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Bl 2.1-1 2 % &2 NAPL(non-aquious phase liquid, NAPL):5 % = >t =
5 3 WAt ﬂisa] g A o8 [+ DNAPL(dance non-aquious phase liquid, DNAPL)
;;@)] . xé’#?ﬁ-#b#w,é!/%’?’*i (6 AAFEFLES A w TR
S LA ODNAPL € e ¥ B e kA v A g S H 5 b ¥
ERFAFERDE KGO 38525 2 (pool) -  LNAPL @ 3 > 7]
= HR fJ<fJ~ MOBY ARG P o WEER Tk A o

C"'\r

' i Receptors w/ exposures
(?ontammant SRR via drinking water or
SOUrece sl inhalation of vapors

COC volatilization and
vapor movement to the land
surface or into buildings

COC flux and contaminated
groundwater movement to
a water supply well

BMAARNARRRRRARERRARN

Fractured bedrock

Siegrist et. al, 2011
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Extraction
wells

- Vadose |

Siegrist et. al, 2011
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B 2.1-3 RliE - Hp 5 F vt v éﬁéﬁ'r—‘a’-% R TR Shg) )
PR R R R AR ARG AR 0 2 RIY by g % R 484 (natural
organic matter, NOM) » # = -k ¥ B] 75 &3 73 215 J(;kiuf,i“&(dissolved organic
carbon, DOC) » % % i* Al » = * 3 KA ¥ » BRI EREF» 7K it E3t
e > 109 g3 T okP 22805 44~ DOC & NOM # 2 & Ji -

Chemical reactions with the groundwater and porous media and
the target DNAPLs in the dissolved, sorbed, and DNAPL phases

Groundwater~ Porous media~
dissolved inorganics DNAPL exchangeable ions, NOM
plus DOC; dissolved residual on a mineral fabric; sorbed
phase DN\APLs /phase DNAPLs

I Transport of
| oxidant plus other
components
\ Matrix sorbed
Single fracture y constituents
with NAPL
ganglia at throat Matrix dissolved
constituents
=4
Siegrist et. al, 2011
W213 FhFAFERY L L FHBE
;‘%ﬁ%’ﬁ g VAN TR > - RFIRT VAR LZ B R Y

ﬁ%l » F] gt ¢ 5 T in (Advection) ~ ut f7(Dispersion) ~ # 4z (diffusion) 2w %
(sorptlon) IR s B BRI T 2R

— S ERLL R R

FEHL B TIRES 0 R € TORNEE S AINNEE s A F
Bt ToRGRE ~ F I HER M Z NAPL 5S4 ER S G 5
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¥ =% #HmRENE

= BRG]
ER iR SR B TIREE S FLRADLE o £ME TR
1o 2 E R R Ak 5 (4B 2.1-5) » Schincariol and Schwartz (1990) >
Ei A ERAE LR EP 00008g/ML { i SRt £y B @

BT R N g RBFIR L o

—

/- Oxidant injection well

Concentration

C Concentration
gradient profile

£4
A7
;7"/“2 howe -

& N >
< O >
<NAPL-water

interface

£

Condition 1 (Condition Z(Condition 3

Decreasing velocity and

oxidant concentration

Siegrist et. al, 2011

214 By RF - FHIHFAFEREOM AT LT

Sivihelg - . v ¢
oy N LA AARACS ML <
sTatie R AN P s .
-

-~

D, SRR T — A\\
_Groundwater floy,

SN Ty

Oxidant

Bedrock

Heiderscheidt et. al., 2011
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F T REANE

L5 eI BRI B R R F AT R g f«ﬁ”@?ﬁ%"—ﬁ’%;‘?}‘i
(airsparging)g“i' i f i (bioventing) 7 #* cBE B o H3 F A 0 L F cnd
BEFEIEERY AR 2k L F B F A OBEIERS T 5
BELFHENFARERPA R REF R pApZ BN gy Moo
e kg o Ly BERMY S LRFF e kY B
FORE P FF S ART o RIBEA Ly B T F RS
v m,ﬁﬁ,ﬂ K{ % }’J%ﬁ’}’}ma éxlf‘v%ﬁﬂ f?frr} N/ ‘m/é] Q=2 1]
s P BEIVH A R ’LF)% “”f#mﬁ’ o * ASZEFRF F o 5 Bofd
B & YT AR A foihdt AL g $m5$W9&
{rmz{;{?ﬁiﬁ(alrchannels) PR g ihg d o B 216 5 F M7 oK
ﬁ@ﬁﬁ%%’ﬁ#@ﬁﬁﬁﬁwﬁg%éiiﬁ’ﬁi%ﬁ%ﬁ%ﬁ’ﬁ
EAARRERSE o n AT FHE BRI RFTAL D IR
VAL T EFHE €37 RF ez glg A2 > a7 5 Wil ok

BF B ARIER o

3

Bubble Flow Air Channeling
>

Primarily occurs with very
large pore sizes (i.e., coarse
sands to gravels)

Predominant occurrence at
most sites

Clayton et. al., 2011
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dONF R R RERE R - - AR R T RE Y 2 9
R IEAs Y R A BN R R ! ﬂmpﬁﬁm’aﬁgwaa
P BARFEL () FREEFEL s (2) pd AE

PRI Ao n FRTIF AL PRRLENE B AP AL B2
FrERTEORE GFRIRRLF o R ke R iR
B F0is K L ISCO MY Fin 3 oah £ & e PME 35 S RI R 0k
Sk T R Aol i Bl L4 B R rﬁﬁsa] i H 2P S L e B T A f s T
FF & e REFEipraia chl gzt Y £ 80 7 Fiow g R e
(det TR o iR LR ST L PH YRR IR R BAE K
PEFG AR A fL@ljﬁquﬁ;i&E%’g_gﬁ) .

N

FAYAFHRIEPT R ERNR AL - b FRLTARE
S FARRIL T G EE AP BB R R
BRI GLAEATA D RA55) A BRAELSF CADCRRE %5 4
#ﬁf’ﬁiﬁwpﬁl BOTERS LRET AL E R DT R Sk

Z TR 5 WA IQ%J'/—’LJ (Laminar flow) #4534 > RBp|+ ¥ * 2.5t
g > LA RS RBEL2 HE O F A BE G L PG EHRD
MR B R (PRAREAT d AA)0) R o F T IR SR AR
FREE S F AT ROEHIFTRAR T ERBEEARD (L
Rl p o A7) iz -

213753 % # 'ﬁ% #4]

CEFLOBEILATAJ FLFL Ty it By VAR
ERILFIFAIECARTAIERAAC LS RELEC BN
(e F ik e 23 8d AF(C544)BL%F i #l(oxidants) - A H € %

THAAAF o nF A EERTFRR 0 TCE A3 3 1 higdl

& b
H20 + CIHC=Cl, + 303 - 2CO> + 3CI" + 3H" + 30> (2-1)
Substrate:  CIHC=Cl; + 4H.0 - 2CO2 + 3CIl" + 9H" + 6e (2-2)
Oxidant: 3[03 + 2e + 2H] = 3[02 +H0] (2-3)
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FlvEgmwRY > FEECEP AT RS CARR R LY
A0 — gy RS AHFHEFTF P EERERCPVERY R CF

e deilg it (Ariff 3 ~EREE ) FHRD (%lr’%ﬁﬁ»‘rﬁﬁﬂ’)éi’
L5 FoipaF MBI A A2 F P F (reactive species) &
FlOAoRAF g Rtk d i 2 B EUE et % 5 %}5"
PIRs R R TR R AR T e e - w3 0§ IV W Sy by
PonF g F (90 A4 B ) EFIHF Efer % Ao £ ¢ e 4
L LR L

T L

ey
X

b

s o

IR U SR ot
B4 BERB R
S W TF o B i

L KT IR U e HAE ARV U B T U L
SRR F SRR Y R ek 2
TE Y

2Ly R witia At pd Ao Ty
ﬂii“ﬁ@%ﬁ:sﬁmﬁE;WEﬂ
AR SRGETY 2§
gt AR ¥ B E R
LA K Ay Al

% 231 § “RRR

o Bk T | A g ey
¥ AR (volts) 4 (5 =))
% pd HAOH)* 2.8 2.0
I‘fmq pd (S04 ) 2.5 1.8
[ 2.1 15
B B i 2.0 1.5
R 1.8 1.3
% 47 B (Na/K) 1.7 1.2
% 14 1.0
E] 1.2 0.9
73 3 (SuperOX|de ion,0 *)* -2.4 -1.8

*pod KA d L35 fo HO2 & f2 735 = (source: Siegrist et al. 2001)
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£ 23-1 ¢ #rqmeng (CHE G KSgang b4 ok

BT L B Y nF A

)i
FE PP AL RE AR 7 %‘itﬁul’fﬁ*’ﬁi“%@*’%‘fﬁﬂﬁf@iiﬁ?é‘é—i&
=

R
FBAANF SR Y @ AR R ~pH -
F OB A ek S5 (6140 % 259 g4 [NOM] -

m
\3\
(%1‘.“
»;1%

L—

FOREP R R ~ R R
[ I B <2 ﬁ [oxidant

leni@ g e 2 F RT3 A bR i’fﬁfa &

)30 50 F kK RS A § A F B S A AT B R R

ﬁ%ﬁﬁilﬁj‘s‘ﬁ'ﬁ‘«i CHIBD A RIE R R - & T 4*’1’ 3 F g

* oA g (LR E 1Y @ B ehE TR
1y IQ%]mﬁEgg Mg R ] AR
Fob o0 AJE F ok KA RERF APER
7‘%‘)@}?(35"‘#?1?\ )Y B E R F LU A
g AR o

—

3 ISCO® - BEE LR > 48 L 45
51

1

FF Rk A R DA G A A R F LR ET

\da.

-
Bl TRALEEABDSLATF O BT Rt I HAERRE R HEE

SR RREE o S R M B

ok TR F % R

iﬁﬁﬁ’wwﬂ;ﬂw

T W R RESL
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2.2 § Al

P ¥ARE 3B T RFAFL2Z B kg e fio e g
(1)iE ¥ i & 5 A # % ¥(hydrogen peroxide based system) ~ (2) % 44 47 % &
(permanganate system) ~ (3)iE 7 fic @ % si(persulfate system) % 5 % % *i(ozone
system) » % 2.2-1 52 fpenf L kAT R S o HY APV B
FivEiLEE R £ F LR EE éﬁ(equivalentweight)% %

2)
k)
By 2L e UV AP HRERTE TR R IE) PR -

£ 22-1% Ry LB F L AR

FRTE S s3E | RAES | FRE S IRAR
(oxidant) (formula) | (molecular #wE (equivalent (oxidation potential)
weight) | (Number | weight)
of electron
transferred)
WHE L E H20; 34 2 17 1.77
Hydrogen Peroxide
HF ba, =EE | H0: 34 1 34 2.76
Hydrogen Peroxide,
Fenton’s
CE LR CaO; 72 2 36 0.9*
Calcium Peroxide
Wy V42 MgO> 56 2 28 0.9*
Magnesium
Peroxide
o B ik 4 2Na;COs- | 314 6 52 0.9*
Sodium 3H20:
Percarbonate
B AR fad KMnO, 158.04 3 52.7 1.7
Potassium
Permanganate
B 4f LA NaMnQ, 141.9 3 47.3 1.7
Sodium
Permanganate
B it ik 4 NazS;0s 238 2 119 2.01
Sodium Persulfate
B v il Na2S20s 238 2 119 2.6
Activated  Sodium
Persulfate
3 O3 48 2 24 2.07
Ozone
* Alkaline pH
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221 FF 1 kI

#8 F f* & (Hydrogen peroxides) 2 — B % it i 4 &3 & * 4 B Lt &
OB AR LT b1 R CORARSIARR L o iF N E A BARELX
BHEDEFESHRR > ke RN EE2 S EPpd HK(free radicals) 2 £ &
P o 3 BB & 5 20%-70%3 % > it P W AR S T & chik
B TP i g B A (catalyst) & F f;f‘flj(actlvator)my,jz v A4 RILiES T
4 (catalyzed hydrogen peroxide propagations, CHP)4p B 11k i |2 4~ & (reactive
species) » @ AL AT F L& niv B F b kAP o ipudt CHP A& 4 ahF B
Midse 51§ a2 BRA ARBIAADRY o T AF[EF 8552

BREEFWEES AR

HE(1894 #)F M AP ik (pH3-5) kB T o TdarF (Fe?) ¥ 1y
B ouEy 4o AR A2 45 pd A (OH) 4§ pd Aehi it
BRT G ENE VAT RS 95 E0=28 iR F BARF 5 Fenton’s
reagent & Fenton’s process > H & B 40T

Fe?* + H,02 - Fe® + OH + OHe (2-4)

1990 & 42 > Fenton % B 4ol s fed M2 3 TR L hAST > SR A MEF
ISCO s 2247 3 cigt B > 3 IR Fenton’s reagent &3 IV H 3 it 427 >
TRETAFLEF DAL P IF NG L Aok 222 97 0 T ET
FRYEGDZF ST oI s &5 DR RA - d ARG g Fp P
R F R RE BEA L FARRAR S i R D
v A BT e > N A 4 5 & 44 01 Fenton-like 72 & medified Fenton’t reagent

LL

EH B oiEs L VEE L Lo

Fenton &2 EBLA T 4HiEs L e v 34K 5 L F @
- 4@ o ISCO S ¥ Jb* il ¥ t 4 kAR NS 2%~12% (0.6-3.6M) # [
oo Fenton :#® ¥ tF RF A pH35 1 S 2@ pH EET 4 B P A%
5o FIRMGE G Bt R R Y eV R MBS S o P I3t E F p o
AR U A PR A 0 T E R F REFRETLAF RO A
2.2-3 #75% » Fenton :##| A& 4 ¢ CHPs ¥ fi 4@ 2.2-1 #757 o
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% 2.2-2Fenton’s CHPs

it [ 52 WRRRT = | NMGpHE | F Y i d
V)
Hydrogen H-0: 1.766 pH<11.6 (A
peroxide 3338 A
Hydroxyl OHe 2.59 pH<11.9 TR
radical
Superoxide Oy -0.33 pH>4.8 33 18 &
anion
Perhydroxyl HO,e 1.495 pH<4.8 TR
radical
Hydroperoxide HOy 0.878 pH>11.6 33 % Y& > 5
anion B A&l
Ferryl ion FeO," A Fr X LT |
[Fe(IV)]
Solvated € ag) -2.77 pH>7.85 1R R A
electronxs
Singlet oxygen 10, Not applicable A F %17 Diels-
Alder and Ene
F s
Atmospheric 0 1.23 o 3% LA
(triplet) oxygen

% 2.2-3 Fenton’s reaction of organics

F s R JER kS

S8k
H,0, + Fe?* — OHe* + OH™ + Fe?* k= 6.3 x 10* M!S (2-5)
OHe+ H202—HO2¢+ H20 k=3.3x 10" M1s! (2-6)
HO2++ H202—H20 + O2 + OHe - (2-7)
Fe?*+ OHe—Fe3*+ OH- k=3.2 x 108 M1 (2-8)
HO2¢ € O + H* pKa=4.8 (2-9)
HOye+ Fed*—0o+ Fe2 ™+ H* k=<2 x 108 M1S? (2-10)
HO, + Fe3*— FeZ*+ HOye k=2.7x10351 (2-11)
H.0, + Fe** €= Fe(HO,)?* +H* ke=3.1x 103 (& F1=) | (2-12)
Fe(HO2)** — Fe?*+ H*+ HOge k=2.7x103%S1 (2-13)
RH + OH*—H20 + Re - (2-14)
Re+ Fe¥*—Fe?*+ Products - (2-15)
Re+ OH*—ROH - (2-16)
Re+ H202 -ROH + OH- - (2-17)
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HO, + H* H,0,

O, + H* Fe(ll) )
~ OH I Reactive oxygen
2 N\ species
H,0, ! \ Reactive iron
. | .
or Slow Fe(lV) (Ferryl) species
HO,' \

Organic oxidation?

\ |
I\ 2 v
Fe(lll :
e(lll) . ™ — 5 OH® — Organic oxidation

AN ; e H,O,

HOy' H,O

s

O, " —— Organic reduction

Petri et. al., 2011
W 22-1 3 fa b L4833 BRI EE N NEF BMGE

FRALDE S FF LA AfRPF BEEp A g A R ATy
AIEAF R AR BRE T VPEE T L S AR B SR
Rind A B ojiank o FIREF M E AR PSP RIFILSIRF R 2
BB EF kRS A 10%0T 0 PR 2 RF MRS
# % 1SCO WRAZDF FERFRFFRENBEERAF-F VR -

d % Fenton % F JEP-id 0 IR ¢ 2 % ARG adpd] o Flet A
Fenton-like ¥ it » 1" FEXH ~ A& H & A8 THRE P 0% RBF PR
it Fenton & o & 4 o 4& T A (stabilizer) & kut K iFF it ot v hi
ol BEFENIFREBRICA Y o F 3 A TR G LG ok
e ¢ 7 & 8 EEFL B (inorganic phosphate) iz 2 %< & | (chelating compounds) °
&SRR B ahr i £ % 3 e g I 48 (ferric phosphate) = A > Baciocchi
et.al.,.2004 # 7 F Bor 0 - B 30cm £ A TCEF 4 2 g fidsk? - 1Y
KHoPOs AR i e 3 ¢ 4 seenad £ § t dr enf b 2 i £ 4 TCE en§
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L B ezt i 5 H B85 = 45 & F o Watts, 2006 z"ﬁz‘fﬁ% v #]E] dh - T[#ifjt 4r
7 hematite (FexO3)end 3 > f1* 3 fa7 b A & B 7 BIFR/E
(citrate) ~ # % f&(malonate) # {2 fix (phytate) » ¥ 123 iz = 7fé§fc¢ AR 1
Um&£@$W#wﬁ¥aﬂowpnv<wwm%§%”éixﬂﬁé?&}'°
gt o gt AHAJI IR AL H S e r B E T EF L D
A F AR EEF PR R R TIIEY G ARR k.

Fenton j & Fenton-like i & 4 s e i £i¢ % R 41 > % -KAFFREE > 4
fe gV Al LT R o X 7 ] e FRE o0 08 2 ’J\ﬁ'*’\fe SARICETNLIE T A -3
R AL iEE V& oh ,&Ji,frzm-‘ 5 A3 20%-70% 0 FIZ R B -~ F BlER
pig* P igia *f%’*“%%ﬂﬂ“ﬁﬁﬁiﬂﬁﬁéiﬁiﬂi

Calcium peroxide (CaOz + 2H20 - Ca(OH). + H203)

Magnesium peroxide (MgO2 + 2H.0 = Mg(OH)2 +H20>)

Sodium percarbonate (sodium carbonate peroxide) ( 2Na2COz - 3H202 - 4Na* +
2C03* +3H,0?)

LF TR

[

T HENE g AL F pH i 23R 2L H
K 7 hydroperoxide anion % superoxide

R A ES Y d k- AT AR T URASG 2B
#f W) > f& 1 fe > (acidic formulations )2 @ 44 fz = (circumnetural formulations)’
Pafipe™ kit 5 AR BSBRE o P L K RRIAR Y F 5 2]
T gt @A B I 5 F R (modified fenton’s reagent) o &
fBasegi-Hgmg AL aF pd Ao RFEY AL RIZ I P TR
Efr o 2224 5 i Y F F 0 kgt o

-
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EEET Ll

F T REANE

% 22-4% i F v~ 0 ISCO

% »
ﬁﬁiWﬁL

ey 1 2k e
1 ¥Leni<# ;% (conventional Fenton’s)
o F(FrfR) o MAEILHERF KpHV i ¢ & 4
o EETIMIRIR e  Coincidental stripping i # #
o EF I3k 525% |* BFREF ERLE T LS
N S8ty el
Ui
PEARFE
¢ & VOCs 3
; £ ezl M,
) T S
i it eh%Hg % (Modified Fenton’s)
o iFF 33k 520% |e 7 * A% pH R ELR YRR $2g
I L o BT PR BEEAUSR )
o & % M| (proprietary) A Al IR - e Ul gk
o RifchE it &
. TEIBREYARE K
}—.t

3§82 g
F I

#& = i+ 1 CHP [Stabilized Catalyzed H.O Propagations]

o iEF 3B 1-10%
. #& <& (citrate,
malonate, phytate)

A pH

A S E I e
R

RBLhF Rl
B ES P
F Ik

ERLFHE L ED
F AR ()
& A i 7
FEIBRYARAE K
J L ¥ Fif AP

i % 4% (Calcium Peroxide)

o iF% f'-ﬁﬂjjliifli‘

ML ET b
BE g b

ezl E R 1R R

ERATET
EF O ATE A TR
TR

A L FR U

@ F 1* 4% (Magnesium Peroxide)

o @iﬂ&%%

EFRAouEy 4 F
WwE Y TR
EAERU

FH {1

WA a4 (sodium percarbonate)

o EREEGR
o LB A
TR

WILEE iR i
B4 BfRR #
B iR it

§F ket
w‘\ﬁ&#g/ﬁ%j“lg ]
i A
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F T REANE

222 BEHRBF A%
BERBAFELE G BE RRES -V

a@@@%ﬂ%#@#@%%%ﬂ

FHACEFE R 2E PR A5
ﬁ‘;ﬁgﬁﬁﬁ%m$&ﬂﬁﬁa,

Flt B 41990 # 2 L ARIAE T Y KRB FRE LEE L oo
B AR ALY BAEMBE Y RS FE KMNOs 5 0 BAERPR T
ELENa~Cass Mg S35 252 B4R/ » U B4Rk dn (KMnOy) fr 3 4

4 (NaMnOs) 5 @ fb ¥ LB 4EMBE 8 8 P acd 2.2-5 9057 o
KMNOs - %L AWM PR ¥ A Kk&p 2RARFUE T RARR
Z4%)rkRR - Fla v EEM T R FiE A T Ao o NaMnOs i ¥ ik
ﬁﬁm@m@%%’i‘&m&ﬁﬁﬁuﬁﬁ%%&ﬁﬁos%&%$ﬁ&

FREREAOCMAEF (BRI EINEZIRMIN T €
itKMMhﬁﬁwMﬁ%&ﬁp’&EJMMMh«y{$F%ﬁm%ﬁﬁ
%o dek kOB RAY foo TR BB

£ 225 ¥ % chB BB IL 0 F 44

v 8 g B GRfikdr % GRfL A
(KMnOQOy) (NaMnQy)
Y 158.03 141.93
B A 7 fi i i
75 i3 A (9/L) 65g/L (20°C) AR 2Bk
(~900 g/L)
27.8 g/L (0°C)
AR R L F 1.039 1.36-1.39
(6% wt %3 i%) (40 wt. % 3 %)
[BE-SLaV I i 'ca Wi~ F WEE LS kEF LT G B
B RABSE 2R A

%R L B

ES SN Y-S F

~2-2o;w9 T BAERB 7 B pH

Bn Ay A
double bonds) ~ ﬁ”é(aldehyde groups) & £
7 2&7%3“7 1“-"" cBARFLR F 1Y L A HH i FA
3

¥ % v i -pd g 42 (carbon-carbon
# (hydroxyl groups) 5 # it & 4+ &
Eiobe 4 BT A d AT

d >t H ?fﬁ'% Mﬂfrg%*,q/}\ o & 423\ 2-18
TALFLRRF R L

L E R E

2 -

16
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At 7 AR Al
F RS L

’ J:‘]p /Tét rﬂ%ﬁ’l}di s 7T

SR AR IR i gg

pH<35 MnOs + 8H* + 5¢- — Mn? + 4H,0 (2-18)
35<pH<12 MnOs +2H,0 + 3" — MnOx(s) + 40H (2-19)
pH > 12 MnOs + e — MnOs? (2-20)

é._ﬁ’;&:]"} =3 ®T o, rg ﬁﬁ’i oL K f@'li\_";\‘ 2-18 » g”};

SELFEH A2
Mn# > pH %

& 35~12 g p > A E G 3BT FES 0 P MnOy(F48) = 2
LAY g pHL2 5 LB FESF L ieF P ofdgiEET

M7 B & Mn*2(5% 2-18) ~ Mn*4 (5% 2-19) & Mn*6(2-20) o 3 #5713, h -

&—&mﬁﬁﬁﬁT’géi:iﬂﬁmmﬁ#’%w$ﬁ&@kﬁﬁm%

CEF AT AR TREGNERLEE AP ER BRI

Bpets pH i 2 (pPH<3.5)™ A) % e MnZ* &+ ¢ B £ ch(A & o) B 48
ﬁ’;’fﬂé’ﬁ.—; ’3; it jl"z]’ TR ,’Tn m MnO; »

BOREMS E LA A MPP e
2-21 ﬂff'Z -22 151 #P\ ’ lﬁﬁ’xl"} mp,,_ [E3

B ERCR Y MR E B
r*? Lb%w'ﬁr'#" —T pH IE’ ‘4’% IF—EﬁEpH rgﬁﬁﬁ;ﬁ/,l ‘{'E . 'fL"P‘v S ‘(‘i fi'rr
BB A Bk Tk o

3MnO; + 2MnOs + 2H20 — 5MNOx(s) + 4H* (2-21)

MnOa(s) + 4H* + 26 — Mn?* + 2H,0" (2-22)

BEARS TS KF o kR BRAFEED o

HAF-FrEEE FERFT(FLF LA RFT)ILEFERDF &

o S BERPARERERN EREE BEMRBA ) AAILET AR T

b BARRRAT L F RS o TH AR MABRIIERE > RF IR
ERAT o NABE - blho BAE AP RIS A 3 AR H b

tRoT I B F A B AR F BT TR S




BLHAL § BALE A HAT R 33T 4 #3555
T RiRENE

AL P AIGE RS TG RP RS AP AL R R HF LS
L F R o $Har foig i 3E it EP o BAEME g i B g7 e Ig\'g}\l__éf‘fr'
Fa skt b Mo — F AL A Tl BARR BT AR G PRItk R
£ o FARPL T RIEOTF A DR AR RF R Btk 0 Aol 2.2-2
T BARFA T € 3T B BB Bt ) = TR g (cyclicester) s & F F v § 1€ (747
TR ST & 4 dg Ak (C-OH) S 5tA (C=0) F it s AUk
Wit ed 32l SRR P REDTF L5 F et Ttk
CEPF AT BERBAT L AT AENES g EB R RS
BEFR AT AENE o R A#’%@i‘m? THIRLEF BT
27 A B4 CHy) » 280 2R E 77 < R 2

I e | l
\ o)
C/ Mnoe —C/ \ /O 4.H;’O —C—0OH Oe OHe —C—0OH
| ——t—p | Mn\ — | / W |
G —C<o’ Y H° —C—0—Mn 0y —Cc—0°
N | | | -Ngi | =% |
H H H OH H
- *MnO‘e -
-MnO,ze
| I
—(IJ—OH oH —cI:—OH
—C—0—Mn, M9 —Cc=0
| N Yo ™
OH

Petri et. al. 2011

W 222 BEERBF O LML EFF RB T

Bi2F 4B NOM & 8 & B R A T » MMt s f2e &
PA AR ERBORR A IAT Y DR S ki e (RE R
- BT AR R S R B R PR AR AR X R
PR BT F pd BEERET M -

Rt BAEMBF RIOAE L ABREY D BERPE TG o

2-18
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T RiRENE

§“W—ﬁ LR EBpen ST §F LAY 5 e NOM @ 3 4 A
GRBIER o fed WFPFT LY ESGA LRI E? ONOM 5 - &
NOM wﬁsﬁmﬁi AR SEE R RS A A %;&wm
KARERFEPF o 5 g 5ldeenT GEa fech® i > A F R R F o i

J&&

SEAREMD T LS E o FARE CEF 0
F ORI KMNOs 82 & fid 2 Fenit # AR F o4 ol ¥ 5§ 3
FPRR G G AR PR A D R s § Mg e 3 1R
FPCEZE 453 MnOsk§ ¥ A2 4585 MnOye» & 35 80 VC
FURZE 1052 0MnOsF A2 10 B 2 57 MnO2(s) ©

= % ¢ Y5 (Perchloroethene, PCE)
AKMNOg + 3C2Cls + 4H20 — 6CO2 + 4MnOy(s) + 4K* + (2-23)
12CI + 8H*

% ¢ % (Trichloroethene, TCE)

fu

2KMnO4+ C2HCI3 — 2CO2 + 2MnOgy(s) + 3CI"+ H* + 2K+ (2-24)
% ¢ ' (Dichloroethene, DCE)

I

8KMnO4 + 3C2H2Cl2 + 2 HY — 6CO; +8Mn0Oy(s) +8K* + (2-25)
6CI + 4H20
& 3 (Vinyl chloride, VC)

vy

10KMnOg + 3C2H3Cl — 6CO2 + 10MnO2(s) + 10K* + 3CI'+ (2-26)
70H + H:0

BARFLT N RORARJLMEARY (O Y R F LESEE A F o L R anm
WA 5 B A (F L F A 1575 B 454 47) - % (naphthalene) -
(phenanthrene) ~ f(pyrene) % 5 %> 4 '5» PR LT F L > HY - By
HF AR LAY R AR e R AEIST B FiE

B M R R AT T A B RS AR LRE
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B oF HMRIENG

§ o L HcehPCBSFE T 41 0 B4R R 7 EPCB' faehf »c§ &> i £

FAEM B 1 EE 2 A (G)4eHMX - RDX~ TNT )R] 224 & # (IT Corporation

2000) < fis * B AEFL B T (71 AR PR L RN R B BT 4 e B

AR CRERE AT AT AR p RE R R TP R

222681 ST B EF B FERBA P EHE R 0 o
4226 FGEMBRLIF M o EHE R L

Ve )& N s N 7
PAL L & 4 E #ﬂ;% N FuAg R MnO: 2 £
v ( /ﬁol) (g MnO4 /g of target) | (g MnO2/g target)
T 165.6 0.96 0.70
EE, 131.2 1.81 1.32
R 96.8 3.8 2.39
% % 62.4 6.35 4.64
i 94.1 11.8 8.62
Y 128.2 14.8 10.8
Er= 178.2 14.7 10.7
w 202.3 145 10.6

*Molecular weight: MnO4~ (118.9 g/mol), KMnO4 (158 g/mol), NaMnO4 (141.9 g/mol).

B KPR SR EEPF BT RREY PARE LR TR
E’;J‘JTFFB’?}E:
o BLUEMTWAF LFFLF MTBE-w & A& % 1t ¢ %(1,1,1-TCA%)

%

L 2z
#; BL o
rii

=N

o BT F VM- o AL AT RFAE B ENF CH Lo RIS
Bzt R AR £ 4 o

o 1 ? cAMNOTHK S € "F M TR G o

o Biid P LH- o d N F LA R pHESR > AT L AR
R o

o RILBEMEIPFR Y B RS o

FREARHERRBI0%E A BEHPEGRARBR - EBF & ~ B
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T RiRENE

223 WREBFL AR

SRR T T AP X U8 20002002 & B 4 5 B RGeS

R F R R ﬁﬂwﬂéiﬂzﬁn@mmﬁg¢aﬁ$$@

Frpattge S (S20e%) @ Vit F VA LA A RS LS AR

f&’a227»m%%mﬂ%@rm%@,m@ﬂa’¢803@w;,

AP AT A R R RN > S RLFRAR T A T g WAL F o imhpy T
% eh

FARE T FPEF F A EAERA 0 AR R T B F e i
2.2—8 BT e
322-7T ErpRABER
LR % f2 2 (at 25°C)
i A ik 4% 46%
i B e 4 42%
WAl 49 6%
% 2.2-8iE R4 L
A v ¢ S5 d HH
k35N Na2S20s
R 238.1 g/mol
B fER 0°C 37 wt.%
25°C 42 wt.%
50°C 46 wt.%
Sk 10% 1.067 g/mL
20% 1.146 g/mL
30% 1.237 g/mL
40% 1.340 g/mL

BB EF BRI AEMER Y B8P F RoERd o}
ERARF PP G A TEAKRBO) EF G BB G B
AL RE o 1B G ST V1A S F LR hE b Bp fRF

2-21
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P BRI BT L REL 2 BT F M (S0) 0 £ f HEF P
EERBRT(E°=201V) & - B%E “Hem { £RF RERLL1BT
FETRT 0 QB T A 2 AT B g d Z(SOs) 0 T B
dAPE-HELF RAZ L FF BRb A I ¥ ERRALY F Bt
BRREE TFE o TR E L hRe P kR FR iﬂmﬁ‘*
oy EFREDFAP P g BTSN BN cdgE
£ DRI R DR RERE U E TRLEE WP N A S A i BENE o S I 2l B = 12
EERERRF AEL N AR A A E U ALE 7 AR D A
(SOa)r1 2 & § f & & (OH-)

EEE BN B BF B EFEARBER pHIcF A g X0 3
AUEF AR RS T A SRR A S 1T
%ﬁ—?«frﬁi iva » 4 229 @mp WEAL WA R K Medotm g pH &1 o B

WEF s 2 pH 3 M HAPMEP ok 2.2-10 ¢ '1"77)1“4 fe es it

WAL A B DERT o F edeo 4250 2-270 € A2 2 BAREAT
pod ko RAXS ’?é'Lm*i%f’rﬁF‘q%E’iﬁfﬁ?@mm)ﬁﬁ”%[ﬁﬁ 30-60
Co B 13 2,4 EE F i A LB E B A > B WPl g
F s € F pFieig o

heat
S,08> — 2S04~ (2-27)

%229 A GpHE &

% & pH F
L e S208% + 2H,0 — 2HSO4~ + 1/,0;
I S208* + 2H20 + H* — 2HSO4~ + H20;
PREAST | Gigms o )
8 S,08% + 2H,0 + H* — HSO4 + HSOs-
4% 1+ (pH >13) S$208* + OH™ — HSO4s + SO4% + 11,0,

%2210 EEREEMEC 2 pH M
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F RARENE
R P
d i T B AR EpHE S 311 ApH S 11pF > i
(Alkaline activation) | % =3 £ & Ji(propagation reactions )+ # i w &
i a3 pd A (Liangetal, 2007b) v e A 4 hpk
¥ 5 g i A PHT E A iR B R R (Walsner et
2008) -
485 T ﬂ%&ﬂ'ﬁﬁﬂpHT’éﬁgiﬁﬁ;’ﬂﬁ“‘iﬁiﬁ%’
(Iron activation) FIP S Y R BpH S K23 kp LB SB R
fm 2 € A& o (Block etal., 2004)
ARSI A ERE L BT R LY RT3
(Chelated-iron B f‘f" i FE R4F S = o (Liang et al., 2004b)
activation)
CEIEN PHE¥F G A B-1BF V4 d it 3 2P T Rs
(Hydrogen peroxide v RiEF Y E e AP B it 'f R
activation0 P r*‘] WIpHp g d FenA 4 . g P o
s BB A
(Heat activation)
- PH¥ > i@ mpa B F I enB 887 7 75 » e Block
Unactivated persulfate etal. (2004) £:x Ak ]“ipHT IR NERSELE &

SRR
i iﬁi‘ﬁ?fi*’%éﬁ%%@fﬁé L RiEF B AR R A5
AU BN EAEEEBET O VU ETEE Y B pH T Ao AR
rﬁf“ﬁf; B o BRET IR I FF LB F R TR TR AR
AR niBAEEBB IV LY REEAKER > LY §H AR
Ko Fe(I) & Fe(lll) i 8 8 ¥ & * chys it 4| -
A TBREE INEFR S BB RA DT LA o TR 4 A
&%adﬁﬁmﬂﬁéioéﬁ%%;4%$ﬁﬁ¢4%g,%
xR ’“E’ﬁ Bk f@;r}frrr%‘rm%pp R A ) AR - 4 ok
g A A RENR Y LF il“iﬂé_ingf_égg}é,;ﬁ&gg}
R R E R/ R K
WA EFRALT - Bid A AMELE R AL TR
ek BT A ST d HEE PR SR B(TE AR P
HE BB p d A F 5 F 4o (Kislenko, Berlin, and Litovchenko
1995) -

-

o

-T
\E‘. =
#\4— -\1 L
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¥ HHTRIEA 4

4851 F & (Chain-Initiating Reactions)

S20¢2 — 2S04°° (2-28)

Fe?* + S,0s> — 2S047* + Fe?* (2-29)

S20s% + RH — SOs~ + R* + HSO4 (2-30)
483 £ & J&(Chain-Propagating Reactions)

SO +RH — R*+HSO4 (2-31)

SO4* + H20 — OH® + HSO4 (2-32)

OH*+RH — R*+H20 (2-33)

R* + S,08>° — SOs*+HSO4 +R (2-34)

S04 + OH™ —OH* + SO (2-35)
48k b & & (Chain-Terminating Reactions)

S04 + Fe?* — Fe¥* + 5042 (2-36)

OH* + Fe** — Fe® + OH" (2-37)

R*+ Fe®* — Fe?" +R (2-38)

2R* — 4a&% )t (Chain termination) (2-39)

RAR PR € 5B R o T LB R RS B4
pELF RESFLER G B2 F A RERT(~40TC) mE R A o Bg
X RH L4 ﬁf'/(Banerjee and Konar 1984) » ¥ msgpss i p d £ 2
(X R0 FIo v P Ak FaE R af“éﬁw@*i%ﬁz
RoiRiE i o de B Y Rt pH B IREF o B F 4k b R MRR
I pH BE7 i A% &y A wE RS aIRg o BA @,@Jmﬂb $974
Fip PR icE & o SO0 EMME R LRI/ LG rean FEiLAIG 2
ER R - A Fefri@F 0 Fe(I)B R AL - v PARF % Fe(lll)
et LG pH Fibra 4 hd ERBE Y > A Fe(lll)imwik &2 3+ >
Flb o M T g s R RS T L
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ZEEBEMF

dN T - S g gk R D AREY TR F A UK
RELZ RS FIQHr EERR SR TS o R RPR
(AP ~BIFRR) DL AT 5+ =3 F & EDTA(2 = "=z ¢ fh>» _NTA[
=¥ A= o k]~ STPP[= Raipidt] - HEDPA[Z ¥ 1 o f Batpe])id ¥ *
»rer 2 enic g (Fenton’s)8 4 # > I ¥ 0 g * AT iE Ak B AE 4 (Liang et
al. 2003) -

® B F T

HiBF AR RAREEY F R T OB
Zﬁiﬁﬁﬁﬁéﬁ%%“W° L el A2 L22¥ ¥ &
FFRETIIEAT- B EPEEAERBAE 2B o A Sl ii@?%i’r;'

U AN §RITERRBDE K AL EF P30 FIV

Wt X ARend ;P 5 (mFR3 AF BV ET LR E BRE 4 o @3
L EEeE B AR A A ﬁ d AR ded § P B4R A
AORFUSHABRBET IR A2 A DA

a4

S20g> + OH*  —S042 + S04 + 1/2 02 + H* (2-40)

T TE
Vo fgiE LA ER F A A G pH B A K fphd e
faF it ﬂﬁlépHﬁJa%ﬂﬁwHﬂlai“?gﬂh’?*
BRERpd AFAF R AARERELF P A BRFQHF LY
W;:;,@o FELRN AL EE O F IS RS RARE
AR D (R AR ESRE) S (5% PCB i s B
BT 3 B AP fde % 2T A pH 105 i AR BT LA fR g T
2% e TCAfrg ¢ "= (DCA) > :B¥ A fEg it 7 %> i w4 it e
§ 0 o At p d AR R LA IT > X2 2 AR5 2-28 ~ 2-39
Pt sl s R ok b 30 2 WA IR (SOTT) c H 4§
WERERIIE S oA 2V A g § pd R(OHT) e 4 T
B REpd RADERKET - B2EY G o B RIS R £

d
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IR b ok Al b B AR AR B S T Bl P
WAd AV UAIBFDFTLP 23 L dRF g & it F32
B ool B AEIAE S L8 FER 0 & NOM Hp T (T R
BIEFUh XTI LEF PR FAERBT T & ME S 0 AT
SETY s AP 2EF CRFEER L AN R U3 ERB R
B A RAIES DG RS BRI R AT T RS A

TL ,‘g‘islj E‘f’]'ﬁ 7‘,,{1]‘::"_ o

HAEAEREE L TR HVOC £ MR pH B 0 kP R
dm kg pH & Rtk AR B OE o pH Bl F T % ) 1.5-25
PR ARG T UR I ARG ADI/A A LR EEAEH
oo Rd BB Y o dNF I AL G pH B e 4 X0 T U RERER
mﬂ,d» y By pH TET N A 4“7,]\:* ﬁyx Jm}; ful ’ Ju;p/ﬁ_ Hoo 1B F ﬁg‘
&ﬁiﬂiﬁﬁ%T$ﬂﬁﬁ%ﬁ?%“@%%%ﬁi%#%ﬁ%;

o Fe(ll)i-r 72 5¢* & it ¢ 22 (1,1,1-TCA X)fc? =2(F 7 %) 75 »TiE L s
e > Ra BT ARPEIEETRY BB TED T HeE T4
E’f‘)"}; ﬁﬁ:nr’i“o

o BRI ITY T EE R oI R A R SAT ET 4 Ad
% fain Fe(ll) &2 3E TR B ¥ @iﬁ%lz VA H TSV BB S I
DU IS T § ot E Fe(l) fr Tk iR R A &

o WHMBAMTLEALKPH ER B ERRKE Tk BB Bk
B¥f4e > R Rend EE G 4 7 UF B E ARG o

JRaF RSB E R I P RS LD ERERRE

1840 % ’ﬁéﬁﬁﬂéﬁ%%%*%%Eﬁb%#ﬁib%@WD°

o A E - B L AR F AL 2 HE B4

o EUGF AR d ST G fe/E pH R 0 & BT AR R
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T RiRENE

P /,,Lfrv °

224 ¥ F i i
S F N L FF P ES 37 Rk w—ﬁ R ETFLL
FAMFES NI ETREY > TR DR §H(LF )R ok
(ERAL > B R* B P BB ERBRNARAERIR
55 §ISCO% % F &2 - v EF ek 284 FirERT
% Eo=21V> FE-BF3 e A2 F 0 i8% 5 2Ly bamip- &
¥

FRAAPRABYNEF A B LF F Bl

Pressure

R Gauge
f A B Regulator Flowmeter
EE C)—0-0¢
Ozone Booster
Oxygen
Generator

Vacuum
7 Gauge
Discharge <= g
Ground Surface FJ.'.[‘l Lol IJ:.I‘\ "L

o

Vapor Vacuum
Treatment  Pump O3(g)/Air—
Injection Vapor ——
Unit Well Extraction
Well
Unsaturated (Vadose) Zone ZIIN (v y, Contaminated >
/apor Soil A,
/NN Flow /710 N
Ground-Water Table 2771\\N 77/ 1N\ 7N
¥

Saturated Zone

Oa/Air -

Channels

Ground-Water FIow s

O3/Air
(After Reddy et al., 1995) Injection

W 22355 Ry LEF L ARTAW
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BoF HAREAND

BUEF AP F LF o Y I F Ao BT R £ Al
3 'L‘E‘-’f"‘[v gﬁ\ L/‘l‘mj\‘l‘g‘-f"/ﬁﬂﬂf }\—I?ﬁis?/%)ii# & 5-
30mg/L(Langlais, Reckhow, and Brink 1991) -

FRAF RN LF R ILF F MBI for TR
Sl F s Rl Y R TR B B LE
Lk el i%‘fr@“’{ﬁgﬁ o & i\ m#ﬁflE‘{r}f@I“’ B A AR o ¥ A
NELF DA EET T R C(EBREY L5 )riEF CE (R 5 ol
5 03) ISCOLF ftw v KAFFPHIEE » ff > 2 AR 4ezg i p o
AR 0 BER- L5 AP (blheofs 387) 0% j238 5 OH 4o o

i
X

LEVUIRAFWAASFF R L EE AT A F BT

03+ R’C = CR’ — RCOOR + 0? (2-41)

%3 VAR HFpHS A1 UV RS 2 Bd AKEEE LI5S
oo PEREW LT AL A Ao G LHo A RT S BN 2-41F 4

DX R A G 2REHCS

|

O3 + OH- — Reactive oxygen species (2-42)

- ~ Hoigne , Staehelin and Bader Model, HSB model
HSB model 25 &% ehF b ¢ £- BiEkear bt © & 31 F
MPfau i F o RS REL > N 241 TA 4 ik A O
E HO2 s H pd ek RBAcE 2.2-4 > 4pREF R3S Aois T -

HOzs <> O+ + H* (2-43)
O3+ 02" — O3+ 02 (2-44)
O3 + H" <> HO3¢ (2-45)
HOzs™ — HO- + O2 (2-46)
HO» + O3 —>HOge (2-47)
HOs — HO2+ 02 (2-48)
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=% HiREANG

HO4+ HO4 — H202 + 203 (2-49)
HO3ze+ HO4*—H202 + O3+ O2 (2-50)

Initiation: O4 + OH"

]

0,"" «— HO
DEF)K’ 2 2 02
0," "« HO", HO®,
OH*
(o 0,

Clayton et. al. 2011

W 2.2-4HSB model

= ~ Tomiyasu, Fukutomi and Gordon Model, TFG model

TFG model P35 &3 chk B2y Fens j2Fr A RME T 2 3Rg
7 HOs*r1 2 HOs A 4 » F 2 - BT FEHS AR/ (Flot § A4 OH°
% 03)% 2 @R @HheR (Flt ¢ A2 HO 2 Oy) » 4 FehF il
HOsA2 33 pd A BF R

O3+ OH — Oz + HO- (2-51)
O3+ OH — HOy + 02 (2-52)
Oz+ HOy — HOye + O3 (2-53)
HOze <> Ope + H+ (2-54)
O3+ 0z — O3+ 0O (2-55)
O3+ H20 — HO++OH + O2 (2-56)
Oz + HO+ — O+ +OHye (2-57)
Oz + HO*» — O3+ OH' (2-58)
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HO+ + O3 — HO2+ + O (2-59)

GE s € X FIpHE > R 2 b L F e LB F L B & e
AL WE T REY év’ﬂ@ﬂi%] P B R AR 2 HGF B AR
HFRVMLE AR ¢ & F #% ®(e.g., PCE, TCE, 1,1,1-TCA) ~ 1,4-
Dioxane ~ z # = 4 *%(e.g., chlorobenzene, dichlorobenzene, chlorophenol) ~ #
St E v & 4 (e.g., BTEX, TPH,MTBE) -~ % % = % *# (e.g., benz[a]anthracene,
benzo[a] pyrene, pyrene, anthracene) ~  *F # 5# (e.g., hexahydro-1,3,5-trinitro-

1,3,5-triazine [RDX], nitrotoluene, 2,4,6-trinitroluene (TNT), nitrobenzene) -




B S AR BE Hoily & Sk

t4F 5]

=% HaREANE

2.3 1SCO #Heif *

*FE TL"Q?IJ‘I‘;TSJP
LTRSS
b R A §
Mm% d g
T R L
A

-~

RS

17,

T

7
“~

- B TREZGHME

#H

R h U BT PN S AR LS LR
Ao %ﬁ*kﬂ'“wp@?F"“‘ L 3% 8L % & SUPR
b ZE AN EFF I oA E T ER
TRFAL  AEILY > RS ARF o B ISCO

HR T RT tabs £ 231 ;{giﬂ{ﬂ—jgilw

bk vl g o

GRS

g B i

d g MRS S LS R E R R R S kRl A > YRS
Mo TIRE 0 & fbéf?dﬁ%]é HE3 LY RIMA IS R 24

B G A FE RN EE CRBEG S B o S o TR
Ap0 F OB FEFLP A GG  RREIRT > VEES VA
i HITD g ST FRILR R PR A FAIE (RS S) @
2§ 1 Am|sE JimZBDwWﬁﬂ’%T&ﬁﬁ%§ﬁ4?ﬁﬁﬂi“
F ey Rl A B8 B EpBr i L= RIP S

u£@»ﬁ§Li%:@ﬁ%éﬁgﬁﬂ;;@@mém&’m;ig
FUI A R R NGB T .

A chf CEEA O BF RLEFEH G rEL R Ak kR L BR
ﬁa@@ﬁéﬂﬁwgﬁuzaawqﬁiféwM@mﬁﬁﬁ%ia’é
Mg iy LA f£2 > ¥ U ﬁ_f#f@ﬁﬁlgém&&#’ MiEE L B
FRpAB G bl B CAELAYNLED L 103 202 > FEiES
L gL E g2 10 1B F ﬁﬁ*%%TL@??iﬁ@%%@m%
HMLjr e B A R > BAMRBE AR Fmﬁmiﬁﬁﬁ
FHRERHIAE TREF Lo CHP B G EAR BRI REE & 3551
FTERBRESLAF CALEY F

§OOORE fedE A RS B R R AR R T
TR LG ORE A BT M D B MRS Y T
BB 44 m LF h i£15@3$%’mﬁﬁﬂa%@@ﬁﬁ&$
PEOFFARZEEFERELILTLF
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F T REANE

NRLALE: Dy NNt

ISCO tirerf® %7 £ 5 A LE § ZRIF ez 352 5 I
o ALY S RAFAFRESFVREAREIE DT ELE 0 F LA R
EF R ATEFS 0 ¢ RER PH B~ F iR R R
CFERIAF SRR B (4o Ry P ¥ o

BRI E 22 &7 LAy A ALK RE kg 0 EF L LERRKD
RS E S SRR d > i@ 2 S pd BB AS -
PR B EETG AR RRRBEERKATEY 2 pH
FA > pH3~1L %7 7 fi; & o 65 1 & $214835 o4 2 Fenton ;2%
e > FOR i % 2t pH 3.5~5 2 afbiE i o

LR E 2Ly ATAL - - Z
%%4’F%ﬁﬁﬂ”vméiﬁ“%&%g’%ﬁiﬂiﬁ$ii

FOURFZERE P FHRPES A ET D
AEEPHRSRP R 28 CAHE ~F WA AL AR
fag >z g daEd Hs v § (4 7 (oxidizable matter, OM) & & 2 if 4=
Boa UI R AP E OM 2§ CHEHL T MG RE
(50|I oxidant demand, SOD) » # # ™ B4 @ *rZ 2 SOD #E &8 > @

WAL @A) 1 SOD F # 8 2 uf&%‘t o pteb > SOD ¥ F 1 Wk &
bem Ao AH AMBEE FHRE Y SOD s g4+ 0 K F iE 90%

PHECT ac F] k3¢ e SOD #7if 4205 B+ i rde L 4pE 0t
Az B E R T F A 2.3-3 41T o




B L R ALK S

EE R

t4F 5]

F T REANE

2231 e ¥ LF AR

%3 313 # Bk
L R S L m lRfE
W 7 RERE WO e f BRI e s
B X3 vRHRAIFEFHE AT RS 2 8K
L e 2o FAT ag) W
A m m Aok s B AR KRS
AP
B FELFALIPE B
24
B FJZX R R m S RAd - ERZGA
e~ F EEHEM R IRHE
Wwx tal/ v e L b e o
B 33  vHRALFES FR pHE* R
o 2o ¥ T [ ] @ﬁ%ﬁ&%ﬁf@’ 1% e
4%@11?
B FREARE D FAAEZR S AL URFHEE
i égk%i%ﬂ%mg
B i ASEHERE > VR R @ﬁﬁ%@’@%éﬁﬁ
B ARfL 4T AR R € ER: 3 TR
W pHiE * # FIR m $SOD
S L A AP e N 1Y
SR A
Y] m G
AL E |, EjﬂﬁOD B FRiEpHER L -
e |MOF IRl ARRE 0 T O A
AR R E
W pHiE * £ FIR

3232 3R AT

(#EF)

#F2F R

AFAE (B8F) § 1R
FEE (A& #FHA) WA
Ny BB - BB
AHe BAEMRD -~ BaER
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=% HATRIEA

2233 /¥ LF MR EFE BREFS

pH/d& & RTAR FoRG RE

3
7»-
S
(¥
\E‘v ']

W

\\‘!"
N

11y
iR
=
|

(w

35~5 & i%

3 Gk do

XRE®RAPE T
#FFOpH FRR L
% pH 3~12

i e

LGRS T
#F*OpH FRR L
4 pH 2.5~11

¥
¥
i

S5
i)

A BlAYF AR | EREHRAPE T | RLA R [ HF CHF R EEwDY;
I il T PHERRL 2R B RS | B TRABET A
AEAf WA ARENANF 7 [BUAF & | 5ot T RE AR
c o | CEBSTRL A pH ERAL | B LI
LWL 53 g7 o pH %L#W..:,&"E’rg_ ’ g,vl,x
AR S 7R fRAR 42 A
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F T REANE

ERRE: w_iJggiﬁé ggaﬁdgl% §]
My CEFEFRT IR S ToRAVRY B B F R
R F L R E > RIS AT UBEA L ISCO Hug ¥
Mo RPpS AP R A G SHE TR N T ek 2.3-4 7T L
(=) %-#%F - ¥ 7 AI* ISCOF i HPdk g 2554
Ip % NP NISCO 3 i T UAJLE A A0 T 2 g K 3RA
TR ERS A EEFRF T E I F IR ERG -
() $=%F — 7 AR ISCO EAF > e gn FHAEAE 4 M
&«wﬁﬁ%#ﬁﬁﬁwliﬂﬁerﬁﬁ &AL M AlEE R
P fRATE A A RN A v A R F T ISCO Ao
B5 A g R E G AR E gt o d Y 815 A4 a2 15 1ISCO
HRT Y R G HEERECD  FI Aok Bk hb 5 4o S R E A
B & ISCO ehj* + 3 & § 5 % o

% 24-51SCO 2§ * 25 4% * RA

Chloroethenes Chloroethanes Heavy metals
BTEX Chlorinated/brominated | Radionuclides
TPH methanes Inorganic salts
PAHs Explosives (RDX, TNT, | Perchlorate
Chlorobenzenes etc.) Nutrients (nitrate,
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Fuel oxygenates NDMA
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Chloride, VC)* 7 & ¢ &Rl sg g &% @ * > aw & it g (Carbon
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o

i

% 2357 & 7 %3 B @3 i B4 (data from Montgomery, 1996)
Saturated compound IP Unsaturated compound IP

% ¢ = Chloroethane 10.98 | % = % Vinyl chloride 10.0

12-- % ¢ = 1,2- 11.12 | Cis-1,2-= & ¢ % Cis-1,2- 9.65

Dichloroethane Dichloroethene

# i = Chloropane 10.78 | # 5 % Chloropropene 10.04

= % p = Dichloropane 10.87 | = % 5 % Dichloropropene 9.82

% 7 '= Dichloromethane 11.28

= % 7’z Dichloromethane |11.35

% 7 Chloroform 11.37

> % it & Carbon 11.47

Tetrachloride

%236 e LF CBLP TSR

FRRLE v A2 AL f2 &E A TR
PCE - TCE-DCE- | DCA-DCM~ | CHCls - % 8 # -
.. | VC+BTEX-CB- PAHs TCA ~ PCBs -
“* | m . MTBE-TBA- ccL4
RS
TCA - PCE - TCE - | DCA - DCM - CHCls ~ % Al
w5 g | DCE>VC BTEX | PAHs - PCBs-
" .CB - % - MTBE CCLs

~ TBA - {'g;{"g M F
% ~ 1,4-Dioxane

PCE ~ TCE -~ DCE -~ B R A | CHCI; ~ TCA ~
% 4Epa47 | VC -~ BTEX ~ PAHs PCBs ~ = # itz
S RS
PCE -~ TCE ~ DCE ~ | PAHSs ~ # 2 | ~ PCBs
FE B \{C - BTEX ~ CB »~ R E
f= ~ BTEX ~ TBA ~
1,4-Dioxane
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Bt R BT FHRT RERE RIS 0§ RS E A
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ks 4 BB (dynamic viscosity) [M LT T
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k =107 m-secxK, sk =107 cm—secx K, (i 203k

K, : mAsec!’ “em sec? i 203K
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B I AL M B S (intrinsic permeability, k) o ¥ % o 2] 5 3L 4
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B¥H* ISCO #iFns 44 ¢ 28 F o pt g iv & 4 (Total Petroleum
Hydrocarbons, TPH)~ 3 # & B 424 123 #4 (Volatile Organic Compounds,
VOC) ~ L35 147 ¥4 (Semi-Volatile Organic Compounds, SVOC) ~ % % =
4 %% (Poly Aromatic Hydrocarbons, PAH) % % # B3 & o A 3-h A A1 >
T TR NEFAPERLI PR - R ELo TN AT 2
b2 54 Z BN X RJZGIE P o d 20 ISCO ¥ T 85 44 5 248
B EJE BT FIP R A0 TRE YT G BS54 ARt £ &
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FlP 0 A R RS AR THRET A TN AT ST AT R ERD

23 4 ¥ (soil partition coeffient, Kg) & & it &4t 2 S 5
BRI L G hie 4 o Flt A T HSRE T 0 2Rt 81 £ 4 (nonpolar
organic compund) 4 # > 5% f2 ik B (Cw) 22 e vk & (Cs)z B ve & e dic s

SIS 2

K, @ 2 3% (sorption) g 4 fz (distribution) 7

W BIRRR
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TAT R N-FMAAPFRRHEHKY AL ERSTE S R MY
o A K, 0 T F 4% Dragun (1988) B 3 K, &7 K, 2 B caBf B8 > 35 8 K
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K, =K, x T,
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Ky 23 A feizdic
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2 EF BREE

P P RO () §RBEFLCEF ARG F AP SR P
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AN GRRA R | THERE A kem) | FLKE | RO
Sandy gravel 1.15 1633.9 0.35 5.33
Sand (well graded) 1.15 1601.8 0.25 5.33
Sand (poorly graded) | 1.15 1601.8 0.35 5.33
Silt 1.3 1521.8 0.4 3.35
Clay 1.3 1441.7 0.45 NA
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v & % B (kg/md)

He g omBpARIFERL 1,000 I HHEAE LBETFR S L RKITHR
BIE FARS AL TR R o T F RS HoeniE L A
% E > FHEFRVERLIFEFIREA L DORp L EF PN e dlR
T AR M T ORI L EF ;;mm;:ifggigau » #1 USP H20;
FlLRAp R BATAER O P 2 B ehlFenton - LB 2§ 0 ik

o TRt EIA B (KQ)=HFH (S F 1 RIR R AR (MA)X L ARk R
(mg as Fe/L)*10%(kg/mg)*103(L/m?)
o HFRRRAMI)=F S F RBR A (MY)-F 1 A H R (M)
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P ¥ fL?‘fI?‘ ?an’ﬁﬂJLf;i; iﬂftj%l]ﬁr @i A LI A Rk
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Fenton 33| 30% 3% 10 . 15
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o  FITER(hr)= § ¥ #p *¥ F(mM)K ¥ @& F(m/hr)

1 053404 B2 S

I ET 2% 2 & & (mihn) 5 4 (hp) R A A
YTy 381 150 5y
Y 7.62 500 0
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FHE B & RREE S IS

e v R (Wh)=3 ¢ (hp)*H (R I (LR
AP oL A RATE A ST Ao o SEFA R E L & 80%
& 0.7 -

FERFEFFEMTREF LR EY DS 4 oo @ X A& E

BB A B e B B3t B i F(mithr) o & irda e T
2~ I IE 5 (m3/hr) B BB n AL "l;'i”fﬁﬁ FERTE
BB PR ALEIEEFGN RS FNEFENBELETE Y
NSNS R AT o

o fhaiE F(mdhr)=5 4 (hp) *3600 (s/hr) *746 (W/hp) *I] /9800
(N/m3)/:fﬁ 2% & (m)
FPoI0MHE B A3 mEREPRF AL 3R AR
dreF e > 1995 SEFA 2k 3 L TR 7 MiBEK 5 0.7 -
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)% > 4o 9.6-1 #r A o FA

71 GSR 3E 5 A ot i
5 % 5 4o 9.6-2 F o
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iEw GSR ;

LR o Y ER
Bl - T SR <1 A 1A

L GSR&F M EHFFE
: ;,-‘\iat_ﬁﬁ EEE HEE
{ @t 5
WV -
IREE fEHE A HE®
1,048,192.50 4,192,000 BATIRASKIESE 00833
kg COZe | RASRRGE) 2
7,242,420.36 S ihfE{EeSMA 83,812,000 5
gNOx. (J-"E)v ;‘é‘liizkéﬁ!ﬁlﬂm
886,834.60 BRI 6,955,473 5
gSOx. » GT) BRE2EER
gPM10 166,225.56 ~ WhnfB{ESEINGE) 4,192,000 ®E 1
MJ 14,954,676.43  IfREEEmN) 6 1B 1
- = - = 85k 1
EILIRE
961 HE-EH AL PITLESE
LARFHESR Gzl
[omus | J
AE-EE—HEL AE-EECEnEE AE-SRZ TRER
samss 418 397 153
ZamEs 288 207 42
HEESEs 264 264 217
as a7 368 79
g syEEER
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| B mil O
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9.7 H@E IE!;#F, % (Best Management Practices, BMPs)
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=5l BERRER
—— ASTM 2013b
] ¢ ‘/
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THIEK KRG
FaR ASTM 2013b P
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S
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s E3 25 v VRN B
7 IR e * R
i A e 4
i%fﬁ%%vﬁé an | > v v v %ﬁéﬁGwm
G #37 GSR & & T A
?Wﬁgﬁ%img’;gg S ap v €k LB~ £
Rk ey P ¥
EOFR RSSO | FEERTAE R b A
BR | HREARERRG | AE | AHEER v v ool
R " ]
FOUEEF M
o ] 2 3 TR T F
e B A Ly W A * K
ELREIIEE g apea e RIRAREY T+
VEREH g | EEE LR
L1 f/‘t’ﬁﬁgi\"gﬁ
ok I
B R Fn gl S = 1 e g S b T
. BT HE AR P AT B2 2
R | Bk gL Y T | R f:g FHAER oot ~V§$§1 .
IAHEEL T T
AR N BT E A
% 4 & | (asymptotic condition) R EF SR P TPERY AR
o ) ) | BB ) - v
gl | PR R BB SR Lt A TARCE
FHLEA S F R
oK 2E W SRR S
RIF) | H BLOKIK K R R F AR 'ggfgggﬁ
WA | AMAI PR RS | RE | F B v v o
s 1 B SR MR
=¥ = R
B g o s e e o s N I NPT
E Tl ) B ""1‘ 5ol j 51
, AR R Sk et e
G T2




R HACE: A E B Al 5 H 45
BAFE HERAKREEO
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SUEEL SF SR S F RE N 3
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TeE B > LGSR AR w 2 B R (DEHTF e A
i~ (R M OATH T 0 T 1 F IR IR B AL § & R
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*18 % F %4(green house gases, GHGs)#: % 5 &) » 7 I+ § 1 & & 7 | ehi]
#3580 H GHGs #£3%3 2 < enL B o Gi4rifsE i 49 GHGs £ & ) 5 4
ton CO2/ton KMnO4 » e i sifa 0 5 1.25ton/ton ~ H202 R] 5 1.2ton/ton > &
L5 enfledt e ¢ {8 0 pFgs ol W 8 F BT o
DRAENE o Tl AR Y B 2P ZR PRI E S IGRaGER F R (T
Simpkin et al, 2012) -

£ 98-1Mp LB F MHEE AL B ERL B

EEE X foo R
BEETREY FASOTE 0 TR | B ERY A2 S GHGs #x(drk
ARSI R MG I £ SLES )
FULR S OF R QIR RS | BEEARY B3 Sg§ 5 (e
EICER R IR LA LR 5 VA At A B A A L)
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Ref: # @ 4 T.J. Simpkin et al, 2012
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£L% Fisd Al

BEBL G AEARY > LR AEE I A VRAENEE - B
R R N R kLT ERLE
ZTAA ZEP TR LAY NS LI LE M A2 P o

P e A B X PSRBT ER I PPE s AF ERP RS
SAREPETRG v o RS R L P E Tzl fF 54 > X
BE - RAFER A LR A o

10.1 $g% i B

AAGET B IS Ao A RS REE o A S S A
TR E I HmAE S E 0 RS AL RR 4L E R ¢ (American
Association of the Advancement of Cost Engineering International, AACEI) ¥+
WA AR AT I AN SRR FIREFE Y 2k a R 4ol
10.1-1 -

7S
N0
-0—100%0 2% 100%
+30%
Ak 593 wmaz 20%  sman +15% 7 1b
448 10~40% S0 30~70% -15% 50~100% -10% 4 %A
= 0
-50% | wIOER 0%
ﬁ; Bz &k pA oL
X @

v)}% D gz p Siegrist, 2011
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W] 5 aE AL e BRI - 2 4 G F+100~-5000 0 F T IURD AL R E

— AP ANFEANT TS AR
2

2 G fk TuEd o

Bl fea iTY > 2Fn] 4 NRER 3PIRY o0 M 4 EIF AR S A
RV FHPIRE STV AR RGP Y > FAFR S 9F A
+50~-30% © A7 %] 3 L REEm AL B F & A MR P iE 2 2 A o il %
AN AFERFPAERF AR 0 27 FEFE R F X ;Hiléi’«ﬁ'%%“ o
Xk M A G +30~-20% o

iﬁﬁ‘iﬂl 238N 3 F AR FOR ARG E > IR 2 Fﬁ&é)‘fu“ P 0

HEEF FCREE ’%i?%ﬂﬁﬁ%@ﬁ44$iioﬁ

Bpal 1 o A B A ARG ERPRED0E (g REE Z L R 0P
BRI EHTE) R RP TR ke E 0 i ¥ AR
1o A B8 E G A+15~-10% -

ERREH AT FEFTHEF ] Ufrss+ A & & 45 3 (USEPA,

2000) » 7 e A A T B 2w Sy A el o

\\\Xr

=

102 & &5 E 6l

Ao b - G5 REER A B - AR A ANGE AR Y 54
BHER| A 5 o d A F NN B3 el BRI B Y R S KE PR
BERLE Y5 A 47 U RPN A KRR A ARE - A&
BB R S AR R TSR F A AR p - B 5
P o

‘ﬁwgﬁd)@*ﬁﬁﬁ%i’%*ﬂPvﬁa 5 L Hak o 4
10.2-1 #cit 7 3B B HFak 5 AR~ 0 T IE 2 % 5 £ 10.2-2 F7 i 2 Fruk e
PEA K frBk > @ £ 10.2-3~10.2-6 Pk B mens AP fw > £ 10.2-7 B
SHAAGE o T HHPHE S BERFR IR T BHFHAESTLRE
25 B o @b L LEMETE BRSBTS - L
TE S R ERNFR XA A AR I ENFFCLPE L 0F
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# 10.2-1 B3R Fuk hprin g b

X Gk R E
° Xi%ﬁ_gﬁ;{"{ c’i;.—rj\mm%,tﬁz;,}r} R
(CVOC)k A& B £ 3 0500mg/L » 11 % i 40000mg/kg m,ﬁ;)i R "
WIHA R o ¢ A& .
] N = 3
o LEMHD A AR A 100x100 F ¢ g FIR 055 43R | %&Xﬁiﬁﬁmﬁ
T 103 30® 2o ‘
o X ERim A DNAPL
Lj’«' ‘_’/ M3 ); 'l/'j—' y I 3
PSR LT AR R kA S AR g 4 1030 R
o BENFIIHRAFCFEFTE -
T & B R

o kit

o THFEHREEMSG

o K% EAFH 50 3% RIK
BAZ RV CVOC ey H &

% 10.2-2  $RAR ok it o

$ AR RR-E R

Sal DX S B F P ENg

Hik R F LIRS 7H B S - 0123456789
LS AL T -

1L3n % F 7

R

PR TKEALRREER 100 ft

P T RELRETR 100 ft

EARP TR 10,000 sf
TR IR IR 10 ft bgs
ER L 30 ft bgs

ek B R 20 ft

BILF 0.4

275 R TR 598,440 gal

LEHBE 110 Ib/cu ft

AR A 7407 cy

AAIEDTE 22,000,000 Ib
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%+E e RAEE

£ 1022 FRA R P FoBR PR ()

RN TR S

B X Hn %% : P.Eng

FHEE LR ‘JE P S5 : 012345.67.89

R

2.5 i A &

E g i A gl ]
FL TR L I A AR 1
P EMA 598,440 gal
PHELEMA (k) R AE ) - Gal
A ERTER 598,440 gal
PR 10 gpm
SN SEIPAE 8
A ERET(]pER) 8 hours
R Na 16 days
ERREE FR 4 g/kg soil
ERE L 88,000 Ib 17,632 mg/L
;);g S AREEAFLLE | TR - 44,000 Ib
fa e i 8 (S A E = N/A — Ib
IR AP S
R
2 R EE 20
2 AR R g 5 by 5
# i 25
AR 30
CRERNE A CCL I NN R 750
Aoz $or
EREES 2 25
BayrALE
3Lk R T
SR 8 in
B E 9.69 cy
BAFFEICE R 36 55-gal drums
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%+E e RAEE

£ 1022 FRA R P FoBR PR ()

RN TR S

B X Hn %% : P.Eng

FHEE LR ‘JE P S5 : 012345.67.89

o Ly

LR S I 3D

LR 0 ft

P e in

FUER :

B AKEKE cy

w3 cy

BRI EE cy

4% 0 k3t

AR E R R 3

AT TR R 30

AT E B (U BRI RS 90

A pop g~ 5%

ER XS 2 3

BRArALE

geit 2 R o

L SR 8 in
- 1.16 cy

B p oy BiCE R 5 55-gal drums

FH R enE R Y Rk 4

F AT B 4

FEHERLY &K 16

BalE S E v 2 mE Ak 1

RrEEH AR 24

5.3 1 pF ¥

HEit g3 ME 840

drpE (7 ) 100 ft/day

GBI B K 8 days

BHK B Wi R (b v) 0 days

Rk ME 0

ToEE (0 g HirrE) 200 ft/day

Bk 0 days
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%

+#

i mRASH

% 10.2-2

F ok ERR-E L 2
-k ¢ X F-hk

EORE

A K 3 o Bk PRk # 50 (3)

‘sﬂ‘%ﬁ : P. Eng

ESRTY

: 012345.67.89

WHEFITR # 2 days

B 10 days

6./ & pF

FiEfrm R E o < ¥k 2 days

A BT 16 days

HHERE R 50 hours(fgzk @ # v 2 1 [Pk ¥ > 1] Prechy)
B X i 18 days

THE (8 s SRR P

R 28 wells

gk 2B e A 9 days

R A B R 1 day

Hrak fedp * #ic 10 days

A tbgs-# & T oocu ft-2 2 E R oscy-2 2 ft-mt ogal-4e s oo gpMm-Se A F A 4B 0 in-E o Ib-Br o If-E

ME e s sf-T 3 e
< ;nge : Siegrist, 2011

A BB 4 s
Fuk ¢ X Fh

TR & LR
PP LS WAL T -
P [1iE

RS

Fo e

Hmd AP m-F RS AP

012345.67.89

Exfrsy

5 1

i %

G ARE Rk

ea

$50,000.00

$0

y
-

)

e
2w
ks

i

R BRERE B

3‘”‘;

I
"
i

$2,500.00

$2,500

J—*ﬂ Ké%t

A¥
P

X
et
It

750

$50.00

$37,500

Sch40 PVC

-
S
3

R
g
It

25 ea

$400.00

$10,000
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B L AA K BG oAl 5 #3455

41023 i AP in-FhE A

e
<
—
—~
2.
%

Sk EER-T AL

‘sﬂ‘%ﬁ : P. Eng

‘JE P S5 1 012345.67.89

E 5y

ool 0 | If $40.00 $3,600 ¢ % ums
Y 1| Ls $2000.00 $2,000] © i"fgg@ ; :: ‘
TRl oo 3 | ea $400.00 $1,200 s 3t

xR TR 28 | ea $30.00 $840) Bg AT £ 1
IDW * # dum 41 | drum $350.00 $14,350 '&f;ﬁ 3;;3 ‘
g Ace B AE Y (0 ) | 10 | days $624.00 $6,240| *+ *:’i’% ;g% ?
g1

1% T 125 | n $70.00 $8,736) - x 12 ) %
T 56 | h $70.00 $3,920| a5 v # 2 | pF
P 0o | n $90.00 $0

- $90,886

I TRk 0% | of $90,886.00 $0

2 0% | of $90,886.00 $0

R 0% | of $90,886.00 $0

T3 10% | of $90,886.00 $9,089

AR g 0% | of $90,886.00 $0

- $99,975

SEm 8% | of $99,074.60 $7,998

23t 15% | of $99,074.60 $14,996

1 5% | of $99,974.60 $4,999

- $127,967

G&A 5% | of $127,967.49 $6,308

T 5% | of $127,967.49 $6,398

e $0

PP 15% | of $127,967.49 $19,195

S $159,950

JRPAR 2% | of $159,959.36 $3,199

T 8% | of $159,959.36 $12,797

WA $175,955

A lea-F B G&A-— i foiTic o h- [ P o IDW-2 & 47 W @ 4 o If-3 823 ¢ » LS-4,%F » Sch40 PVC-40
5. PVC #
< zlgie : Siegrist, 2011
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41024 HEwE AP m-§- EFwIE RS AED

Fh e H BRI~

B X Hn %% : P.Eng

Gl R T L -3 \:a P % 1 012345.67.89
ENE R Pt - PEIPNRE

ol | gE e ¥ 7 1 Lokt
*

R Bk
B TR R
O - 96 | h $55.00 $5,280| 2 % 4 B - 3/
VOC/MNA/¥ £
BT R S 4T 24 |5 $450.00 $10,800|~ 45 » ¢ 5 QA/QC
% e friicip SR E
FEY 5 4 |round $500.00 $2000.00| # 7 425 0 E
BT KRR A 4 |round $1,300.00 g5,000 ¥ FEEE CRF
kR - FT
L0 ToRER Y $23,280
R
¢TI RE L
Ke FARFoERE( P ) 2 | days $900.00 $1,800| ~ ¥ f:féﬁﬁgﬁr?
§ B0 b $1.75 $154,000) & § i i ek iF
] 0 $0.39 $17,160| 25%NaOH 7 7
e 3% T2 0 | Ib $1.30 $0
L EACR AR K AL 16 | days $100.00 $1,600
AEREF R 16 | days $6,000.00 $96,000
1 AREFLR e BT RS 160 | h $90.00 $14,400
Wk BB R r (- Zin (6 E) $284,960
AE (Y- ) 1 =
RAER $284,960
F 2
1AREFLK Y B R R 160 | h $90.00 $14,400
FfB P 20 | h $65.00 $1,300
CAD % B % * 8 | h $75.00 $600
BT $16,300
A ER oL )3t $324,540
THEm 8% | of $324,540.00 $25,963
B A 32 5% | of $324,540.00 $16,227
w1 g m 0% | of $324,540.00 $0
- EF T feE R $366,730
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BLHAL $ B AL R A Hoal 4 F 35 5]
F L RAEE

1 ()

4m f

% 102-4 FHwr rP -5 - BRI RS A

RN TR S

B X Hn %% : P.Eng

TR EARE ‘JE P S5 1 012345.67.89

G&A 5% | of $366,730.20 $18,337
RSB 5% | of $366,730.20 $18,337
i $0
BEF 15% | of $366,730.20 $55,010
5 - EERfeE Rl $458,413
& iR 0% | of $458,412.75 $0| R Fhx A
7 8% | of $458,412.75 $36,673
- EEIEeE RR A A $495,086

1 CAD-T "o #f B3 3+ » G&A-— #fe oz » h--[ BF > Ib-FF > MNA-Z B[4 p A% & > NaOH-3 ¥ it 4 »
QA/QC-% & F » VOC-HL# |25 i & 4
< )l% : Siegrist, 2011

#1025 #HwAiPwm-5-ERASZERWIE]

bl
2
%
s
‘Q_i"

ki B RK-E 4

B X Hh %% P.Eng

R E B % © 0123456789
ﬁmiﬁﬂﬁmﬁ#i»ﬁ

R NEN R e 0§

52 23 E Rl

BT (B - &% A0) |50% | of $23,280.00 $11,640
E(R - E & A %) 75% | of $284,960.00 $213,720
(N E S A %) 50% | of $16,300.00 $8,150
LOERA(E - &4 A .%ﬁ%) 50% | of $42,190.20 $21,095
S EErEEEE $254,605
G&A 5% | of $254,605.10 $12,730
R A 5% | of $254,605.10 $12,730
i of $0
Rk p 15% | of $254,605.10 $38,191
FoE@irREE )t $318,256
£ 0% | of $318,256.38 $0| Ar T FALA
3 8% | of $318,256.38 $25,461
S aPEieT RlRS & $343,717
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FLHAGE: BAC 6 He iy 5 H 45 5]
5+F BARAEE

%1025 HwF AP m-F-EREZ EFSERE *F6((H)

Sk EER-T AL

‘sﬂ‘%ﬁ : P. Eng
‘JE P % ¢ 012345.67.89

g Hi H iy [ Ekfr 53

E R 3 ]
BTOREH(F - £ A%) | 25% | of $23,280.00 $5,820

AE(F - E A a0) 75% | of $284,960.00 $0

2 (% - &2 A 0p) 25% | of $16,300.00 $4,075

LERB(F- E & fﬁ%) 25% | of $42,190.20 $10,548

FZEEFFHE IR $20,443

G&A 5% of $20,442.55 $1,022

ErIED 5% of $20,442.55 $1,022

i of $0

AT 15% | of $20,442.55 $3,066

FZEEFE P $25,553

L ¥ ith 0% of $25,553.19 $0| g Fhax A
7 8% of $25,553.19 $2,044

EIENE R B e I R S $27,597
FoEASZERFHE RS A $371,314

2 F% : Siegrist, 2011

% 102-6 3w AP - SUMF S A

EENE LR R

Bpb o X HhL

HES R AR B 4% ¢ 012345.67.89
WP AR B A A

Pl | HE= H i f ERfr 5
MER A

RS

LAElR e B TR R 80 | h $90.00 $7,200
Sl 16 | h $65.00 $1,040
CAD #i4 i % * 8 | h $75.00 $600
ER N R RS $8,840
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HF+FE

i mRASH

% 10.2-6

Bk RR D L
-k ¢ X F-hk
i‘;‘;f‘\;—;’ = :4'54‘)57%{”:'

LI @Elﬁ _Ef,_gi/f[_)“iJ

L £ 3

B2 B R ARR

‘sﬂ‘%ﬁ : P. Eng
‘JE P % ¢ 012345.67.89

H i%i

EACER NN R R N IATE o)

& i fe 3

Bk L H oAk T
s 28 | well $300.00 sga00 "I IS
Bl V% 28 | well $30.00 $840| B K # ¥ LB §
KERR 1 | dat $500.00 $500 PID
B i 1 |week $200.00 $200
B BRERRG $9,940
WL EEpL 10% | of $9,940.00 $994
e 10% | of $9,940.00 $994
EES fmrb FlA Rk 0% | of $9,940.00 $0
TR Rk 0% | of $9,940.00 $0
—?1 83K & 2Rk 0% | of $9,940.00 $0
B B ER RS A $11,928
R N $20,768
TEER 8% | of $20,768.00 $1,661
Hped §E 15% | of $20,768.00 $3,115
%1 e 15% | of $20,768.00 $3,115
MBS A $28,660
G&A 5% | of $28,659.84 $1,433
e 5% | of $28,659.84 $1,433
i $0
EET 20% | of $28,659.84 $5,732
[ PR N $37,258
RO 2% | of $25,553.19 $745
o 8% | of $25,553.19 $2,981
R NS $40,984

iZ : CAD-T Madf #4383+ > h-]
> }i% : Siegrist, 2011

PE > PID-sk g3 i e 0p) B
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B L AA K BG oAl 5 #3455
%+E e RAEE

41027 BA kol

Fuk ¢ X Fh o=t —"ﬂ‘ : P. Eng

Hh & F LIRS 3E P Y%t 012345.67.89

DR X WA % of total

RN CED $99,975

R EE $7,998

B $14,996

w1 F $4,999

B~ fi 85 5% $15,996

i $12,797

& $19,195

BF AL A $175,955 16%

EREYIE R

B TR E R $23,280 3%

A% $284,960 36%

w2 $16,300 2%

& ¥R $42,190 5%

B~ fi 85 % $36,673

o $36,673

k& $55,010

$- EEY LR $495,086

e R o R

¥ EIETRArFES $288,522 27%

¥z & TR 2 $55,195 5%

EE: $27,597 3%

FlaRE B E F ok Rl $371,314

RS

WA 2 $8,840

B2 Aok K AR R $11,928

& ¥ PR3 $7,892

Ba -~ f~ 89 Fg $3,611

%o $2,981

s & $5,732

M= A $40,984 4%

W A $1,083,339 100%
$146 AR o

B A $1,047,220
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FLHAGE: BAC 6 He iy 5 H 45 5]
5+F BARAEE

bt bl enb] S R gk o 2 AR AR 4 s A e
% 1 +50%~-30%" > ¢ F RS s AEL A& R FEE MK PeE T

i3

T AEPIENELEA g o TR BES AT G e LRSS
i;;f,;,gf,a BEGLEER s R ahm e ﬁfﬂfﬁmﬂ&,ﬁfr CEGE TR eI 5
+

EE s L feE (R R R~ 4 A K AR Ao KK AR
?“’%ﬁﬁﬁﬂ%’ﬁPm%&oﬂw\W$% REEELREE Y

g ey AR AR EER T A LT o e 3 )
ARFER B RT ﬁk’»;ﬁséﬁ;ﬁ’;ﬂ: GOk Bl BT D
T PR EFE T B0k G EFFF 0 Ft o L VL RISCO &
f“gﬁﬁﬁﬁﬁioi%ﬁ%%w&%%*ﬁ%%ﬁ§pﬁ&$$%§,

Hmens AR IERKS T ARE K EE n%' £5 5 & kb o
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FLHAGE: BAC 6 Ho iy 5 H 45 7]
B+ —% RO

FL-F Aol

BN @ * ISCO 2 (7enda? &> > X 554835055450
(¢ ZAcib b~ EEREHa) > £ A& E ISCO #fe SVE 02 2275 4%
Lo AFEP AW EPN ISCO & b5k A2 N FREFRE 0 ]

U TS L) L R E RN

- ~EuHEaF R

iij—il. ]ﬁx]]}\"‘ BTEX/?-#J%Y/FJ]"&«}"%‘;[;L_’/‘5_4,%;&”]15 T?ﬁf%ﬁ"
KETﬁﬁi*&ﬁ’%ﬁﬁﬁﬁ%g$igﬁfﬁﬁ%,giﬁgﬂ

68 = 1& i JFE*: "ﬁétiéié'«o"4@4‘[;‘[},3&53{,3;&4»};6&5,
'“EI*F”*% L b 5 F 2 S p 30 2 A A TR 4ol 11101
BTIn o Hrph 3R %’T‘%'Iii SRR AT RAe AT = R A E

v

SAdg NEL o R EATI 8 N it SR F#LEELT BB T
70 > San? B2 Ad mF) s BAd BT BANE e D RE R

FUB A 054~ T4F 3 0350 e i K i B 1071~103 cmls (# - 2006) -
Bl® P42 P6-keg £ 5 53cm - ip$HEEZEY) 5 40 mo 3= T ok fiﬁ'#}%%i’ :

ek e FOF 16 2 B Tokie ERESFR M
ARSI B AN (Ao btE SRR R o BTl ok Fp T

RESPRPNEE DT cHR YR ARAFAERI A 2
ﬁi#”i Kﬁ:“ o

11-1



BIACE: RAC KB Hodr 5 F 4551

=y =7

O wazsl1 . ......

W R -1}
: HEE S

WFARRE

OmwmiEs2 O & Rt

[0 mais3 O Lo B
- geneees o

Oz e 4] § 5

BEE B &
hx P: it F AR B A

SR ¢ %k 0 2006
W 11.1-1 #p & Spel 2 A4 Tk H

R
w03 # 1 REFIEEETRFAN AT I EE SO
ﬁ@ﬂ@iﬁﬁﬂﬁﬁ’Eﬁﬁﬁiﬁﬁ?ﬁ%ﬁi@’ﬁiﬁﬁ*ﬁ
13228 > MRFAIHES 2HRG
TR REIv T Fr+mff s 2 ¥3004 &30 327
ko FiTre v a2 i Y POSKREAE  H T ERAES -
By TOREANRER O R S B F F kY RAEE FIRE SR FER
150 T 2w P T ORAE RS 750 2 o e
BB BT T b B T % 2 Beph T AR 2 v Bk T
KERIE 0 X2 94 & 30 1 P3PB A PO FHEKEA T 0 AT
RWEIIPORE 2 FRAALE S TR AR ¥ b A ¢ MOt g IR
LERE BRI AR 0 Bl 0 R R R 2 RIAE
MR B F MR AR YN BRI RS 23R FF H
LAEFHRE 5 AHREFT P E 8 » REE
AR 0 W AEBEA TR 0 AT DBL D E R T oK E IR E

hat
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B L ALK BG Hoals 5 #3455
%+ —% E6IEHT

ERR S RIS LIE i

F4 O3 EHRBEAITRERET R R P25 F5 L
ERAZEE FIEE QB2 % > 4 & 1 SVE/IAS 1% #57e ISCO it f7
AATE B 04 31 PO £ L AR FIRE 0

2 plE* ISCO 1 275 L o
W ARKEE A BRI ENE I E T S F T2 RS

EN
R ~BF 2R Feliidpdeod 1111 0 iv 5 3K & bk
TSz 55 > A 2 2R FEBREST Fn2 Ta il il
11.1-2 -

(=) mHFvE

A FEGRIA L LN B I e o BN Fihh & 451 0 B
BE A PR CIRFEITAR CEBEADE TR
MEF AR AR R REAEFTLAPINE X D
T CRFHEITARASFHTEFNF C2RBF R TR T
Rl g 2% 2KR REPRTFFERLZ L 2N TEDER
PHEBARR &~ RIRIRIE T REGR IR -

AR R 2 % (VR L Fenton A 0 BAsE TR 0L~ 8
650~1,500 == 3% 483 % 0 £~ % 1,300~3,000 = = £ 3%
WE LI ORBRORFAB/ERLCEFH SR E NS
e R E PASIW2-P3 P9 it 2x>3 04 #5226
PARTIE O~ GAR 0 3%iEF 1Y F kAR &3~ 9,800 o (3294
KgiEs it4 )
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B L R ALK S

i 5 F 53]

%+ —% RhIERANT

21111 FpBETRIZLrATERRZF IR L
e | 2iFECcm) | B&™E%(cm) # Tk = (cm) % § (mg/L) B4 £ (mmH:20)
W1 453 303~453 106 - -
W2 457 307~457 116 - -
W3 460 310~460 109 - -
W4 446 296~446 113 - -
W5 451 301~451 121 - -
PO1 304 N 114->116 0418 2
P02 301 N 136—>139 0.7—25 6
P03 298 Nl 136—137 1.0-1.7 2
P04 301 N 108—108 0.3-1.2 4
P05 602 2 9999 - -
P06 594 2 H 158158 - -
P07 513 AP 144->149 03522 -
—é‘)]% 1 F > 2006
P5 \ wo N
&[]
P7 G
O wmwzs1 0| ™1 @ . g — %_
P3 0 5
W F A& e % o
WFAMEG § 71 1 W
g O g2 U s
iei i %
1w: 15
O wik&3 O ol il B
e S o
Ok &40 P 1%
P6 Nennanse 'S ......
P8 PO
- ﬁ‘bl
R EAPIR V]
P TFTAREMH - IN sk RACGEAH) - EV: 3R+

é/giel,é?\

» 2006

W 11.1-2 Fat1 2T & fe g B
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FLHAGE: BAC 6 Ho iy 5 H 45 7]
B+ —% RO

o~ Fsa &k

AA% PO EF Tk FkRd 211pg/L E X3 3lug/l o &
Rl EEE T F TP R A4 11.1-2 0 4 B 11.1-3 R Fu
2. PO 5B Finis F AR M85.3% ) v Lig* ISCO = ;22 &5
o AL o

SN ENZFR 2T L ARSI ES iﬁ%%%ﬁ?i 173
—’lbgpa@ﬂﬁ s WA TR FASEE 4 S N3 Fenton #ER A R o

Y

e

-\41«
|

B R e Fenton AT T 5 LA
110 § ~ - Fenton sl » 3+ 947 5 4§ &0 F 20 e o
)ET & W 1460 & o

i
21

ppb
250
200 . L
‘M\_\HRM
150 N|
100 <
50 <
0
04.03.03 04.08.18
2 )1;% » 2006

W 11.1-3 Fa T RF P09 2 F kAR 21 W
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B L ALK BG Hoals 5 #3455
%+ —% E6IEHT

21112 HnREhplSFa Py TRRREGRAY

FHR ¥ #1428 (mg/L)
PL | P2 | P3| P4 | P5 | P6 | P7T | P8 | P9
Shy BER F-8 | Y-8
93.01 - 0498 - - | ND | ND | - - -
93.05.31 [0.001|0.001|0.001|0.001| ND | ND |0.001| - -
| 93.09.20 | ND | ND | ND | ND | ND | ND | - - -
i 93.11.22 | ND | ND | ND | ND | ND | ND | - - T 0005 005
94.03.03" | - - |o002| - - - - | ND |0.211
94.08.1872 | - - | ND | - - - - | ND |0.031
93.01 - |oo002| - - | ND | ND | - - -
93.05.31 [0.002|0.002 | 0.001 | 0.001 | 0.001 | 0.001|0.001 | - -
¢ 93.09.20 | ND |0.001|0.001|0.001 |0.005|0.001| - - - . 0
%] 931122 | ND [ ND [ ND | ND | ND | ND | - - -
94.03.03" | - - | ND | - - - - | ND |0.002
94.08.1872 | - - | ND | - - - - | ND |<0.01
93.01 - | ND | - - | ND | ND | - - -
93.05.31 [0.001|0.001 |0.001 |0.001 |0.001 | 0.001|0.001 | - -
.| 93.09.20 | ND |0.00L| ND | ND | ND | ND | - - -
%] 931122 | ND | ND | ND [ ND | ND | ND | - - - o7 !
94.03.03" ND | - - - - | ND |0.213
94.08.187 | - - | ND | - - - - | ND [0.117
93.01 - 0346 - - | ND | ND | - - -
93.05.31 [0.001|0.001 |0.001 |0.001 |0.001 | 0.001|0.001 | - -
| 930920 | ND [0.001| ND | ND | ND | ND | - - - 0 100
| 931122 | ND | ND | ND | ND | ND | ND | - - -
94.03.03" ND | - - - - | ND |0.012
94.08.187 | - - | ND | - - - - | ND |0.033
< fE - 2006

- E AR GRER) A KRBT R, 2B Tk
PR AR (A AR - R - s T ok
94.03.03": * & % - AHBEHBEER o
94.08.18™: R % ¥ - X HBBEHERET o
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FLHAGE: BAC 6 Ho iy 5 H 45 7]
B+ —% RO

11.2 B % 6

1121 & x pH et 2rE 2 BEX B 2 (ITRC, 2005)
-~ EHERT R
H-nt §_ % New Castle, IN > o0 5 px &7 0d 2 e b 2b o J37 08 3 T &2
MR L R T R IV 5 (0.2) B T okiniE S 0.009m/de 3
ﬂ%T$§§%E%ZAAGQM%#W¢%ﬂ5T$$$ﬁ%$ﬁ&
122 A4 % RIFRGT 2 BRI E FFAVFTLIES 238
K/% o
- B RwP
AR LI G B A Fu A BTEX o MTBE » -5 i
20 F R (LNAPL) » 355k % 6 287 T2 22 5 GG ER LY 21
N E (B AR T 24~46 2 %) EJRREA B X 5 504.6 2 e o
R B - S 1JE, S
Fe* it iEs b3 (Fenton’ s)A 24 535 it & pd KB40 &
%%ﬁi%@’%@ﬁ%@ﬁ&@o&ﬁaﬂﬁ%ﬁéﬁiﬂﬁiﬁﬁ
ok Teh b1 B b E TR 0.6 2 ¢ 2 3 SESLE Bk AR IR BALER 4%
A
MEAE T E o AP e § 1 a2 (Fenton’s)Ap ¥ £ st § 1 BB
FRfedh i 4 o BBL TR L 32t o R M EARANE RS F T R
R L EE SRR S SR PR LY SN L AL
WA 2 AR c B AR ATRTE R R F T T F VR ok
PR B TR TR S TR FAF pHE R
BERR ;l“/x%/%'mxf"fr'%—f ]\x“'Oﬁ/f,r'El’}-,— B b & N TR ?T‘l’
R*irs sl R TREF LM BILE
o~ B A %
003 & 12 * i * % g (Fenton’s)/aJJL s % chpF iy » 8 % 8 ¢
o PLAIRTHIEZ X R AEY 3 F RIS IR BN

i
.

4
il F_&
F S O
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B L ALK BG Hoals 5 #3455
+—F EUIEHT

Bf?i B HInPRE L ESI0E 1121 2 B 1122 54 FFH RS
IR R AZES B oo

% 11.2-1;2 » # p BTEX 4= MTBE %is = sciR Rl3E 4 4

2 5L &P F vE T F - " F MTBE
IERETK H i
RISC 8 S48 | L gL - ppb 99 20,000 | 10,000 | 180,000 720
12/01/03 <5 <5 5.8 20 <5
AW-1 12/23/03 26 19 <5 210 <5
02/20/04 1.4 <5 <5 16 <5
12/01/03 12 <5 6.4 17 <5
AW-2 12/23/03 <5 <5 <5 <10 <5
02/20/04 <1 <5 <5 <10 <4
12/01/03 54 16 66 76 <5
AW-3 12/23/03 <5 <5 <5 <10 <5
02/20/04 <1 <5 <5 <10 <4
AW-4 12/01/03 <5 <5 <5 <10 <5
12/23/03 <5 <5 <5 <10 <5
AV 12/01/03 <5 <5 <5 <10 <5
12/23/03 <5 <5 <5 <10 <5
12/01/03 67 290 33 220 <5
AW-6 12/23/03 12 40 <5 30 <5
02/20/04 <1 <5 <5 <10 <4
12/01/03 640 1,200 130 1,200 <5
AW-7 12/23/03 16 <5 <5 <10 <5
02/20/04 5 <5 <5 <10 <4
12/01/03 700 6 <5 16 <5
AW-8 12/23/03 220 42 81 100 <5
02/20/04 40 <5 <5 15 <4
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5/21/2003 2,600 720

8/1/2003 990 62 150 79
MW-9

1/9/2004 520 80 250 65

6/25/2004 180 93 3.3 100

5/21/2003 17,000 562

8/1/2003 2,800 84 77 86
MW-10

1/9/2004 3,100 82 110 80

6/25/2004 1,600 91 21 96

5/21/2003 55,000 1,400

8/1/2003 61,000 -11 1,300 7
MW-18

1/9/2004 16,000 71 180 87

6/25/2004 4,000 93 25 98

5/21/2003 66,000 1,100

8/1/2003 15,000 177 660 40
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1/9/2004 7,800 88 240 78

6/25/2004 4,100 94 17 98

5/21/2003 38,000 560

8/1/2003 7,700 80 490 13
MW-20

1/9/2004 7,200 81 91 84

6/25/2004 2,100 94 37 93

5/21/2003 62,000 2,000

8/1/2003 29,000 53 1,700 15
MW-21

1/9/2004 10,000 84 540 73

6/25/2004 4,300 93 240 88
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