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Taiwan EPA has implemented soil and groundwater investigation at gas stations
and underground storage tanks for 7 terms. The leakage of petrochemical products was
found liable to contaminate subsurface environments. Petrochemical products are
generally hydrophobic and lighter than water, and they are named as light non aqueous
phase liquids (LNAPLS). When the leakage of LNAPLSs occurred, some of them might be
sorbed to soil medium or volatilize into the vadose zone. If the quantity of NAPL
leakages exceeded the adsorption capacity of soil media, the residual NAPLs would
reach groundwater table and form a layer of free products. For the sites contaminated
with petrochemical products, the first priority works are to take emergency actions to
cut off leaking sources and to investigate the spreading of contamination areas. The
planning of remediation works might be in vane or greatly swell the expenses without
the understandings of contamination details. The improper remediation work is liable to
cause plume spreading and to increase potential health risk.
In this study, one site contaminated with petrochemical products was selected for
test. Laser induced fluorescence (LIF) system was employed to detect the transport
paths of free products and to investigate the distribution of contaminant plume. In order



to implement emergency action, the recovery system was established on the transport
paths of free products for the control of plume spreading. Finally, LIF system was
employed again to delineate the distribution of contaminant plume after operating the
free-product recovery system for several months. The introduced free-product recovery
system was developed by the research team, which is called dual-vacuum packer-type
recovery (DVPTR) system. This novel DVPTR system is established at fixed space in the
well to allow the maximum recovery of free products and minimum suction of water,
which contain a lipophilic packer to increase the efficiency of oil and water separation.
This novel DVPTR system was operated in such a way that the waste of energy use and
the treatment of wastewater were minimalized due to the reduction of water suction.
This showcase is expected to fulfill the objectives of energy saving and remediation
efficiency improvement, and this novel DVPTR system is definitively an alternative of
free-product recovery during implementing emergency action.

The DVPTR system was installed in field to conduct a pilot test of fuel recovery
for more than 5 months. The monitoring results showed that the developed novel
DVPTR system is superior to other traditional vacuum-type fuel recovery system on
energy efficiency, fuel recovery, wastewater reduction, operation expense.
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PR AN A BRI RP I LTRSS LA T AR AES RS
S e JUIE b IR B R AT e £ ATR A 2050 W IR TR R @ BT
anrr,;—,gb#gmwﬂ»]{mi~ RN R e W E O s R LA kdn M
TRERER ST > TGP TR B AP AR T RP

(D224 PFn 3B S5 T MANSN S SP L TELRTL %
FAR R AT P ¥

- 4 Hn w4 25k 4p ik 48 (Non Aqueous Phase Liquid, NAPL) # i
HAAERE SRS HAFES T AL FIEFIR e THE 5L P €
AT et EICHA AT E(residual )» 75 45 Fltigbrfon FHH 6 L
BTOREG HIT 0 AeiE S R R S R 2k 4p ik 8 (Light Non Aqueous
Phase Liquid » LNAPL) » i3 %4 @ ¢ /¥ -k = T2, # & p d 49 (free
product) » & & £ & 2--k 4p/% %8 (Dense Non Aqueous Phase Liquid » DNAPL)
Pl Z-REBM g AT HHE TG MBERE T g+ 2
(poOl ) etk % o & FRA e -3 Fpd FT 2 K AR R R > #7008 X § e B
BHrRL AR € e FR AP AR AL e d R AL 57 e R
Mo R h > hdr A * i1 BapE £ 5 PR 2 o @t D R RIRER
AR E G R A E DR R 4/»\7? F2) 0 R 5 G Mgkt A
BT H e AR E R A kB L T
ﬁﬁzgiﬁﬁ%?ﬁ%’3@g§z§mﬁg@ﬁﬁ%¢mrﬁggﬁm

AP EFIZALA T I EOTEREDAL SRR IRL BB DL
BLMATA PRI D oA R e S e L sy o Fpt A éﬁé%“f’“zﬂﬁﬂih"*
SHIRE M B R RPIRFEE TN T AMEE N (4B 2. 1) 0 Bt
SH R EEFEFAPA A AR § B B SR Ml
Bl s & %%@;aﬁ%ﬁﬁ%“m?iﬁ®ﬁmzyﬁ”w
BRI EE R R P E A e AT PR R T R
¥ % (Laser Induced Fluorescence, LIF)# & Hjtv > 1 & ¥ ¢k X 8 F 8¢
# ¥ %k S(UVOST-LIF) g 7 H-nk 37 R3¢0 e W R > ) e 03¢ 2 2t
% fRAR(LNAPL) 2 B & # 535 > T fe > £ 2 A TR s 47 1 & Pt i
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IR AIEE § R0 T Tk S B R Rl i

2.2 TEE P

o S SR Fa I E AR S S R I S B 8 S Fat g SR
FI* pARehES Bn o F o Ed BRI B RN Y P AR R
é&ﬁ%%ﬁ%ﬁﬁﬁ@?fs%%,@&Aéﬁﬁéﬂﬁm SR B2 de
e BERBECGERF SRR T AR > RS T E T RGP A

BABN D e PR ReDIFH BN W R4 5 kst T 3 00 SR8
EALeT U £ A e R RIS o T AR i B R

MEZEA R AF DI w T L REFY RS LB ONREN B ind
“°#3ﬁiﬁﬁk@Wﬁﬁ&ﬂﬂﬂﬁ%@ﬁ>giﬁﬁ>ﬁﬁi4%ﬁ
(Bt B P SR BABRROPFLZHN AT E BT MMEME) o =X
FAARBEILE A G LBEAEOE T RO RE A B AL P A
Lr2 B FFI P LRI NIz d a2 5 A#H D 3 WREFL S Apw
1uﬁﬁi@ﬁﬁﬁfﬂiﬂﬁ“ﬁﬁﬁmiﬂqﬁﬁﬂ‘wﬁé%&*iﬁﬁ
TREERBIAIIHEATAL ORI TR ALE L ST L H
CRERLI A R BN RN N LR S S AR e S SERZ AT
WA S N ERF AR DR RE A A S S AR RSE A S o
frigd g hE A FRY ARdBiRb 2 A 2R R R F Y R

%ﬂﬁ*%ﬁ%i%ww%ﬁ@ﬁ%ﬁm%m%%mﬁmmgﬁﬁ%%o

FALFEL R ARTREFP B EBREFT I T 20 E R
WE R~ TR TR~ S - DR R) A FLRART R R
%—%ﬁ%&iiéﬁﬁﬁWM% P F R ko ¥ AP A Ap
BAAeL* 2225 heLXFEEPRICP AR F A2 28
o TR R A SR IR S A RNl A
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=% ¥ pREFEH

d NI D EE AL ERaEFT Ll’é PR oA S B
PR EREAY d R L EIFELARANEEA G A p AR
F ARG HP e 70 A TRRE 75’—’##?‘%’—&7&%"%‘*’?%
TR AR L RT A L 7% (dissolvable) ¥ 7 ;% t4(Insoluble)®
AL R F A RS T AT AR S R R MGE R LT 2 Bk
Mz FF s i itf RS2 B Rk F 28 5 NAPL (Non Aqueous
Phase Liquid » 25-k4pie 8 ) # 5 > NAPL #5735 4 4 F 22 K& ff 1 € 2/ &

KR A P i R NAPL p 73 4 kOB 5%~ 3 T (5 F LT B
2 i F & 2 3 (vadoze zone) fil f K 2 A EPF- IO €405 X F A0 o
- IR HE kY 0 B £ 4 %i*”fi:}fﬁg‘mffﬁgﬁa P B TR
{67 H £t ks LNAPL (Light NAPL) B/ gRENE TR 2 H
A5 = 43 e (free-produt) s @ 16 38 brn F 30 TR g (TR w At A 2
5 @ o

—HRXFAORBEFRALEATNEE - BPREEFELEOE LD LR
TE > VN REREMLNFAASFFNEF RF B TREIEE :T‘*ux’
FULASARAOERA R RFE A FRY TEEE TRER T FREKSL
Mtk i e P SR T AP B R B (4 GC-FID ~ GC-MS..... %) 74 B A 47 » i&
AR e R B R e I WA S RN T S EA PR F; 2 J ORI B
EEEEPEELSH IEB? B4R AL AN RS 3 FERW LT T
PPt B EEF a4 BEHYHRNFTLLF a0k 7
FEE Mg RS d SRR A B2 2 Heag B IR Bead 1R
1Bt T A2 ) ehPeid 3k P i (Expedited Site Assessment) i E 2 2 i
FORAPES R TR T FauFd PR BRTE RN B R ERF TR
Jeoo Boit Frnk iR n B IS pE B (F e Rl 2 B A W YT P EIRS
IHRFE A S T TN FIEG L TV R TR LT kR
WEFEFAED L R i@ * o Bt 3¢ @ % § 538 ¥ & (Laser
Induced Fluorescence) s iB| & se/f >t 4%t 3805 4 4~ Bp-ig Hrak T i -
BTEI N HHEI PR CEF T LATRr THREY R B AP T A
R BT RRhE S RERY A R RAER DS 2T X R R
et B AP Hilcdy o k2 2 G wmand-nl i3 4 A 03 (site conceptual
model » SCM)£ % [p 2 B /5 24 B A F oo e MR (S a3 4o
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HIFA B FREM w7k A BB R E

R - RKEERFHST R e

4 Tk E 4 ks (Remediation) (T E i F A S K S AIT S N - 4
g (Exssitu) A2 345 F - 23 (Inssitu) A N % g g2
AL R A A A AR TR Y B IR ENE G 2 AIE R A
RABF AL BFEIER N B S AT A B IR EJTE R 5 L
P IEAE TOREY BN R G 00 BRGNS TSRS M
BRBZI AR RPFREFFETE - BRI P FEEF LS50 Fie
BRI E(E-RREE E TERELE T SERREE S R Sh
EREW A FE RIS LA TE > T WIRRILETE SN v T2 A2 R R
A FE RO b e FREFL PR A H R SR LA

\\\?{r

Wi

F] Pt de e T ﬁi" X5 #xiﬁ‘h}_rﬁi’\ﬂ\% ’?ﬁgﬁiy}\v EE S Hp R E 11157_?5’;1%
I SRR T Ci s CF AL S e U SR P TaT R o) L PRI T e R ot 1)

LI ARBERFAREINE QA E G TE TN G AR A AT
Bk - B A RiERTFE o

3.1 BEFHFTHFER?

¥ {0 H A A Az A2 B2 KR 8 H- k3= & (Environmental
Site Assessment, f§ iz ESA)rh= 2 e Bde 0 M RT R ST E Y 2R
FE2 LE W% E ¢ (American Society for Testing and Materials, #
Jf;é ASTM)E##’T% # {5 ﬁﬁs A AP HHERD BRSNS FET A G
BB R IFERE S E- 5 - IFRB B FF A (Phase | Environmental
Site Assessment Process)éi’ Y- B 5 R B LT AMAAE (Phase I
Environmental Site Assessment Process) » — 4k k 3.3k 3 H-ut 3% 15 (EAS)#4 (7 iF
YA EET - s (Phase |) BB S TEARS ML KRB TR A S
FEEERGIAARSE 2 BT 24P Fﬁé A Ei gmFHOFAFESFRFF -
PREF OB TREFR > A BE R - FETREFE TR NG
FRE IS AT AT - BT % - FF £ (Phase 1) Iﬁzﬁ‘:ii%iu_aﬂ’—la i
B2RAIFE
- PEIRB %mlr%%&giﬁﬁ%%{f# RSB ERE %d%?
oW Feng fadn Fs? Fh R ARV blde P R T e B
FRAPR AL B G E B AR B R TR R IR TR 2
BEAF PVt 2 BB EER P RS RRE R T (EX Fra AT
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CEE S

ébwgfﬁgbia bl ) RPN e R %ﬁ@iwaéﬁ"*%’
.#Q?\&gé%mi,%m¢@?mé%@1é 2 AR A K

B BRET R FwORP A AN Y3 E 55 HEN Eﬂ;)\ﬂ%ﬁg‘ SR
fe? REREF MR EERL Se R FLE ;?ﬁfﬁ(WﬁﬂFﬂi,
;‘FﬁUF‘}' PEFLFLFTLZ P o R EANSE X FTLIEE AL R - &

&ﬁﬁﬁﬁﬁ&%%ﬁ%ﬁnﬁﬁﬂmﬁw%%@ IB AT A PR
W TEERS G R E RS T R RA LR KRR

AL FTHRLATE2 3 %;J:l]i,uggé’u B2 D AEN BT AL T E ALY 2
FRE RikEEo@d - plg ﬁﬁﬁ*m?%’bﬂbf Pogig
F R e 4R 2 daui\p1W@g% LR ABS(ATRp o P 2
GEIREE ) A A 23 AR Sdal S 1 3=k J@%%o

AR IS 2P T W B s A 1 #zeﬁri’)f%#”fmv FATRE E
(Recognized Environmental Conditions, RECs)# p » — 4@ % 3t :8 7 3P 3
hdh f P i PEXBRB AR IR R T B A A Hak ) R B
2RI B X e fpiE e BN E P ip S o B A T G AR
Z BB o drd S RPF L WP I G T B F b
ﬁ%%&%%%iigé%ég?fﬁgf?ﬁﬂ%i%”‘@ﬁ‘%ﬁ‘
aﬁé4ﬁ%W~w%m4ﬂﬁ&% S AU %‘*%T*ﬁ?ﬁ
G EBELBAR PRARETFBERALED)FASFRBAF  BITKR
Eﬂaﬁ&%ﬁﬂanf‘#kkf~i MR ﬂ# VAR W IR 2 i
AP RE SR SASETERE c AP 2 0 L8 I 4 HPMEE
QEM‘LW%HK%K%ﬁﬁﬁﬂ[\%i BT AN HIA

SR A G S F IR R p B A L A SR T A Soaiiihl dp B
Ak B aEiTaral o - Ji}if‘%‘zigr%—s S L s e e A ) g\}‘%—ﬁ,
1"" HEZFEF-TRI LI FERGEF 27N T L
ARPEFE R AR TS v £ gk & o (ASTM E1527-05)

G'\

@w};\‘r‘f"@%‘ﬁ*%

ERBFHITEF - HETR A EFTRARFREITE TR R
L o3 B Ef)fLﬁ,<")’ I EALY R L RIRA T ;ﬁ"cj HEw
ZFFE (Phase 1) B HH =G HE2ZD R .r*;t A TAP M TR A L
e B F TR F S ESRFLE SE 21 R (Development of the
Scope of Work) » 1 iEg B3 & ¢ 35356 1 (€38 p (Assessment Activities)£?
I & 3% fom 7 % (Field Screening & Field Analytical Techniques)=
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HIFA B FREM w7k A BB R E

oo TR T EFRE AP (Environmental Media
Sampling) & #5 fiz & if 2. I B & F FFE R B 5 32 (Environmental
Sample Handling) % if % cha 474> 2 » Z4p b T4 A ) féé‘.’ TR
224247 (Evaluation and Interpretationof Data) { :&— # ¥ L & BEK if 2 E M
v 4t (Verification of Data)»»t3 43524 ¢ BRP L XA A2 5 T & 7 i ik
24 ﬁaﬂ,f e FELAgR B R R (Elimination of RECs )" e mriteidk Bk i
%z (Confirmation of RECs) - (ASTM E1527-05)

3.2 &S AFRILETRE R

SR EG CERAE EBERSR EN LRT g

REBTRAREFEF SN AR MR TRE? SAF2
N TFA LY AR E TR RS LA T kR JAN
LA P T L e i A o o Rk B AR
FiALAFRERNTHEE R ATRESTRET LA 2 rr} L& 351
A L VA R EELRP A FERMA A BT AT
FROAWPHEARETFTLAAFT L DTFELEAS ﬁ&iﬁu i;—‘g’;,@;gg;
BRATY B AL $E 3k TR SRR AT LS F A 64
e A R TR H T REFLABASREN

d Bp -~ enF E Y SRR BAOFL B AR \"fg i 8

ho B T poEr T AAEZzFnnrsiy mfff’} S R I
% eh7 R BT R SR 5 RS S ke TR &
Y A BRiEBrF B N F S SRRl LT “Lr’ﬁ #FH T
(Expedited Site Assessment)z_ i¥ 2 47 & & = 35 > inmgéfm"v Z s d 2 RER
WF oorqaden T = & k%) (Triad System) » H # i &30 1% S5 T IRE R
BT E 2Bk G T o B Hrp 3T 1 0F S i andF ¢ Ap AT B Siendink
RNLEFEZ AR R T RPIEIR S T RIPFE AL T ORISR
@# o )fg FOT B LU R B R K IR iR Bl T ey iR 3,5'3 R e
EVp {é‘%}:ﬁ:\wm%&lbﬁLﬁ{@g B A G A Sk o iRy
THEFEN TR EALENRE > EBRAA A 2LV E
ﬁﬁllwﬁx0$&%fféﬁ 3R EEFFEHRAIT E D
TEEh e o TR H R TR R ST B e P By 2 g
WP B TSR R R B A g e

f]’k/ﬁ
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CEE S

Ba e 2 SRS A A AT E ARG R R R
(fiber optic chemical sensors ,FOCS) ~ & % » 472 fvf% % B 2 (Immunoassay
and Enzymatic Assays) ~ i ¢t 2 (IR ) &3 (Infrared (IR) spectroscopy) id | % ~
W BIE B £ (Test Kits) ~ 48 23 14 & 4 & 42 5% & 47 & ¥i(volatile organic
compounds (VOC) Direct-push analytical systems) ~ & i ;% & &34 % ¥ % & 47
% su(Direct-push Laser-induced fluorescence (LIF) analytical systems) ~ # 3% 5
24 & $7(Soil-Gas Sampling analytical) % » & L ek g iv & i p| B 5 T &
%% % % % %(laser induced fluorescence (LIF) system) ~ & 5434 % Edﬁ’w‘o?} E
(laser-induced breakdown spectroscopy system (LIBS)) Pl Qs O
(Raman spectroscopy system ) ; fd g5 & 72 ot £ Bl 202 = o B 55
L iply M “"Jzilﬁ,iii,%“’WHiP;é{q_lLb«fﬂm F & 47 % (Soil
Screening for Petroleum Hydrocarbon by Immunoassay) & >+ USEPA #1 2> £, ¢
EPA SW-846 ¢ 4030 ~ 477 ¢ ; &= xm (IR) 4:;3& BORIES o R IS
"U%‘“ ChRF R ARIERE RIS DTFAEY kY PG A
ot Bfok? RS 2R RBEFERE DR AP FRES S
¥ 5 EPASW-846 = ;27 9074 cht Y BV X Bow gt (“ £ 5§ B &5
#2 & (Turbidimetric Screening Procedure for Total Recoverable Hydrocarbons in
Soil); a4LFMF Wt &P i s A B R &AM LSRRG

## B & ¥x(Membrane Interface Probe ,MIP) » & - f& & T & I3 & Bl K
BT I RRIE Y AR P g M 1 &4 (VOCs) ;4 3 f B
BAdr et Pl - B3N F MO R BT Y onfg g i
4 (VOCs) = AE{7Hp; AEHNTHAF Y XL A 8E* 25 2
EEERE AT AL S L od ok R e TR T R A3
NAPL M4p e &% AR B> B e L@ * 0 Saf 8 & k4 47 & iy

Rapid Optical Screening Tool (ROST™) System -~ Site Characterization and
Analysis Penetrometer System (SCAPS) LIF Sensor and Support System -

Tar-Specific Green Optical Screening Tool (TarGOST™) ~ Ultraviolet Light
Emitting Diode (UV LED) ~ UltraViolet Optical Screening Tool (UVOST® ) % 7

B i E R R BRERY FHEaed 31 #7570 (CLU-IN Laser-Induced
Fluorescence,2013)

-21-



HIFA B FREM w7k A BB R E

231 FRLZ® T EEF N LA AL BB R
ROST SCAPS TARGOST UV LED UVOST
Driving Platform CPT only CPT only The system can | The system can | The system can
be used with | be used witha | be used with

avariety of direct| variety of direct |avariety of direct

push equipment. | push equipment |push equipment.

Spatial The vertical The vertical The vertical Continuous. The vertical
Resolution spatial resolution spatial resolution [spatial resolution spatial resolution
is about 2.0 cm. |is about 2.0 cm. | is about 2.5 to is about 2.5 to
3.0cm. 3.0cm.

Type of NAPL The system The system The system The system The system
readily detects | readily detects | readily detects | detects lightto | readily detects

most light to most light to most light to medium fuels most light to

medium fuels | medium fuels | medium fuels and oils medium fuels

and oils and can |and oils and can | and oils and can | monoaromatics |and oils and can

generally generally generally and may be able generally
identify product |identify product | identify product to identify identify product
type. type. type. product type. type.

3.3 RUKFEFHFFE L N SRRET

RN N G e S S SR (UItra—VioIet Optical laser induced
fluorescence system UVO-LIF) #& B HEM AR S L5y &PI2Z Y RIE > A
BEERIRED &Y B kg kR )@\%\'/a\«fi‘f’}xﬂ‘.rr%,;r KR
% # X% A (power den5|ty) 2. g Bk Ry FRl 0 FIRE e R 2Kk
FR > FINV etk BIanG ATk o E BT O~ 58§ S8 ¥ £k si(Direct Push
Laser Induced Fluorescence, DP-LIF) e {42 jig % >t £ T 2602 [ 40 8
(NAPL)= T o #p i5 | (Free Phase)¥ T 2 % 4p it | (Residual Phase) # i* /5 %
PEFRF RO Re E- BT ERSLEP TR LT AT O wRG
HAEFF R IADFREESAD FRREE AT Z 2 F AR N HRD
%% 247k ¥e3- % (SCAPS Program) ™ & 4 & 2. SCAPS-LIF ik o> 3% & 5t
wd EFRMEE I L F(US. Army Corps of Engineers, USACE) & i 4p R PR
= ¥ - B ¥ Bz LIF %%ixd £ K Dakota = 5%? & 2. ROST-LIF % %t >
P o378 B T UVOST-LIF % %t o SCAPS-LIF % %3 L 3{ EF > ~ V2 g
é’fiﬁ’x}ﬂ-ﬁ‘ﬁ#ﬁﬁ» P I A EEF AR S UVOST-LIF kel e 3 F1
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¥ - BHHEF AR EPRMINAPL)SE S 44 8 RE 21
BEFTEFIES (T @ 2B A2 P X FI BT R T HE
BF B EALY 5L € AR HAR T 2 HILH A2 A T 4p (Residual

ElRdEZ B B B € TR R G ) S B d A B AR iy
4 (Free Product) » }%‘d WM R S N T L7 32 NAPL % a3 £ T 4
Fik R, Fobd R F A o e A L BE A LIF kAR T E A2
PR R EBH S BH ARV RE-HTIEARIFREE S
Adrle o deR 31 AT o i - R WRiRle S B AR ool £ e BRI
AT ER A TS NAPL S 4k Rikg TR i e d2 4
(B 3.2)

LIF NAPL Survey Concept
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SHPESRY direct push
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. Heavy Petroleum |‘ Petroleum
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Waoverorm
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Tirme (ns)

= = SR
£ i =
2 2~~~ Intuitive color coding

i for quick plume 1D

———————— Waveform [FeeissRaa

FI3L & b 3 fh s o % 5 s 2 TR HN 555 45 A Kl
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Various Fuels/Qil on UVOST

-=— Light Crude Qil
- Diesal
- Fasoline
| -+ Kerosene

1000

100

Fluorescence (%RE)

10

10 100 1000 10000 100000 1000000
Conc. (ppm)
Bl 3.2 LIF s setgipldt— S 7 v b L Alehd 2 § % %

3.4  LNAPL *v3» ™ 33 ends |

F 25k AR (NAPL) BB 5 230 ps - 15 AP H i@ L B b
BE o P EFOREA D S 408 D Aok o H P R ST g
PRIFIL B A R SR Y S TS RIRRS S
PRIEY T - A2 R PR - A AT IR D
FEBE G LB ERRANLTHEIE TR LG R
ke S(LNAPL)R] € B8 L™ » e &> I F# T oRkinag it g
KT AR G F R s TRk g AN SRR FIE R i g
#7320 i (free-product) I % > B ¢ 384 HER fE30 K 0 845 8 4 B Flahdt
T BT oRB RS % T 5 AR FACR 33 ron) o
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< s

Release Source

Vapor

Vadose Zone
Phase <

____ Capillary Fringe

" Dissolved
Phase

Bl 3.3 f 5 LNAPL 3iE> % £ 75 44 i 2 4 H3)
(Modified from Huntley and Beckett, 2002)

HF B S BIRE RN E AT Y S A K
Bz P o - e G RAER IR BT A A ok 2 g
S R K ARF Y Aok 2 AR B At e o 2 s gt
Bp TORE Rt Aok B TR s A kb fok A b fok 2 AN
Fim?E o (4B 3.4 #17)

C\

Vadose Zone

soor 0 | 7. High LNAPL

Saturation

Soil Grain N
_ o Residual LNAPL
Air Sturation
W.ater,
LNAPL
Capillary Fringe Y
Modified from ASTM, 2006 Dissolved Phase Contaminants

in Groundwater

B 3.4 LNAPL * 2 SOFRI ¥ ch3 b A F 4 1
(Modified from ASTM, 2006)
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SRR § R F 0 T Tk SeAN i 5 R Bk i

2 ks AR B cT § K E D AR AR e R
GPRIFIAFTHERFE2L - > ARFLIMY - BFAEFTF ki
NAPLs % /i e % 4pinds o NAPLS fd 3 4k sed il 8 - B 24 fieen
AR 0 UKL E R kg o NAPLs pd Ap e 849+ R4 fod 4 8% T 5 R
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By s A K- BREI G AR RN SR AR § AT AR
B2y & @b fo B A5 0 2R 1s o ST AP Bk Ap At IV I Y A it bR 1 B
g fd B BEREr 2 o{odhRn § LS A+ - B 473) 7shark
fin”2| G & fe R it A% 355 d B 3.6 ¥ 2 X ghk %7 LNAPL 4 33
[N ﬁﬂé&'fr)i(% of soil pore space filled with LNAPL)% iv > Y $hp| & 77 £ ¢
o LNAPL & &+ &7 k& ¢ LNAPL méﬁr)iéw%rﬁuwf%%tom%
2R R endE g oo LNAPL ¥ % T g “?%ﬁf B3 RaFiy ut
B o FR 3 ER] LNAPL 5 heh? w iR 884§ ¥ 4p§ 07k (ICRT,
2009 ) o #F12 gk w YA B & &*i—%éﬁrﬁ\s € BAS I AP LB
Hed B3 @334 FRAH - I RFTEL TR T BT H i
A A BN R TR C PEEER v 5N AR POY g A

P

Soil Column

LNAPL Thickness in

Source: Garg
0 100

o

LNAPL Saturation (% Pore Space)
Bl 3.6 ¥ k¥ BhmifidtfrR s iy d iR vEGRR
Bl ok Y 3t H Y e 457 RS NAPL 2 2 A F (Fp) 25 =
10k FLeo K NAPL (B e B E ST A T2 3 A - ok @ ok >
NAPL 2 1 3E3pk % 6 7 - &/ & (Contact Angle) » #ff &7 0 * Xk &%
GEWA T RESE e fok? o R SIREA 0 NAPL G 2R
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=
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—EES P AR 2R ARV A LB N AR N E LA AR
FOE w e 5o A 5N 5 2 ¥ 2 2 (Excavation) ~ 32 1438 4172 (Physical
containment) ; i # 5% 2 ;2 5 5 21 B(LNAPL skimming) ~ & 54z 483
“,% ;# (Dual pump liquid extraction) ~ B & ;% % 4p$ %4 T/z‘ (Multi-phase extraction,
dual pump) ~ E & ;% % 4pdd "ﬁ% ;# (Multi-phase extraction, single pump) ~ =& ;%
3 1% i * (Bioslurping extraction) % ; 33 i* 4] 2 &5 ;% 34 it F oK FR R
(Water/hot water flooding) ~ B & 75 48] £ % (Surfactant flushing) ~ % /% %ﬂ] w
$t % (Cosolvent flushing) ~ 7 # & # 3“; F i3 » ;% (Steam/hot-air injection) ~ ficiik
4v #4472 (Radio frequency heating) ~ = 4p 2% = 4p 7 FE 4 £472 (Three and six-phase
- 14:/z 3 & i foany B B

Gyt o2 fs B e AR

electrical resistance heating) % - if #
MaE W AP TP »]{f?&’* v @ gg i A A

XA

EERIRY &R I HEY FNDETF o

Wl k SLeiE R 3 R B8 AL P 1R Bl gk B i 5

B dugd wojeeit 3 P o AR A e A R PR B ane i o W ¥ R

WHEE R EN B E AR F T ﬁpvﬁ;;%ﬁix:

SEREN R = TES e N ST 4l ’i‘ﬁ’:“ LR E AR

Wk SR R o AR AR A S o LS K ¥ ik w BN 2 2 (R 34
LT AR S E HEeAp B 1)+ & (8] 3.7): (USEPA, 1996)

#e 3\
e 3\

| PEARREEE CE R VR RIS & % (Free product removal/skimming
systems)(1)

Bk s s 2 w jo g & 4t (Free product recovery with water table
depression)(2)

W& 2388 4/ T k4 01k 3o (vapor/groundwater extraction) (3)

WiEip (k42 5 4p) w e % ki(Dual phase (liquid and vapor) recovery) (4)
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Hydrocarbon/
ler Separalor

Hydrocabon Source
TITTITTITT T R i
l o I
ey J ' Sand or Gravel
e o ot or Sloted P

(1) 2ol B -krd s

2 Toa 2 Vaha

boda Phabs. Rubber Gaskst

1* Suction Tubs
™

Hydrocarbon i
Pump(Elactic |
or Priunatic) |

Frea Phass Product i
Watar Tabla

(3) BEWHEAP/B T kB N s | () EARGRARE FAD) T e b

B 3.7 %% cinigi v fc S v 7 P
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Yyri FII2EER
4.1  HF@%RP FRP)

AT WK TENAABR AL o A B AT F B AN NI
FAHp T SRR R ARTED TN TR F AR E R SIS
Ay AErpM L ARR 5 P IRERS Y F AR AR ENRER
PR 5 £ R4 2 5% € (American Society for Test and material,
ASTM ) - P+ 3k B 3 k3= 5 i % ® p] (E1527 Standard Practice for
Environmental Site Assessments: Phase | Environmental Site Assessment
Process,ESA Phase 1) ¥ pcfafe B (R & " NIBRB S W FELI M5 L =074
REE*# I RA LI5S 455 J%’Efﬂ%bbfﬁi BT R Ve AP BEAE TR B
MBS EAATENG - BRESFLTGES 2T FRRE - T
= 2 B 2 35 51(E1903 Standard Gwde for Environmental Site Assessments:
Phase II Environmental Site Assessment Process,ESA Phase 1) ¥ /¢ &5 R H; &
PR H R LI TR ENSEY I (RFEF)RFEREF R OB RS
P ITE > BTEXFEEEP (Verification of Data) @i e /a8 %
(Confirmation of RECs) # F #1:®# (Evaluation Data)% -

FaAda i &R R (¥ £ RS %1% A 03] (Conceptual Models )
B RFEAIRN LR BT L B we kSR ARG R
TEIELAERBAELI VAP BRETATRBFELEE N v
bl BATR Y R ARG 2 sbw%ﬂw‘*ﬂ"’lt&%*’%ﬁ S
%ﬁﬁﬁ RERIEFLEEHSMS TR TE ORE FERARY
EEREEARS TRk A R T S B0 AR R AL T E K S B AL L
ﬁ_i;_‘éé‘%;‘g_ﬁ THERTE I IERRERPESRALEFR ST 4
At B IRESCIL T R SR T A e L ek R TR AR T
OOF ek A TS SR e B aEiR o

-~
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4.2 BEIFIHFHITE

- HERBFLITFCITEILREFPFIFRNAFAT R AR 7 24
MEL TR - SaRaFRERZCER - T RER) ¥ ARETE %
Bok e TR S TR AR SRR RFREEES
S S G M B a AR B AR v o

AR AR P RS EFS R EA R EREST L E - F T
ﬁﬁ&?*ﬁﬁﬁﬁﬂﬁ’vum% R AR AR e
7R 2R AR EE R e

Bra b B A SRR AT R P R R PR S B
ﬁ‘ﬂﬂﬁ%@ﬂ AARA RSP RS AR R TR
TR ARG ELFA R ARRET BREAAER) éﬁ%

B s B kT b AST R E IR T kT IR ﬁ#ﬁ .a# v
2B A BRAL AT RPR AR ERE LRSS

S BRBEFERIEGEE LR R EE D RPN Rk
(UVO-LIF) .3 Trpr g 33 4 % Suie F3-udFplab e o ipl » & (7 #55@}%—
WS EBR NS R R B o RO 2RI iR AR R SE(NAPL) 2 2
LR A SRRy ey 3 E S R e e L R
f275 4 BB B HIA FH B TEA L1 L ENNE AR FES
2 B~ # FAL > A DPT(direct push Tech.) k% » i&{7 > £+ THRHE 4 F
(2 3 HR &) R R B 0 0 A 47 R(GC-FID) A 4975 % 47 4p b 2
BEDRT M EHF(TPH) S » 2 40 DRI X5 L Oh ‘GA2R -

N Hm)Léfﬂ—i}‘;‘Fi‘%NFé%ii‘hﬂﬁff&ﬁ“ eF SRS ISR |
TENARRAD RO R F B ERA LI E TP AE BT B R AE
%vﬁ#@Wﬁ4D~wwﬁwhﬂﬁqsm\f L& 7 AR B LS
R F P ERFFBRIFFCER L BRI AR R F R %
AR B 5 ¢ k3 B1025-6 BL) 0 Bt Ap g A X Bl4cB] Ao o
B mm iEEY 1 F RS S L1 s RS T
K 14 B LIF A & B(4e Bl 4.3 #7or ) KRB T 50 X5 4 B & rsuda
RARDA &R ®RE 0 RS X5 LA A R IRSF E RIS 2 g
R RS ATRR E RG
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SRR § R F 0 T Tk SeAN i 5 R Bk i

4.3 HIHRARALD

B PP (R HRG D N FRSFE Wit a5y ¥
F % m vk (T2 3T)
B R RSN Y B 3 D 5 5XBM2 ® B T L AT 2 g
T AT RIE RS o
BARD N ER Y kA e R4 (Systematic and grid ) &2 R R E B
4] (Adaptive cluster) = 3% > 1% BEE R 27T VR EH ERGERS
)"’L’ - & AR (/-’f-/é W"ﬂ(’fﬁ—ff‘) P‘?’fém—’ ‘\# & EL"\»L('Q‘-"@ 4.4 MT_T) B 4
PIBEEE (¢ 7% FHFAT FERFHEFFTLEF)L 472 43 21 Bl
2Lk o

Bl 4.4 RS 2% 2 AR 8 FERE S AR
FRr i LRI ER S v BRI EFFHFN P IITE S 2 IRER
I05MIFER = (RS TR R EAR) 3 T v e
Gl FTE OB AR B RES wolt k3 s BIOSLUP % 4p w J2 3] 08 w iz %
s p RES B A P AR AT R RIS RE N FERS AN G
FIPBASFERFALF ROFERES > (TE2 FIED Y EEH M L
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Fr i Py Ee

FERMAICFRG IBMUL AR ABRAST IR ABEE R LR

bk B D S ¥ k) SU(UVO-LIF) % (5:37 35 %% (v 4 pl ghdic 14 8 > & B
PIES ERRE AT HAM 2t 0 @ }";—‘;l:_\__TaTJ EALTES L AP RS
FE £ 2 % 0% > % T4 ¢ < =(14x4m)=56m

IO ITE TR E B RPIEE 6 BH(F BEW v BB A B
ISR wﬁ-ﬁl@%%—f%)%ﬁ%”*?éﬁﬁﬁﬁ%ﬁﬁ
(UVO-LIF)*s (T % i 7 URBHRITE > & BRlg 1 BHRF(UBERBA
Fleaikg) ¢ g HRDERALATERCHAPHRFETEL 2 %iT 38
% - Bc=(6x1)x2=12 B -

EEA IR VGRS § 404 17 R(GC-FID)ig 7 2 47 174 » A 4530
B A7 E b & 4 (TPH-G & TPH-D)» & A 45 4% 5 #c=12 B A 154 5 (¢
T ENAAOCBELDHRENAAOR)

P * WH WP AT 7 & 9T IE B 3 5 5L (UVOST-LIF)
I HFEE R FRHAEE N SN E S VI W Wk I 1 2R
Bk e 3N Em s a TR E RN IED v LSRR T RieFY
% o

Bo R i wolc A S ERBR I e A A R E F RN vt
FBRE TN FERZFE R R SHIRCARRE &R
BAZLZEZEACRERMFRES IR EL CVEE M kAY
TR AREN R AOLH CHEE BRBEERLIERERY ¥
Juo PR et Epe P R IHAoB 45 fror oo
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Bl 4.5 FE&BH M IF w ik 5k PRID B
4.4 ool LB F B ¥k A B(UVO-LIF) &%

T 5434 % ¥ & (Laser Induced Fluorescence, LIF) A 47k & #& ip| 3 vt

BAAPHRRPIZEY R A REHMAER T AP N2 L5 g § L
F ’@:’ FHR*FHIBR (power densnty) 2B T R R
B2 E¥XF R Flm ;[:%‘4\: RINFATR o AP Bk % S(drB 4.6 22 4 4.1 47
T)E bR A A & LB AT F st(excimer laser) k st H OB S dEG R
By o a5 s pqfehd & 2 excited' vdimers B3 A ko £
RFF e BT FESES IR F A ELNS T B SNE
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Fr R YA

TEGER o R AL FHOITLYEAEF W - 547 F W(rare
gas) > — & %)% # ®(halide gas) > Flp* R R A g L > TV HEIA R
g B E B 0 £ 2 ok fr(pulse) s 2R K o F bk R g kg it
WELGER I LR R - BERE AP F A PR Y S g
>k bR IE I@ﬁs?]m’]o BHIE o rma Rk R REEY R EF U
st M A D NETR o kB BB SRR % F B Bk Rl i T sk
o KRBy - g R R F kAt 2GR fIE o

AR B ok £ 308 nm z & i & (Xenon Chloride, XeCl)# 4 3
B GHEFRAEAIIrRZFHAETRESDELS T FR L) B e
ALY R L L > RECEY Yo SR
E?r;'o;)iz;;%r% FRIP P BT F 2R 5 RFRE T 4 F 0 FR S A
MR T FAB DL FHET IR ERF FTIEN KRB B
*I*'% TF RN B BELAPFRLRER T EIEFRPFFTLFER -
%ﬁ— d A Hr B A& ik 3 2 Aok B (350420 nm ~ 400£20 nm ~ 450+20
nm ~ 500420 nm) > k4 it F K EF = B4 o 72 wavelength-time matrix
(WTM) 1% 5 H % 43558 o

% 41 UVOST ity &k s sy § <

1. Control computer #-+#]7 "% 7. Fiber 1/O k&g d o
2. Oscilloscope - & % 8. Launch Assembly % &% &

9. Fiber-based Trigger % 4 78 #_

3. Laser 7 &t s E
= pp

4. Remote Display # #+ ;% &g -7 % 10. E-Deck % + i 84

5. Emission/detection module =zt~ 1§
N 11. Probe #5 R4
Pl e
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SRR § R F 0 T Tk SeAN i 5 R Bk i

Bl 4.6 K475 #ri¢ % 2. UVOST 3 Sfjfcs & % % 5

UVOST & - fé logging 1 & » # 4] % >+ 1 3¢ 3 NAPLS#f 7 #1 & 4
B A2 F R o N EE A e NAPLS 21 & 4 5 d SRR BT ek
%ﬁ%gig%ﬁ@é%%éﬁﬁﬁﬁdﬁﬁa%ﬁﬁmi%ai%%%
WRIF o F R TR BT RIEFRZ G RIIG AP DIFER & - £ UVOST
PR e P i e 4k(logging event) w R R A (TR T > 2cE RE HEE
FIGRARE L o % Acg REdq4 BB RE &> Kr ik BF F v mbd i
A RERIREFZ A FAREHZALE B EA R EFRRIITE > 7 - RIE
HEwALEPRFEFRE Z2F F B ﬁ&l ~ 4P B erplBEE 4, & 4 0 % PROBE
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i s fcd RECORD 45 4 » B4pipl 23 2 Ffcne & MPFHFHEFF L
AR TR R PP I UER -

45 EHRF>AOPDIKEELE

RENMIEBFHFIEPMO)ERE A - bR EHEN o R Y ERNE
BAZrd 4T AUFAL R - AUFA THE I BES REHFRE
% 52in(1321mm) & ~ #F = 22inch £ 41 24 > & & £ 4 1300ml & B
PIE ML R - TSR ORI B R RS R
% 1.75inx46ih & (44mmx1168mm) - — 444 5 & 453 4dm ~ Teflon~PETG ~
PVC & o k% 4@ 4.7 977 o

// ‘\ ‘\\)
_,-’/ /\) "~ ‘1@ I_” ¢
P ’//\.;’ ,;47‘
g*&ﬁf\ 4 ” //,/ /’/ /_//’.4’ //_,{////’
e \ 7 s 7 " ST ,/
-

) RIGER
EREMRB
+ 118

Bl A7 FE:\ 2 EHEHRL L2 F
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SRR B f R0 w Tk S SR Ry i

4.6 BHEIFEITREER

B3N Ed v e X (B 48)5 - AATR F Az wijg > 1 & 4
Ao 7 2 BIEAER LG AHEFE  RBIE LR EE - HIEFRE
s f B oBRADELFBH e R EASKIR e 2R ET
P E - R EE TR RE D AR REN T P TR
R B FEAEREERTHEORLT > R RMEHTETE Y G P &
BHEZLCARFFEADE LSRR  THRBRADFR -PFER L Z
ERpRELIEY GEERe XTI NERHET RAGF PR EE K
_%‘_Ii‘!r;if*" (L D :‘e..fr;‘}%l RPEFHEEO LR ITRIPRZ A TIREAL B
Frag #HERZSETFPTHRTET AL B(EZR)EFEZHADITRAF
Y TEE W F AR R FN R FEFEHE IR S AN RN F
g e RE D) - R iFN v o

PelicanZ &N EY):

(1ainch packen2 HIREE S B HEI R R E
(2)Bt RIEFIELR*1
(3R IERIELE*1
(4)EFZE0.5m*1
(S)ERER:
1mx2
0.5mx2
0.25mx2

Bl 48 EHIE N Fw v ki Aiz e
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4.7  Hw FpinigR]? 2

F AR AT RSN e 1 R B R

FF3

Ptk 2w g B (R0 R B T AR ST R T T o 2 AR
2 1 AZF gk ¥ P2 NIEAM167.00C)

1L #4929 Gegrtmzgd®mt 019) o r 15 mL 443
Bou g oo AT R e F R EHF S PR RELEL  F
FREB LA T - BREDERE S MALIIFTSL o

2. fvr 209 EORFIEEHFAF R &Y 0 PR E 2 o

34 r BB H R EBESZESMHEF L 100mL > #3KE
%%@’x%kqﬁ%fﬁﬁﬂ’@ﬁﬁfi*SQﬁﬁiﬁﬁ%ﬁ?ﬁﬁ

Fh 2 % 3 OAF I i

Pl{g‘ 50mL = /@/li’?ﬁw% ‘1F]‘9\' 1.0mL & i 0

6. F F RFRGHIT R IRGFEE L 0 B0 - ERAR KR
(935 C)> ™ agiE 2 qoth2 & § e EOFR A R A EE LT
TR o iAo /%ﬁ;é"g (- VT e U7 FEF e S o
THEET O REEPRA R 2RER

Smﬁskmw\Wf“%’éﬁﬁ% R a0 de 10 mL SRl ¥

7. 2 Pl F2 T EFBR MBI p R EERRY 2B F)F
PR ASEE P 0 F R R RE Y > TN ERET CERIE A RS
¢OERIN 2 kRS o

8. FEPRA B I EFEAYT RIMEGEE HEX AR F R REPR
A2 X > PIUEHRE DT A TR LT

PR Ry
(300 2472 B B Y FIRRRT 2 2B 2 Y B R MR
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TR B B RIS W Tk SN B Ry @

S g 2 —F Rk TR/ BEET R 2 NIEA S703.61B)
ok 1 (He) 7xi# @ 3mL/min
A stiE R 1350 C
wopEE R 350 C
Acde B R 50 Co #F 5 44
AE#ER 150 C uE a4 10 °C HEI 350 C
BMER 1350 Co#4 10 ~ 4
x : 30 mL/ min

hasy
Rl
=5
(=i

Z F ik 2 300 mL/ min
A e 5N plit (2:1)

hEREE L P

(W30 AR E R e @Bt T BN Rt 2 RE S 2 I RBE R
B H 2 & fi4p30 NIEA-PAL03)

AR A UREICTAERZREREE A RE 2 Aok
RobM-B kBT e R BRI kRARY C HAGER 2 E T K
SRR R 0 B BRI B2 FHEFIN R EICEIFHREZAARES
R RERAFRESREE R R FET R D REER R FRS DR
HEREFO Ee f > WA ER-

WESMPITS N FGEN S TR P H R SR PF TR
PRS2 4T G R FRIF IR R ORR > FRIEYFR X

ERE RS

R fE 48 Fo
FriEAZ#8FE (ng)

HEEF (CF) =

P ERF (CFae) = EﬁF
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2R R FFRETEZ o E 2 e
2K &SER (mg/kg) = (Ax x Vt x D)/ (CFavg x Vi x Wdry)
Wdry =Wwet x (100 /(100 + WH20))
X HRE? FR LG FRE o
Vit S22 B8 (mL) -
D: &2 s (5 kst 2 fFE R %) -
CFavg : #ipl4~ 2. T o4& F]+ (& 4 /ng) °
Viitksizr» 2 (ul)-
Wdry : $i5ic A €€ (90 2 [ #BEF == (7) #7)e
Wwet : 5 SR AEE (9 1 | B 2 & (§) 17) o
WH20 t jc£ 2 5 sA#H 2z ka3 2R 4 (m/m, %) -
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4.8 R

BIRE R AV ENGFYFA 2013 & 11 7 25 p4e: 2014 & 11
524Bi*$“ﬂ’ﬂd%5B&%’Wﬁﬁﬁwiﬁﬁlia42°i
PEPVIP T ECR LA ALIFOR? PR RCD Y IRE I TS
2P HE2014E50 250 > 1B > FRIY AEL A TF L
PP L 2014# % 10p ’*?él%'lﬁﬂf'&%ﬁi;4 BhpE s H A % 35
Br > ~H? R 10B pEHPARE > § M TREFREGFE 428 L
FAITHFHARIZFRATT o FFRFILITe 40T

- 48 -



g Ay EeEs
%42 AT AIFERZE APR
# A 1

1lz |3 4|85 |6lFlglo|w|n|@E|
l/f/Fiﬁ E .' .Q. .o. ...
— PR B I g=

=]
Z PRI Rt 3R A4S
HHRERE T =/ -
WA #3%
BRI A ——
RS ;
FE X 23
—

HAT B2 B H R —
AR =
HA R AR —==
RFEE
IHREAHE SR
C R o & ) [3%0[16%[27% [33% |41% |50% |58% [66% [75% [83% [91% | 100%

T %38 A TR R BIGHL IS > B 458 A TR

#7
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5.1 FERBFRTFLTERSE
5.1. 135 R FHL

AXEHG T2 HH WY B A PRRFRF A IFFTR I RN
e AT R T PR E E I HOR o P SRR T R T b
FBooAw B 50 B o P A KR Y A Le 1B (Ba B R IR
1025-6 # %)t 100 # 8 * d FRIFH = » U8 F 2 A B TR A HEED
LHEFFALFRBPN FR A FEISP Y 2 RSP EREY R
F 40.7ppm ~ = 7 ¥ 685ppm - AZiE " 2T A F AURE (*%gm ¥ 25
mg/kg~= " ¥ 5 500 mg/kg)’ ¥+ T -k ¢ kA B p 0.562 mg/L~ ¥ 105 mg/L
" % 115 mg/L ~TPHd 882mg/L >+ AgiE (¥ ToKF A F HIRE | (BB E
Bp 5 014mg/L~ ¥ 5 005mg/L~" ¥ 5 10mg/L~TPH & 10 mg/L) - 100
£ 10~12 P A BYPRFEFNFT AP IFEFTEFTLALER FE‘J%%F} ¥ 1T
i?NlﬁZ’HiFﬁ%ﬁﬁ@1%ﬁﬁ%%$ﬁiﬁﬁﬂﬁT$?’&
—"L?W@ %"%*Lﬁ'%ﬁﬁiﬁﬁr%f$ﬁ%%ﬂ%
* o 4%%@Aﬁ#%: 8B AEY F = B EpEFpEAgN T2
AL EAEE o R EE R R B A HRE 101 £ 4 0 20 p
AU S AL R R H P D RIpTRIF A ICE R R
RPN TS RF L L FES o
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R T PSP S S FERPPE R P PP
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WEP A HRRAEF A2 F AT

W45

* % "5 #-= '5(aromatic hydrocarbons) » 5 ¥ 2 H 72 P e fi - g
AT T3 - BAE I BEROG G R B s £ & oy
AEEFEHEHR AP T F T F N FE o AFTAEY o - WX AR
£ARILFAGHE A LAY PR GRT F REAFBS -
BfEZ G ReTR o B ARy 05 i S g g(arenes) o F F oS B
M FHAC AL L P BRF A (PAHS) B S RS 405 - AR
FARNFINAM v P ARFRBREEEFAFTERH A AEMAL T S
BB LA RBF LN FEDREAZER RIS ARE
F s g élfl,ip‘\}?’:[% SRR G R A ELJ%E«‘F%?}?-‘, °

k3

MBI EP RS R B Ak b E 08770 FF R 2B5CHE:
95mmHg > & % & 319 (3 §=1)>25C2 k¥ 3fER 5 1,750 mg/L > “R
FRRE23~T1% - EHEZEFrFI? RA S ERFE R -5
ﬁ\%u\%iﬁﬁﬁﬁ,ggﬁﬁgaﬁg&ﬁﬁﬁ,gW%gﬁogy
FHEE I S E w P F PR L A0 & R o LD50 Z 930
mgkg (< B ~38)> A pEppEgETHEFER S 5ppme

@7 ¥

SRIEFRM EF 4R £ 0860 & B 25CH 5 28 mmHg ¢
#F BR3L(3#=1)25Cz k¥ AfaR 5 524mg/L- BT/ s 22~7.1
% e sr A §SAEHCE P S SR flet s i RERL Y A
GRS RERELRTr - AR EPRAT L ERAL L RpE B E5I4
dE e o LD50 ] >~ 870 mg/kg (< &~ 5 &) ~ ] pFp g TR FE
A& % 100 ppm -

@)= ¥

SR FHRIESEP R B3 45k E S 0861 FF R
25CHF 2 6.5 mmHg > #F % A& 5 3.7 k¢ AfaR & 25CPFF 5 130 mg/L -
BFRRE 10~70% = 7 FHEHPEABE A K ZIE G {lEE o RS
12 ':_;E"p" é‘; gl—‘ég\;ﬂi\?}\mg/ﬁ\ %ﬁ;ﬁi’l) \\'—"%;:CJ \V?F\:;’—_ ~ A}é :;‘i \,}ﬁf%g \EE‘)? ~
B AR 2R F BRI, RS R B
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BESpEY o gERLBELAEN o
(5) BEHMT L4

REAE CEF 7 EHFF 28 C6~C40 T2 7ipta it & >
AP iwsga & ed i C6~CO ehB a2 HBHPy &7 FRFEZ
BTEX %4Z% 4% 4%« 2 4o MTBE EE,T%uff»ﬂ BBl 2 AR
35 Cl0~CA0 hE 4z s H B g~ 7 L 4% 4~ TR %4 % C6~C9
SRTHARE VeS0T (TPH-g) > @ % sldic C10~C40 % 7 b pd v &

- (TPH-d) o 37 ~ %0 SAF ¢ M 2 R Zg 2 mREL 1L EY
0.820d *MiT s b iR & o ¥ & FF > FH(MSDS) 2 & L (4o LD50
F) bk FEE -

(6) 7 i "

7 i¢ %a(Naphtha)» fidsid £ 8 7 £ >? SBAI 7TBR2ZME - & 5.
doAiz e e R g 5 ABER YA M A MO RN LR EY 0 B R
REERDIRE LR NS A BRGNS BHRAILE T IFL AN 2
WA R SET M Y TS BEAZ BIRFTDAN ST R
o RF T F 0 FhA & KR RV GEHES RAL L [
“lTp RN ARG ERE NG HEFROAAATRERCENF o
MG Kt MW’E&*é%’“€OM AF B A 200 ]
SmmHg > % & 34 (Z4=1)>-k? 3fER 5 400 mg/L % % #8:¢ = ek
PRFEZFHRT R A ﬂmﬂ_i:”ﬁﬁw%\ﬁi C AR BN § G D
ﬂ;;w%ﬂﬂ e AR J:;%&E;%!’iﬁ?éf#d.fsg‘_,i‘affuoLDSO%%? 5,000 mg/kg
(*&~38) A~ EFpEETHEEFkR 5 100 ppm -

(7)4t 2.0

ek B & E A PR E g B4 (light naphtha) & 4% = 3
FEFF T FE D FREPIVLFAIGFB e o

\-n

5.1.5 ESRHHE AT B T K

BE TR E G AR AR A NB 2B LAY I 2T R R G
Ao d EmATe %ﬂﬁa(gﬁi%?%)‘éﬁﬁﬁ‘£
=475 2001) 61y%£;%ﬁﬁ%&#&ﬁ&f&%?’i%ﬁﬁﬁ
ﬁ%@&#ﬁté—Wﬁﬁi&% LR AT o
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5.2 - HEBRBRIBITRITEALSS

A FFERIREB HFa T i % (Phase Il Environmental Site Assessment
Process)™ o 1 & f& * ¥ &-44 2475 f# 4p /% 48 (Non-Aqueous Phase Liquid ,
NAPLS) B 433 {7 18 i cr oF 6 58 3 543555 & & 4 s (UVOST-LIF) i 22 &
IEHGFAATE AV E PSR FLALATAE T o 2RI RAGFT 4B
R LRI IEER D 10M 240 R 2RSS 5 S01~S14 fe d - ;%_ar 42 3 & ¥
F§I43 Aronoo @ RBER BB E A Sl AR AT A4 B LY
d % 52°¢ UVOST-LIF/#FR %S ¥k & - BB K5 f S11-S14 = g jp| gk
EP R KRF R H AP R4Le S10 ~ S12 ~ S13 J_ﬁuf‘ir% FERBEF &
(RE%) ; |2k SO5 ~ S06 ~ SO7 ~ S09 & Iv% 35t sk & 5 (RE%) 5 @ 14 B 2k
S01 ~ S02 ~ S03 ~ S04 ~ S08 % w | B 5 #b =k ¥ k5 & F J&(RE%)$ % 2. 34
%opgk s 2 ¢ o S01 7 S04 plgEF RBse Z) (B8] 5.10) o AR A B IRAE %
EHF R AF BRE%)S 6o B ¢ TR 14 BRIBAE > TS
BN GHEF E2T LM IFR BT ¥ LR A F BR(REW)R % o IR0 RIELEF
FER AT I8 FRZ Yy LA RBRKREFOFERRF BREWNR 5+ £
T 2~5m el E RO

Foobd ok Sk B pig g ¥ k% M(UVOST-LIF)#? & % % i 22 ¥
kI FFRIEFEPFERI kg > B AHR Y 3 a2 59 NAPLs < 25 3
A& 5.3 ¢ TR R Frf o 14 B A BIE D NAPL 3§ 5 it 1
B W gfEaE A RT A A pIBE SOL#RA ¥ K ~ S02 ~ S08 ~ S09 ¥ & % H b &
NAPL & s # #c 8 4p b % 5 ipl2k SO1 274 % & ~ S04 ~ SO3 14 ¥ & £ 48
PR m ER IS F AR BtehR s Rl2E S10~S12 - S13 £ ¥ A HcE K
B EAR 5 Rl EE SO5 & 314 ¥ SO01 ~ S04 ~ S03 & iRk 3% 4 ¥ Sk ek
BB tiAn e > v I E SO2 ~ S04 ~ S05 ~ S08 3 74 5 NAPL 75 % 4 o ¥ £ &
B9 ¢ > jplEk SO1 7 S03 P & 3 4 #8474 & NAPLS iR e A # i i » ¥ ¢ &
B ko B F O (REY)#ic33 chip) 2 S10 ~ S12 ~ S13 22 S09 i & 214 P & v
b BB E i SRR R o
& 14 % LIF PIBEE T3S F 07 2~ T BB TR - B %
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% 5.3 p=xHn UVOST-LIF 24 & % % 5 2 £ 5% 5 NAPL # iksg 2
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