gph/89 gallons

2.8 SR K E 5% R 14 58) B (AUTOMATIC MECHANICAL LINE LEAK DETECTOR)

kLR

-5 & VBP0 - |

Red Jacket FX2/FX2-D and Bigflo

3.0 gph/2.0 gph/362 gallons

Vaporless LD 2000 and LD 2000S

3.0 gph/1.7 gph/129 gallons

3. B &R & %(AUTOMATIC TANK GAUGING SYSTEM)

kL

% BREMARI PVEME/ RX K

UST 2001 (Ultrasonic Probe)

0.1 gph/0.05 gph/15,000 gallons

X-76 ETM and X-76 ETM-4X (Magnetostrictive Probe)

0.1 gph/0.05 gph/15,000 gallons

EMC Environmental Management Console, EMC Basic Monitoring
System Tank Monitor 2.1, 3.1, PAO264XXX0000 (Capacitance Probe)

0.1 gph/0.071 gph/15,000 gallons

E PI III (Mass Buoyancy Probe)

0.2 gph/0.075 gph/15,000 gallons

4.i2 #5484 B 18 58] % %(CONTINUOUS IN-TANK LEAK

DETECTION SYSTEM)

R ¥ xS

BBk B/MERIPIBE RRENR

TLS Series 300/400 Monitoring Systems with CSLD versions 8473 and
8493 (Magnetostrictive Probes)

0.2 gph/0.16 gph/38,170 gallons

5.4 /& 3% 52 559 % B 14 3 52 (DOUBLE WALLED TANK TIGHTNESS TEST)

F kB

B &R BMARPIEE/ RREH

Xerxes Trucheck Hydrostatic Monitoring System

0.1 gph/0.05 gph/30,000 gallons
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6.k 2 1& & 7% & 18 %) 2% (LARGE DIAMETER PIPELINE LEAK DETECTOR)

I kA B REREMRRIPIVEE/RKRER
Model LT-100 Version 1.0 Primary Method 0.1 gph/0.060 gph/3,400 gallons

7. XK 441% 8 #5318 & %(LARGE TANK AUTOMATIC TANK GAUGING SYSTEM)

F kLM B Rk EMARPIEME/ R EH

LTC-1000 (Mass Buoyancy Probe) 1.4 gph/0.7 gph/2,000,000 gallons

8.% & % B £ 3 B2 7 7 (LINE TIGHTNESS TEST METHOD)

kL %Rk B AR P/ R R B

EZY-Chek II Automatic Line Leak Detector 0.1 gph/0.05 gph/129 gallons
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9.i% 48 4% &% f] 1% 441 :8] 33 (LIQUID-PHASE INTERSTITIAL DETECTOR)

LA

gl 8 4

Soil Sentry Liquid 330(17-330-A/17-330-B), TLM-830, ENCOMPASS
APAM
Probes 17-141A, 17-142A, 17-143A, 17-144A

refraction

Model 404 Pump Cut-Off

float switch

Model 406 Pump Cut-Off

refractive index of liquids

AUTO-STIK Discriminating Sensors
LS-5,LS-35

float switch and product
permeability

EECO system, Leak Sensor II, Leak Sensor Jr. Thermistor and
Proximity probes

thermal conductivity, proximity
switch

Tank Sentinel TS-1000EFI TSP-DIS BriteSensor

opto-electric

Tank Sentinel TS-1000EFI TSP-HIS Brite Sensor

magnetic switch

Red Jacket PPM 4000 with Optical Liquid Discrimination Sensor

optical sensor

PAL-AT Models AT20C, AT50C, AT40K
PHL Hydrocarbon Sensor

electrical conductivity

LDE 700, LDE 740, LDE 9000
Sensor Probe Models 9-901, 9-902, 9-903

capacitance

EMS-3500
with Containment Sump Probes Part 301-0642

magnetic switch/float and
hydrocarbon sensitive polymer

TLS-350 Discriminating Insterstitial Liquid Sensor

capacitance change/ultrasonic

TLS-350
Dispenser Pan Sensor(794380-320) and Containment Sump
Sensor(794380-350)

electrical conductivity/ultrasonic

TLS-350
Solid-State Pan/Sump Sensor (794380-321, -351), Piping Sump Sensor
(794380-208), Micro Sensor (794380-340)

product permeable/ultrasonic/float
switch

Model DFP-25 Sensor

product solubility

Petrosentry IV, Petrosentry VIII, SiteSentinel
Liquid Sensor

thermal conductivity
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10.7% 18 4% 5} 4 i8] 23 (LIQUID-PHASE OUT-OF-TANK PRODUCT DETECTOR)

ESUE walRE

Leak Tracer Dye (LTD) product solubility - color
development

LEAKWISE Groundwater Monitor radio frequency (RF) attenuation
ID-220 Series Hydrocarbon on Water Detector System
ALERTMASTER 5100 electrical conductivity
Leak Detection Cable AMC-5007
ALERTMASTER 5100 metal oxide semiconductor
Vapor Sensor AMC F4000
Leak Detection Systems, product soluble
KW-140 / KW-240 Monitors with Type 1 Sensor
AUTO-STIK Discriminating Sensors float switch and product
LS-10,LS-15,LS-20 permeability
Analog Hydrocarbon Probe AHP-100 fiber optic chemical sensor
Gems Smartwell Portable Monitor model WPM-535 conductive polymer
with Groundwater Probe model WP-535
Tank Sentinel TS-1000EFI magnetic switch, float, and
TSP-DDS BriteSensor, TSP-DTS BriteSensor hydrocarbon sensitive polymer
Tank Sentinel TS-1000EFI1 hydrocarbon sensitive polymer
TSP-MWS BriteSensor Groundwater Probe
Leak Edge product permeable
Models 100-3001, 100-4001
PAL-AT Models AT20C, AT50C, AT40K impedance change
AGW Sensor Cable
SiteSentinel product permeable
30-3206, -3207, -3210 Sensors
EMS-3500 conductivity via resistor ladder
with Monitoring Well Probes Part 301-0641 network
EMS-3500 electrical conductivity/hydrocarbon
with Sheen Probes Part 301-0687 sensitive polymer

11. 3588 H b ik 4 58 B 13X 38 7 3 [ %¢#] J(NON-VOLUMETRIC TANK TIGHTNESS TEST
METHOD (TRACER))
HL EE % ik B /R P AR

Tracer Tight 0.1 gph/A leak is declared when tracer chemical is detected outside
of the tank.
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12388 M TR M RR Y [ R B H S5 2142 (NON-VOLUMETRIC TANK
TIGHTNESS TEST METHOD (ULLAGE))

u ik % Bk B0 PUEAE R KB

Pressure and Vacuum Test 0.1 gph/ A leak is declared when the ratio of the ultrasonic signal
(when the tank is under pressure or vacuum) to the background
signal (prior to pressurization or evacuation) equals or exceeds 1.5
for either 12 kHz or 25 kHz frequency band./6,000 gallons

Vacuum Test 0.1 gph/ A leak is declared when the ratio of the ultrasonic signal
(when the tank is under vacuum) to the background signal (prior to
vacuation) equals or exceeds 1.5 for either 12 kHz or 25 kHz
frequency band. /24,000 gallons

Vacuum or Pressure Test 0.1 gph/A leak is declared when the acoustic signal detected is
different from the baseline. (Baseline is the acoustic signal before
tank is pressurized or evacuated.)/16,500 gallons

Pressure Test 0.1 gph/A leak is declared when the pressure decay trend equals or
exceeds + 0.016 psi/hr./10,260 gallons

Pressure Test 0.1 gph/A leak is declared when the make-up gas flow rate into
ullage equals or exceeds 0.275 cubic feet/hour./7,500 gallons

Vacuum or Pressure Test 0.1 gph/A leak is declared when the acoustic signal detected is
different from the baseline. (Baseline is the acoustic signal before
tank is pressurized or evacuated.)/16,500 gallons.

Pressure Test 0.1 gph/A leak is declared when the make-up gas flowrate into
ullage equals or exceeds 0.275 cubic feet per hour./7,500 gallons

Pressure Test 0.1 gph/A leak is declared when the pressure decay trend equals or
exceeds * 0.016 psi/hr./10,260 gallons.

Vacuum Test 0.1 gph/A leak is declared when an increase in the acoustic noise
level (above background) of the tank under vacuum is detected due
to air or water ingress./15,000 gallons

Pressure and Vacuum Test 0.1 gph/A leak is declared when there is a substantial increase in
the acoustic noise signal (when the tank is under vacuum or
pressure) above the background signal (prior to pressurization or
evacuation) in the frequency interval of 10 kHz to 20 kHz/7,550
gallons (pressure), 5,250 gallons (vacuum).
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13. 3EA% AR M54 F B 1 358 7 7 [ & % ](NON-VOLUMETRIC TANK TIGHTNESS TEST
METHOD (VACUUM))

CREE %R EMA R PIEE/ R REN

EZY 3 0.1 gpl/ A leak is declared when the vacuum decay is more than 1
inch water column pressure

for non-volatile products and 10% of the lower determined vapor
pressure for volatile products.

A leak is also declared if any water ingress is detected. /50,000
gallons

VacuTect 0.1 gph/ A leak is declared when: sonic emission of air ingress is
detected in ullage area and/or; sonic emission of bubbles formed by
air ingress is detected in product-filled portion of the tank and/or;
water ingress is detected at the bottom of the tank./75,000 gallons

TEI System 5000, Version 1.0 0.1 gph/ A leak is declared when the acoustic noise level of the
tank under vacuum is greater than the calibrated background
acoustic noise level (prior to evacuation)./20,000 gallons

14.J%& 71/ 7 % B P 1% B 4 % (PRESSURE/VACUUM INTERSTITIAL MONITOR)

B PL 4 iR ik R R PR A/ R R M
VIGILANT Leak Detection System 0.1 gph/ A leak is declared when changes in interstitial vacuum
exceed a predetermined change in slope versus time curve./15,000
gallons

15. 3 % € &% ¥ %[ £ M (STATISTICAL INVENTORY RECONCILIATION TEST
METHOD (QUALITATIVE))

Rt % ik BRI PIEAR/ R R BB
Precision Tank Inventory Control System, Version 90 | 0.1 gph/0.04 gph/15,000 gallons
SIR PRO 1 Version 2.0 0.1 gph/0.05 gph/18,000 gallons

16. %3t % ¥ X 8% ¥ %[ £ & |(STATISTICAL INVENTORY RECONCILIATION TEST
METHOD (QUANTITATIVE))

E& L EE B R EMERPIEE/ R RXER
SIR 5.7 LM 0.1 gph/0.05 gph/45,000 gallons
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17.3 R(GR 5. 48) 548 44 78] 33 (VAPOR-PHASE OUT-OF-TANK PRODUCT DETECTOR)

w5

OPERATING PRINCIPLE

Soil Sentry Twelve-X

metal oxide semiconductor

Fuel Finder Version IV

adsorption sampling

Analog Hydrocarbon Probe AHP-100

fiber optic

GasPak Vapor Monitoring System

product permeable detector

PA02660000000

adsistor

Tracer Tight

chromatographic (looks for chemical tracer)

18.5% M 4% 4% % B 12 2 5% ¥ = [%48](VOLUMETRIC TANK TIGHTNESS TEST METHOD

(OVERFILL))

SR

BBRRE/MARIPIRAE/ R RSN

AES System II - (Large Tanks)

0.1 gph/0.05 gph/75,000 gallons

19. M ENMERABR T E[(H®][F 24 KB F £ F(VOLUMETRIC TANK

TIGHTNESS TEST METHOD (OVERFILL) (Edison Lab Protocol))

Rt 5

ES EE VRSP0 %1

Leak Computer Tank Test System

0.1 gph/0.05 gph/12,000 gallons

20. BEAR BN E B M X5 7 & [ %48 ](VOLUMETRIC TANK TIGHTNESS TEST

METHOD (UNDERFILL))

R

BBk R PEE/ R R ER

UST 2000/P

0.1 gph/0.05 gph/45,000 gallons
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