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U. S. EPA+ Remedial Technology Development
Forum(RTDF)®] Permeable Reactive Barriers
Action Team<& 74, U.S.EPA’s Technology
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Innovation Office(TIO)9] Y& &3 &gt A
T& AYPstu Qo =3 Powell & Associate
Science Service, EnviroMetal Technologies INC,
Horizontal Technologies INC, General Electric
Cooperate Research & Development Center,
Dupont Co. T4 ¥H-3-EA|e] |7 284, A3t
T 35dS BgEF T st 2 A7 A
gFoltt, Ag7HA 299 A3rE gstst] A8l
n)3 A "3 At 2| Gl gk AlF AR E gEEH)
T 3278 o] Ao R HyHx JrH20013 9€
). Fe A5 whgEA AL wek A7
& gk Ug, 74 2 AA AZE gdEe
A4 J A7 AAES prb-net(www.prb-net.org) o]
g A2AE-E A o2 Bl ZIeNEAd
39 2 RUEY S AAHFE ¢35 ),

2182|3138 X2l 0lR 3 HSA

2.1.1 gl |sistEel st

292G AsE E2oF A AXH F
o] vk BiAl =, UM S wSEAR sl dr
315221 TCE, VC, ¢cDCEE Ao dE2A= 3=
ZAo 2 California X9l Sunnyvaleolzh= 3¢
A Hell AR Ao TH1995. 2). =3 719] w3
A G7HEE BHEEAR sl F2 dgqrisst
25 Asshzd AL4=HA%n, A% 7P E3H
ol Kofz 1A gir}. oje} 22 ukgHA9] A
A E Adste] Pk e 2o (EPA-
542-R-99-002)
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m Southern Oregon (19984 3&)

- AR ¢ Aircraft Maintenance Facility

- 24953 : TCE ( (VOC)=500us/L )

E4 : zero valent iron

- 82x7 : alluvial depositsZ sandy siltol| Al
silty gravel, 55415 10%em/sec

- 7A44%4 : Funnel and gate, (471¢] monitoring

36 82

-

well A4)) (Z15m, Z20]200m, Zo]
2.7m)

= $600,000

m Northern New Jersey (19984 49)

- A

- 48

: Hydraulic

: Caldwell Trucking Superfund site
:TCE (X3}l 6,000~8,000ue/L

$ES 50u/Lol3t2 B3 ol
54)

. zero valent iron
D B Bufg sey] 2 FAF ] 9

AL, I FFAGE 0.25 em/sec
Fracturing and
Permeaton Infilling (Z2¢]45m, 2
o] 50m)

:$1,120,000
-4

TCE 400ug/L ©}3}

= Lakewood, Colorado (19964 10&)
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- 2423

: Federal Highway Administration

Facility

: TCE(700ug/L) 1,1-DCE(770ug/L)

¢cDCE TCA

. zero valent iron
c 18t A S gravelly sand’}

fractured claystone 1o $1X]

: Funnel and Multiple Gate (Z9]

316m, 4]12m)
$1,000,000
Az & 29EH F=U}

Ak o]3t2 gol]

m Rheine, Westphalia in Germany (1998 62!)
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|
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: Former Dry cleaning Site

: PCE(20mg/L) 1,2-DCE(0.5mg/L)
: zero valent iron, iron sponge

t E9FL Joamy sand® A, I 5



AFEEE 10%~10"cm/sec

- A48 : Continuous Wall(Zo] 74m, U]
0.9m, Z°]10m)

- z1/dH|-& : $123,000

- 74445 : PCE 0.1mg/L

 Elizabeth City, NC (19954 6&)

- hAA4 : U.S. Coast Guard Support Center

- Q¥EA : Cr*%(3,430ug/L) TCE(4,320ug/L)

: zero valent iron

: E97A] — fine sand

: Continuous Trench(Zol45m, vin}
0.6m, 22°]0.9m)

- $500,000

. Cr "*(none-detected) TCE (5ug/L)
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212 3550 #7122 Y8t

Q7HARE 48 N3 AE 671 2E(Cr(VD)el
U Bl2(As) T2 2 HE AskrE Askehs H
= AFAA dAE BTk £ 94 el 23
BZE A4d o8 wAgozA F(Pb)oltt 7t
EE(CD)T 2E FFEAANE 28Ho2 A8
AT FES LEEAR FUIEE .99 Askr
A8kl Qlo] F7HE o] 9] AL He=4=
HEgRA A FARIE A Aeetd wed 2
ot (EPA-542-R-99-002)
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» Sudbury, Ontario, Canada(1995:4 8¢)
- A9 : Inactive Mine-tailing impoundment
at the Nickel Rim Mine

- 29E32 : Ni(10mg/L). Fe(740~1000mg/L),
Sulfate (2400~ 3800mg/L)

- W$-E-2 : Organic carbon

- 8%=x7 : glacio-fluvial sandZ T4, 2 54

A 0.017cm/sec, AsrH-
3~9m
- 72438 : Cut and Fill(Zel15m, Z3.6m, &

(2uisi: a2 glet visusle) 92 ABAR 3 47 )

°]4m)

- 7du]¢- © $30,000

- 4443} : Ni(0.1mg/1013h), Fe(1~91mg/Lel
3}), sulfate(110~1,900mg/Lelsh

m Nesquehoning, PA (19984 8&)

- O’dx]9 : Tonolli Superfund Site

- 29E74  Ph(328ug/L), Cd(7Tug/L), As(313
ug/L), Zn(1,130ue/L), Cu(140ug/L)

- 95234 : Limestone

- 7249 H : Continuous Trench(4¥]0.9m, Z
©]335m, Z°|6m)

m\Washington (199714 9&)
- tJAFAY : 100D Area of the U.S. Department
of Energy Hanford Site

@EZ : Cr(VD) (2mg/L)

JH8-2-4 © Sodium dithionite

- #7327 : sands$} gravelo] B2 fluvial sedi
ments® 74, FTATE 0.035
em/sec

g : Injection(Z°|45m, %15m)

£ 1 $480,000

A3} 2 Cr(VI) 8ug/Lels}

2.13 diRel st

JFAT A Asre) ede Wi
AR QzolA skl Basn glon, 29
A FREE AW s 9 gEehd 34, A
N9 5§ 5 U GPERE A3k A9 4
$8 WA AFANE gelshe et 2t
(EPA-542-R-99-002)
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m Oak Ridge, TN (19974 11&)

- A 1 Y-12 site at the U.S. Department
of Energy’s Oak Ridge National
Laboratory
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:HNO3, U, Tc
. zero valent iron
: unconsolidated clay2 T4, T

A4+ 0.001cm/sec

: Funnel and Gate (Z°]67m, Z°]

7.6m)

Continuous Trench (Z¢]68.6, U
H]0.6m, %°16.7~9m)

$1,000,000

214 8Aks dasl gl

uu}

Y22 2
&9 w3HAe) A v&*}e:ﬂ%

g xa5g A5l A8 4

0, A5 et

2} (EPA-542-R-99-002)

®Fry Canyon, UT(19974 8%)
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: abandoned uranium upgrader

site

: U(60~20,700ug/L)
: Fe0, AFO(amorphous ferric ox-

ide), PO4

: poorly sorted fine-and medium-

grained sand, ¥4l 0.0005

cmy/sec

: Funnel and Gate (Z¢] 2m, 7

0.9m, Z°]1.2m)

: $170,000
1 PO4 & AFO9| 7% 90%°1% A

7, ZV19] 735- 99.9% A A

8 Chalk River Laboratories, Ontario, Canada
(19984 1€)

- gAY

uled

|

rBL (L PO
¥

A N

=}
=
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(4

SRES

38 &

twetland #¥ 9 Chalk River

Laboratory
Sr-90(0.1-100 Becquerel/L)

: Clinoptilolite(Zeolite)
D OEY FAlT

= 0.2-0.4 ft/min

-4

s wall & curtain (Zo] 6.6 ft, 574

36.1ft, 2] 18 ft)

- Z1du]8- © $300,000

2.1.5 Other Organic contaminants
719 REEA gl whEEAIE A EE A
&3} 2t} (EPA-542-R-99-002)

m Tifton, GA

- 39

- 0984

: Marzone site
: BHC(alpha-hexachlorobenzene

60mg/L) beta-BHC(98.5mg/L)
DDD(7.6mg/L) DDT(9.3mg/L)
xylene(94000mg/L)
ethylbenzene(6,100mg/L) lindane
(54.6mg/L) methyl parathion
(4Tmg/L)

. Activate carbon
: sand, sandy clay and clay®] EE,

E4A14E 0.001~0.0016cm/sec

. Funnel and Gate
: &750,000
SPLEEE

BHC(0.03ug/L) beta-BHC(0.1ue/L)
DDD(0.77ug/L) DDT(0.54ug/L)
xylene(10mg/L)
ethylbenzene(0.7mg/L) lindane
(0.2ug /L) methyl parathion
(3.9ug/L)

m Story County, IA (on-going project)

- KH}\]'X] =

-QQER ' B

0 x12

rE
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oft N

Ruie)

R

: U.S. Story County®] A&

rok=2
Surfactant modified zeolite(SMZ)
and bean gravel

. glaciofluvial sand
: Continuous Trench (Z°]400m, 4

H]1m, Z°}4m)
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Use of Biobarricr Technology
10 Contain Underground .
Contaminant Plume

12, 3 Bio-barrier2] 7Hd

a9 2= SIS o8 dke A
SEHAZ AEE AR FHE HIEE HojEr)

2.2 Y= J|HE O1SEt LS|

U AE-S o] &35t AESH Mk HEHL e
g B3], @7 7| = Bio-barrier= vH-HA W
vhegjo} F9u Ao w o HE A A o}
Yz vwd AAFo|n wEA QAEE S A

FNe i EF U
=

= (20024 18 S, from U. S EPA)

= 7148 ¢ shelrt,

I3 32 2949 Yol Biobarrier Colume A
A2 LEEHY ol S Aok Mdxeltt
nZo A B2 A7} o] FJ XL = bio-barrier
= 1990955 AF7HA e A7 2= gl
3 EYeE 9 A3l . gk #4 Aot
FERH UM & Bio-barrierd] 71&& o] 83t
gl 7]z 2 Pilot 759 A7-(lim,2001)7} o] %
oA 1L glct.

2.2.1 Bio-barriere| =2| Al

Bio-barrier= Montana State University<]
NSF Engineering Research Centercllr] &
T7F o] FoA 1998 d%-E] MTBES] Az oigh
% H-go] o]Fo]H 3L Netherland9} Ttalydll A=
Bio-barrier2 24 e & A @3 A& L A+
7b o]FojA A itk Tl M E A 2 UTA
AE, 714 B3, nlAE<] A F71 5 Pilot 7F2
ol o] F A 2L ot
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® Bioaugmentation Filed Testing for MTBE
Treatment, U.S

- WA

[ez]
=

: Port Hueneme, California

: MTBE

: 198414 ~ 19854

. barrierZ bacterial consortium=
T-4, maintaining wellZ Ar3MHej
2 74

-4 23 2~9mg/l — 0.001-0.0lmg/1Z

(309 %)

a Subsurface Biofilm Barriers, U.S
- 7A4A7] 1999 129 ~ A
- 7Adge] : 4o]180 feet, Aol 20feet, &

130feet ¢} Bio-barrier

- 214743} | carbontetrachloride and heavy

metal contaminants (300mg/l1 —

1mg/1)

Hydraulic conductivity reduction

(799%)(120¢ %)

- 7A4u)& 1 $7~$10 per cross-sectional

square feet

a Port Hueneme, California (1998), U.S
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: The Naval exchange(NEX) gaso-
line station

: MTBE(2,000-8,000
Sug/L=Z 23 Hlo| 53)

: Microbial culture(MC-100)

DS AR FEHOE silty
loam¥} sandy soil

- oxygenated biobarrier (£6m, Z
] 12m, 7+43m)
Monitoring well¥®} Oxygen delivery
system A%

: $150,000

- lug/L o3} (2604 %)

ug/LE

m Solvent Extraction Reside Biotreatment

(SERB), U.S

-3AS 1998 8Y Sages Dry Cleaner
Site in Jacksonville, FC.

-29E4d : PCE

-@AEA e v £y vAE 29
DO

-72148e : A week-long in-situ cosolvent
extraction test with ethanol
: T2kg ¢ DNAPL — 22.6kg (70%
PCE #4)

-4} : cis-DCE : 4mg/l, PCE ; break-

down product (4718 ¥)

®Eastern part of the Netherlands

- A

| |
@ % o
oX, ao nf,
I
L D)

0

- Al :

= Northern
S EE

Eastern part of the Netherlands
(1996)

: hydrocarbons, mineral oil
: Microbial culture
. top layer and two waterbearing

later

first waterbearing layer : AZa}
Z3 23, Zo] 20m, A
50m/year

second waterbearing layer : A3l
A3 29, Zo] 35m, 5 350m
o] drinkwater well4X]

: 0] 60m, 12789 air-sparing well

2 TA1T7 Zo))

: benzene 600ppb, di-isopopylether

300ppb — benzene, di-isopopylether
1.0ppb ©]3H67HE )

installation 0.18 Mio Dfl, opera-
tion 0.02 Mio Dfl/year

[taly
Northern Italy



- 99E4 : aromatic hydrocarbons
- 9354 Microbial culture
- 8= gy v oA e

(B - 30m Ao,

& - 280m/year)
- 7448 - Zo] 190m, 29709 air sparging

well 714(8m 7+4) air - 100m*/hr
- A7} 28kg/ year — 0.3kg/year ()98%

mass reduction, 471 €%)

71E2] oJ3lE 74 (THE %)

A8} ~ 3~4m,

2.2.2 Bio-barrier 7H2 48t L AFAR
B A Feasibility Study on the Permeable
Reactive Biobarrier (2001)

- 249E3 : Phenanthrene
- 1-&-8-2 : Aerobic microbial species

(Beijerinckia india)
A AR SHEZY EIrteA,
T g3 Z-}i% 7}
- A8 A3 : 500mg/19] phenanthrene¢] J&
6‘]—7(4__i xﬂﬂ (21 Lo} )
H| Ay Eo] B Il 4
1070 4

mz
FN

A&
=

783l A

®Biobarrierg 0|88t 77|2¥EEe| MEEH
ZO|E I8t X |2
- 2R EYA Ry AFS HAHEy] 4%
in-situ bicaugmentation 4
-99E3 : TCE
- AEZA  20m X 20m E3HFE Y] 27]
2m X 2me} YETHHY X
A% gA% nAEY ST (7] 49)
HEYAE B3 f7|e98de 7
A 7A( 129 §)
g FAG AR A% ¥

So] oAb 4 (24~309)

_/‘;:}“

il

ot

flo

Y 2017(1_}*7- x-|9_|._ E —8—_17:1| |9_|% A|—-—AI.E“1!U|~?1:I,LEJ

3. 339 475y
3.1 71 HI3HH |0l st X[EHQ! DL EE

H)=¢] 79, @A AXE g Aol i) 24
TAARE Ty A% ZUEE AYS 74]32]0}
o] =895} glt}. PRB Action Team PRB A%
< Hrrsbr] %k 5703 (2003-2007)7+9) monitor-
ing projectel st &5 diZFHQ HAE Fu F
AAY AEde FEsta vt Akl Z2AE]
$H A= Alameda Point(CA), the U.S. Coast
Guard Support Center in Elizabeth City(NC),
Denver Federal Center(CO), the Somersworth
Sanitary Landfill(NH)¢ Seneca Army
Depot(NY)& E3et) ARE & Q& gl o
g T2 AE AR A 2 AT Adolth FA
& YAl 71ed BUHY 7lee ARE02 Alg
2AQ 2 Q1% AEXE a7, 297)et uje-S &
d T gloy 7le4 vgd oig 55 7149 A7)
| A& FHH R & A LR JidE,

3.2 TNTQ} RDXQ| M= gt HISHF|C
AR

A W] gl o8 A n e wHEAE
EUER 0 AH A3E g3le7] Hgk Aol &
HHE(TNTS} RDX 5) 2 33 54 wf&o) s}
Fo|A 71 717E Bk FE 4= Qo] At =4 @

7 A% ol MW (S, pump and treat)
SlAE o] 04 BEHS A AAL = g A
o3 23Hm ik ol AR AEE ol £
stel ZUES A|Ash=t PRBsE ARRsl= Aol
71522 pump and treat®th B]-G@A &}
Holgte ojAo] FH, GriEE g vhgd
AE TNT/RDXE S.d® Asidld 448 RS
AZs vt A&HQ] AP A9} exsitu &
& A7 97HEol TNT9 RDX AlA &3} ofz}

o
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