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2 FelAls Ao Ede 572 A%
Ashidlo] ofsf] 7hers] dedEln, vl= 5
7 # (Environmental Protection Agency,
EPA) A17]=3(Technology Innovation Of-
fice)o 2 AEE BEde 2ules] A7)
o Algyat Fakel disle] gotr ., Al
ol 735k B3l pye] Aol o3}
o] Abs E.gbc).

2. XuteHAZHe| EF

2.5 -2 ofokgt flel o) sted i)
£3] A 3l4 A+ d(underground  storage
tank, UST)¢} Astx, gefo] sArisid 4=
2 FE, mAld ] ig A, A7 E
z, g 5ol F8F Ankegdugile] A},
o] FAME A3t B A 2j]F 2.9d0] 7}
A U E7F 22 728 vepydcl

Al Froetn FH e 2 8Fea Fas
*2 A3, AEdew o 25Tt He 4t
oA, b ata Fa e E5Fata Foay

2.1 B5t8 B&

AAuted BAHE 2A 359 o 7R E R
gl (1) %-7133E(organic
(2)%7]3}5}-5 (inorganic compounds), (3)%
# &) (pathogens), (4)9Al5-E2 (radioactive
materials).
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Mo TRHAYE & F o)y Ao 7844
3 e FgHES HAE 4 7] dFeln) 8
Mon(Mel, A4) 2% izl 33l o
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FETEE FEHAA Do) =]
2t BEofgA@ Rl e 7, o2, o, FhE
04, 28 2 23S EgeddEER
EH3haL ol

WA AE dodd 5 AU P EAE
7Feizic), o A (coliform bacteria), #X
2de}(legionella), #lo}l=tr]o}(giardia}, M
vtola] 2F7} o] Hicl,

HAbE gL ek (2%U), 2, 2HE, B
FEH G o] w71 E i wale-g

Fal BAe bR H2 YAYe o4

compounds ),

HEER TS 187



F7E2 A7) B 2§ Aubegdo] EA|7) =
WA FEE 9] A Ao

2] v 71A1Y ke B Sl {7138
jHEe] Aute S o= dlze slejA o
£ A Ef7e EARG ¥ o {f7|8EHE
& 3k gz wle} 24 A 2552 FEE
o}, Fade] WA= (CeH:}E ZHR T QA o
L gt Ee gdlga #53%E(aliphatic com-
pounds), WMo} EAQzpd uwlgkA sigE
(aromatic compounds), 837 BtFT4a 3
TET wskd s3HE FollA 7 7Y ol Ade ¥
2AHUA(F, CL Br, I 5)5 X§tsl gled
3 zA3 335 (halogenated hydrocarbons)
2 2H3ch

22 38 2R

A ubgh7g Fabol A eHEAE FRYE W=
Aol AF F7l3hehy i Helle 24
£33 o] AFolA AFsle oFAtel wel &3}
71 = %}, NAPL(nonaqueous phase liguids,
HiktE )2 Eolvt F719) AEY o £
5A] ¢d=(immiscible) w323 PES o
A gololv) 3 NAPL2| ¥4 54 4
shata BEAle] zfo} qiFel] F YA Ale]ol=
Felz] AAde] FAEe] o] o]F A
ek,

NAPLE #%xo wzt EHeid, dxr) &
»r} 2R LNAPL(light nonaqueous phase
liquids)# "Hx7} £X2cl 2 DNAPL(dense
nonaqueous phase liquids) & #5531 = gt}
LNAPLE A Fo] fdxjo] A3hpFed =2
sl S ERo) AHSE R ASGE Aol
=A = Azl AFE eli o5 A
ot 22|} DNAPLS v]3e] ERc) VB
A5k ol = lebedA el

Aukg 299X 7]& LNAPLS F2 A{F
FEolv, HHF2EL SH=r] clefgt o
I EHEZ ol Foiz EHAHEL 713
Eolt}. «F(alecohol)e)rt MTBE(methyl
tertiary butyl ether, w35 el2)9} 3T
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2 AEe &4 =5} vl-¢ =, WA (benzene),
E 9l (toluene), <ll=l@lAl{ethylbenzene), =
A (xylene, 2}dell) 34 ZE& AEE &3
=7} 27 Axe)x, 7€} 8] AE(n-dode-
cane, n-heptane §)2] 2= o 2o}t o
iAo @ LNAPLS Ashpdo =93l H
A Aalpe] BES ela FEAF AQeL
gats]o] &g A7z HH AEH T
2.dA)71A] =t _

o]e] wWislel DNAPLE 2=~} 1.0g/cm3
o] Ate]r, Atg] & A A, PCB oil, ¥ S
A F2 wagch duix e s DNAPLE &
B} FASEZ Aske Ao ol Al
zjo] shbell AR D (crack, fissure) 52
2 Zofril= i} wiebi] DNAPLS A3
7} LNAPLRECH A1 o5 vl 8 & We] &+
Lg Aol g xRl AH3pigle i
o] 1= ¢dch

LNAPL® EA, A FelF, AFHi R A
o) o 3ho] iR EERR A (1996 114,
124, 1997'd 149)ol wlmA] 445 A48 u}
slch

3. Z&E

31 EI|ee HE

24% AR Aspypie] AHL T2 oA
9} edE3le] FHo ael o] T}, 24]
= Aukat 2| shpr) 7 AR Aoy, B
&+ oF] B4 F HAE, iy 27, £
2R o el Ak i

Fol 71 gLl A7 FE A s AR
g w2 2] 15% gl o)A mlarel A AF
43 697702 edd A7)zl i A4 v
& e Zlelct

7182l # 2ol AzHincineration)
s} 27 / 9k 3H(solidification / stabilization)
upjo] ik, o] E F upe] A& Higl {
43 AR} geol sl7] dfel vl A
o|2]&} uby & ‘% 5l (established) 7[& 2|}



I ofzlar ok v AlSA ] AF8-S f1%E
A uel v EA N7 R w2 A28
(innovative) 7|&¢]e}x et

249 Aol 7l el A4-EE A2
7| el = EokE7])%%&Y (s0il vapor exirac-
tion)®} 7}d%t 2t (thermal desorption) 5

o] glemn], A& (bioremediation), 834
" (in situ flushing), EoF4 3] (soil wash-
ing) 5% A ARE-E| AL lch 28l He]e
7h4 wel Abgals A 2E rlsdle 7T

W (air sparging) 3} A X8l 5o alch

Superfund Remedial Actions:
Summary of Source Control Treatment Technologies Selecied
Through FY94

Established Technologies {400) 57%

Oft-Site Incineration (107) 15%

On-Site Incineration (78) 11%

Solidification/Stabilization (202) 29%

Other Established [3) 2%* -

* includes dual-phase extration projects.

Innovative Technologies (297) 43%

I fi!—Solvent Extraction (6) < 1%
i—Dechlorination (4) < 1%
~Chemical Trealment (1) < 1%
= Other tnnovative (5) 1%**

= “Other ™ innovative lechnologies: contained recovery of oily wastes {(CROWTM),
cyanide oxidation, in situ vitrification, and plasma high temperaturé matals

recovary

Source; Innovative Treatmen? Technologies: Annual Stalus Report (Seventh Egition)

2 33V =0 BF

A /b 3w (selidification / stabiliza-
tion)= Folvt ohE MBS AH3slr) 8}
o] 743 Wol Abgals wiolct F&£2 x )
gt #71EE AHIee dle o] Whye] Fa
AbgElch o] WE EIHuA 4138E

{semivolatile organic compounds, SVOCs)-&

(28 0

M) sk o) AHEE 7] = gl

A7 (incineration) 2 &, &S2]4, A
25 AsALsr] flale] T 2 Yol ALE
Bl difolct o] whle] 2 AHE uFE
EiHEe] AR A3 EE w2E) Hoi:
Holokh A3 Welo o] zpuble] H-ul g
© 1999 —1994vd Eabel) 15% o) sk hast
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At

EckZ7) 24 (g0il vapor extraction, SVE)
2 E59] 38 771835 (volatile organic
compounds, VOCs}& 22zl o 714 23}
F woir). o] wbyE A (in situ) Az
ub o 24 #Ae](ex situ) H el us]
o9 AA|Holch o] W) M= F)F
ol (bioventing), A8k, T2k, 274
4 2 FldAd 5 o o] o] Feix|a ¢]
o}

A2 ol Abgete whie shadgapy
{thermal desorption) 2. 2.4, 324l #7315
E, PCBs ¥ F%ev}t #7185 231¢ &5
2= sk o] AHS-3ic)

) 551 (bioremediation}-& Axzbiulel v}
vl sheba upfel wlsjA frledERS A
Ad o Z w7l Aol At &

A shel]l F71E FF5H] 217 el o)
g W Aol AYS Fale], ARy
ool S HErleF 2952y F
F7F ekl A zlelr), o] why & HgR{ uhE
TastgHEe] 993k H 45 5 Q.

Y 2+ 8 29EAL] S w2 A=
2 (innovative) 3 el7|we A& s
g Aeloh ¥ 204 BoFF7) &4 0] Wol
ol &H 1 UFE & 7 aleH, FE5E e
= dlx F 7k vbie] glohE S 4 5 9l
=
HAel A i Ede] wzala, e.ofx|uks
ENH ez Aelslrl $iste] & AHaupyE
F7F A48 gort Gk oz Faely
T 70 olate] M 2E YA S-S A4
2 83l Azl (treatment trains)F
A&t ek (x| 3).

Superfund Remedial Actions:
Applications of Innovative Treatment Technologies

EIVOCs BSVOCs [Metals

Number of Applications

a
Soil Vapor  Thermal  Ex Situ
Extraction Desorption Biore.

In Situ Soil In Sity

Biorem.*

Solvent

Washing  Flushing Extraction

Innovative Technology

* Doses not include in situ groundwater bioremediation.

Sgurce: Innovative Treatmant Technologies: Annual Status Feport{Seventh Edition)
Cleaning up the Nation’s Waste Sites: Markets and Technology Trends

(O 2)
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Superfund Remedial Actions:
Treatment Trains with Innovative Treatment Technologies
Total Treatment Trains = 28

Soil Washing

Solidification

Stabilization
(1 site)

Incineration
(1 site)

Bioremediation (4 sites)

Followed
by

r

Thermal Desorption

Solidification Dechlarination
Stabilization (4 sitas) {1 site)
Followed or
by =

Soil Vapor Extraction Solidification

In Situ Flushing Stabilization Seil Washing
{1 stite) 1 site! 1 si
Followsd or (-m ° ar (-S“e)
by = =

Dechlorination

Soil Washing
(1 site}
Foliowed
by

Solvent Exiraction Soligification

Stabilization Incineration
(2 sites} {3 sites)
Followed or
by =

Bioremediation

Soildiflcation
Stabilization (4 sites)
Followed
by

In Situ Flushing

In Situ Biouremediation
(4 sites}
Followed
by

innovative Treatment Technoiogies: Annual Status Report (Seventh Edition)
Cleaning Up the Nation's Waste Sites: Markts and Technoiogy Trends

Source:

(28 3

33EIECR LYE X|Yte| Hap|s

ol A dFgt Aska 2l o]9lg) ]S 4
28 el 87FH = 497 ik 2 sl
T4z 29 Aurs Ashe 4 9ot
7 E3) vehtes 452 d(lead), 7§
(cadmium), ¢} (zinc), YA (nickel), 22§
(chromium), ®]Ax(arsenic) Folc} o] o9&
ASE EfARAY Ao £F43 09E

AR v dAYt FFHAede 24
/442 wpgie) Wol A4 glom, B0
2 299 A-E A slr] % A2 uy
T HAAE o)A AA AHgsi gl #
TR HA whe oY 49 3k 2 2 &
A7) 7] = (electrokinetics ) a3 422 3} %)
2]uhd] (phytoremediation)-& o]-$ Frja.$
Bel ot
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¥ 1. Overview of In Situ Soil Remediation Technologies for Metals
Evaluati . Solidification
valuation Electrokinetics Phytoremediation Soil Flushing o .1.} . /
Factor Stabilization
Status Fullscale Pilot scale:currently | Commercial: Comruercial
applications in being field-tested in selected at
Europe:recently Chemobyl, Ukraine 8 Superfund
licensed in U.S. sites
Range of Broad Broad Limited Broad
Metale Treated
Major Limiting | State-of-art State-of-art Potential Long-term
Factor contamination of | reliability
Longer time required | aquifer with unproven
for treatment residual solution
Site-Specific Homogeneity of soil | Depth of Permeability of Debris
Consideration Contamination soil
Moisture level in
soil Concentration of Groundwater

contamination

flow and depth

A7)7=

1at10n)\_ EF5o d=1%}

A 8lul (electrokinetic remed-
FHF Aol A=

F5o A NEExXo g F5ET
#3led sk Aol Y, E, ¥2HE
o] o) fe] BT 7l YAAe] &

o) Hge

ARARE 7hehe Wiol LABA(ES)
& 11 @ Ukt 1ol AL AFE

o] F-3}e] 1]*J°i F25 F Aegd, o] v
< FielA Wel Adstsle] Al Fold,
vl e FHTol &5 5 W wyleg ¢
7], &, otd, vk, Jlef, 22 H, Jd &
A Az d Zieln 90% o]Ate] AA &L
vepl 7| = sttt Ao e] F&4lo] o4
HEE AT Aol HIFA o o] A7)
g ALSS7 R qh) o] whe 2 HEX
Hhel| A kA B4 S A A7) 913 A Ay
o] o]Fo]x) 1 gjc}.
A 54 3} &) =] vy (phytoremediation)-2 3
7] 24413} Al glom, Al of-§ A A
Q] vidjel & zleojr}. o] ¥bH 2 2@ E Al
-e— FE2 5ol gl AR FI(FR
2] o)l xui=kg A Wer} U= A
‘I"°“ Z:]‘{}a‘]-t]— 7 oi}"t' '5-]'52' ol%ﬂ' ‘7"
23 A S F3 o) FoiFch
Al B-3Z(phytoextraction)2 . &3]
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zHee] 7 Hitsio. UA T olede] 713 3
FrEd, Fes) Fle g vay 3 Fo¥
o} BAFAIE v 23 g EUQ F& 4
o] 71 Ftr] o8& F52] shteir)

A} -9} (phytostailization)-& X)Zd 2T
9 2gEAE AT Wlolr). o]
W& A Eg Zsly i}ﬂ"%'% T3 =
7} e F5EES Y Ashe Aok = 4
2 A3d ANe .:-’?it'ﬂ-":] o, S4He-
FE AAE FaAA Fo ARAdeAY 4
T of wle] e dis|A] Az olzle A
< BoFa gl

34 X|5hr0L LYEE XYk HEo s

oS 23 Azt elupge] 2 7HE £ o}
& Ave Askert 9™ AE 53]
DNAPLs{dense nonaqueous liquids)el| 2|3}
o Asprl L99 Afeld. w3t ¥
88 A2 70% o)Ae] Askrrt 2= A



ol

oF4=2 2) ¥} (pump-and treat )T o. 2+ A3}
71EE HEAA F gde A9 A dem
2 2L A =uye] Hasicl 19829
ol F A3l Ay A FollA 35% HErL A
23 At eigpr]e] A3t} ol F &
HAH-E FTellof AdEgdoemg, 582 AP
Welu 7] &5 S A8l

DNAPLsell 2|3 2.9-& A sisl= wido&
FrAe|n]s FAAA FAV 25 A Wy
Ql 6712] wHle] sich

7}d Z21% (thermal enhancement) : ©] ®}
W& AL Bolut F71E FEA FAAl
Folvt A7 A3}E o] 47 dE sk, #7]
2gE2] o]FA, &4, AL FrAA)
< whye|ch

A 34 A &2 9] (surfactant enhancement )
D A g EAHY A4S T
#H v, E3te} 29 EAH Alele] XHAY
£ 7FaAA ol FAE F7HAA £t

8} A 2} 9 (treatment wall) : e]Z1& 29
=32 o]lFfHRol FAHE HAEe] 2FF
Aol FF w H3bA| s uhlelr) o]
A= FAAd /7158 FRA]717] S Fl,
=52 o5& AE] g AHHEelE
(chelator, 3218 E3H4)), A& &38|

% kT Atas 2 gl

Z=q} /27) 3}4) ¥ (hydaulic / pneumatic
fracturing) : ¢| Whd-& sk A|dlelvt 544
o] 2h2 w|shdAubel]l wke} Folu} FAE
F]lgte] #d2) o) 278 F7HIA T
Fo Zeltt. #oid FYE dA4AHsA =y
Aol B Ad9E g5, S35 o
{2 EAHE AAY R B2 AHE
Rt

Ej8v0 (cosolvent) : o]7A 2 Lo EFF
(A& 9 Eollc} g 22 {714 oS
4 A)E st 413 295 &
HE=E FoFo, 59 AP ol

3771 (electrokinetics) @ ¢]7-& A
71E @ 7o} prjAe] edEAS E
E94 oFrale] AlA sk we)ch

4. 30|22 S

A2 AsrlEel AHA A4 dH
402 F&53) &7 7t qlch A9 A4
A A agle]l wiEH o2 dixn e
A%tk 19959 49 A A2 A8
9 AEARE 2’ 59 Atk olEel oF
I e FR3 2L 29 63} Pt

B 2. Development Status of Selected In Situ Technologies

Technology Rese:-arch Ongoing or Completed Com.mer.ci al
Projects Future Demos Demos Applications
Thermal
Enhancements 2 5 1 B
Surfactants 9 6 3 1
Treatment
Walls = v z 1
Fracturing - 2 10 -
Cosolvents 1 — -
Electrokinetics 16 1 -
Total 33 30 27 2
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Contaminants Treated or Studied During Demonstrations or
Research Projects of In Situ Technologies

60 (1 52 |
/1 A I ‘

50

dof’ ' j

30

V]
20f]
/]

Number of Demonstrations

vOCs* Metals BTEX  SVOCs* PCBs Pesticides
* Suspected DNA'LS

(38 &)

States Reporting Increased Use of Technologies for UST Remediation

Soit Washing
Incineration
LTTD
Landfarming

Biopiles

In Situ Remediation of GW IR
Biosparging

Natural Attenuation of Soil
Dual Phase Extraction
Natural Attenuation of GW
Bioventing'

Air Sparging

Soil Vapor Extraction

Number of States

Source: “Innovation Skyrockets at 50,000 LUST Sites,” Soil and Groundwater Cleanup, Dacember 1995

194 #13% B2W - 1997# 4 H



A A Aol A 2] 71 & FER QA 2
A ubel} hate] 243l Azl £{5E )
o 5070 Foll A AR A= oy TR 2
HA A o2 Eoffr|F:EW(SVE)e] 7b4 &
o] A1&-=E% vk VAW Hhal o] i
& Aol Ae] upol wslA vl AAIA o)
ol &o| F4AE 2FGEA HEAHS F
A7z B2 71Ee] dde] EGF7FE4
9 HeL oAz Aelrh o] W
bioventing, 73 &%, 7td 3 & W&
W83 3 qlck

Yoz Jagvt F58% o-F e IAA
shupo] F3] APRE Zoloh whabs 7]
£, PCB, A%, dioxin 534 & 7jc}z&
EEA AT e a7 gl

5. 0|=22| X|utEsHa| 22y

5.1 FHMHE T2 J28(Superfund Program)

ol =2 13y w5l M7 EFA FEH
frefede] H3E SR AR T 22y
o}, EiHEE 1980 do A3 7B
{Comprehensive Environmental Response,
Compensation and Liability Act, CERCLA)
2] $iglell 2)stod FAA] At gk o]
WMeld AgiA St FANe] o HFHreo
Yol A %S Tk o] ZE2IYLS 1986
Jell 445 CERCLA} oz} «334ql A3}
Hels) A 2e Yshrl el 442 Festa o
o,

22 flY = wdet Pk, oA
71§ o)Akl dMAL ARH Faxe|iit
{National Priorities List, NPL)2. 2 3%
o} NPL 949 9321 faA s v
4% Foigic) 19959 99 ¥al, NPLoez ¥
¥R 128470 2ol H, 889 HAE o
th Afel 4] A 2)E]glet. o2 NPLe 3719
A R E¥As, gz AL
CERCLAs) wje} Zelal zlo]r)

5.2 AHRIEH 9 =fi24(Resource Conser-

vation and Recovery Act, RCRA)

ol WA ol & Ard Aol Hahel kA A
Aslz glom, F77ke] Aghatd & 2sl7)
Aol 24153o] AR A QEE A 3pAIA
AL 7rxsta ok 8R4 FARE A%
I gA vrlAe A¥HA Ed we) 4l A] 2
T "z}

vl el ol 6200702 Az E 2 5EA)
“d(treatment, storage, disposal facilties,
TSDFs)e] glew, ol5 AlHE 100,0007H ¢
A H7TE AFDHE TS k. o] A
Aol ¥5F RCRAe 9% A& ohx,
3. % 2600~3700702] Alde] Az Aye] €
Rez #73HL- HrpstaL glck

53 X|3tX & A M(Underground
Tanks, USTs)

FA e WL AFHAAAN L2 R
9 &2 3 29& S ot 1 A
Ao 2FF= 72 E-S A ska, B
3, 12 9l¥ 2998 A3l e]ste]o} 3},
e 2] ALF AAubstedof gt

el A A A4 Fal of WAl e
USTs2} AH& F25 wiqtk s ¢] USTs7} 374
A S-EE glch HoH = shie] USTs
2 27702 Bzt gle AR o4#A gl
QA USTs el 96%c a3 Aol
2% el ER Aot &, fF-Fe] F
frae] g aglE o ¢ ok &R Qs 7
RS of7lA]Z! USTs: 161,0007) 2.4 (R
A8l oF 20%) Aspsieiol & AurE FH =
2k 30,000,000m3e| @3l Hex Basa gl
v}, webA shibe] USTso oF 190m*S A58}
oo} ghcl,

Storage

5.4 =4}tA1(Department of Defense, DOD)

RS FuAe W ARIA, A, FAE
AR FAY PEST Q8 e Asa
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Y& b3 glv), = S A GAapsle] A
A 2HE Al o1HE 7heAo] e T4
712 & A&}l of ¥}

SuA 2 1994 99 &), 2151709 FARA
AellA] 933174 2] HAe] A EAS A7) ¥
23 zler Prista glen, 7 dAke §1,
3, Farell =2A RERY Qi o F
41%) 23t 3790707} California, Alaska,
Florida, New York, Maryland F<i] 2j %3}
urt.

5.5 O|UX|M(Department of Energy)

= AU A S HA 40 o) Tt A=A
H Fr)e] AT, AN, Falel] AlgEo] 2 AlA
2 Aol g AE YAz st oA
Aol AL gli= o3t AL fEHEy =
HpAe] 23 gl Aol vld FRrt =

#azs
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75.
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