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Design Methodology of Granular Iron Content to CVOCs Contaminated Ground in
Consideration of Mixture Heterogeneity and Field Application

by

Keijiro Ito *, Junichi Kawasara** and Masashi Kamon ***

Remediation method using zero-valent granular iron is one of the most popular in-situ remediation technologies,
and is designed to eliminate contaminant migration beyond the boundaries of the contaminated site by constructing
a Permeable Reactive Barrier (PRB) using an iron sand mixture. In contrast, direct in-situ mixing of zero-valent iron
with the actual contaminated soil using a higher mixing ratio has been proposed to effectively clean up in a short period
of time. For this direct mixing method a proper design methodology should be devised. To propose this design
methodology, we conducted a batch test, a column test, a three-dimension advection-dispersion-attenuation analysis,
and a field test. The results were as follows. The design based on a batch test was confirmed that it coincided with a
column test and the clean-up result in a field test. The safety factor of a granular iron mixture ratio was evaluated
from the numerical analysis, in which the heterogeneity of granular iron mixture was taken into consideration.
Example of evaluating the heterogeneity of granular iron mixture was shown in the field test.
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Fig. 2 Reductive B-elimination and hydrogenolysis
reaction steps in degradation of TCE.
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Fig. 4 Schematic of column test method.
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Table 1 Type of granular iron used in the tests.

Granular iron Pasztzizle Main chemical compositions (%)
material Cum) Fo o S
Atomized 70 95> 10.08~.18| 0.03<
Cast 60 88~93 | 25~40 | 1.5~3.0

——y=10%e"(-052x) R?=0.99 (Cast)
—y=10%e"(-14x) R*=099 (Atomized)

15 | — ——

1

0.1}

TCE concentration (mg/L)

0.01 L

Time (d)

Fig. 5 TCE concentration vs. time for batch test.
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Table 2 Column test condition.

Type of sand Toyoura sand

Particle density (g/cm®) 2.64

Iron mixing content, m, (kg/m®) 195
Temperature (°C) 20

Column height (cm) 10%x3

Column diameter (cm) 3.2

Dry density (g/cm®) 1.68

Porosity (—) 0.36
Darcy's velocity (cm/d) 14

W, 3ODOEMNRAW S T 2 EMET A2 LT, 1/10
TEE ORI FABIMITE 3 X512, BFRARIANOZR;
RAR my = 195 (kg/m°) & L7z, Fidico>oWTiE, K
VTR 3 2 L TaL Y —FE 1dem/d, FER
BUZOW I OIA AR E A BRI R ME T d
B0 L5036 ERELTHELT 5 & 39cm/d TH 5.
g, BEEELAANEHE iz o0y ) v OT
100uL $#K U, 1.5mL D234 7L TN F ZX—Z-PID
HA v s 77 7FEICKD G L7,

BT L RERER T D H T 2 32EHRE L TCE Wi OB
R, BEUIYy F BT ORI HE E A 63 (4)
ICE DL LR AR Fig. 6 IS8T, 59 490
RO T\ ME, EREEE 20 ~ 30cm DB T AlZEBW
CHMEM & D K& IREMK R 2MEAEH 2728, &l
AR OREICTIZ X KL T B R 5T
W3, 20 ~ 30cm TK X AIREIL T4 2EMIZONTE
REMOFH L 25 ZEh 5, Fal BRI OREHR
Ziohb.

P E&y, B iz @B LKUG)DRiHELRHTETH
223K D CVOCs F3 RSO EE DZEAIZ G- 2 % B
DINE N2, I3y F o fRakBE SRR L 72 e k< —
KL= DEELOND, ZOMENS, Prl Lyl
TR G X BHEHIZ LY TH D, Eilind & [Fk
ZEB OIS EEO Wb TH UL, R GITED
WAl THZ LS FICHER DD LA B,

® Cast (Column test)

O Atomized (Column test)

Cast (Calculation from batch)
=== Atomized (Calculation from batch)

0.1

0.01

TCE concentration (mg/L)

0.001

0 5 10 19 20 25 30
Distance (cm)

Fig. 6 TCE concentration vs. distance for column test
with calculated line based on batch test result.
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WREEMATIC L D, SERHEA MR 2B T AR D ACE 1R
IZTA U723 A DAL R & KD 5 Z L2 K > TiTW,
PR IRKIGEECR TV L2525 28LT, R
VPR ARBLL 72, B g T O FE 13 (6)
BXUORX (MThY, FidIcESI<#nE G 6) A2
9 23H), FHHEDIEE D% &R RED < AroE
(A1), $Br0 &S5 ZWED B RNEC 55450
W (G 3H) 2BEL28DTHS. bk, Z
ZCfEH L 7=f#fr 2 — Fi& Dtransu-3D - ELYT® 5.
Rép % - &ii(epa-j gx—f) — oV, gx—f ~Répic  (6)

R[-] BIEHRE, 6[-] Gk, plt/m®] ek,

CW@ﬂJ:%E,l%Vﬂﬂﬂ:ﬁﬂ%yvy

Vi[m/d] gz, Al sk

Dij = O{T"V" 6,‘]‘ + (O!L —ar ) % + (mes,‘j @)

ar[m] -#EsiE, or[m] - #SEE

[VI[m/d] : gk,

Sil-] . varvn—oFry

an[m?/d) . 57y,
4-2 MBITEH

Al 5tk % Table 312783, M5 A4 ZI3SPHEA
WO AEE D H L, 100cm x 50cm x 50cm & L7z, Z
2T, RGBT FARNSIA LIZH =2 X HFA
OPFEEIZOWTIE, HE L TW3RAP S LEOWRR
BRI 50, e L A2 > T 1m 59~k 5m 7
EECMEIN, ZZTIEENBIE LT Im 2 E L7,
N COM AN AT L%, B3 A iERO LB
DINSSRET BIEEGFHRAROREHREL L TUIKE
%5770, L=1m) W55, L=1(m) Ml DY
AT L TREMTEMIL TWB Z L kb, T Ay
Vat A X, FEERICHPHR A HR & 1ER L 72 5% IZRF

(-] : e

Table 3 Analytical condition.

Input parameter Input Value

100 X 50 X 50
5 (Casel), 2 (Case2)

Analysis domain (cm)

Mesh size (cm)

Longitudinal (em) q
dispersivity, @, cm

Transverse

dispersivity, & 1 (em) 0.1

Groundwater velocity, V, (cm/d) 9.5

Groundwater concentration
flowing into granular iron (mg/L) 1
mixture zone, C(X=0)

Average ,

Reaction r.‘ate value CIp! 0.23
coefficient e
heterogenaity| _Variation 25, 50, 75, 100, 200

coefficient
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TR A T EADLEINENDH D, BIFNIZ d5cm
FRELL T Ol 2R =1 v s & D REFRIE W CEE
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EHNZEHET 2 Z &N TE S,

PRI, BARFRECL x 10%em/s THIAK ALK
1/300 FEIE Db 2 485% U, $kp 4 Hil dh i 100kg/m?
FRERA L TEEAKMIZEN L & OFNRE B KO
JETH Y& D, SREHRA RN T [ES L IE L 72,
TAGEERE L, LAk 0 ERE Img/L OGRS T K
DIRA LS 5 Z & #30E L7z, BIOER$ 5 AR MWHT
DBAEITHED S B 5ERIZONTE, KELSRETS
(EEIRIGHIE OPRE AT EC L TR IZRA S hiz
Pk LML 5 < %5 % 72 OIS RN E T 508, &
TR § % 72 ORERED SR 9 % BB 1N SOl TR
E L7,

PR OWRAARYSENE IO IR ED T v & L7557
MIZONWTE, FRORARNTEENIER A TH S &
IRGE L, BRSSO T-IIE & 73 % Pl TR L 7=
MR ATFTEDMEICRET S Z LIk 5 A7, 28
BRI, ThEDBYPHRAANIEEDOE A NI X B
ROKENT, ZUREEZLSE TR L2287 — 212
B BPPHRA A N O T KR DB & D EF
fliL7z., —file LT, Case2 TEBFRE 50% LANE L 7=
B8 D Y-Z Wil T O SO EE E oy % Fig. 71087,
ALEC A A B TR Z LB K UPArE D%
BRI L 255 KO L RUEIE ER A RRE Lz, ZE)RE
&, 25, 50, 75, 100, 200% D5 7 — AFEhET S Z LT,
AREBEVEOEA LRI RADRBZ DOV TEHM L 7=,

Reaction rate
(d™")
0.4
E
]
3
Il 0.3
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b4
E 0.2
o
]
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0
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Fig. 7 Distribution of reaction rate on Y-Z plane view
in Case2.
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b, KISREDOREM N D > TEH FADBEL Z &
T, RENYEL SN BEMIZH B,

29 L A& & 0 ERIICEHE§ 5 220, i FKR
N (X)) HITORK - /N IR HPH A5G T
SEHEiEIRE A 72y P TRLZE D% Fig. 9 1R,
X = 30 (com) F2EE DIRE Tle k- i/ NREDIRIE, 15D &
b B AEEEDOIETRIE MK N4 2EHTH 5. it
BCR U2 IR HDHIE, 52 RICBEICIR Y 5 72354 24
EUZZRBIKTERE D IZEWIRE L K528, 20 83%
DHFEOPFENL TR & 0 I1E A TOHiE TV & &
BTN nd. ZD7D, PHRAERE 83% DU T
»H 5 12 TGN IUE, AREE 32U T AR IS
INEBENWADE, F7z, TR LBV - BNRED
THREE B E BB 2 e, JEAIL > TAREPEICHR
TF§ BHPHRAROREFZIME T AEAI-H 22 &3
WAz 5.

Fig. 8 L U Fig. 9 i% Case2 TZBIHRE 50% TOHEF:
AL 72N A8 L7=AY, Casel ¥ K U8 Case2 D4 T
DIRHTHEFIZ DN CRIROIEI 21T > 72 4 D % Fig. 10 12
FL¥B. Casel, Case2 DEBLED A ¥ 1% 4 X Tk
fili L7858 B AARIZ, X = 1 (m)3thys TR FRRE 1
ZEEIRE L ST 2 EITH » , ZEEREL 50% LU T

Groundwater velocity V,=9.5cm/day
Concentration C, img/L Concentration
(mg/L)

Reaction rate
heterogeneity

Fig. 8 Distribution of concentration for variation
coefficient 50% of Case2.

4 83% gradient line for design
(dotted line)

| Gradient line for design
01t (sold fine)

range and average value
(mg/L)

Groundwater concentration

M STPOR T I |
0 20 40 60 80 100

X direction distance in 3-D analysis (cm)

Fig. 9 Relation between groundwater concentration
with X direction distance in Case2.
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Fig. 10 Relation between variation coefficient and
maximum concentration at X = 1 (m) and safety
factor to be considered.

TIRMF LB & 5 5T B2, ZhEl B Casel A
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