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Fig.2.1 Assessment model without Treatment alternative
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Fig.2.2 The relationship among dataand GW. Model
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Fig.2.3 The relationship among dataand GW. Model
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Fig.2.4 The relationship among dataand GW. Model
in case long-term treatment alternatives
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1)
RCA
35
(Dense non-aqueous phase liqguid DNAPL)
DNAPL
DNAPL RCA
1.2 x1.6
12 x16 100 %100
(2)
4.6~22.9m bgs (below ground surface)
22.9~50.3m bgs 50.3~93.0m bgs
RCA

(2000)

(hydraulic conductivity) (Gavaskar
etal. 1998) Liou et al.(1997) ( Longitudinal
dispersivity) Wagner et al.(1987)

(porosity) (transverse dispersivitity)
(2000)
(half-life) MODFLOW  MT3DMS
Bulk density 10%
2-3
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Table 2-1 PCE’s sensitivity analysis

Parameter |The change ofthe |Relative |The change of the |Relative
concentration sensitivity |concentration sensitivity
(parameter (parameter
+10%,ppm) -10%,ppm)
Longitudinal [4.44x107>5.14x107 | +1.57% |4.44x107>3.8x107 | -1.44%
dispersivity
Hydraulic  [4.44x107>4.79x107 | +0.79% |4.44x107>4.43x107| -0.27%
conductivity
Effective 4.44x107>4.78x107 | +0.77% |4.44x107>4.29x107| -0.34%
porosity
Bulk Density [4.44x107>4.44x10” 0%  |4.44x107>4.44x107 0%
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Table 2-2 TCE’s sensitivity analysis

Parameter |The change of the|Relative |The change of the|Relative

concentration sensitivity |concentration sensitivity
(parameter (parameter
+10%,ppm) -10%,ppm)

Longitudinal [3.63x107>4.2x107 | +1.57% |3.63x107>3.10x107 | -1.46%

dispersivity

Hydraulic  [3.63x107>3.58x107| -0.14% |3.63x107>3.54x107| -0.25%

conductivity

Effective 3.63x107>2.84x107 | -2.18% |3.63x107>3.54x107| -0.25%

porosity

Bulk Density [3.63x107>3.63x10 0% [3.63x107>3.63x10” 0%

2-1 22
Liou (1997) Copty (2000)
MODFLOW  MT3DMS
5 ( (0,16)
(12,16) (7,3) (L,1) (12,1) MODFLOW  MT3DMS 50
2-3
RCA (2000)

0.236] 0.25 0.247| 0.252 0.258) 0.255| 0.259 0.259| 0.261] 0.264| 0.265| 0.267

0.238] 0.25| 0.247| 0.25 0.258) 0.257| 0.257| 0.259| 0.261] 0.264| 0.264| 0.267

0.241] 0.25| 0.248 0.252 0.257| 0.259| 0.259| 0.26| 0.261] 0.263| 0.263| 0.267
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0.237

0.255

0.262

0.272

0.279
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0.272

0.265

0.272

0.273

0.205

0.238

0.235

0.254

0.261

0.269

0.274

0.274

0.269

0.265

0.273

0.276

Table2-3 Possible effective porosity’s distribution

RCA
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Table 2-4 Hydrogeologic parameters

Hydrogeologic Mean Stand deviation Distribution
parameters
Hydraulic 4.631x 10™ 4.631x10 Log-normal
conductivity(K)
ft/s?
Hydraulic gradient 0.005-0.008 - -
m/m
Effective 0.25 0.025 Normal
porosity(© )
Storage coefficient 0.2 - -
Longitudinal 9.84 0.984 Normal
dispersivity(Dx) ft
Transverse 2.95 - -
dispersivity ft
Bulk density g/cm?® 1.7 - -
foc 0.01
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Table 2-5 Properties of PCE TCE(Bennett et al.,1991)

Properties PCE TCE
Molecular weight (g/mol) 165.83 131.4
Diffusion coef. In 8.834x10° 9.71x10°
water(m?/s)(Dwater)
Diffusion coef. In air 7x10°® 7.78x10°®
(m?/s)(Dai)
Koc(g/cm®) 263 94
SF (ingestion)(mg/kg-d)™* 2x1073 6x1073
SF (inhalation)(mg/kg-d)™ 5.2x107? 1.1x10%
2-3
(hot spot)
(2000) PCE TCE
(7,3 PCE 5ppm
TCE 1.6ppm 30
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MODFLOW MT3DMS

2-3-1 MODFLOW
MODFLOW (Harbaugh & McDonald) (Modular
Three- Dimensional Finite- difference Ground-water Flow Model)

(U.S. Geological Survey) 80

MODFLOW
MODFLOW
sl el g -sg
KXxx X
Kyy Y
Kzz Z
W Ss
2-3-2 MT3DMS
MT3DMS (Zheng & Wang) Modular Three-Dimensional Multi-species
Transport Model MT3D (Zheng , 1990)
MT3DMS (advection)
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(dispersion) (sorption) (first-order)

MT3DMS
oC 0 0 0
ROZ =—Z(ov,C)-Z(ov.C)- < (0v,C)+L(C (219
at aX(vx)é,y(vy)az(vz) ()
R (retardation factor , dimensionless)
0 (porosity , dimensionless)
C (ML-3)
t (T)
X,Y,Z (distance , L)
V X,V YV Z X,Y,Z (velocity , LT-1)
L(C)
MT3DMS MODFLOW
(cell) (flux) (saturated
thickness) (flow-transport
link file) MT3DMS
MT3DMS MODFLOW  MT3DMS
2-4
MODFLOW  MT3DMS
(1)
(advection) (dispersion)
(sorption) (@) + (b) + + /
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=

source

Fig 2-1 Advection and dispersion

Dy

source

Fig 2-2 Advection only (Bedient et al. 1994)
(b) + + /
30 TCE PCE

2-5

(1)

(capital cost)
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(operation & maintenance cost)( Brown

Superfund

NPL(

2-3

1996 Gavaskar etal 1998)

(Lawrence etal 1997)

Table 2-6 The cost of treatment technology

Treatment Cost Cost(dollar) Site
technology elements characteristics/comments
In-situ Total 2,000,000 TCE DCE VC
Bioremediation!¥! |treatment |(4/gal.)
cost
Funnel and Gate!” |Installation |400,000 TCE 100 to 400ppb
cost
Pump and Treat!¥! |Capital cost|8,034,454 TCE, PCE DCE DCA TCA
O&M 0.12/1000gal.
Pump and Treat!!! |Capital 4,103,000 TCE 25,000ppb PCE12,000
O&M 0.75/1000gal. ppb,
DNAPLs
GACH 0&M 500,000
Monitoring! 0&M 250,000
Pumping cost™! 0&M 9.387 per L/s
GACDPH” Capital 100,000~800,000
O&M 25,000~250,000
GACPP 0&M 0.45~2.52/1000gal  |Contaminant >1mg/L
0.22~0.54/1000gal Contaminant <1mg/L
Biorestoration®®  |O&M 0.0165/gal
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Pump cost™ 1MGD(0.04 26,000

39m?/s)
MNAL! 0&M 22,800
Air sparging!” Capital 156,950

0&M 62,750
Groundwater'? Capital 70,000 to 100,000
Sparging

*  O&M Operation and maintenance cost

GAC Granular activated carbon adsorption

MNA Monitored natural attenuation

[1]Brown 1996

[2]Sharefkin 1984

[3]Lefkoff 1986

[4]Gavaskar et. al.

[5]Noonan et. al.,1990

[6]JAFFCE 1999

1998

[7]Federal Remediation Technology Roundtable(FRTR) 2001

(A)
(@)
(b)

22,800

50,000

30

AFFCE(1999)




(B)

©

(D)

(@) 70,000
(b) Noonan et.al.(1990) 35 a
0.0165 m’/day

365%4.3588=1,591 26.49 m’/day 1,591x

26.49=42,146

(a)

70,000%2 Noonan et.al.(1990)

35 a 800,000 70,000x

2+800,000=940,000

(b) + /

35 a 250,000

et.al.(1990) 35 a 0.0439m’/s
m’/day 365%6.8548=2,502

250,000+2,502x26.49=316,278

(@

Sharefkin(1984) FRTR(2001)

(b) FRTR(2001)
2-7

Noonan et.al.(1990)

/ Noonan
26,000
4-1.3
108,983
62,750
25%

Table 2-7 Remediation technology cost

Remediation Fixed costs

Variable costs

31




2)

2-6

technology dollar dollar
Natural attenuation 50,000 22,800
Pump and treat a) 940,000 316,278
Pump and treat b) 940,000 316,278
Pump and treat c) 940,000 316,278
Bioremediation a) 70,000 42,146
Bioremediation b) 70,000 42,146
Air sparging a) 108,983 62,750
Air sparging b) 108,983 62,750
10 192( )=1920
- 30

30
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10"

Table 2-8 Payoff table

objective cost risk Decision var.( Alternative )
min cost  Z1* z2’
minrisk  Z1’ 2%

Ideal solution(cost risk)=(Z1* Z2%)

2-5
10"
Dec.id.e »| Choice »| Decide objective
decision var. constraint function
Max or min Best
v ol Monte Carlo L5 .
objective simulation Solution

1)

Fig 2-5 Flow chart for optimization

Min Weost*Zcost(X1)+Whrisk* Zrisk(X)
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8
Zrsk<1x10* Z Xi=1

Xi=0orl i=1,2,...., 8
Woeost 6[0,1]

Whisk € [0,1]

WCOST

WRISK

(
Weost Wrsk=0.8 0.2 05 05 02 0.8)

8
Zeost(Xi) =Y (Cfi+30* Cvi)

i=1

Zrisc(Xi)

Xi

Cfi [
Cvi [

i=1,...8

3 (b)
4 €Y
5 (b)
6 €Y
7 (b)



Min | dCOST|+ | dRISKl
Zrsk<1x10*
|dCOST|:ZCOST' Zcost™*

|dRISK|=ZRISK' Zrisc™*

Zcost™ ( )
Zeusi* ( )
| dcosr | Zcost™
| drsk | Zrisc*
3)
S=co
Min max {am{ Z cost'—Z cost }ram[ Zrisk'—Zrisk }}
Z cost'-Z cost * Zrisk'—Zrisk *
st Zas(Xi)<1x10*
a coste[0,1]
a riske[0,1]
a cost=
a risk=
(
acost arisk=08 02 05 05 02 0.8)
Zcost’ = ( )
Zrisk' = ( )
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2-7

50% 85% 95%

Min Z(cost  risk)

st Zrsk<1x10®

Z(cost risk)
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Overhead



9600(192x50)
30
log-normal distribution
31 32
1 Natural attenuation
( )

2 Pumpandtreat a b Cc
26.49m°day a b c

2-3

3 Bioremediation a b

a b
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4 Airsparging a b

10mg/L

a

26.49m°/day

2-3  A-

Table 3-1 PCE concentration distribution

Remediation technology

M ean concentration

Concentration Sd.

ppm ppm

Natural attenuation 0.027483 0.330497473
Bioremediation a) 0.017499576 0.156766
Bioremediation b) 0.01970893 0.169588

Air sparging a) 0.012023354 0.131770387

Air sparging b) 0.01131488 0.130325501
Pump and treat a) 0.016097 0.128626
Pump and treat b) 0.013717 0.1176
Pump and treat c) 0.014118 0.111805

Table 3-1 PCE

0.0275mg/L

0.0175~0.0197mg/L

0.0137~0.0161mg/L

0.0113~0.0120mg/L
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Table3-2 TCE concentration distribution

Remediation technology | Mean concentration Concentration Sd.
ppm ppm

Natural attenuation 0.009591 0.10542179
Bioremediation a) 0.00657 0.05276598
Bioremediation b) 0.00657032 0.052766

Air sparging a) 0.00415355 0.04032631

Air sparging b) 0.00279629 0.02783929
Pump and treat a) 0.005911 0.044189
Pump and treat b) 0.005694 0.058822
Pump and treat c) 0.006079 0.035653

3-2 TCE PCE
0.00959mg/L 0.00657mg/L

0.0051~0.0059mg/L

0.00280~0.00415mg/L

3-1 3-2
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3-3

Table 3-3 Risk distribution

Remediation Mean 10% percentile | 90% percentile
technology risk risk risk
Natural attenuation 1.70x10° 1.92x107 2.75x10°
Bioremediation a) 1.38x10° 1.49x10” 1.95x10°
Bioremediation b) 2.05x10° 1.70x10” 2.26x10°
Air sparging a) 7.40x10°® 8.29x10°® 1.16x10°
Air sparging b) 7.39x10°® 5.40x10°® 1.12x10°
Pump and treat a) 1.05x10° 1.79x10” 1.72x10°
Pump and treat b) 8.45x10°® 1.37x10” 1.45x10°
Pump and treat c) 8.59x10°® 1.86x10” 1.61x10°
(b) 2.05x10° 1.38x10°

(a)(1.38x10-") (@) 1.05x10°~8.59x10°

7.39x10°~7.40%x10°

2 3

41
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4-1

4-1.1

4-2
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