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Figure 1. Cost Comparison at Low Flow Rate, Short-term Remedial Action 
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Figure 2. Cost Comparison at Low Flow Rate, Long-term Remedial Action 
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Figure 1    shows adsorption and free radical technologies are competitive at the low 
flow rate across a range of concentrations, over the short term 
The high capital cost of thermal technologies makes them an impractical choice for 
remediation under these conditions 

Figure 2    shows adsorption technologies are cost effective only at low concentrations 
over the long term 
Free radical technologies are the most cost effective alternatives at concentrations 
above 200 ppm 



Figure 3. Cost Comparison at High Flow Rate, Short-term Remedial Action 
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Figure 4. Cost Comparison at High Flow Rate, Long-term Remedial Action 
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Figure 3    shows adsorption and free radical technologies are competitive at the high 
flow rate only at low VOC concentrations over the short term 
Thermal technologies become competitive with adsorption at higher VOC concentrations 
Free radical technologies are the most cost effective alternatives at concentrations 
above 200 ppm 

Figure 4    shows thermal and free radical technologies are the most cost effective 
choices at the higher flow rate over the long term 
The high operational costs associated with adsorption technologies causes them to 
lose cost effectiveness over the long-term schedule as concentrations increase 



#*. "* 
j i     «« 1 w. 

1   o *- 
i CO 

CD 
CD 
C i   ES 

1 3 'co H 
Li. 

• !   i52 
i   <o i i_ — *-» 0) O 

!   s 
O 
to 
CO 

CD 
Ü 
i 

c 
CD 

CO 
CO 

CD 

C7) 
i 

CO 
i    o 

!       u_ CD o E r 

in
g 

tw
o 

5-
S

C
 

Ü 
O 

Q. 

Q- 
Q 
C/3 

o 

£ 

"cc 

Q. 
'5 
cr 
CD 

sz 
4-» 

c 

0 
Ü 
1— 

o 
Li. 

< 
c 

_CO 

ü 
CO 
CD 

O 

i— 
CD 

O 

5 
o 

3 
o 

1 

A
ss

em
bI

 

E 

CM 

n o 
o 

JZ 
o 
CO 
CD 

CO 
03 

3 
T3 
O 

E 

CD 

o 
Ü 

CO 

Q. 

CO 

E 
CO 

_co 

CO 

CO 

*-> 

"E 
3 

! 



i ■ CD o i 

CD CO 1 I 

sz 
ü 

3 
Q. 
£ o 

"U 

-u 
CD 

E 
c 

CO 
4-> 

CD 

CO 

o 
LL 

i 

sz C 0) CO < 

ni
to

r 
w

 o 
CD 

SZ 

E 

CO 

c 
o 

0. 
Q 
(f) 

o 

co 
o 

4-» 
o 
0. 

4-> 
c 
CD 

E 
a 

c 

o 
Ü 

o o 3 3 o 
fc 
CD CO Ü 

CO 

(Ti 

E 
0) 

c 
CD 

CD 4-< 
CO 

4-« CO CO E CO 
CO 

«*- "O *-■ >* Q. 4-» 

o CO 
> 
CD 

CO CO c CO 

CO 
o 
o 

T3 
■D 
CD 
co 

o 

c 
CD 

c 

en 
CD 
4-* 

c CD 
CO 

sz CO CO o o 3 o CO 
a. T3 .Q o 4^ ■o ■D CQ 

CO <>• 
o - Ei 
CO 
o 



GO 
LL 
< 

C ^S* 
(0 c 

0) 
0) E 
Ü Q. 
o 3 s O" 
+J O 
(0 a. 
0) Q 
(1) 0) 
a) 0) 

ü Q. 

O 
> 

O 

E o 
o a. 
^ _c 

^rf 

It
s 

3 N*"*^ 

U) 
a> 
tf 

(0 0 ^ ^ 0 
0 0 0 0 101 0 0 mm 0 £ ■o HC3! «5 

z § 5 § 5 5 5 5 £ CM 

X X 
CM 

X 
CM 

X 

UJ — IO T— CD O O Is- O LO in ^ m Is- 

£^ CO CO in Ö Ö h^ CO CM CM ai 00 co 
Q *— <*& K o> CD o> o> a Gi o G) ■1 m>:. 

>»£» 
CM 
CD 

CO 
m 

in 
CO 

CD CO 
CD CO 

m 
Is- 

G> 
co 

CO 
oo 

<*- 
co 

CD 

2   C =5 yr— icHi ^j- O -*■ o o ^— o Is- CO 
,q © 3 <*- ^ ^ ^J" <*" <*- -*- in m ^- m Is- 
UJ -o 

£ ~ 
OS 
^ LL O o O in ^r r^ ^~ ^ T— ■r— Is- o> 

Cfl O O o O OJ ö -^ iri ^r -^ in CO CM 
CO CO Ü1SI T" ^r- ^ 
o «- 

£ 
3 

3 so CM a> 00 CD o o CO CO m o CO ^" 
CO m in in in CM CO CO m m T- CM 

E 
a> 

<*-» 

To
ta

l 
[V

O
C

] 
(p

pm
v 

CNJ CM CO CO CO o Is- -*■ CM a> 00 05 
^ CD CM CO CD CD is.1 CD CO iCMl o> m 
in ^r CO iK CO «sf ^a- -^ m CD CD -*- 

0 
Q. 

E * ^ CM CO ^r in CD Is- 00 o> O 
T— 
- CM 

(0 
CO 

o 
E 

< 
tu o 

CM 

i 

3 

2 
la. 



c 
CO 
ü 

3 
3 

O 

(0 

.S> a) co E 
co t: 

D) 0) 
^   © 

£ -2 
O   O   co 
© c o 

Q.   O 
I-   © 
z ._ o 

5-2 & 

E ^ 

CO 
CO 
0 
Ü 
o 

5   C 'S 
©   c^ 

1 = 
©    >   H= 

co 
>> 
ü 
c 
© 

—    CO 
D) CO —  ^_J 

+■*  o co 
c3 Q-E 
>» CO © 

■—   a *- 
> •== **i ~  **- CO 

o 
o 

© 
D) © 

CO 
ö>jS   CO 

I £ 8 
.= "U — 
U.   10   • 

Ü 
© 
© 
CO 

© o 
CO   o 

0  © 

52 "© 

co 
CO 
© 
Ü 
o 
Q. 
© 

IM« 

c 
±:DQD 

CO 
© 

O   c 

*= o 
^    Ü 

1.1 
CO   3 

© J7 

5J "co 

"'S & 
co £ 

r O 

0   c 
<i> co 
CO u. 
© 
1— 
o 
CO 

"D 
CO 

c 
o 
CO 

■ Mi 

© 
E 
© 

Q. O 
E c 
CO   o   _ 
8'is • 

CO 
c 

.5 c 
E 
c 
o +- 0 

£ °> > 
© ©  c 
o ^  © 

Q. • 

CO 
© 
to 
CO 

CO 
o 
E 
© 
o 
o 

© 
N 

■ MM 

15 
■ MB 

Ü 
© 
Q. 
CO 

**— 
CO    O 
C   +-. 
o  c: 

■+= © 
co   c: 

75   ^ 

CO h- 

CO o 
E 

< 
(0 
o 



00 
6 

l-DlMSfrlSD 



O 
Ä 
"D 
C 

jg   (0 

o -ö 
(0   (1) 

CO  <J> 

§1 
2 £ 
0) — 

re s 
?S 
OS 
3 — 
jE .Q 

(0 

■B  • 
■&2 </> 
C   tf)   o new 

,>< o co 
Ul   Ü   O) 

2 
CO  © 

iS CO 

t_  — 
O T3 

"S   « CO   r= 
0  "^ 
*-   O 

0   >» 

O   © 
CO  £ 

£ to 

0 
*—» 
CO 
$ CO 

0 
XI • ■MB1 

Ü 
0 

JZ Q. 
^ CO 

0 
§ > 

■ MBBS 

+-» 
0 Ü 
CO CO 
o M— 
r** O 

>*—» 

Ö) 
CO 

c 
■ BMBS 0 
"O BMBBJi 

X   0 

O    CO 

o E 
S 0 

o   CO 
U)SZ 
.£  0 

0 
Q.  0 o 5 

0 

CO  .=5 
0    CO 

O    CO 

co  >> 

0 t£ 
co =5 

I? 
>» c 
0-SB 

■JZ  c 
CO   o 
> Ü 

0 

0 
CO 
CO • 

CO CD 

E 
CO 

3 
«*—» 
X 

CO ■ MM 

Q. fc 
_ CO 
CO CO 
E O) 

0 0 
i 

«*—• <*—» 
1 c £ 

2 0 

0 
> 

■ MBB1 

o 
CO 

o 
B MBMM 

••—» 
Ü 
3 

2 
0 

SZ   0 

S 8 
E 5 
.E  0 

O   M- 
O   ° 
+- c c o 
0 ■+= 
CO o 

Ü    CO 

CO  <+-• 

CO c 
CO   CO 
°>  CO 

TJ   0 
0    ü 

J5   0 
<    CO 

(0 o 
£ 

JO 
< 
en o 



CO 

E 
E 

CO 

o c 
CO   r- 

8| 
«= «r .a 

0  E 
£ ••§ 

CL O   o 

0 
CO 
0 

.>>  CO 
£   g CO   c 
E c 
CO      - 
0- ^ 

CD 

CD 
Ü 
C 
CO 

E 

0 

TJ 
C 
CO 

O) 

"co 
Ü 
CO 
0 x 

> co -G 
CO 
c 
g 
CO 

^8 0   O 

"« 8 o) •- 
■*= o 
S  to 
^ s 
o % 
0 Ö 
«= CO 
3 CD 
CO TJ 

Is 

o 
TJ 
0 
L. 

CO 
Ü 

O 
0 

■*-• 

■*-> 

CO 
o 

o 
o c 
0 
E 
o c 
0 x: 
CL 

TJ 
C 
CO 

0   . 
m    CO 
S.E 
£■§ 
8 S. 

is 
C   0 

*->    0 
.<2 *: 
eo -ß 

o o 
m    CO CO    0 

0 -E 
TJ   0 
>   Q. 
2 2 
Q. CL 

TJ 
0 

O   * J 
S- O TJ 

8 •'= 8 
0 £   0   CO 
£ .£ 0 E 

C TJ 
O   0 

0   o 

3-8 
.«2  0 

el 
co •»-< 

Z   Q- 

O   O) 

4_<   CO 
c  o 
0   «- 

TJ 0 

-I E> 
CO   © 

|0 

Ü s= 
M-     Ü 

0 
Q. 
CO 

O 

CO 

0 

CO 

E 
Q-JO 
£ Q. 
CO    0 

< £ 

TJ   0 
0   Q. 
XI   "*^ 

CO    O 
0    >> 
Q. & 
CO   g 
O   0 

S.g 
.3 Ü 
o  ® 
Q. 0^ 

iS 2 
3 0 
.0 ■>. 

I? 
CO -2 

Ü 
o 
CO 
CO 
CO 

0 0 
*- x: 
o 
*- TJ 
TJ   C 
0   CO 

3.2 

0* ^   o 
E co E 

> *   m 0   =5 3 
> CO   3 

•*=  -C = 
O   X   O 
CO   0   Q. 

0 
> o 
E 

0 

it 
CO    O 

co  o 

3-g 2 s 
0 

c "Z. 
o o 
£    CO 

£| 
^£ 
0 ^ 

>s 
^L CO 
D) L_ 

_0   Q. 
O   0 
c x: x: "•- 
8 8 

4=   CO 
C   Ü 

81 

cTi2 
_co o 
^ "i 
CO     Q_ 

c -Q 
CO  ■£ 

c? E 

Q. 2 

0 
x: 

co" 
o 
Ü 

0   2 

3  0    B .S= 

DL 
I- z 
0 
c 
o 
CO 

c 
CO 

c 
o 
Ü 

CO c 
o 

'co 
CO 

E 
0 

I 

CO  X5 c 
o 
Ü 

c 
CO 

0 o 

I ^ 
Q. CO 
_ CO 
ro co 
O 0 

•£= O 

0 c 

0 0 

CO 
CO 
c 
o 
CO 
CO 

X c 

**        0 

CO 

o 
IE 
1—  •*-< 

0   CO *- x 
c ^ 

;-^'io' 
§ 0 

•— XJ 
CO xi 

is 
X  co 

_        0    r 
0   Jr   0   O) 
E £ -o 0 
0     -  o ^ 

^<^s g 
■s       o I 
P=S if !Z   X   X   c Z  0  0  0 

CO 

CO c 
o 

'co 
CO 

"E 
0 
>» 

O) c 
C   CO 

■p>E 

CO    CO 

O   OB 
co 3 
o> o 
E s O   CL 

5I 
co E 
O   u- 

O   0 
C  XI 

8 o 
®    CO 

§ is 
8 S> ü    CO   ^ 

co -o  0 
C   -i=    CO 
E Xi   O 

>s CL 
o 

0   fe   CL 

0  T3  — 
X   ^ w 

D)iS   O 
C    CO 
N CO 
^ o .9 
CO 0 
0 co 
01 3 

Q. 
CL 
CO 

'5.5 
§ 2 
o o 
c5 £ 

"C  +- 
- 0 

0   u 
£   0) 

x & 
0 

0   O) 
S .£ 

§ 0 

CD -D 

0iS 9 

0) 
o 
E 

JO 
< 

CO 
o 

0 2 2 
CL 

^   .o 

Ü   ^    0 05 I 

z^ i z 2 o 
.E 0  0 
g)5   CL 
0 TJ TJ 

Eg § 

0   c 

0 

CO 
TJ c 
0 <ö 8 

CO    0 
^    CO    0 
c   0 "S 
0 r 3 
0 CO CO 

-S > 
0-   CL 0 


