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[57] ABSTRACT 
System and method for removing volatile organic com 
pounds from water are described which comprise a 
substantially closed housing, a column of ?uid permea 
ble extended surface packing disposed between a pair of 
screens within said housing and extending substantially 
from the top to the bottom thereof, the packing and 
housing de?ning therebetween ?rst and second diamet 
rically oppositely disposed chambers (air plenums) ex 
tending generally from top to bottom of the housing, a 
liquid inlet and air outlet at the top of the housing and 
a liquid outlet and air inlet at the bottom of the housing 
for ?owing water generally downwardly through the 
packing and for passing air generally upwardly through 
the ?rst and second chambers within the housing, and a 
plurality of baffles with the housing dividing the ?rst 
and second chambers into a plurality of stages for di 
recting the generally upward ?ow of air in a crisscross 
fashion through the packing and generally perpendicu 
larly to the generally downwardly ?ow of water. 

8 Claims, 1 Drawing Sheet 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 

v‘. enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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CASCADE CROSSFLOW TOWER 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured 
and used by or for the government of the United States 
for all governmental purposes without the payment of 
any royalty. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to systems 
and methods for removing organics from water, and 
more particularly to an improved packed column and 
method for air stripping volatile organic compounds 
from groundwater. 

Existing methods for removing and/or destroying 
organic compounds from water include incineration, 
liquid phase adsorption, chemical oxidation, biological 
oxidation, steam stripping and air stripping. Volatile 
organic compounds may contaminate groundwater 
from sources such as industrial spills, leaking under 
ground storage tanks and improperly constructed sur 
face impoundments and land?lls. Removal of volatile 
organic compounds from groundwater using any of the 
technologies just mentioned may be effective, but addi 
tional treatment for destruction of the contaminants 
may be necessary since adsorption and stripping only 
transfer and concentrate the organics. For concentra 
tions of but a few ppm, incineration and chemical or 
biological oxidation may be prohibitively expensive. 
Air stripping may generally be the less costly and pre 
ferred process for many groundwater decontamination 
applications. 
The invention solves or substantially reduces in criti 

cal importance certain shortcomings in the prior art by 
providing a cascade cross?ow air stripping system and 
method wherein the path along which air is ?owed is 
disconnected at intervals from regions through which 
the liquid flows. The system operates in a generally 
countercurrent manner with liquid ?owing down 
wardly by gravity, but the air is de?ected at regular 
intervals by baffles causing the air ?ow to cross the 
liquid ?ow direction generally perpendicularly several 
times. Proper baf?e spacing may produce marked re 
duction in air velocity and smaller pressure drop as 
compared to conventional countercurrent operation. 

It is therefore a principal object of the invention to 
provide system and method for removing organics from 
water. 

It is a further object of the invention to provide sys 
tem and method for removing volatile organic com 
pounds from groundwater. 
These and other objects of the invention will become 

apparent as a detailed description or representative 
embodiments proceeds. 

SUMMARY OF THE INVENTION 

In accordance with the foregoing principles and ob 
jects of the invention, system and method for removing 
volatile organic compounds from water are described 
which comprise a substantially closed housing, a col 
umn of ?uid permeable extended surface packing dis 
posed between a pair of screens within the housing and 
extending substantially from the top to the bottom 
thereof, the packing and housing de?ning therebetween 
?rst and second diametrically oppositely disposed 
chambers (air plenums) extending generally from top to 
bottom of the housing, a liquid inlet and air outlet at the 
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2 
top of the housing and a liquid outlet and air inlet at the 
bottom of the housing for ?owing water generally 
downwardly through the packing and for passing air 
generally upwardly through the ?rst and second cham 
bers within the housing, and a plurality of baf?es with 
the housing dividing the ?rst and second chambers into 
a plurality of stages for directing the generally upward 
flow of air in a crisscross fashion through the packing 
and generally perpendicularly to the generally down 
wardly ?ow of water. 

DESCRIPTION OF THE DRAWINGS 

The invention will be more clearly understood from 
the following detailed description of representative 
embodiments thereof read in conjunction with the ac 
companying drawings wherein: 
FIG. 1 is a schematic diagram in partial cutaway of a 

typical countercurrent packed column conventionally 
used in air stripping systems; 
FIG. 2 is a schematic diagram in partial cutaway of a 

packed column of the invention; and 
FIG. 3 is a schematic diagram of a cross?ow cascade 

system of the invention which was used in demonstra 
tion of the invention. ‘ 

DETAILED DESCRIPTION 

Theoretical considerations related to the operation of 
the cross?ow tower of the invention and experiments 
utilizing a prototype system for removal of certain vola 
tile organic compounds from aqueous solutions by air 
stripping are presented in Wood et a1, “Air Stripping of 
Volatile Hydrophobic Compounds Using Packed Criss 
cross Flow Cascades”, Environmental Progress 9:1, pp 
24-29 (February 1990), the entire teachings of which 
are incorporated by reference herein. 

Referring now to the drawings, FIG. 1 shows sche 
matically in partial cutaway a countercurrent packed 
column 10 conventionally used in air stripping systems 
to attain high removal efficiency. Column 10 typically 
comprises a generally closed tubular housing 11 con 
taining a packed column 13 containing plastic, glass, 
wood, metal, ceramic, graphite or other suitable ?uid 
permeable extended surface packing 15 substantially 
?lling housing 11. For most applications in large scale 
treatment of water, housing 11 may typically be of the 
order of 10 to 25 feet in height by l to 8 feet in diameter 
in order to provide a liquid phase throughput in normal 
operation of about 10 to 1500 gpm. Inlet 17 in upper end 
110 and outlet 19 in lower end 11b of housing 11 pro 
vide for passage therethrough of liquid 21 (e.g., water to 
be treated) from a liquid source (not shown) operatively 
connected to inlet 17 to a collector (not shown) opera 
tively connected to outlet 19. Gaseous (air) inlet 23 at 
lower end 11b and outlet 25 at upper end 110 provide 
for countercurrent ?ow of air from a pressurized source 
(not shown) upwardly through packed column 13. In 
conventional countercurrent operation which charac 
terizes column 10, liquid 21 ?ows top to bottom by 
gravity while pressurized air is forced from bottom to 
top of column 10. 
A desirable feature generally of a countercurrent 

system such as column 10 is a large driving force for 
mass transfer, since incoming air (near inlet 23) that 
contains no organics contacts exiting liquid depleted of 
organics, whereas exiting air (near outlet 25) has high 
organic concentration and is in contact with incoming 
liquid of high organic concentration. A relatively con 
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stant driving force exists throughout the column which 
gives rise to large mass transfer rates. 

Referring now to FIG. 2, shown schematically 
therein in partial cutaway is a representative column 30 
of the invention. Column 30 may be of size and through 
put capacity similar to that of column 10 of FIG. 1. 
Column 30 comprises tubular housing 31 having liquid 
inlet 33 at upper end 31a and liquid outlet 35 at lower 
end 31b. Packed column 37 extends substantially the 
inner length of housing 31 and may comprise any of the 
packing materials described above for packed column 
13 of FIG. 1. In contrast to the structure of column 10, 
however, packed column 37 within column 30 is de 
?ned and restrained between two screens 39,40 dis 
posed lengthwise of housing 31. Screens 39,40 may 
comprise substantially any structurally stable, chemi 
cally inert (to substances ?owing through column 30) 
open mesh material. Packed column 37 is therefore 
substantially rectangular in cross section and is centrally 
disposed within housing 31, whereby diametrically op 
positely disposed chambers (air plenums) 41,42 are de 
fined on either side of packed column 37 between the 
inner surfaces of housing 31 and screens 39,40. Baffle 
means including a plurality of baf?es 43,44 are disposed 
within housing 31 along chambers 41,42 to de?ne corre 
sponding plurality of stages 45a-e through which gase 
ous ?ow within housing 31 may be diverted back and 
forth through packed column 37 substantially perpen 
dicularly to the downward ?ow direction of liquid 
therein. In the operation of the invention, air is supplied 
at inlet 47 and, in its generally upward countercurrent 
?ow through column 30, is de?ected by baf?es 43,44 
several times before exiting column 30 at outlet 49. 
Baf?e 43,44 spacings may be selected to provide a de 
sired air velocity through column 30 and minimum 
pressure differential thereacross. It is apparent from the 
foregoing description of the structure and operation of 
column 30 that housing 31 need not necessarily be cylin 
drical in shape, but, for example, may have rectangular 
or other cross section, the overall shape of column 30 
therefore not being considered limiting of the invention. 

Referring now to FIG. 3, shown therein is a sche 
matic diagram of cross?ow cascade system 50, includ 
ing experimental column 51, similar in con?guration to 
column 30 of FIG. 2, which was used to demonstrate 
the invention. Column 51 included a (5-inch diameter 
Plexiglas TM tubular housing 53 containing packing 55 
of polypropylene Pall rings (§" nominal diameter) held 
in place by stainless steel wire mesh frames 56 extending 
the length of packing 55. The cross-sectional area of 
packing 55 comprised about 65% of the total cross-sec 
tional area of column 51 in the experimental system. 
Larger or smaller cross-sectional percentage values 
may be successfully used depending on column size and 
packing material selection, the same not considered 
limiting of the invention. Column 51 was con?gured in 
five sections, each four feet high, which allowed col 
umn 51 to be operated with packing 55 lengths of 4-20 
feet in four-foot increments. Adjustable baf?es 57 de?n 
ing a preselected number of stages 59 (e.g., 4 to 12 stages 
in an 8-foot column) for controlling air ?ow through 
column 51 were bolted to frames 56. Rubber seals be 
tween each baf?e 57 and the inner surface of housing 53 
prevented liquid and air from bypassing the de?ned 
paths for each. Baf?e 57 spacing was adjustable to per 
mit air velocity and volumetric ?ow rate to be con 
trolled independently of liquid velocity and volumetric 
?ow rate. A second, 12-inch diameter ?xed-length, 
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4 
?xed-baf?e pilot scale ?berglass column (not shown) 
was used for experimental large scale demonstration of 
the invention. 

In column 51 operating in a semi-batch mode, con 
taminated water to be treated was introduced into the 
top of column 51 through inlet 61 utilizing centrifugal 
pump 63 (30 gpm‘capacity), and allowed to ?ow by 
gravity downwardly through packing 55. Flow was 
measured using rotameter 64. Water exiting column 51 
through outlet 65 was collected in reservoir 67. Air was 
introduced from blower 69 (800 cfm) under pressure of 
about 0.5 to 5 inches of water at air inlet 71 at the bot 
tom of column 51 and was directed upwardly through a 
circuitous cross?ow path de?ned by baf?es through 
packing 55 to outlet 73. Judicious selection of baf?e 
spacing optimizes air flow area, minimizes air velocity 
and minimizes pressure drop across the length of the 
column. 

In conventional countercurrent operation, as air ?ow 
is increased at a ?xed liquid rate, conditions of loading 
and then ?ooding are encountered; the system will not 
operate at air ?ow rates higher than that resulting in 
?ooding. No comparable condition results in operation 
of the cascade cross?ow system of the invention. Since 
the air and water ?ow directions in any particular stage 
(59 of FIG. 3) are approximately perpendicular to each 
other, high air ?ow velocity imparts a horizontal veloc 
ity component to the water in the packing and causes 
water buildup on the adjacent baf?e. In the next stage, 
however, air ?ow is oppositely directed so that water 
over?owing from the baf?e encounters air ?owing in 
the opposite direction and is forced back toward the 
center of the packing. The alternating air ?ow direc 
tions in successive stages therefore tend to redistribute 
the water toward the center of the packing. 

Demonstration tests on the invention were performed 
using saturated water solutions of chloroform, methy 
lene chloride, 1,2, dichloroethane, and carbon tetra 
chloride, as described in Wood et a1, supra. These tests 
con?rmed that stripping efficiencies and mass transfer 
coef?cients utilizing the cascade cross?ow scheme 
taught herein are comparable to or better than expected 
from conventional countercurrent operation. However, 
at equivalent water and air loading rates, the air pres 
sure drop over the length of the column may be reduced 
by as much as an order of magnitude as compared to 
conventional systems, and stable operation was achiev 
able at air and water loading rates which would cause a 
conventional countercurrent column to ?ood. 
The invention ' therefore provides an improved 

packed column system and method for air stripping 
volatile organic compounds from water. It is under 
stood that modi?cations to the invention may be made 
as might occur to one with skill in the ?eld of the inven 
tion within the scope of-the appended claims. All em 
bodiments contemplated hereunder which achieve the 
objects of the invention have therefore not been shown 
in complete detail. Other embodiments may be devel 
oped without departing from the spirit of the invention 
or from the scope of the appended claims. 
We claim: 
1. A system for removing volatile organic com 

pounds from water, comprising: 
a housing having a top end and a bottom end; 
(b) a column of ?uid permeable extended surface 

packing disposed within said housing and extend 
ing substantially from said top end to said bottom 
end, said packing con?gured to de?ne within said 
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housing ?rst and second diametrically oppositely 
disposed chambers between said packing and said 
housing, said ?rst and second chambers extending 
substantially from said top end to said bottom end 
of said housing; 

(c) means defining a liquid inlet at said top end of said 
housing and means de?ning a liquid outlet at said 
bottom end of said housing for ?owing water gen 
erally downwardly through said packing within 
said housing; 

(d) means de?ning an air inlet at said bottom end of 
said housing and means de?ning an air outlet at said 
top end of said housing for passing air generally 
upwardly through said ?rst and second chambers; 

(e) baffle means within said housing dividing said ?rst 
and second chambers into a plurality of stages for 
directing the generally upward flow of air within 
said housing in a crisscross fashion through said 
packing and generally perpendicularly to the gen 
erally downwardly ?ow of water within said pack 
mg. 

2. The system of claim 1 further comprising ?rst and 
second screens disposed within said housing and ex 
tending substantially lengthwise thereof and con?ning 
said packing therebetween. 

3. The system of claim 1 further comprising a source 
of pressurized air operatively connected to said air inlet. 

4. The system of claim 1 wherein said packing is a 
material selected from the group consisting of plastic, 
metal, ceramic, wood and graphite. 

5. The system of claim 1 wherein said packing com 
prises about 65% of the cross-sectional area of said 
housing. 
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6 
6. A method for removing volatile organic com 

pounds from water, comprising the steps of: 
(a) providing a housing including means de?ning a 

liquid inlet and an air outlet at a top end of said 
housing and means de?ning a liquid outlet and an 
air inlet at a bottom end of said housing; 

(b) providing a column of ?uid permeable extended 
surface packing disposed within said housing and 
extending substantially from said top end to said 
bottom end, said packing con?gured to de?ne 
within said housing ?rst and second diametrically 
oppositely disposed chambers between said pack 
ing and said housing, said ?rst and second cham 
bers extending substantially from said top end to 
said bottom end of said housing; 

(c) providing baffle means within said housing divid 
ing said ?rst and second chambers into a plurality 
of stages; 

(d) ?owing water through said housing from said 
liquid inlet toward said liquid outlet generally 
downwardly through said packing within said 
housing; 

(e) forcing air through said chambers from said air 
inlet to said air outlet generally upwardly through 
said stages and past said baffle means in a crisscross 
fashion through said packing and generally perpen 
dicularly to the generally downwardly ?ow of 
water within said packing. 

7. The method of claim 6 wherein said packing is a 
material selected from the group consisting of plastic, 
metal, ceramic, wood and graphite. 

8. The method of claim 6 wherein said packing com 
prises about 65% of the cross-sectional area of said 
housing. 
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