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"METHOD AND APPARATUS FOR REMOVAL OF HAZARDOUS GASES FROM
ENCLOSED STRUCTURES This invention relates to a nmethod and
apparatus for scrubbi ng gases, or stripping |iquids, containing
hazardous materials such as ethyl ene dichloride and hydr ogen sul fide
fromthe encl osed confines of storage t anks or ot her V?@ig%?”” d nore
particul ariy W5 a .net hod and nobil e apparatus for W6™% hese

caui prent whi I 6 pr event ?%@?E#ﬁ?@ﬁm‘ﬁ% = Wg;‘%e&‘ L

Pet r ol eum products, part &@9 FNCHRRED o TR stored in tanks many of
which are very | arge, THES ditgridon relatss 40 5055509 3RT ARPRLMS, §8%0) | .

Such tanks MY ecg6sel 25dscChrl Bell AIBIPTI GRS Sbkestipngd 0 L hese

tanks deposit sludges whi accunul at'e on the bottom of t he tanks,
resul ting i n opehazavdeths masisirdad saguch asn&ﬁhﬁl§néddvﬁhl9R#4Q(§n§apaC|ty

oV Thal Mt pon fdfocen ARRILARY N, L8 AUIRUBALAFLAE UL BN eT1 S

of the t anks; eanlng o ese tanks and 't he removal
of accumnul at ed StdﬂbeSofrdnhe&hSBEBEks, dmd more gnanmbularnyﬂtdnsmhhda and

equi pnent are descrlb d Patents 4,945, 933, 4, , 653, 1,016,
5, 460, 331 and ‘6‘; %'ﬁ‘g ‘“%F—F—'eaBBEﬁaB*s tfr?éfsé”ef}aﬁﬁﬁ?% |36‘€§°seg
successf ul rreanssiaaéegaéw!éé Fbr! RAmSh USGIESy ivk thoht Obftrandbits saZaeiher
probl em has existed with respect to sour crude oil storage that is not

addr essed by anyegripment whifler prevenrbing qantagipatien ofitd es an
extrenely hazgrdoUsnmddeiation for ultimate cleaning of storage

Petroleum products, particularly crude oil, are
stored in tanks, many of which are very large, holding as
much as 500,000 barrels of crude oil. Such tanks may
exceed 250 feet in diameter. Crude oil stored in these
tanks deposit sludges which accumulate on the bottom of
the tanks, resulting in operational problems and
diminished volumetric capacity. Several methods have
been devised to agitate or circulate the contents of the
tanks, simplify the cleaning of these tanks and the
removal of accumulated sludges from the tanks. For
example, such methods and eguipment are described in U.S.
Patents 4,945,933, 4,817,653, 5,091,016, 5,460,331 and
4,407,678, While each of these patents describes
successful means for handling the sludges in various
ways, another problem has existed with respect to sour
crude oil storage that is not addressed by any of the
aforementioned art and, yet, creates an extremely
hazardous situation for ultimate cleaning of storage
tanks, requiring the entry of work people into the tanks.
This problem is the accumulation of dangerous hydrogen

sulfide gas and for carcinogen benzene wvapors in the



fanks, requiring the entry of work people into the tanks. Thi s probl em

I's the accumul ati on of dangerous hydrogen sul fide gas and for carcinogen
benzene vapors in the WO 97/ 25125

PCT/ US97/ 00280 2 t ank. An
envi ronmental concern has al so devel oped in connection wth soils

cont ani nat edRR5128] atil e hazar dous chl ori nat ed hydr o®eTASsT/09288€ES,
such as ethyl ene dichloride. Oten the only solution for contai nnent
of the solids contam nated with ethylene dichloride in a beni gn
manner is by using an enclosed storage tank &s a hol di ng vessel for
such contani nat e¥2®¥i-|s. As the soil lies in the tank, the volatile

et hyl ene di chl ori de An_gﬁgg¥gﬁﬁgnégf{éﬁﬂg@g&hgégtg&%ﬁ;geééf§éé§ﬂ%n_creating

a danger ous situation proportions equ 0 hydr ogen
sul fide invasi oncohnehéionnvathesoilsrospitemdnated wishhyslawiddon st or age

t ank. A%giti nal | the entry of a m%Lker I nto an at nosphere
of ethylene dich SFF5§°P§q§?}%§1?§ﬁ%§ © n gaReE. FuUtthRr s HTYREREI r ed
in an atnospher e gignadedady OftMOEwedhlﬁ}J'sBNEioNﬁwraééﬂH}h veggbeen

made to avoid the necessity of entry into such tanks wnic urdens the
wor ker by the ne&besppyids epntamipated withoethywliene dichbmristendinequi prent

to the extent th I Gl ' QS nd_dangerous, life threatening
wor k situations %ngé%cﬁ%f%%%rﬁscbd d‘?%l%# r?%i %@cgﬁg?gs%%df%grﬁ(etﬁ‘?%%ér e
during hot periotieldinghvassslnf®r dlsmgontaminiesdassils. irHeaRdigul f
Coast where many_such, tanks exi Because of conti nued

st.
gover nment al regtfEFi dAstheuednk, the volatdde; ephyiere dighdaxide Conversion

and Recovery ACt permeates the atmosphere within the tank, creating a
dangerous situation of proportions equal to that of the
hydrogen sulfide invasion of the contained atmosphere of
a hydrocarbon storage tank.

Additionally, the entry of a worker intc an
atmosphere of ethylene dichloride requires care equal to
that of the care regquired in an atmosphere invaded by
hydrogen sulfide. Many attempts have been made to avoid
the necessity of entry into such tanks which burdens the
worker by the necessity of wearing heavy, hot and
cumbersome equipment to the extent that efficiency is
lost and dangerous, life threatening work situations
occur, particularly in the enclosed tank atmosphere
during hot periods, such as summer along the Texas and
Louisiana Gulf Coast where many such tanks exist.

Because of continued governmental requlations, such
as the United States Resource Conversion and Recovery Act
(RCRA} and the United States Hazardous and Sclid Waste
Amendment of 1984 (HSWA), which establish comprehensive
*cradle to grave” provisions to regulate hazardous

materials, there is an increased need of the efficient



{RCRA) and the United States Hazardous and Sol i d Wast e Amendnent of

1984 (HSWA), whi ch establish conprehensive "cradle to grave" provisions
to regul ate hazardous materials, there is an increased need of the

ef ficient WO 97/ 25125

PCT/ US97/ 00280 re atile
conpounds fr YRS naterials and encl osed enV| ronmg&‘éﬁlmégfyo&% The
et hyl ene dirchl oride problemis particularly troubl esone since it is a
mat eri al whi ch, when contami nating soil, nust be renoved but, w thout
adequat e means_ of cont G| | d I

probl em Soil cort&fiY 5& gﬁgé}ﬁyﬁgﬁgg%F%ﬁlorldgggﬁa mSQX{{QfQ%B%?
threat to the kuéxcxagydjgmvikaﬁgebegzene et hyl ene dlchlorlde and the
chl eri nated hydrocarbons are what water soluble, they |each from
surface soil |nto QF@§§PF§I9193%%E%d%uR§£?L§W §6|PaEEH°E}?¥Hﬁter end
up in | akes s?s‘?:ﬁ% ihecetpres & féﬂaﬁ%%hon hén be

cont'ai ned nust be Separate rggét%e p%ssrﬁé It gachlng caused by

nat ural circunst amesarsinctiag seih, amdst bevmﬂmdugd bH@mevethouhemdeqnate
protected by putting it into cl osed cont ai ners, .suc S e st or
Panke. the vapor medns ol SoRcaspmeEEs BEoRthy GREPIICAFSH: SRVAE UM L

tenperatures i ncrmnt 0 a8 1PebAtalifs€ed NoL D tde thylene AL ERIHHEEE Jiddi n
such storage vessel in short tine, perneated with the hazardous gas

m xt ure. p#QﬁQﬂﬁﬁ'a Kh@eéﬁptpvtb? !ﬂtﬁmdﬂﬂﬁéﬂard§&§°§a§%§zeﬁeomnthln
the vapor al mspRgng Qlnes ¥illabat 80°haRe ibdhitateq Aylf6aL

nei ghbor hood of sU Tk because o he expansi on nd con ractlon of
gases with chang@ome"wnat walteresblublhper chey elea@ld ém‘par aunfacelsm:caimas

t he gases to exit throgih vents into the surroun ing area f a
while attenpts arRFQfRERiyedynfgPReELRFERE RS AAd]; gnd ultimately end up
in lakes and streams. Therefore, the contamination to be

contained must be separated from the possibility of
leaching caused by natural circumstances such as rain and
weather. However, when so protected by putting it into
closed containers, such as large storage tanks, the vapor
pressure of VOCs and ethylene dichloride at elevated
temperatures increases to the point where the entire
atmosphere within such storage vessel is, in short time,
permeated with the hazardous gas mixture.

Further, the captivity of such hazardous gases
within the vapor atmosphere of such storage tanks creates
a hazard in the neighborhood of such tanks because of the
expansion and contraction of gases with changes in
ambient temperature. A temperature rise causes the gases
to exit through vents into the surrounding area and,
while attempts are made to contain such exposure to
gases, such as hydrogen sulfide and ethylene dichloride,
through absorption in carbon canisters on such vents,

high concentrations of such materials quickly saturate



. gases, such as hydrogen sulfide and ethyl ene dichloride, t hr ough
“absorption in carbon canisters on such vents, hi gh concentrati ons of
such materials quickly saturate WO 97/ 25125
PCT/ US97/ 00280 4 t he carbon bed and
cause breakt hroughs into the surroundi ng area creating hazards of
heal t h and fWP&724:s even a slightly carel ess act. PCT/USOIVO028% pect
of this invention is to provide for the renoval of hazardous gases from
the interior of closed vessel s; particularly storage tanks, wthout
requiring the entry of workers into thedvessel and w thout causing
at nospheri ¢ cont##g atkan bed and cagpe bresafirquehentnsn, thher ef ore,
provi des a nmeth I ri r L.ng ter_solubility
from cont ai nnen?g{/%r'sqsue éérﬁgﬁ%ﬁ?gl lﬁgg?ggﬁgt}g%?r(#a o h\‘/q\n%;“kgr 3&?%15% %ous
gases fromthe \eesela alilghtdycicagelesstdet gases into | ower regions of a
scrubbi ng zone, contacting the risip ases with sufficient water in

e

counter-current flowd& C&EREG of | ERiF Y _ Nyd8c§0 Rravide far cthestream -
and create a gasrenidwAMdEaNaRlrdous gasds! Al ey ih@gy‘gﬁgt gggé\g%fé)f

hazar dous gas, recycling the gas"streamto the vesse

addi ti onal heessedsus pgatésul avhyt seoxags dlanks, t Wi thoungrédei s
stream and di ssql,ved hazardous_gases, from.t he scrybbing zone, djiluting
the water str eaﬁﬁ'lﬁ %?tﬁdﬂ i 385?‘%& e on‘]‘he ve&sggt §n§ FLEbRYL caysing

havi ng a | ower echtaiapdieiat coRt@hinati@®sor bed hazardous gases and a

bottons stream returning the recycle streamto the scrubbing zone, and
renovi ng t he absdhSe®TRESREddBECRECR r Shexedons: t BRevides ammethod

di sposal . forl RApRLEIRR! hhPYLALLO dse ARG 18T i ng

t he probl ens setc?Brt abovg by p?§v+d?ﬁg§3nh%86g?a§§ggg L%%#Bégéictively

renovi ng undesi rixisive condipdnment ubessels compodicdg thenstepasof W t hout

requiring the e@%%%d%%wing hazardous gases from the vessel, introducing
the gases into lower regions of a scrubbing zone,
éontacting the rising gases with sufficient water in
counter-current flow to capture such hazardous gases in a
water stream and create a gas stream having a
substantially reduced content of hazardous gas, recycling
the gas stream to the vessel to sweep additional
hazardous gases from the vessel, withdrawing the water
stream and dissolved hazardous gases from the scrubbing
zone, diluting the water stream with additional water to
create a recycle stream having a lowered concentration of
absorbed hazardous gases and a bottoms stream, returning
the recycle streaw to the scrubbing zone, and removing
the absorbed hazardous gas from the bottoms stream for
disposal.

The present invention is also directed to overcoming

the problems set forth above by providing an apparatus
for effectively removing undesirable, water soluble

compounds from a gas, without requiring the entry of
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'5 workers into a vessel in which the gas is contained. It Is al so
desirabl e to have such an apparatus that is nobi |l e, and can be noved
fromsite-to-site, as needed, to renove contam nate materials fromthe
encl osed environment of a storage tank. Furthernore, it

desirabl e to W4 2%5pbi | e appar at us capabl e of separ at ié}%’\'}\%’wm

sol ubl e hazardous nmaterials froma _ gaseous m xture enclosed within a
storage tank, and then recircul ating thenil eaned gases to the tank to
&

ddi tional . hazard terials f the tank.. T
ot asent i nvent | on "PEKSFACHEY B, VA G STRE Che GAF A SIS albs

for pronoting gashiki gikd 88SSrable WA suchChHdapSavatiidmad nane, a
tower containing a _ _ packed bed pivotal :{y mount ed on said nobile franme
for noverent BePhden aNAFay R MOVechFIEBr EipesteivHe.0 as neededer tpcal

operating posi ti 0fen39bdet Vs (A HACULUIBCEron (EOCLANIJR. and a | over

end portion when di'spose vertical operating position, means
for noving said t emeironmehetafen samhgeotiangnt aFuttbermmrd, pasiits on and

sai d vertical _operat]ng sition, neans _for naintaini sai d t owner
at said vertical Sﬁgi"égﬂﬁ b‘ggﬁ‘f%rﬁ "}??dﬁse fpparatug e%%l?ﬂﬁq%g °zfnd. . .

.distributing gas WaPRrat¥nd AUGN sAltble hak@¥B5uMELLd i lOWRlon & I N Sai d
vertical operating position, and neans for receiving and distributing

water  downwar GRgepns oRdRtuTR qRscidseg ¥ithandatsieragshdmnkhe and thewer
advant ages of t helPSeRer Tkl R (qi¥ined gasee v whid Wifnic BF Hagse™
foll owi ng descri padditional dketardousomatectinds frdth thee wkanpanyi ng
dr awi ngs, wher ei n: ) . , .
The present invention is, therefore, also directed

to a mobile apparatus for promoting gas/liquid mass
transfer, including a mobile frame, a tower containing a
packed bed pivotally mounted on said mobile frame for
movement between a horizontal transport position to a
vertical operating position, said tower having an upper
end portion and a lower end portion when disposed at said
vertical operating position, means for moving said tower
between said horizontal transport position and said
vertical operating position, means for maintaining said
tower at said vertical operating position, means for
receiving and distributing gas upwardly through said
tower when the tower is in said vertical operating
position, and means for receiving and distributing water
downwardly through the packing of said tower when the
tower is in said vertical operating position.

Purther features and advantages of the invention
will become more apparent from the following description

taken in conjunction with the accompanying drawings,

wherein:
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6 Fig. 1 is a schematic flow diagram showi ng in schematic form
the preferred enbodi nent of the nethod of this invention with gauges,
val ves and fittings not shown. Al so, this drawing shows, within the
area defined by broken lines, the principal elenents of the nobile
appar at us enWo¥RsK35t he present invention in which haz PEEUSITHO2BRS ar e
removed fr-om encl osed structures; Fig. 2 is a perspective view of
a nobil e appar at us, defined within the area encl osed by broken |ines
in Fig. 1, representing a preferred enbd®iment of the present

i nventi on; FFag-31j §saasseheratdmifiiow diagrar shewingiin

apparatus of the Led o] 'Q%QE [ ' Wi ng
t he scrubbi ng toﬁ'%:h%ltn%&e%%hg(ralggoﬁ%al egﬁ%?ﬁ?ﬁ?%@?t?gn{%ﬁﬁé%%f%ﬁen
lines, in a vertittdls inventfenakitk gmsyds,ovalves and fiftingsl net a side

vi ew of the scrubbing tower and the , cradl e whi ¢ch support the scrubbjng
t over ; shoyn -5 pdsg. sBRis qEAvIns %°W'0V1Fhént'59%ra’fﬁaad3reeﬁned
taken along the W@ 3xani Bikks, fhe principal eflkflenfsiSf and GRski_et i onal
vi ew of the scrubbing tower and i'ts supporting cradle taken along the
line 6-6 i n afipgratus embodying Rfhe preseng dnyestientimmhich ew of the

SCUPPING oY BRSSO ARG e

Fig. 2 is a perspective view of a mobile apparatus,

defined within the area enclosed by broken lines in Fig.
1, representing a preferred embodiment of the present
invention;

Fig. 3 is a side elevation view of the mobile
apparatus of the preferred embodiment of the present
invention, showing the scrubbing tower in a horizontal
traveling position and, in broken lines, in a vertical
operating position;

Fig. 4 is a side view of the scrubbing tower and the
cradle which support the scrubbing tower;

Fig. 5 is a sectional top view of the tower cradle
taken along the line 5-5 in Fig. 4;

Fig. 6 is a cross-sectional view of the scrubbing
tower and its supporting cradle taken along the line 6-6
in Fig. 4;

Fig. 7 is a cross-sectional view of the scrubbing
tower and the supporting cradle taken along the line 7-7
in Fig. 4;

Fig. 8 is an enlarged detailed sectional view of the
tower side support structure, taken from the dashed
circle 8 in Fig. 7;

Fig. 9 is an enlarged detailed schematic view of the



tower side support structure, taken fromthe dashed circle 8 in Fig.

7; Fig. 9 is an enlarged detail ed schematic view of the
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7 cylinder connection portion of the pivot armused to lift t he
scrubbing tower, taken fromthe dashed circle 9 in Fig. 4; and

Fig. 10 is a "P3¥1%% tional schematic view of the cyl i TESUBHRREt i on
of the pivot armtaken along the line 10-10 of Fig. 9. Thi s
invention relates primarily to the decontam nation of the interior

headspace of vessel hazar dous .gas .at nosphere which

. containi,ng a i
i ncl udes gasé§Y£QHQﬁflﬁ$R§eﬁéfﬁg BOFRHTRiRY E PPVPEIQ?Wy“ﬁ%@aP%o&%ﬁt
chlorinated hydr oges hanardidg eswes) at hxeRofZi&ne dashydr egpB1S UL f{igde or
et hyl ene dichloride, which perneate the area of inside of storage tanks
and, if allowed t®A9g- 4fiﬁv5ﬁe t he at nosphere surroundi ng such tanks, create
a condi tion hazar opl .0t i Clni e . tapk. A
number of chlori nat edqﬁL dr g@aggoﬁsggégsvof%%cf%g& %hgkﬁgpﬁtvfﬁ% %gk’eti me,
sol ubl e to sone extlndem comhestion ofhelse miasds ekt eakéhNd16Rei thavad: it O

t he environnent t hrough a spill or |eak of one kind or another. Since

t hey have water s #A 9% 19-héy may be transported into an aquifer
and subsequent |y into q@ignKhRenveba" re T Ll e.gLso volatile and,
t hus, becone part of the air " polfﬁt%ﬁﬁ%[ﬁﬁﬁngég?feéhgéérenain

unchecked. Coleapiaminpt ignspf | therintontior headepacé sbivesdelsi s

gﬁt g:rgt ;ru?]; d?gcgr%o?ﬁ%gng%gaéoggﬁ%'&gusa néjaso Ia (r:n%%p 8rd whicl'? O:P::[xc Il.{]deers’ often
gases which have water solubility, particularly hazardous
chlorinated hydrocarbons and, especially benzene,
hydrogen sulfide or ethylene dichloride, which permeate
the area of inside of storage tanks and, if allowed to
invade the atmosphere surrounding such tanks, create a
condition hazardous to people in the vicinity of the
tank. A number of chlorinated hydrocarbons are volatile
and, at the same time, soluble to some extent in water.
These gases often find their way into the environment
through a spill or leak of one kind or another. Since
they have water solubility, they may be transported into
an aquifer and subsequently into drinking water. They
often are also volatile and, thus, become part of the air
pollution problem if they remain unchecked.
Consequently, a spill or contamination of soil of this
nature must be physically scooped up and placed in a
container, often an empty hydrocarbon storage tank.
Since the chlorinated hydrocarbon and, especially
ethylene dichloride, may be volatile and since tanks are
subject to wide ranges of temperatures by virtue of the

sun’s impact upon their skins, a contaminated atmosphere



Since the chlorinated hydrocarbon and, especially et hyl ene dichl ori de,

may be vol atile and since tanks are subj ect to wi de ranges of
tenperatures by virtue of the sun's inpact upon their skins, a
cont am nat ed at nosphere WO 97/ 25125

PCT/ US97/ 00280 8 IS created inside
of the storayO %8828 s or tanks, which at nosphere is daRgEUS#0280d
difficult to abate. O .course, the tank cannot becone permanent storage
for this contam nated soil. In the broad sense, this invention is a
met hod to cl ean the atnDsphere I nsi de storad% tanks to permt entry by

workers in order #focErahfdt HRsidmict |the, storaggevpppelactr ctankio mwhishss of
this 'nvent'on_'ﬁtﬁoEEEQQQ is ddriyd R G hﬁl?@?%ﬁ?toéocﬁﬂéﬁéx”“ nat ed

W th chl ori nat ed hydrocarbons, especially et ene ori to
al | ow t he proper cduspesatheftani hcauoidt ihec@mpepa‘rmanelnt stdryk fidd thie be

effective, this net reguLre hat t zardous gas have wat er
solubility. It d&88 ﬂﬁfnateéhﬁﬂiit()qﬁaﬁqﬁf HPF | §eREt er diiventjen dge

scrubbing is aCRethsd e8tcyddd wal %u@&éhekeeiﬁépa@ sécﬁ:;gfe &IPS
requires water solubility. For exanple, the renoval of hyl ene

di chl ori de, hydrE§§ﬂ1§uFﬁ¥§E3@hd“§éﬁ$§nénhavéer tOs@#¢aanhﬂ tagkubi Int g to
al | ow econom c o e descrlptlon of, the
RpEELERY Shnldyihe dBERBRE oE B0 ooV g Soetnsd

met hod of this |n OWS IS

reference to theto redhios ﬁﬂh@g:tm&‘l@ﬁnsblillzbgntémﬂﬁa@é@mt&ﬁ of an
enbodi nent Pihe |nvent|on descri bed herein, The description which

fol l ows i ncl udesChhoFingted faxdrorarbors, BPREFizihy ¢Hwlene dighdoradeknown
to the inventorseol §1Yb&k! thé |%&%ﬂé’l’t @isposht Bft BEcKVaSati-OR %Erhﬂ%tefi
e ary

interior headspace of a vesse using a storage tank as t exenp
structure, eithetand £4}bm tPr hmpxﬁﬁep&wsn thistmeethbd gregqudmese thak or

through the Eﬁgnﬂgzag oth¥ QE“QJ kgélggling180|l does not

have to be infinitely water soluble, but the scrubbing is
carried out with water and, therefore, to be operable,
requires water solubility. For example, the removal of
ethylene dichloride, hydrogen sulfide and benzene have
sufficient solubility to allow economic operation of the
method.

The description of the wmethod of this invention
which follows is better understood by reference to the
flow diagram shown in Fig. 1 as examples of an embodiment
of the invention described herein. The description which
follows includes in it the best mode for practicing the
invention known to the inventors. It will illustrate
both the evacuation of the interior headspace of a vessel
using a storage tank as the exemplary structure, either
from the vaporization of stored sour crude oil or through
the removal of ethylene dichloride from soil.

The gaseous atmosphere being treated in the process

of this invention is captive in the headspace of a



The gaseous atnosphere being treated in the process of this invention
Is captive in the headspace of a WO 97/ 25125

PCT/ US97/ 00280 9 cont ai nment vessel
shown in Figure 1 as storage tank 22. A mobi |l e mass transfer apparatus
20 enbodyi ng the apparatus of the invention includes the_conponents
encl osed wit hi'YP ¥ 3ashed line in Fig. 1 will be further  PCHRSRIQ0RRY
later. In the enbodi ment where a crude oil storage tank is being
decont am nat ed, the hazardous gas t he tagt at nosphere woul d normal |y be
hydr ogen sul fide ext ent enzene. \Were eth¥le

d | ,
di chl ori de cont arrFﬁgFggmg%ﬁ?? aYesseﬁS%\?Eﬁl\?é"&, LPHELERLE AR Storagss ??P‘glzﬁyl ene

dichloride. The gasm¥bilémide transﬁﬂﬁﬁ%%ﬁ@é_@u@f2@t&ﬁﬁgﬂritr@nlﬁhgz i s
renoved through |ine 24 to a bl ower whi ch places a suction on tank

22, thus  redudPprarates|of dliorinyeationeineludes tthek qampiolents
at nospheri ¢ pressg{l&ol@& éi@rﬁrﬁgﬁxerﬁ&%h% {LESe biz?"i?:{ﬁ 24 wiltllhg:eglfg%é#;géfsm

engi neering choice. ustrative enbodt nent’,

is a Dresser |dedsstibed,ldiont.s DnvithieoambdiiinentRGhelé 5 20uB40il1 driven
by a 75 horsepower diesel engine. The hlower 26 referably operates at a
vari abl e speed foPtPFIFE AR is Peping d§coBbRFinatRA fhe YagRrdeusl gaer s,

such as the — Moggh BAL Scphldeh\leh ndfally baRidalles g{lgﬁgdgresem

depending on the desired gas flow rates, also may be use
invention. |If strapdit@ a Iessewiextent, bepveéngi | Nmmpamitbydenmpound from

vat r e 1ot Ohthtorsadl QUReRU UL L1 AL AIDLEN nRLL S

a vacuum can be dgasnisretiiddninldichibédext eTHe Qfas within the
atmosphere of storage tank 22 is removed through line 24
to a blower 26 which places a suction on tank 22, thus
reducing the interior pressure of the tank to below
atmospheric pressure. The size and make of the blower 26
is a matter of engineering choice.

In an illustrative embodiment, the blower 26 is a
Dresser Industries, Roots Division, Model RGS-JV size 624
driven by a 75 horsepower diesel engine. The blower 26
preferably operates at a variable speed for from about
1100 to about 2100 rpm. Smaller blowers, such as the
Model RAIU size 718 blower, are also available and,
depending on the desired gas flow rates, also may be used
in the present invention. 1If stripping a hazardous or
volatile organic compound from water the inlet of the
blower may draw in fresh or ambient air or another gas.

Depending upon the size and capacity of the blower,
a2 vacuum can be drawn on the tank to the extent of
several inches of water with the preferred amount being
about -1 psig. A preferred range would be from about 0.5

to about 2 psig negative pressure. To affirmatively



several inches of water wwth the preferred anount being about -1 psig. A
"preferred range woul d be from about 0.5 to about 2 psig negative
pressure. To affirmatively WO 97/ 25125

PCT/ US97/ 00280 10 protect the
surrounding vicinity of the vessel, a subat nospheri c pressure nust be
mai nt ai ned. MOYREIZSA be sufficiently bel ow at nospheri BECHUSHI28 t o
accomodat-e tenperature fluctuations. O course, a normal storage

tank could collapse with the drawing too great of a vacuum on t he
tank. This negative atnosphere acconpl i dRes the purpose of maintaining
a saf e at nbspher @rotect; ?@W%l’ﬁl%ﬁﬁﬁwuﬁﬁl?@etwe@z tao pr event

t he nazar doligy AgpasebAai] &t ddithdd kRN BL Nia VI 1008 e Tonomial BE

tank (not shown) curs e pressure I de t
t-hat of the atnDEpEEicteptbﬁSbEIbw atmdyﬁhémde pﬁéksﬁih to accommdﬁh@evapors
fromthe atnosphere of tank 22 CPaSSI ng through bl ower 26 creates a

cont ani nat ed gas *ePPEEATWRE chluct | Phecoursg. £ ARFE: FESFRELI C

pressure of fromgank cohifqadOiiaghddWith Rhel aLaPlNg fredn ¥fPSi 9, and is
conducted fromthere to a scrubg%r 30 where it is g # ucefggl nto | ower

regi ons of the svagbbimngn zhree mkit Thist peghbine etmbsphemer ubbi ng zone 32
t hrough a neans for d!bStrl but i the gas at _the, bottom of scrubgglr:g,

such as a pePFSPIREERTH LR L?to F‘aéﬁﬁ?’g’é’rn%f Spte FAPGER

contai ning the haﬁaefieuen@moﬂr&em Whmhbr@mb ideo preventbhae 30,
preferably through wat er - f | ooded_ packi ng P to contact, in

counter-current PREAFIQRE F2347 &y ing thppegh ddia vemts eygssar 080
through line 36 gRd ARRKOPMMdPIghown) which occurs when the pressure

inside the tank exceeds that of the atmospheric pressure
outside tank 22.

The vapors from the atmosphere of tank 22 passing
through blower 26 creates a contaminated gas stream which
enters line 28 at a superatmospheric pressure of from 3
to about 6 psig, preferably from 4 to 5 psig, and is
conducted from there to a scrubber 30 where it is
introduced into lowexr regions of the scrubbing zone 32 at
the lower end of scrubbing zone 322 through a means for
distributing the gas at the bottom of scrubbers, such as
a perforated pipe distributor or sparger 34. The vapors
containing the hazardous gas flow upwardly through the
scrubber 30, preferably through water-flocoded packing P
to contact, in counter-current flow, water entering the
upper part of scrubber 30 through line 36 and appropriate
distributors 38 to uniformly flood packing P. The
distributor 38 may be any such structure well known to
the gkilled engineer, such as, for example, trays, wire
boxes or spray nozzles. The gases entering the scrubber

30 are allowed to expand on entering the scrubbing zone



distributors 38 to uniformy flood packing P. The di stributor 38 may

be any such structure well known to the skilled engineer, such as, for
exanple, trays, wire boxes or spray nozzles. The gases entering the
scrubber 30 are allowed to expand on entering the scrubbing zone
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11 32, tﬁﬁ%wE§ﬁ§ing the gases to cool sonewhat and gﬁiggggvﬂﬂ’the
solubility of such gases in the scrubbing wat er flow ng through
packi ng P. Al t hough a nobil e scruQQing tower has been enpl oyed

in the practice qQf, this_inventi nay f pi envi r onment
around storage tgﬁkst Pga?ag?gﬁgggggéﬁg gaggécggf ggﬁﬁéﬁgﬁmgfdthe scrubber
30 may be desi gndsicasagipgr theesbliubilimsicdl lsathogasesnietidee tsrrbimgal i ty
of storage tanks creating subatnospheric_pressure in several of them

whi | e cont i n¥atey EoPVaRg| tRreRERATIIgales as they are rel eased
within the tanks themgelygian WehsHbiNe £ HYhg tow@f%@rﬁliﬂp%ﬂ'l%f@dt h

such frequency that a pernanent Installation Is justif

The sol ubility ofinclther pmattilcéyolf dihskshdmyepsindn as atway dfaieeong ghses)
in water is availabl.e in rgadil¥ avail%gl ha dbong. Et hyl ene

di chlori de has aSRESFRAMERE arorRg); §595A9% é‘FérF ox Jau Jéazp?ﬁgt“&%f’&ht
per 128 parts byand fumeShttRé ¥eh@bdrPBUNa§rblydeei@héd -asih pdrinanent
cal cul at ed by the saturation of its water, the ratio of water/gas

can be cal cul at ednsipllarient eogreciied &0 a pdusaiiby| ¢f storage tanks
creating subatmospheric pressure in several of them while

continually collecting hazardous gases as they are
released within the tanks themselves, where the cleanup
problem reoccurs with such frequency that a permanent
installation is justified.

The solubility of chlorinated hydrocarbons {(and
other hazardous gases) in water is available in readily
available handboocks. Ethylene dichloride has a maximum
solubility at 25°C of one part by weight per 128 parts by
weight of water (about 8% by weight). This is calculated
by the saturation of its water, the ratio of water/gas
can be calculated. At lower temperatures, the solubility
is greater, resulting in more efficient removal of
ethylene dichloride from the gas stream. Thus, the
comparable flow rates and residence time can be easily
calculated and adjusted by the skilled engineer to
provide sufficient contact to remove the ethylene
dichloride. 1In the operation of the method of this
invention,, of course the exiting vapors have
substantially reduced content of hazardous gas, here
ethylene dichloride, but will contain some ethylene

dichloride, depending upon the amount of water contact



Is greater, resulting in nore efficient renoval of et hyl ene dichl ori de

‘fromthe gas stream Thus, the conparable flow rates and residence tine
can be easily cal cul ated and adjusted by the skilled engineer to

provi de sufficient contact to renove the ethyl ene dichloride. In the
operation of the nmethod of this i nvention,, of course the exiting
vapors have WO92532¢pst anti al | y reduced content of hazar doudCFaissTpase

et hyl ene dichloride, but will contain sone ethyl ene di chl ori de,
dependi ng upon the amount of water ‘contact WO 97/ 25125

PCT/ US97/ 00280 12 12 and the tenperature
of the contact. abgr ithg Sempbbaryre of djer adngasttheDuring semabbing t he

tower is preferabl nt ai ned at l.ev from about_10%.t o0 about
600 of - " the cBerBsPrRrhRy s i vl B Ehe bevkf ol S Gateea AR

practice of thi saifiteAhe@nati & 1&véDiofemRms abbuto108 MY eabout 9% of the
et hyl ene dichloride fromthe vapor where the vapor is returned to the

tank. If not re%%@&@&?ﬁohelghtcaﬁ’ﬁ%ﬁ%lﬁfafreﬁ Pe ‘ifbl-’?%i ngin The f| ow
rate of the Ec‘énbfr tR%s Sfﬁm oA 1tth5.9UgPt| in?@ Oady Ja%%ptm%g(%gtt

100 to about 308 gal 'ons per mnute an ‘prefeéera
about 275 gpm @llcodr ske ehhglend Id:mi'r];or:.de frdln the tmmgrwlﬁéﬂsa tie t he

scrubber 30 and the | qQadin Vv er|n t he scrubblng zone
32. The water Vap&ﬁdlgnFEgPﬁﬁe%dgo§5F%éﬁ$@%ea? HRgd p asdate
within the scrubaglsteed akytad. thdpdl ighiagout Tﬁepﬁl&v rate Ri€fgfeabl y from
about 2 to about 3 psig. This contact wth the scrubbi ng water

renoves the WAESTd605eRARS  STHRRAR IPadbroyghhlime cidhyie faorat dllouti de

o e e 05 cbr ABphRo3 AR R Yl RRULEL nd " pre 2 CFroRC! ' N0
about 225 to about 275 gpm. Of course, this will vary
with the design size of the scrubber 30 and the loading
of the vapors entering the scrubbing zone 32. The water
and entering gas stream create an internal pressure
within the scrubber from abut 1.8 peig to about 5 psig,
preferably from about 2 to about 3 psig.

This contact with the scrubbing water removes the
hazardous water soluble gases such as ethylene dichloride
or hydrogen sulfide ‘from the vapor stream resulting in
vapors collecting in the headspace 40 of the scrubber 30,
having substantially lowered content, if not
substantially free, of hazardous gases. From the
headspace 40 the vapors may be vented through a
collection device to remove the residual hazardous gas
from the vapors such as, for example, carbon canisters,
but preferably the vapors are recycled back to tank 22
through line 42. The recycled vapors then sweep more
hazardous gases from tank 22 into line 24 and the cycle
continues until tank 22 is safe for entry. Where a

contaminated soil is the source of atmospheric



havi ng substantially | owered content, if not substantially free, of

“hazardous gases. Fromthe headspace 40 the vapors nmay be vented through
a coll ection device to renove the residual hazardous gas fromthe
vapors such as, for exanple, carbon canisters, but preferably the vapors
are recycled back to tank 22 through line 42. The recyclsﬁ{\ég% ri t hen
sweep nore WOP328R8ous gases fromtank 22 into |ine 24 and 8’988
continues until tank 22 is.safe for entry. \Were a contam nated soil is
t he source of atnospheric Wo 97/ 25:}‘?35

PCT/ US97/ 00280 cont am nat t he
cycle continues GREFAMIRARELQR| R Fgfe continpgs 'tmolﬁ‘kl % el? h’ﬁ:&e

et hyl ene di chl or jderhEr £sHk relddfidd G @oreCethylbre UsBchicsrireep Fragk 22
and vent the vapors to the atnosphere after conplete ethylene

di chl ori de renpvantshdsudhr ceeWweh Reatiasde topgWeeRetank 2%@@/ &egds thfeep i s
preferred Removgl ghe! D5 EALY] ESuoneralia®its! Lifip] L0 M} fegts N9 the
carbon canister IS conveni ent than ?roma 55 eam
primrily due tOd:Lchlbhedel iandxfa]t hm:xzmgmst:alrbon camstefl’ M tadhrer

circulating through t he packing P of the scrubber 30 in _the scrubbing
zone 32 becones & ﬁi’ﬁﬁ?nﬁ?%dsweep i PReFETEERdenReBCYRY bt wdeRedous

gases and Colsh 864 Srife t PR A4tUP 4bi0h 8REUBREHoR kanidter is much
contam nat ed water stream proceeds fromthe bottom 44 of scr ubber

t hrough |ine 46, mpuapcdgvamtent rkhaB0 firpmaa gashstyéany, \sigwirildy waiechoi s,

of course, isolated fromt here because of the volatility of

t he hazardous Egga*é%gea go?% a}nrfn%cse?ubber 30. In holding tank 52, a
stream of feed water Ehéewstdwldirtmiaaings2hirbughothe ipecking B4 oF0tHEl Ut €
t he contam nat ed wat er enterjn t hrough_I,i ne 50 The dilution reduges
the concentrati oficbRPPRE 3 g‘?ﬁ bRiBg; Ao 3 hteronas Gé’ﬁltﬁﬁ‘lif‘ﬂﬁeg

useful to abgoeh éﬂéléémsé@@fﬂa%ogsaasha&%wwse%o apen
used, in the preferred manner, as a recycle stream The
collects in the bottom 44 of scrubber 30. The

contaminated water stream proceeds from the bottom 44 of
scrubber through line 46, pump 48 and line 50 to a
holding vessel 52 which is, of course, isolated from the
atmosphere because of the wvolatility of the hazardous
gases absorbed in scrubber 30. 1In holding tank 52, a
stream of feed water enters holding tank 52 through line
54 to dilute the contaminated water entering through line
50. The dilution reduces the concentration of the
hazardous gas in the water stream making it useful to
abgorb additional hazardous gases in scrubber 30 when
used, in the preferred manner, as a recycle stream. The
water entering through line 54 into holding tank 52 may
be used to adjust the temperature of the water being
circulated in the system over the scrubber 30, since
lower temperature water will absorb more ethylene
dichloride and hydrogen sulfide. Such temperature

adjustment depends, of course, upon the overall operation



wat er entering through line 54 into holding tank 52 may be used to

‘adj ust the tenperature of the water being circulated in the system over
t he scrubber 30, since | ower tenperature water will absorb nore

et hyl ene di chl ori de and hydrogen sul fide. Such tenperature

adj ust rent depends, of course, upon the overall operation WO
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14 of the process and the tenperature of the source of dilution

wat er. Most often, the tenperature of the water and, indeed, the
entire systemw || be dictated by the a¥i ent tenperature and, thus, in
the summer, in t€ the RyPcResnarfnthpHEwergtursuptethe eowegerokircul at ed

and the gas JincRigfl YaLLyl D9sk aoéueqne&hengga.gérﬂ@eggg}fu%% water

tenperature. The Tlow rates would, of course, th

accommodat e t he tamwipeiateed, the entirdhiystedCwile bér&betathd WedHe
approximately 1/4 tq 2/ 3 the concentration of the entering contam nated

wat er st r eamPRrGTGH LAMRET3NY S 3o RS r dFh RBP dP R BNId TS L hes a
purge stream t hr qgh peirieyafi 6Mérd NTOM M s2CCoREd QAT cir&gu?éﬁ]c{ ';gxq
he 30. e bal ance

af orenentioned flowrate and conduit 36 to t scr ubber

of the diluted wiher gas treaved would rkendtoladhigheankné&2rinraonlgiedti ne 60, a
third punp 62 an Line 64 10 carbon cartrid filters (not .sho wher e
t he hazardougeﬁ§F§?F3F?'mht? g %ﬂPﬁﬁ%§ﬁbw8PgﬁFo?#d%9?ﬁée' Ehe™Syen

sul fide is absor aadusteth tbeapbdmiiodutie t keMperat@dé} ri dges. Preferred
filter cartridges are supplied by Cal gon and are well known to those
skilled in the art. Thigh¥egysl¢Eireaiicfidytefi BgeAPPXRXIRatLls/4 ted i n

oL B o /S5, BB £ GE E Uet pcopronb RS oL

engi neer. stream through line 50 is removed from holding tank 52 as
a purge stream through line 56 sent through a second pump
58 at the aforementioned flow-rate and conduit 36 to the
scrubbexr 30. The balance of the diluted water is removed
from holding tank 52 through line 60, a third pump 62 and
line 64 to carbon cartridge filters {not shown) where the
hazafdous material, whether ethylene dichloride or
hydrogen sulfide is absorbed from the water onto carbon
cartridges. Preferred filter cartridges are supplied by
Calgon and are well known to those skilled in the art.
The sizing of such cartridges, usually installed in
parallel in order to allow for replacement when fully
charged without shutting down the entire system, is
within the ordinary skill of the engineer.

The dilution of the contaminated water stream
entering holding tank 52 through line 50 protects the
carbon cartridges from being consumed at a rapid rate.
Holding tank 52 must be protected against the escape of
vapors by the installation of carbon filter €6 on the

tank vent to absorb the hazardous gases which may be



The dilution of the contam nated water stream entering holding tank 52

through line 50 protects the carbon cartridges from being consuned at a
rapid rate. Hol di ng tank 52 nmust be protected agai nst the escape of
vapors by the installation of carbon filter 66 on the tank vent to
absorb the hazardous gases which may be WO 97/ 25125

PCT/ US97/ 0028¥0 97725123 15 r el SFASEUSHAE380 ¢ he
vapor phase. One or nore carbon filters 66 are placed in series and
parallel in order to prevent an ‘acci dent contam nation to the

at nosphere. As safgtjy rgrt}aution to gr ecl, aq)ai nst reaching an LEL
condition in the 53;%?%3 A% VaARF BBRC ga MR Sr ™IS FEEPRR into t he
tank at a rate of filesr@bssitark iflatkdilin serbes barid Pafanahl ¥n akaet do
cubirc feet per mnute to dilute the ethylene dichloride Ievel. This

al so ext ended Pre¥ent fan eqifentadpspnsaninakion to the atgpspherde gas

tam nati th : ' Al .s0lid i ch
ave col | ect ad ache 2 TR Fad e a oY BEgBRet el reROL RS, pll*rl. "

of st or age t anésdition nin Hhec ympoas obfntamkisy, imityogenagas whasnk
contam nated soil ,resulting froma spill of a hazardous material. In
t he embodi nent ofdbﬁ?c??é/eﬁﬁ%ﬁrﬂe ta%hfi 8h AntRte & Hde™oAPPuEnR Fendhent of

hazardous gases g, Hu®©Prdferai9f, aPBGE 4NcdbidPeetdWerl REnhtgapsi ng of
contam nated solids in the tank, it is inportant to use some agitation

or dilution of théibete dehe ettiydengnldichloriderkrrell.o Mhie admcoestepded

for renmoval and r V. f k cleaning. This occurs when
there is a stgfr;ée)lgg{%,eaﬂq? vt\-’lll"tehl?%rr edl °%$f#e%y hydr ocar bons or where

the soil is contani nat@ften tthecigasr coatadihytims ateorpace ofparvessénr |y
Rk O AL
storage tank,  id@idldidgRicRn the aaish_ai,eapéﬁi\@»i%ﬂwom tRet89s€ SKi |l ed
in the art, for instance, as described in U S. Patent
storage tanks, or in the case of containing in such a
tank contaminated soil resulting from a spill of a
hazardous material. In the embodiment of our invention
which involves not only the removal of hazardous gases
from the vapor space in a tank, but the cleansing of
contaminated solids in the tank, it is important to use
some agitation or dilution of the solids in the tank in
order to free noxious gases for removal and recovery as
part of the tank cleaning. This occurs when there is a
storage tank with a heal of heavy hydrocarbons or where
the soil is contaminated with chlorinated hydrocarbons,
particularly those that are water soluble and much more
particularly, ethylene dichloride, specifically.

In the case where tank 22 is an oil storage tank,
the sludge can be agitated in ways known to those skilled
in the art, for instance, as described in U.S. Patent
4,407,678, which is incorporated herein by reference for

all purposes. The tank may be permanently fitted with



4,407,678, which is incorporated herein by reference for al | purposes.

"The tank may be permanently fitted with WO 97/ 25125
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apparatus as described in U S. Patent 5,460, 331, al so incorporated
herein by reference for all purposes. As shown in Fig. 1, (sludge)
soil 66 is Weew2s128 and slurried with water whi ch causes RORAUSIHN280M nant
to be released fromthe soil into the water to saturate it and
fromthere into the at rmsphere in tank 22. Where the cont am nat ed soi l
has resulted froma spill, there may evEh be instances where the

contam nant is f¢iﬁ2€mﬁj-qm apparegssasudescuibed dn thér.ePptenkating a

o ool i she o TS A8d 30" ol kBBl AL BPLRECRURL PPor 231,270

to acconplish the ren‘Dv e renove

itself. The sl urpums@rsa rwasov;adwn :mtt\i@.ugh, me;a_a,&,) BoAD 3801ikOniedwl di ng
tank 132. There Is agitated by m xers 133 and, thence, the solids

are separ at eﬁi’%?%’gﬁﬁ‘@ﬁr witB WaBeF avhibeh (RANEeSs khRn CRBtaminant to press
134 T course. b hah Join edBANEnt Obo P PRALAL 'L wared’ £8°bhErg{d 14 ul dS,

such as centrifuge an means
of cleaning sl udael fivam s:ﬁnmgentankhe atm@gphelmeomm aadkdescr | Biegre rl:Hé S.
Patents 4,817, 653,

are i ncor por‘%ﬁ’gﬁ“ﬁéﬁa&*’% 5? eﬁ%’? eﬁ%%‘%flto‘%laqrg“glrﬁr ﬁnggl “tnére “?;Y\IAIPI tC gnk
22 contains a sGiverc @ dhistaheds\Whére thetdbHtdmdndnehker F¥8at Dndeoss! eaned
to all ow di sposal, then
the saturated water thereby creating a maximum
concentration in the tank. Additional water must be
added to accomplish the removal. Part can be removed by
removing the slurry itself. The slurries are removed
through line 68, pump 130 to a holding tank 132. There
it is agitated by mixers 133 and, thence, the soclids are
separated by appropriate separation means shown as filter
press 134. Of course, other known means for separation
of solids and liquids, such as centrifuge and the like,
are well known.

Other means of cleaning sludge from storage tanks
are known and described in U.S. Patents 4,817,653,
4,945,933 and 5,091,016, for example, all of which are
incorporated herein by reference for all purposes.

If tank 22 contains a soil contaminated with
ethylene dichloride to be cleaned to allow disposal, then
water is introduced through line 65 to an agitation means
67, the operation of which is more specifically disclosed
and described in U.S. Patents 4,945,933 and 5,091,016,
which are incorporated herein by reference for all
purposes. In this instance, the use of the agitation

means 67 causes the ethylene dichloride contamination on



water is introduced through Iine 65 to an agitation nmeans 67, the

‘operation of which is nore specifically disclosed and described in

U S. Patents 4,945,933 and 5, 091, 016, whi ch are incorporated herein by
reference for all purposes. In this instance, the use of the agitation
means 67 causes the ethylene dichloride contam nation on WD
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17 the-soil to be freed fromthe soil into the water and then to
perneate the atnosphere within the tank 22 mﬁkh et hyl ene di chl oride or

to becone dissolved in the er to.the Level of soluhilit t the
gi ven terrperature.""?‘e SOoF UE%A’B{’ﬁefE%?C} éj‘g’é'b%@? §86§t P S vfﬁl%e?gnggld:nd

t hen Wi t hdr awgnie tBepbemdatd ©hslatnasphavenyi2hi® chdddrk P2 with

vol une of water per part of solids in the slurry. It is Wi t hdr awn
through line 68, gtiylese dhdhlentdr ©r jte Hecomendigsovedinin tIE wakere
agitation is maintained_wt Sii . BV rad.l In_Qccurs in
an appropriate UPSS— ig}gel ?3&?]6 %lctep%érlg‘{blg&rjjf%ge\% cée‘lﬁ'\%i ﬁ#‘%ﬁe v &ﬁa% g’l’ng
trapped and conveyhdshaekei 86901 t bedonss diubathhyiqllynéleaned tand Thehem

her et of ore described. The solids are now sufficiently free of any
ethyl ene dichlor!&%tPSrBEF in FEﬁné&ﬁPt9§ Fh@lgﬁvyraﬁﬁ%ﬂﬁl%(ﬁ°(ﬁ §5Ls PYs a
solid waste | RoRuR@r Bt hafesipér it l0FdBbY1A8VIAGHE RSV ! gRe s
di chloride contam nation remaining is either polished by passi ng
through a carbon edthsirewn bbrosdhviine68, pumpah3dfiandd thendes Haitdi ng
tank 132 for m ngli LWt her, contam _nated water, str.ea resul ting
from t he pr ac#ﬁogg‘lf}g Fﬁ{lg ?‘%%/‘erﬁtfe&% atha%xon is malnst:au.nercrlB w:.(at%
stirrers 133. Evaporation again occurs in an appropriate

solids liguid separation device with the vapors being
trapped and conveyed back into tank 22 directly or into
the system heretofore described. The solids are now
sufficiently free of any ethylene dichloride to be
removed to the environment for disposal as a solid waste
in a permitted site. The liquid having minor ethylene
dichloride contamination remaining is either polished by
passing through a carbon canister, not shown, or
transmitted to the holding tank 132 for mingling with
other contaminated water streams resulting from the
practice of this invention.

In Fig. 2 the blower 26, first pump 48 and second
pump 58 are shown in their preferred embodiments as
mounted on the mobile frame shown as a flatbed trailer 70
it being understood, however, that one or more of these
pieces may be separately mounted and transported to the
area wherein the scrubbing apparatus of this invention is
used. The determination of which, if any of this
equipment is mounted on the mobile frame, is an option

but the preferred embodiment shown in Fig 2 carries the



In Fig. 2 the blower 26, first punp 48 and second punp 58 are shown in

“their preferred enbodi nents as nmounted on the nobile frame shown as a
flatbed trailer 70 it being understood, however, that one or nore of

t hese pi eces nmay be separately nounted and transported to the area
wherein the scrubbing apparatus of this invention is used. The

det er mi nat i oNOSF2%@8% ch, if any of this equi pment i s noRGRESP760280 he
nobile frame, is an option_ but the preferred enbodi nrent shown in Fig 2
carries the WD 97/ 25125
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a di stinct unit.ewekre ApRaratus asr angigbincsdriton fMesigably,i s Iocated on
the inlet side remoGQbfé“%JQETQ%bf%?telh§559§tié%%qéd16 rt%% lgleg urlng

operations as a stripping to I'S not genera ?lng
cl osed | oop circof atherhlawed Qhereﬂbeesuctlomm@alner<2$Diedu§ualagrsﬂgh

operation and the inlet line 24 upled dlrect to the inlet port of
t he bl ower 26. operations as a strlpplng JEynot generaplyi xed- r oof

crude oi | storag@eéﬁ%a’-%uﬂa 8oded 1oo§l@1@é\ﬁra@ﬂ‘ nl 180kt cp@seyped 1N
this exanple. The tank had an accunul ati on of ‘about 1$?§5 ?%et of
soil and may be removed during such operation and the inlet line

24 coupled directly to the inlet port of the blower 26.
EXAMPLE

A fixed-roof crude oil storage tank 22, having a
diameter of 110 ft. was used in this example. The tank
22 had an accumulation of about 1 1/2 feet of soil and
water contaminated with ethylene dichloride in the
bottom. The atmosphere within the tank 22 was
contaminated with well over 1,000 parts per million of
ethylene dichloride. The mobile scrubbing apparatus 20
embodying one aspect of the present invention was placed
adjacent the tank 22 and the lines 24 and 42 were
connected with the interior of the tank 22. The
scrubbing zone 32 of the scrubbing tower 30 was packed
with 3 1/2 inch diameter hollow spherically shaped
packing made of injected molded plastic (JAEGER TRI-PACS,
Jaeger Products, Inc., Spring, Texas) to a depth of 19.7
feet. Tanks 52 and 132 were covered portable tanks
normally used to contain oil well fracturing materials,
frac tanks, fitted with carbon pack absorption units to
clean any vapors escaping from such portable tanks. The
water level in the storage tank 22, containing the soil,
was raised from t ft. 8 in. to 3 ft., with the water
entering through the supply line 65 and the agitator €7,

thereby causing intermixing of the water and the ethylene



wat er contam nated with ethylene dichloride in the bottom The

at nosphere within the tank 22 was contam nated with well over 1,000
parts per mllion of et hyl ene di chl oride. The nobile scrubbing
apparatus 20 enbodyi ng one aspect of the present invention was placed
adj acent the §nk 22 and the lines 24 and 42 were connected with the
interior of tW&tANRS22. The scrubbi ng zone 32 of the scP&HBPRYA8Bver
30 was packed with 3 12 inch diameter hollow spherically shaped
packi ng made of injected nolded plastic (JAEE%R TRI - PACS, Jaeger

9.7 feet. Tanks 52 and

Products, Inc., Spri Jexas),.to g depth of : > ;

132 were covered.{&ﬁéihﬁié% and cg Fﬁ%?lEh%S%H“PGHGDﬁ?&?ﬁ°6?ﬁemk?I?e

fracturing materigdfeased fridmAenbaBksl hhét&ediJeLarbeRePAGK @bsgﬂgéépn
units to cl ean any vapors escaping fromsuch portable tanﬁs. e

wat er | evel in thelisewkaijon yae spartedtat i mpatchefsebout 240 gos ini tles

f ft. in. ] . ' h h I
|1 n6 65 and the ay ey pgt e SECUBAEE vasng T BB rtinator Phe uat el

and the ethyl ene liquid levdd 9%/ £hé2bcrubbing tower 30 was maintained at

PCT/ US97/ 00280 . 19 dichloride soil and
causing the et hy 3R Saldcthg Beight of the scrubber. The vapor

blower 26 was started and the contaminated gas atmosphere
in the storage tank 22 was withdrawn and delivered to the
sparger 34 in the lower end portion 44 of the scrubbing
tower 30. The blower 26 raised the pressure of the gas
stream delivered to the scrubbing tower 30 to about 4.5
psig. The operating pressure within the scrubbing tower
30 was about 3.5 psig. It was a hot day on the Gulf
Coast with the ambient temperature being about 95°F. The
compressed gas exited the blower 26 at temperature of
about 124°F. The temperature of the contaminated water
removed from the bottom of the scrubbing tower 30 was
about 97°F. The water exiting the scrubbing tower 30,
through the drain line 46 contained from about 2,000 ppm
to about 2,700 ppm ethylene dichloride over a recorded 12
day operation period. The scrubbing tower effluent was
diluted to about 1,000 ppm ethylene dichloride in the
portable holding tank 52 with feed water taken from an
uncontaminated source at about 200 gpm. The stream from
the holding tank 52 was split, with 240 gpm being
recirculated over the scrubbing zone 32 in the tower 30,
and 200 gpm drawn from the tank 52 though the line 60 by
the pump 62, and pumped through carbon canister filters
to remove ethylene dichloride. The ethylene dichloride

concentration of the withdrawn stream was approximately



rel eased fromthe soil and dissolved in the water. Water circulation
was started at a rate of about 240 gpmin the | oop through the scrubber
usi ng punps 58 and 48. The liquid level in the scrubbing tower 30 was
mai nt ai ned at about one half the height of the scrubber. The vapor

bl ower 26 was started and the contam nated gas atnosphere in the

st orage t ank WOP7REES5wi t hdrawn and delivered to the spar §EFASA0E80t he

| ower end portion 44 of the scrubbing tower 30. The bl ower 26 raised
the pressure of the gas stream delivered to the scrubbing tower 30 to

about 4.5 psi g. The operating pressure WOt hin the scrubbi ng tower

30 was about 3.5%pd{§. PP, WhaVANY oPeemydidiitiede fgms the highen with the
anbi ent tenperat ' uf ¢ 9 N8, : S exj t.h

bl ower 26 at ten%%§§?§FSQS?QH 6fa§§%t 125?59?%&39%ﬁ§ é%%ggéﬁiﬁéfﬁﬁbl e
cont am nat ed wat éower 30ebpvebe f uncontmenibettednwat er hadded utthiougH @der 30

was about 97[errlF. _The water_exiting.the scrubbing tower 30,
t hrough t he drai%uPP ¥ ﬁénEOEfaiﬁ%&ﬁf??ﬁ#%%ﬁa&Pr??ﬁoﬁuﬂé#ﬂ Lo the about 2, 700

ppm et hyl ene di claligeirdBup¥er 38 {8COH&ahpl2f thed8¥-ARBEAIAPLINGY | 0d. The
scrubbing tower effluent was diluted to about 1,000 ppm ethyl ene

di chl ori de in theontaingdr abphe hol®l mpm etbyienei dhchboxiident eWhidleen from

an uncont am oyrc t, .20 Th ream f.ram t he
hol di ng tank 52 \%%Fssggﬁél #Ewgvl %r(%gﬁygtplfne g’é‘%%ghg ]ﬁrg%?’ r T URRAP D FOPE: he
scrubbi ng zone 332i,nmble konpledd,dichloridie?W@sgaBEErHad drid BH@ylcaek 52

t hough the line 60 by .the _pu 62, and punped t hrough carbon canister
filters to r ERBFeCEPhITERL- di T SAHEMITRE St AYTRMR THUhItde dpettom

concentration of oehenwi EBHLBYEr 536 GRB WBL1ARAM 81 ABASEAte the rateVBe
97/ 25125 PCT/ US97/ 00280

20 1,100 ppnwhighi hjebearba | canistianpacke bhgbegh whigordentration of
Lhe ot gam i NS BURALLOI LEECREIVRP M copock Bhe Fodied s T ARRE,
t he dichloride.

The operating pressure within the scrubbing tower 30
ranged from about 2 to about 5 psig, with the preferred
range being between about 2.1 and 2.5 psig. The blower
26, in removing the hazardous gases from the tank 22,
drew a steady negative pressure of 1 psig on the tank 22.
The vapors passing through the scrubbing tower 30 exited
the top headspace 40 of the tower 30 with an ethylene
dichloride content of about 925 ppm. The exiting vapors
were reintroduced into the tank 22, through return line
42, where they picked up more ethylene dichloride from
the vapors in the tank 22, and were recycled again
through the tower 30. With this injection of vapors,
outside air drawn through tank vents and removal of
vapors, the tank is maintained under a subatmospheric
pressure of about -1 psig and, therefore, escape of
ethylene dichloride bearing vapors through the vent

system of the tank into the operating area around the



distributor 38 in the top of the scrubber 30 also cont ai ned about 1, 100
ppm et hyl ene dichloride. Wile passi ng down through the packing in the
scrubbi ng zone 32, nore ethylene dichloride was absorbed and the cycle
t hus continued. The contam nated stream fromthe bottom of the scrubber
30 was diluted to erate the rate at whi ch the carbon | ack,

t hr ough whi chwtof19«=:mg})2 W t hdrawn stream was processed, was | Oggg)g_%,&yﬁhﬁ
ethylene - dichloride. - The operating pressure within the
scrubbi ng tower 30 ranged from about 2 tQ1about 5 psig, with the

f d I, b : | T,
26, in renoving { RETRaIRr BOURLIRRE frimee PPERE By bdrariify edBhne)

negative pressure igf thepeigificy hef taiik 22 that, phiow ap®rtheassiuldbinkr ough
t he scrubbing tower 30 exited the top headspace 40 of the tower 30 with
an et hyl ene doPsratigs. chhtehtbast Rasoucons3nping dekehdan &F vapors

were rei ntr oduced B 9ehical aftfo2Rre L W oAU IAEESE bogi dimgihar e they

pi cked up nore ethy e dic rom the vapors inthe tank 22, and
were recycl ed agaioperatibhy otlgbs tidre Ianger 3¢cuvied. t HTlusg njigrtdaaryding

vapors, outside air drawn through tank vents.and_renoval. .of vapors,
the tank is maint %%edhGnabrve ’siﬂ%ﬁcwgr pgample, the gerulbing, . 1 psig
and, therefore, esgpa®abhs 20 SiMRdFIRYy dinehbeekdat DoRVeM HARRLS Ailyough

t he vent systemof the tank into the operating area around the

WO 97/ 25125 useful in cleaning the atmospheripcgnyirns)gagdhe

21 tank is eliym .ed. Lkt S gg%{§ng pghating personnel in the

T i o : .
vicinity of tank 55E9§%?§ B#ld%@f% t sc%ﬁ%b?ng operation, there had
been conti nui ng det ect aneof sufficidrtylayicadiohl osing appdiarer e@escifibed
begi nni ng of gperation, this no |aonger %pcur[ d. Thus, in carrying
in U.S. Patent 5,091,01%, the s0ils were removed from

tank 22 in the form of a slurry having about 60% solids
to fill a covered tank 132 fitted with mixer 133. This
water with suspended solids was filtered to separate the
ethylene dichloride solution from the soil through a
filter press 134 so that the soil could be disposed of in
an environmentally safe manner. The water, still
containing some ethylene dichloride was routed through
carbon canister filters to remove the ethylene
dichloride. The carbon filters are obtainable from
Calgon Carbon Corporation of Pittsburgh, Pennsylvania.
Thus, the soil has been removed from tank 22 for safe
disposal without requiring any exposure of work personnel
to the hazardous ethylene dichloride atmosphere existing
in the tank. Neither have workmen been required to don
cumbersome protective equipment in order to accomplish
the cleaning result. Since the slurry in this particular
instance was moved from tank 22 through line 68 to
interim tanks 132 agitated by mixers 133 faster than the
separation could be accomplished through the filter press



out the above illustrative exanple, the scrubbing apparatus 20

enbodyi ng the present invention was al so useful in cleaning the

at nospheric environs in the vicinity of the storage tank 22.

After sufficient agitation using apparatus descri bed in U S, Patent
5,091,016, the soils were renoved from tank 22 in the formof a slurry
havi ng about WSO¥28B5i ds to fill a covered tank 132 fitPEHUSIH0828% xer
133. This - water with suspended solids was filtered to separate the

et hyl ene dichloride solution fromthe soil through a filter press 134
so that the soil coul d be_disposed of in an environnmental ly safe

manner. The wat ePY SEPRF 1lqub%n?%§%ﬁrﬁ?BﬁEﬁéléPhVPéH%'d?QEHQQQQi§¥HES r out ed
t hr ough car beRr6aBhShebalati£" € WAL shiBefltY| CiGad1 L 1dHaG! OF | de.

The carbon filters ar al nable from gon rporatlon of
Pi-t t sbur gh, Pennsyteanwauld be Timtsyoduoeds dinl thastbabnthﬁmnuedgkmomstank 22

for safe di sposal hou U|r|n a re of rk er sonnel

to the hazardous EFHV %?ﬁf#ﬁ " Héng g ER¢ RP2L was reppyed,ny
Nei t her have wor kEgem baentaﬂlaw I Bl tilﬁa dafample aasbfimw@ eglyeve

equi prent in order to acconplish the cleaning result. Si nce the slurry

in this partlcul&ﬂurrylFﬁstEWEE#QQ&?Qﬂnﬁ%}tFFBHHtQHQIQEPQWﬁ(ﬂﬁﬂ#ﬂQW%é é8rt o
interimtanks 1324 %ggha g0gby mixers 133 faster than the separation
coul d be acconpliShe ugh the filter press WO 97/ 25125

PCT/ US97/ 00280 At the end of such time it wa@2still Gvidemtr thagui d

20111, S2har &1 N 1Egns, L0820 LM ansnck 10U80, AL LU LML, b

l'ine 65 duri peetrBRt Shy EXt PP SE otk YetBbhb tHCcsiplettlTHL MR ing
of the tank. The above described evacuation, scrubbing,
and circulation of vapors through the tank continued for
an additional fifteen days. During this period of time
of operation the water circulation was reduced to 100
gallons per minute at a pump 58 outlet pressure of 30
psig.

Turning again to the description of the apparatus 20
embodying one aspect of the present invention, water
enters the scrubbing tower 30 through the distributor
nozzles 38 located near the top of the tower 30 and is
released as mentioned above. The distributor 38 evenly
spreads the waste water over the entire top surface of
packing which fills the scrubbing zone 32 of the tower
30. The packing may be either random or structured. The
scrubbed gases are collected in the chamber, or headspace
40 at the top of the tower 30 above the distributor 38.

A mist eliminator 68, preferably made of a stainless
steel mesh, prevents water droplets from being carried
from the scrubbing tower 30 into the atmosphere of the

storage tank 22.



fromthe tank. In the exanpl e described above, the slurrying, punping

and filtering operations continued for el even days. At the end
of such tinme it was still evident that tank 22 was still contam nated
wi th ethyl ene dichloride preventing entry of work persons to conplete

t he cl eani ng wo9?{s\1/‘we tank. The above descri bed evacuation, scrubbi n‘g,
and circulation 0 apors through the tank continued for POTUSIUPRIG na
fifteen days. During this period of tine of operation the water
circulation was reduced to 100 gallons p 3 m nute at a punp 58 outl et

pressure of 30 psi g- Turning agarn. to_t description of the
appar at us 20 enbod?/‘clnné:hgngrggﬁg%‘?go?ﬂf%c%‘"ﬁ%sé’ﬁt Qﬁﬁv%ﬁ?? t water
enters the scrubbiimyemion,3@hehpacking heishicddd hut @he scrMBIALSZGR 32

| ocated near the top of the tower 30 and is rel eased_as nentioned
above. The distri 3FCIVRRIYI towep I fAre benaberevdeserihed 3 Ho/2

entire top surfaceh dgiameeeki Hglmphsﬂﬂézl‘%atlhghé?&i é&giﬁ;lﬁaeé*ez ¢ the

t ower 30. The packing nmay be either random or ructure
scrubbed gases ar dndeicdtdonedoilded hplastaider Ther sphatipal epackintd rilliche t op
of the tower 30 abqve.the distributor 1 st ,elimpator 68,

38, A ,
preferably nade of"y SFafAfgsETom arY syitahle 15315%?1‘?’% nRtAPIR ahaatdct r om

bei ng carri ed suichMashBos gHLHOBY Iénd OWH1 R hiyibae! NSo BfPRGRMR R Y1e
storage tank 22. WO 97/25125 vl "Fo (H 2
PCT/ US97/ 00280 filled, “NORYL” {a registered trademark of Generalhe

preferred enbodi st.h t wrerpiggventi : king disposed in
t he scrubbi ng zo@%ﬁﬂglb g?ﬂéﬁgﬁgbru%%ﬁ ng tg\%\e?ggbgggzég‘fﬁtefaa ng‘(a@?cri bed
31/2 i nch di &8t.ePubohtode Nesursadl -Comppag, pandi NEraadsy Sther

i njection nolded plastic. The s %erical acking balls may be made from
any suitable inj e@f]?‘gﬁbﬁrﬁl 'ﬂ%ﬁ?’éf st i%”}&nc?&cﬁaﬁ]él’?ﬁ)lfﬁﬁ A @Fesent
pol yet hyl ene, pol ypwefayhienemdy afdnge from about 5/8 inch to about 4 inches

in diameter. Other useful packing materials include

metal packing (including carbon and alloy steels,
aluminum, copper, and others), ceramic packing, and
chemical porcelain packing. However, since the weight of
mobile units for highway travel is important, the
lighter, less dense materials are preferred, if not
necessary. The tower 30 internal structure is also
preferably formed of plastic materials to reduce the
weight of the apparatus and thereby enhance the
transportability of the apparatus. The internal
structure of the tower 30 may be made of any other
suitable material, including metal, however.

Spherical polyethylene balls having a diameter of
about 3 1/2 inch are the preferred packing material
because of weight and mass transfer efficiency. The 3
1/2 inch plastic spheres have a geometric surface area of
about 38 square feet per cubic feet and have a packing

density in the scrubbing zone 32 of from about 2.9 to



filled, "NORYL" (a registered trademark of General El ectri c Conpany),
"TEFLON' (a registered tradenmark of E. 1. Dupont de Nenours & Conpany,
Inc.) or any other suitable materials. Spherical packing for the

pr esent i nvention may range from about 5/8 inch to about 4 inches

In diameter. OQther useful packing materials include met al packi ng

(i ncludi ng ca¥O8M2Md?d al | oy steels, al um num copper, arRETHISHEP0I50
ceram ¢ packing, and chem cal porcel ai n packing. However, since the
wei ght of nmobil e units for highway trave| is inmportant, the

lighter, |ess dense materials are preferre d24f not necessary. The

tower 30 inter nal2RQ4yd-r #OMBAE| BET cubif diegtahPreferabdyof - Pl pRnds
materials 10 redysd dific 088l 0Nkich e HRA d14inaRdeiber SlimPIRNGE t he

transportability "of the apparatus e 1 nternal structure of
30 may be nade ofdwmmaescrlps:uonabtlee reitidiliesll engriokeadi nilhebalable

37121 nch are t H pRSeR BUSEADRPRD RGBT Theyadats CLORSHE P and nass

transfer effici entjametitd)3 weidh2, i 468 Ghpfdits TRGRAEmMBAVE Sf JQRI@LricC
surface area of about 38 square feet per cubic feet and have a packing

density in the sckMemtd®Nzone 32 of from about 2.9 to V\D 97/ 25125

PCT/ US97/ 00280 ounds
per cubic feet, prefer 5’6’1 fr?fgrﬁgﬁnﬁ%b‘)dmeﬁxetr °§u1§?’§ FBB?EQ%’% hO’E he Sbove
illustrative exar’gﬁmmdnventdehalbeshMQm [Fftilgan 2, t hepsispeSLhi W GHRAET

will be able Si scrubper 30 within the size (length and

di aneter), wei ght‘f"f éﬁg‘@ E%B&gfet §°FB§H{‘P AARAFa5Us; g0gin wh f-‘ﬁ@e ¢ on.

The preferred emodinrRitis Qﬁcbﬂﬁaggﬂér@it’f:lﬁzpftﬂeh%rokenpi§§§naréélv@f‘t}?i%n
shown in Fig. 2, a perspectlve Vi ew of the nobile scrubbi ng apparat us

20 in which the 2 are awupntedeppoapuekible finamen shehbpskEhatbed tarasil asf
Fig. 70, with wheels 72. Alternatively, the mobile frame 70
may be truck mounted or skid mounted for transport to a
decontamination site. The mobile frame 70 may also be
mounted on a self propelled frame such as a truck. The
scrubbing tower 30 is supported by a tower cradle 74
which can be lowered to a horizontal position A for
transport on a cradle rest 76.

Referring now to Fig. 3, a hydraulic tilt cylinder
78 provides a means to move the scrubbing tower 30
between the horizontal transport position A and a
vertical operating position B. The scrubbing tower 30 is
also supported and stably maintained in the vertical
operating position B by the tower cradle 74. As shown in
Figs. 3 and 4, the tower cradle 74 preferably has two
longitudinal tower supports 80, six side supports 82, and
two tower-end side supports 84 which cooperate to hold
the scrubbing tower 30 in place in both the horizontal
and vertical positions, A,B. As shown in Pig. 5, the

scrubbing tower 30 is supported on its bottom side by



2 are nounted on a nobile frane, such as flatbed trailer 70, with

wheels 72. Alternatively, the nobile frane 70 may be truck nounted or
skid nounted for transport to a decontam nation site. The nobile frane
70 may al so be nounted on a self propelled frane such as a truck. The
scrubbing to supported by a tower cradle 74

| onered to amﬁgpﬁg8h$a position A for transport on a crggre res
Referring nowto Fig. 3, a hydraulic tilt cyllnder 78 provides a neans
to nove the scrubbing tower 30 between t hori zontal transport
position A and a e 9959 t Is tower 30
i's al so supporPeag {:é%g?a% r?uglén | ne e vecp'f‘e %Irnlabl%l %peratl ng

position B by thesuppertsrad)] ear7d4 thas tsdmoﬂnngmtud:.nat—l gwel amghpbrtisheot ower
cradle 74 preferably ha I tudi,nal . tower_su rt six side
supports 82, and Rﬁet‘b%?r e‘fﬁf‘%%dgllsﬂrﬁpfi}‘?spﬁf%‘ﬁ){dg eé'@’@%éf“&f‘& fo=Rol d
the scrubbing towepn3®sts @fa@?ollrbdgotﬂ}aheesbeﬁbgwt@d whichPRgeVatthenbd
p03|t|ons A B. As shown in Fig. t he scrubbing tower 30 is supported

on its bottom si dsobhe two 1on9/:¢91g171/n@3129wer supports 80 by six frame

PCT/ US97/ 00280 botton1
supports 86, the Fomﬁr BRRCE e p0- ¥§?b58P 5 §ﬁad£% sg dlnal

tower supports 80alsc has thrddieftameebottanl sugghorts tdrne, rafsewSltedeen in
enbodi ment al so consists of two I ong frame supports 88 which are
at t ached to t Kagtwd- | ohgi SRR Edfer 3suPpdiagonnl RFasex oty dfe

si de supports 90. ,IBG; houehe Ghadl & naliRRAG! f§¥xﬁéeén;7:§ort BBalaiﬁ kag §Bhge

frame bottom supports 92, as best seen In shown 1n Fig: 3, a
di agonal brace 94tpwer supp@vtoBaQi bet ween t he Iong frame support 88 and the
| ong t ower

Fig. 6 f th
scrubbi ng t ower supporgéﬁd ¢ HPTBhWE °6:9§8| geggg%ﬂ{ia& e 5 Se%ﬁﬁlgﬁdgﬂéfﬁe

30 and the tower cradle 74 near the bottom end of the
stripping tower 30. This cross-sectional view shows the
tower 30 cradled between the twc longitudinal tower
supports 80, the two tower-end side supports 84, and a
split tower-end bottom support 96.

Fig. 7 shows a similar cross-section near the middle
of the scrubbing tower 30, through the tower cradle
system 74. Here, the tower 30 is cradled by the
longitudinal tower supports 80, along with the two long
frame supports 88, two of the frame side supports 90, and
one of the frame bottom supports 92. A triangle
stiffener 98 is provided for additional strength near the
junction of the tower bottom support 86 and the long
tower support B80.

Referring now to Fig. 8, a detailed view of the
scrubbing tower 30 within the hatched circle in Fig. 7 is
shown. A collar assembly 100 supports the tower 30 in
conjunction with the cradle 74. An internal collar 102

is welded to the body of the scrubbing tower 30. An



stripping tower 30. This cross-sectional view shows the tower 30

cradl ed between the two | ongitudi nal tower supports 80, the two
tower-end side supports 84, and a split tower-end bottom support 96.
Fig. 7 shows a simlar cross-section near the mddle of the scrubbing
tower 30, through the tower cradle system 74. Here, the tower 30 is
cradl ed by tMWO97251250ngi t udi nal tower supports 80, al ong w PET{USe/ae289 | ong
frame supports 88, two of the franme side supports 90, and one of the
frame bottom supports 92. A triangle stiffener 98 is provided for

addi tional strength nea thi 8béuncti.on o_fzst he tower bottom support 86
and the |ong %P‘G\?éfla ufpbtar ght4, which ispatiprhad kevkhe toWer side

detail ed view of gi;R8ert 88CI OO t leesi W1t BpLh tghed g[ i n
Fig. 7is show%.ﬁ A col [ ar as%gyrrb Yy 100 sup%(')rtgl tﬁ%g?ower %’%ﬁ

conj unction w thcolldaer adReif4a ghidabls nalatdbhshifi2thus helditiglatet 0 the
DO Rt beone! 2Bad 58" GLeRs e tower craal€ 35pEST T4, cme intempal

104, which is attcathad 102tmey e Wwitdfin the S¥PRPAAL 8011 A0SRl et
securely, encloses_the internal collar 102 in a slidable rel ationship,

t hus hol di ng t heallow; g thermal xPanalianeptragtien syhilenboldifige the

i nt er nal col 1 3 . N.dhe sex ol lar 104 .to

allow for ther rra%égg%gﬁggggno%ﬁ%mc%ué{r% Wi Ilgx &g%g‘? érllcffgféh‘.’lef1 pos 1;};81”%bi ng
tower 30 securely in Refeveing Gaaipodid iFdgs. 3 and 4, RgfBidH AFmAQYBENikO
Figs. 3 and 4, a Bivot a§n1106 I S conneﬁtgd at.one, end to the hydraulic
tilt cylinder 7gconnechpd gt e snd &P Hbe Aydrenlic dnlt Syliaderai?eer 70

itself to provi dghdcHE88SsédOird®i it MheA N BRE NG thie trailer 70
itself to provide a means for raising and lowering the
scrubbing tower 30. The controls for operating the
hydraulic tilt cylinder 78 are well known and not shown
or described herein. At its other end, the pivot arm 106
is attached to the longitudinal tower support 80 at a
pivot arm connection 108. At an intermediate position
between the two ends, the pivot arm 106 is pivotally
attached to the longitudinal frame support 88 at a pivot
point 110. A cylinder conmection 112 is shown at the
other end of the pivot arm 106, which is the
aforementioned connection with the hydraulic tilt
cylinder 78.

Fig. 9 is a detailed view of the cylinder connection
112. A cheek 114 is attached to the pivot arm 106
through a hole 116 drilled through the cheek 114 and the
underlying pivot arm 106. Fig. 10 shows a cross-
sectional schematic view of the cylinder connection 112
of the pivot arm 106 taken along the line 10-10 of Fig.
9. A rod end 118 of the hydraulic cylinder 78 is
attached to the pivot arm 106 by a bolt 120 and a nut



scrubbing tower 30. The controls for operating the hydraulic tilt

cylinder 78 are well known and not shown or described herein. At its

ot her end, the pivot arm 106 is attached to the | ongitudinal tower

support 80 at a pi vot arm connection 108. At an internediate position

between the two ends, the pivot arm 106 is pivotall att t he

| ongi t udi nal Y& B ipport 88 at a pi vot P poi nt {10. A Cfﬁclﬂgsg?/}ngso

connection-112 is shown at the other end of the pivot arm 106, which is

t he af orenenti oned connection with the Rydraulic tilt cylinder 78.
a

Fig. 9 is a detailed viegw of -th y'ﬁgg i 14
Is attached to tl%ezezp‘i VO ear%r%ﬂiogz(9 Jnlf ro%sbh %g'}'e(a%dea?l%I%é]dﬁt%%gﬁghelt he
cheek 114 and thgivotumder bpsnghpovgih thenlidle 1B2g. 10 shows a cross-

sectional schematic view of the cylinder connection 112 of the pivot arm
106 taken al ong the | Bfdororeocperahipon, the sgrubbipggtevwer o303+ BMA%Ul i ¢
cyl'inder 78 is CRRdth8al NEpOL¥Oin P B oY B2aBO0khowt LR &, T

VIO 97/ 25125 e et Y8 Bal Nopft ding! B PO I E A g

27 122. The byt tusk2@fctbesbydrambigtilte ayidnder128 amounted to ths vot
arm 106 through the ,hol e, 112. . Priar operation, .t he scrubbing
tower 30 is noved*3t etro"'t]ﬂr'ie HePHIeR) L, ”tbﬁi’gep@%i"ﬁ‘% IS o in Fig.
3, by use of ffemihiidiasl Levél] to€ythe deike]8 iNBoRnSdehe dp@rator tHraid er
70. A plunb line, bubble |eveling device, or machinist's |evel, or the
li ke, inforns thehspacaubbingatower 24 his diay fbsi dgsisedrvestiealn the

desired verti cal o eratﬁ_ﬁg{)g&hggﬁggsﬁtﬁ%é ggsgg&ggep&gﬂ&em uni form

di stribution of er e scrubbing Zon
distribution of water through the scrubbing zone 32.

Stabilizing arms and pads 124 with hydraulic operators
are used to insure that the scrubbing tower 30 is
properly oriented and stabilized. At the completion of
the gas decontamination process, the hydraulic tilt
cylinder 78 is advantageously used to reposition the
scrubbing tower 30 in a horizontal transport position A.
Although the present invention is described in terms
of the above preferred embodiments as a scrubbing tower,
those skilled in the art will recognize that changes in
the apparatus may be made without departing from the
spirit of the invention, including such changes necessary
to operate the apparatus as a stripper column. Such
changes are intended to fall within the scope of the

following claims.
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stabilized. At the conpletion of t he gas decontantnafi dh process, the

hydraulic tilt cylinder 78 is advantageously used to reposition the
scrubbing tower 30 in a horizontal transport position A Al t hough
the present WRARA286n i s described in terns of the aboReTpseioasoed
enbodi ment.s as a scrubbi ng_t ower, those skilled in the art wll

recogni ze that changes in t he apparatus may be nade wi t hout departing
fromthe spirit of the invention, inclu@Bng such changes necessary

to operate the apparatus as a stripper coRUARMSSuch changes are
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solubility from contai npent_vessels including the steps of w thdraw ng
hazar dous gases,s??gﬁn?{iy wing hazap Pﬁgu%?$ﬁftfﬁ¥Qﬁﬂgg§ vesgelover

regions of a scrubbiéducing ZME gae@d! ARELNUohdE Fdiidil Qﬁsgssgﬁxgb'n
sufficient water in counter-current flowto capture such azardods
gases in a WeeRe, seantarting dheardsingagases cerhih@nfifgcient water

Streamto the vesheroritd S e TE U c BB nd MR Wiardopeodnedl
vessel , Wi thdranimga tumtemtstiream atidr ezsasada djss BtGmaaidgus gases from
t he scrubbi ng )

substantially reduced content of hazardous gas, recycling
the gas stream to the vessel to sweep additional
hazardous gases from the vessel, withdrawing the water
stream and dissolved hazardous gases from the scrubbing
zone, diluting the water stream with additional water to
create a recycle stream having a lowered concentration of
absorbed hazardous gases and a bottoms stream, returning
the recycle stream to the scrubbing zone, and removing
the absorbed hazardous gas from the bottoms stream for
disposal.

2. The method of Claim 1, wherein the hazardous gas
is ethylene dichloride or hydrogen sulfide.

3. Method for removing ethylene dichloride from
contaminated soil contained in a closed vessel which
includes the steps of forming a slurry by mixing the
contaminated soil with water, agitating the slurry to
free ethylene dichloride from the soil and from a
contaminated atmosphere in the vessel, withdrawing the
vessel atmosphere contaminated with ethylene dichloride
from the wvessel such that the pressure within the vessel
is below atmospheric pressure and the withdrawn

atmosphere forms a gas stream at a greater than



zone, diluting the water streamw th additi onet“llm{"ﬂ"lmmmu eate a
recycle stream having a | owered concentration 'I;]azardous

gases and a bottonms stream returning the recycl & stream*o the
scrubbi ng zone, and renoving t he absorbed hazardous gas fromthe
bottons streamfor di sposal . 2. The nethod of C ?iggh&m rein
t he hazardous“{jﬁ%"’zsusi s ethylene dichloride or hydrogen sul fide.

3. Method for renoving ethylene dichloride from cont am nat ed soil
contained in a closed vessel which i ncl udgg, the steps of formng a
slurry by m xing th o] ) Soi.l %E t L tatl the slurry
to free ethyl eﬁg%gfgﬂgg %gg}%]g?%%dﬁhe&lss&ﬁa ﬁgaf ?éﬁq %Qé é’j‘l](‘;:lz.)n am nat ed

at nosphere in thecentamlinaved et ethytleie dicvhiselidat pisehersoxmbiag nat ed
with ethyl ene dichloride fromthe vessel such that the pressure within
the vessel i s FOngw SPRBIABRENY cthn sasusEeaRdWERE A PREFLGHRNt amowBSpher e

forms a gas sireagiakede@ho@hir fi2ne scruobillf 32he58R5ounter-
PCT/ USa7/ 00280 OF ste * e scrubbillfy 3¢ at mospher ¢ ont

pressure, dischar dilog tbeahasristtrlmmthylenendarhiberide wittp athey lvanter and

dichloride into a _scrubbin zone ont.actin he_gas eam wi t
suf fi ci ent anount creagSfas??%‘fﬁn e e ifi’r?vt‘ﬁlg ?cgﬂéﬁFﬁ‘gt?%ﬁgf ialr?were
counter-current ethi/lenet @idhboritd hortiehy!, eaaddirebhBhidle tHY Qragde wat er
and create a vapor stream having a substanti al 1[!1{ | ower ed et hyl ene

di chl ori de contenstrgat havimeilgrerad wibylene dighienithsankentodisond
et hyl ene dichl ori %ecgg%§?%%%ég%%ﬁ ed %es%gggangozggg%é]oaéél .\éﬁ%iel to

sweep additional or1de fromthe atnosphere o € vessel .
4. The nmethod of €kayiele dichlohide tflveonsttbpsabhospherenmlitte veasedt.t ons

vat or st eam cont am 12 o0 gL hecpod WP SSA "L L1 08,14 Uhd e a0 DI g

di chl ori de cont amr@abiy@hg ke O WatRe) skeesh 88t aMithated with
ethylene dichloride from the scrubbing zone, diluting the
water stream to lower the concentration of ethylene
dichloride contamination and produce a recycle stream and
purge stream, both contaminated with lowered amounts of
ethylene dichloride, returning the recycle stream to the
scrubbing zone to absorb additional ethylene dichloride,
and passing the purge stream through carbon canister
filters to trap the ethylene dichloride for benign
disposal.

5. The method of Claim 5, wherein the contaminated

goil in the vessel, suspended in water contaminated with
ethylene dichloride, is removed from the vessel as a
slurry, said method including the steps of filtering the
slurry to separate soil from the ethylene dichloride
contaminated water, and passing the contaminated water
through carbon filters to capture the ethylene dichloride
for benign disposal.

6. Mobile apparatus for promoting gas/liquid mass



purge stream both contam nated with | owered armunHmB“ullu" nmume
dichloride, returning the recycle streamto the E to

absorb additional ethylene dichloride, and passing®the purde $tream

t hrough carbon cani ster filters to trap the ethylene dichloride for
beni gn di sposal . 5. The nmethod of Claim5, wherein the
contam nated WO9788i28 in the vessel, suspended in water contREHASHTHNSN t h
et hyl ene dichloride, is renoved fromthe vessel as a slurry, said

met hod including the steps of filtering the slurry to separate soi
fromthe ethylene dichloride cont ami nat e80wat er, and passing the

cont am nat ed matetranSf@¢wcnRﬂiuﬁmﬂ90ﬁ pr@éﬁsftimanﬂlhqyeghsoethyheng a

di chl ori de dé %ﬁ%%%é?&i§¥U§§Q1L%Dm§ypﬁg?2§n MR e AR ERLYe kSt

pronoting gas/|i

PCT/ US97/ 00280 movement between a horizontal tramport poisdmibar toi acl uding
a nobile frane, a tower containing a packed bed pivotally nounted on
sai d mobile franmevebrical GRAXARIMG POsiEiAna Fa1d AANeN havinspant upbert i on

to a verti C%ngpﬁﬁ%cggl%%&s\% %rsahg gi‘@{oxblqgiegxg d@,@gﬂ?&ﬁr at safdd

portion and a | ower | sposed at sa
operating positi overubesb dpnranmmgn@osatdonowneans fdremovdngs aadldheoweont al
transport positi TN and said, vertic eratin %ﬁﬁlon nmeans for

mai nt ai ni ng sai d tweeReFatd hoxigopk 55 O aeT: 8% ergnsaifans for

recei ving and d|sﬁértuaaxmbgggaaﬁwgap&bﬁtibﬁpumﬁhﬂéuﬂbr maih@Wehingenaide
tower is in said vertical operating position, and neans for receiving

and distributing HRaver at s%ﬂﬂmﬂﬁﬁﬁépﬁltﬁPBﬁﬁﬁlﬁngRﬁ%ﬂ&Pﬁg @eangj §orower
wh th t 7. Th
en e Owefe%én\%#ei a&rﬂi ﬁs&'ﬂ.ﬁht?ﬂ? O§£é ’1%: rit llh)g Qﬂrogg{xosald €

apparatus of d ai el n sald nmeans sal bet ween
sai d horizontal ttewmspaorien thqmmuMemodsamd saidl wearttiicadl oppeattingg position
' ncludes an XEEDEARL © I TRUHSC £8¥' LOGEE DY 1% B:EhETbu8ly water
downwardly through the packing of said tower when the
tower is in said vertical operating position.

7. The apparatus of Claim 6, wherein said means for
moving said tower between said horizontal transport
position and said vertical operating position includes an
extendable hydraulic cylinder having a first end
connected to said mobile frame, and a second end attached
to a pivot arm attached to said means for maintaining
said tower at said vertical operating position.

8. The apparatus of Claim 7, wherein said means for
maintaining said tower at said vertical operating
position includes a cradle structure supporting said
tower, said cradle structure being stabilized by the
pivot arm attached at one end said cradle structure and
at the other end to the hydraulic cylinder attached to
said mobile frame.

9. The apparatus of Claim 6, 7 or 8 configured as a

scrubbing tower for removing hazardous gases from an



connected to said nobile frame, and a second end at I vot
arm attached to said neans for naintaining sai tlﬂmﬂtmulluflﬂﬂﬂmgrt i cal
operating position. 8. The apparatus of d al m7, *wh&refn %said
means for mai ntai ning said tower at said vertical operating

position includes a cradle structure supporting said to | radl e
structure bei WP ¥28H°| i zed by the pi vot arm attached atmgﬁgwgﬁﬁﬂgéid
cradl e structure and at..the other end to the hydraulic cylinder
attached to said nobile frane. gﬂ The apparatus of Caimé6, 7
or 8 configured as_a scrubbjn Qwer . fQr Vi zard ses from
an VO 97F§§19ged vessé& é%& Wen $hrthl 15@&&5&§ia %ﬂ%*% S97/ 00280
31 encl osed VgagehgandaybiéKdrddirgdiel innelludescombtiBition wiaki BEid

di scharge port in fluid comunication with said means for distributing
gas upwardly throsghanghfor odiestributigey gas LRWardporihzongh &drer fowetei ve a
first conduit tha i ] n Xe) a5el ;i Dy a
hazar dous gas m x ﬁ?e?nafggggﬂﬁﬁ%gﬁgﬁﬁ¥k%ﬂt?lﬁ?ggl ég%d%hunléﬁﬁgg%emﬁkﬁga
chanber di sposed ab eonnepeabbsmdvith gporenciosedl sessekcrardaimgingower and

adapted for connec&ion with the encl osed vessel canai@ ngﬁa
hazardous gas mi xPAFBYAQUS ;| FE Py it §EERADA nFRRAMLT (12 T1uld £ i g

conmuni cati on Wi t RoamBRi LM ARIFIEAD Dickedidr disssse®iGrd Uipler aRE 2
second punmp having an inlet port adapted for connection with a source
of water and a  podtiehaefespit tsdrubhingd towanuand aadanted tBexrsai d neans
for distributin d Vo LRE h L gt - 10. The
apparatus of d ai ﬁ]ou'?%gé%i‘ﬁw Ieélwero(ggg vggé%%u%% Bh"afd nobile
frame. 1hazdb8oap padatmikmire] ai Bigstwhenei awirigl anl iallet poznd
second punps are nounted _on said nobile fr arat us
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, f.rane. 12. The a
of Claim9, wherefth $aryd eprunicatign dﬁ%‘?‘r RoBPF e g‘%&rtdﬁﬁal"gl ?ag rough

sai d scrubbing scrubbing tower, and a second pump having an inlet port

adapted for connection with a source of water and a
discharge port in fluid communication with said wmeans for
distributing water downwardly through said tower.

10. The apparatus of Claim 9, wherein said blower
is mounted on said mobile frame.

11. The apparatus of Claim 9, wherein said first
and second pumps are mounted on said mobile frame.

12. The apparatus of Claim 9, wherein said means
for distributing gas upwardly through said scrubbing
tower when the tower is in said vertical position
includes a sparger disposed in said lower end portion of
the scrubbing tower, said sparger being connected to said
blower in fluid communication with hazardous gases in
said enclosed structure.

13. The apparatus of Claim 9, wherein said means
for distributing water downwardly through said scrubbing
tower when the tower is in said vertical operating

position includes a water distributor positioned adjacent



tower when the tower is in said vertical p05|t ﬂl‘mmlu] ﬁulﬂmlla spar ger
‘di sposed in said | ower end portion of t he sai d sparger

bei ng connected to said bl ower in fluid comfunfcatich Wi th hazardous
gases in sai d encl osed structure. 13. The apparatus of Claim
9, wherein said neans for distributing water downwardly through said
scrubbi ng wQ #MSI25when the tower is in said vertical oper &Tiig97/00280
position i.ncludes a water dlstrlbutor posi ti oned adj acent WO

97/ 25125 PCT/ US97/ 00280

32 t he upper end portion of sai d scrubbBRg tower, said water

di stributor bei n§henupper derd rierrtian iadnh s@ithseaubbirg draver, saigp water

connected to a s t 1 ty of Glaim9
wherein said aggggﬁgﬁgﬁéé@t%%%gllﬁclf& eg é"‘é‘%?ﬁh%g‘g%;’go £€&c°hd

bet ween sai d neapampoconhsetted s iy spasrcepwdr gdayet hr ough sal d scrubbing
tower and said nmeans for di strl buti ng ter dowmnwardly through said
tower, said scrubbi ngt$onethe aBRARATYS, O GLarm: 9 s"()tl‘%"r'?’éhlsad-éﬂ | s di sposed
ther i n. +abbihg @M%ﬂ&dﬁesgaab&&ﬂbn‘@ei&idé‘ spheri cal
balls are forned of a plastic material and have ercof from

about [err] inchbetwabnusaid imesres for distributing gas upwardly through
said scrubbing tower and said means for distributing
water downwardly through said tower, said scrubbing zone
having a plurality spherical balls disposed therein.
15. The apparatus of Claim 14, wherein said
spherical balls are formed of a plastic material and have

-

a diameter of from about & inch to about 4 inches.



