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-1- - METHOD AND APPARATUS FOR RECOVERI NG THE

FUEL VALUE OF.CRUDE O L SLUDGE . Background of the

| nventi on The present invention relates to recovqﬁﬁﬂggkﬁﬂﬁ uel
5 val ue frdﬁ?ﬁag?gssludges and in particular to recovering an {
reclaimng the fuel value from crude oil tZHk bot t ons. There
are nuirerous sources which produce organic hydr ocar bon cont ai ni ng
wast e sl udges as by-products. Due to environnental regulations and

| ack of landfill space, 10 there is an increased desire to treat sludge

wast e products int 0 ] | b

Treat ment met hods whi ch gfrb"em;(fcep aggwée[iéﬁgr%&&%% ng or

di sposi ng of hydrocarbon sl udf§ES VALYE OF CRUDR QFIFISPGEe cheni cal nakeup
of the sludge. U S. Pat. 15 5,154,831 details the various conponents

whi ch are present in slu fr vagi Qus sQ A
particul ar problemarises with of the sl udge

whi ch accumul ates on the bottom of crude oil 20 storage tanks. Heavy
crude oil often can crsé Pressmtminention aelates T pécdbbering dheitualol une

ol ) S AL5 crm kS SR e R Hhrb b ra S bl

gl obul ar oil settles successive [odds
of crude oil are MAFeIAdningtthe YRl vRlua fronLYYde eilstank hattogs.t he
settled globular oil accunulates in the bottom of the tank. This

settled gl obul ar oil .i.ﬁeggr'rgggl )ﬁwﬁmefse&{r%c;st o%ﬂfcﬁ:r PQ.SFP?Lt %&t t ons

or crude oil sl udge. refineries periodfca
storage tanks Yarpeapban ceptaining waste slpdges o PYsPEPAUAES: aPRe and
30 renove the boétenmesironménitalnpéguyativn @ind Tackl of NPand£111s tspases

tanks can bgor enD¥kers'Sii39 A€ iAbral¥ei?addiPY to treat sludge waste
products in the most economically feasible manner.
Treatment methods which are acceptable for either
reclaiming or disposing of hydrocarbon sludges vary
depending on the chemical makeup of the sludge. U.S. Pat.
15 5,154,831 details the various components which are present
in sludges from various sources.

A particular problem arises with removal and treatment

of the sludge which accunulates on the bottom of crude oil

20 Storage tanks. Heavy crude oil often can contain as much
as 3 to 5% of the crude oil volume in globular form. When

this crude oil is put into storage tanks, the globular oil
settles to the bottom of the tank. As successive loads

of crude oil are transitioned through the tank, a thick

25 layer of the settled globular ocil accumulates in the
bottom of the tank. This settled globular oil is commonly
referred to as crude oil tank bottoms or crude oil sludge.

Most refineries periodically take the storage tanks

out of service, cut a hole in the side of the tank, and

30 remove the bottoms. Alternately the bottoms of the

storage tanks can be removed using one of several known
techniques utilizing chemicals or cutter stock. The



t echni ques utilizing chemcals or cutter stock. The WD 97/ 17416

PCT/ US96/ 17361 - 2- residual solids
are usually disposed of in a landfill or i nci-ner at ed. _ For
exanple, U S. Patent 4,014,780 to McCoy teaches a distillation

techni que f woewweté ng refinery sludge so 5 It IS suitalf@USITIsposal
inalandfill. Biceroglu, U S. Patenj.5, 288,391, teaches a process

i nvol vi ng separating a sludge into two phases by distillation. U S.
Pat ent 4,931, 161 to Sundar teaches a process for solidifying a waste

sl udge by adding a binder. U S 10 Patent 5,288,413 to Chu discloses a
process wher eby F#sidual gplidsfare wsuabiydisposedaof|inide Mandfdld one
wast e sl udge ineraitkdcred and dried. Sinms et al., U S Patent
5,328,105 di scl oses a transportabl e processing unit for treating -
organi c wastes. 15 In spite of the prior art attenpts, up to this
poi nt, t here ROX mXampden IhSef Patentect pdA A0 ity MaCon tegchesade

oi | tankt Eot t Omﬁhli_é[&&l}ﬂegibnfeﬁaéﬁtﬁqﬁe tstdtgbeeaﬁmagat@inery sl\dabfehsbot h
Subsequent Br oty i, Spibae AR dXee’ 3R, o dandeils THlRERRTIT
contai ned in th&<f.udfateny 5,288,39kechiraches a process 9inyplying
PCT/ US96/ 17361 separating a sludge into two phases-by distillation. U.S.
Summary of the Iﬂ\‘:%r};[t' Orl,931,161 to Sundar teaches a process for
solidifying a waste sludge by adding a binder. U.S.
10 Patent 5,288,413 to Chu discloses a process whereby a
solid fuel is formed from a sludge wherein the waste
sludge is filtered and dried. Sims et al., U.S. Patent
5,328,105 discloses a transportable processing unit for

treating organic wastes.

5 In spite of the prior art attempts, up to this point,
there has not baen an effective process for treating crude
0il tank bottom sludge which employs a single apparatus
which both removes the crude oil sludge from the storage
tank, and performs subsequent processing of the removed

20 sludge so that the fuel value contained in the sludge may
be recovered.



One object of the invention is substantially conplete recovery of the

fuel value in crude oil tank bottons, in the formof a liquid blend
‘st ock. 5 Anot her object of the invention is an apparatus or

system prefer @637 g that is transportable on one or N pETAISHRINRR
trucks and/or tra ers that can be conveniently inserted into a crude
oil tank and can punp out the sludge an®3process it to produce a
liquid blend 10 st ock. These and ot her objects are achi eved
by provi ding: a nmethod for converting crude oil tank bottons to a
l'iquid fuel conprising subj ecﬂ%ant ained in '
an oil storage tank bottomto a powered cutting too 0 break up the
sl udge, injecting and m xing cutter stock i nto the sludge vol une bei ng

acted on by the cuttingonesihject ofithednyventipn is substantiadlyr completef
the sludge and réeé%:?y IUne FukiUi8iue in aGhided &i'letih!td%tﬁhﬁéurﬁt

from the tank th_an extractlon an nm nuting the 20 $1ud ge
m xture to reduce t% e foxm & &dﬁé"gﬂo%“@s cﬁcontalnedtherelnto

produce a honpgeneous ni xture, optionally addi ng an additi onal
quantity of custer stocknocne: é&t%beﬁéeiﬁ@éﬁﬂi&ddiéldﬁsaﬁﬁafbﬁﬁ'éﬂge
m xt ure, eit heé ggf ore aft nut il on orm

bl end stock. AdvanPh Sle/""e r%[xa‘”m % FTAnsSpo a® "ot or

specification is dipered flatbade taugks sta@slldrn trailemarmtmatt heanwi bé
not adversely aff eCéoﬂ@énﬁ:%i'—iPtinsertei)‘iﬁtﬁ' a3&ede Qh:lI '%.snhd anadchi Chump

wher eby substanti al | fuel valye. of the sl
Focovered. By 30  HFERFinada AR BROGans Lh £R REPARGR) BoLjuald plend

quantity of tR8 prostaskd blend st ock, substantlally al | of the fuel
val ue of the crude oil sludge I's recover ed whi | e mai ntai ning the

guendardized product SPRRLLLCGA Dner oBfeblf MG IYEg by providfie:
-4- a method for converting crude o0il tank bottoms to a liquid
fuel comprising subjecting crude oil sludge contained in
an oil storage tank bottom to a powered cutting tool to
15 break up the sludge, injecting and mixing cutter stock
into the sludge volume being acted on by the cutting tool,
if necessary, to facilitate break up of the sludge and
form a sludge mixture, extracting the sludge mixture from
the tank with an extraction pump, and comminuting the
20 sludge mixture to reduce the size of sludge globules
contained therein to produce a homogeneous mixture,
optionally adding an additional quantity of cutter stock
and/or other selected additives to the sludge nmixture,
either baefore, during or after comminution, to form a
25 blend stock. Advantageously, a liquid fuel having a
product specification is diluted with the blend stock in
an amount that will not adversely affect the product
specification of the ligquid fuel, whereby substantially
all of the fuel value of the sludge is recovered. By
30 diluting a commercial fuel with a relatively small
quantity of the processed blend stock, substantially all
of the fuel value of the crude oil sludge is recovered
while maintaining the standardized product specification

of the liquid fuel.



The invention further provides an apparatus for recovering crude oil
sludge contained in an oil--storage tank bottom conprising a nobile
‘extraction unit capable of being inserted into the storage tank, the
extraction 5 unit conprising a tracked carriage, an extraction punp
nmount ed on W@97f#6ked carri age, at | east one powered PERUSPGILT36100|
mounted on the tracked carriage in a posiitjon in front of the
extraction punp, the auger cutting h ad bei ng powered i ndependently of
the tracked carriage and 10 the extraction punp, and at |east one

I nj ector provided on the extraction unit adjacent the helical auger,
t he i nj ector beThR) dapenFions furthex nprevides oadnr nPParatus ofex ni ng
cutter stock suataeddwairingeceulibeoilt siage ! containdltid @reBilAistoragecr ude

oi | sludge, forrg L X 0 I on a
first end to th(raﬂlﬂg‘ %o%éﬂ?&éo&jf%ﬁibhg Eﬁpglgnﬁégﬁ%ﬁt%%%%%égte and °
transport the sitfdfReingdnsertedoinradthy sterage rtank.othe extraotipnom t he
st or age tan$(d, ?mﬂrﬁﬁduﬁ;iz&l&iﬁmlﬂ)mrddkddl lddfriage,cemdsdt&:a‘dﬁianV\Mpan
opposite end o Mﬁ,}h@s 0 cepye S g ] XL Ur e
which is transporte ye?ﬁe%éd@%%gee? ?ﬁég’dﬁ;ﬁ niﬁ i%‘%ngﬁqr?%gr%l nec gai ng
therein a means Sutting tea}maunted epthe trapkedcapringe dncymositden,it hin

tge sl u:jge in Mzort, ofnthenestirhetidnrpump) ctite Awfle pruttitiy head
A t sly, -\ ' {
Yot 000U Y, il P b7 T Bl cqrl S

diluent injectiaq or t© whi IS C |

communi cat *gn V\Awﬁ?@:’&ﬁ?ﬁ'\"ﬁummcﬂﬁﬁbéﬁ least oneinjgehay Aroydded,cing
adapt ed to cont ram |l yextyjaztiion unita adjaceinte theateliiyadf adigersntthent o

t he sl udge m xt t Qal ve phes Qg@ﬁ# it ﬁﬂ&& d
stock product. U.{I?Oéél.:o::- beify Q%Plgg?gDeggriuHon o&th% aw nga?%
Figure 1 is a scTRARAIRANG SYCLers RERFKgSURR Shaggehe cuttexr SKagk Widd: hod
of the present iamtentooantrain the crudegoi 2ludge,sifotadngea@o\eudgeni t of

}32% PJrSS?S/eg%g6l niktSd) 'aCHose removatiy %ng;_@g_on a first end to the
_ mobile extraction unit and adapted to accommodate and
transport the sludge mixture recovered by the extraction

unit from the storage tank, a comminution chamber in fluid
communication with an opposite end of the hose and adapted

20 €0 receive the sludge mixture which is transported by the
hose, the comminution chamber including therein a means

to reduce the size of sludge globules contained within the
sludge mixture, and an outlet for a blend stock product.
Advantageously, the apparatus will further comprise at

25 least one diluent injection port which is connected to,
and in fluid communication with the comminution chamber,

the injection port being adapted to controllably inject

a variable quantity of diluent into the sludge mixture so

as to improve the flowability of the blend stock product.

30 Brief Description of the Prawinas

Figure 1 is a schematic diagram showing the sludge
treatment method of the present invention.

Figure 2 is a sludge recovery unit of the present
invention.



Figure 3 is pictorial diagramof the extraction and processi ng system

according to the present invention. Detail ed
‘Description 5 The apparatus of the present invention includes two
conponent uniise g“gnbile sl udge recovery unit 10 and at PCT/USRAI36PNE
processi ng unit ¢y The nobi |l e sl udge recovery unit 10 is a

sel f - cont ai ned appar atus whi ch can be noved= around a site or refinery
to the location of crude oil 10 storage tanks which contain solid tank
bott om sl udge sought to be recovered. The recovery unit 10 may i ncl ude

either electric or hyﬂg@y&iy f?‘%ﬁ!cﬁ&'l‘i&ahﬁﬁériﬂ FO Ve tgg&ractiogogganent S

of the recovery uni

t. Th t 10
extraction punp BEOG8ssingsyptem t%'ﬁﬁ‘?rg %g\elg%’é’#u{% O%Iﬁsegif’agcks 12

on a carriage 14. The punp 11 is preferably hydraulically
activated and nmay be controlled rmqﬂgwm ly. The sl udge
extraction punp 12 is preferably a centritug punp with a heavy

i npel | er capabl e of punpi ng heavy 20 material at rates as high as 300
gal I ons perSninute. The appaimtus dfithyr ptesenpr bhvention irxtlxidesdtwoer t he
i nput of tT BEmpoAEnt it ;" a! m8B4 Ye PRidddd %ic%fmk&eanwgs;b A’ agan

pass t hrough. e rotor clearance is prefera 8", so only
particles smalle ‘?Rgig)'l%@rEF@ﬁFéﬂge“'hﬁ'e 295 ﬁ"pﬂ'ﬁ'géé.e shrdge TATPVEEYe bar
grids can al so bunihst@lis@d self-contained fapparatsisz whigkncan e movedt abl e
Dredge L Comazound, 8, kpfs 67 pERRIPCES dn ) Qucld oF) cabe"umm T
i s i ndepend@nt | Sggﬁééqﬁd,t%s ‘"‘3‘@! fonfain rﬁ?’u’dgst?% ng#Pﬂu&é’é‘gﬁhack
assenblies 12  soughhith beavecavered! oThelSecawetye anilte 0 maydacludie

track . assegbthep ehactriché® hyaelulidPilerShénkPetsss ith Yowidh thlad
five feet in len . A téack I S _nount ed toteach track assenbly 12.
The tracks 18 ar e%ngﬁ? I?)I?lff P erysni plurality of sections 20

whi ch are adapted to nove _

The recovery unit 10 cénprises an extraction pump 11

15 vhich is mounted between two continuous tracks 12 on a

carriage 14. The pump 11 is preferably hydraulically

activated and may be controlled remotely and/or manually.

The sludge extraction pump 11 is preferably a centrifugal

pump with a heavy impeller capable of pumping heavy

20 material at rates as high as 300 gallons per minute. A

heavy bar grid is preferably installed over the input of

the pump 11 so that only particles smaller than 3/4" can

pass through. The pump rotor clearance is preferably

3/8", so only particles smaller than the clearance are

25 pumped. Different size bar grids can also be installed

with different size openings. A suitable extraction pump

is the Trak Pump model manufactured by H&H Pump and Dredge
Ccompany of Holden, LA. '

The recovery unit 10, which is independently powered,

30 preferably includes two continuous track assemblies 12
which have a platform 16 mounted therebetween. The track
assemblies 12 are preferably about six inches in width and

five feet in length. A track 18 is mounted to each track
assembly 12. The tracks 18 are preferably formed of a

a5 plurality of sections 20 which are adapted to move
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%6- conti nuoustyaround the track assenbly 12. The tracks 18

can be made of rubber, netals such as steel, coated met als, or any

ot her suitable material such as stainless steel . %?
recovery unMOMA74€ configured to be inserted into thé’qrﬁ‘fs@f'f of the
oi |l storage tank. Most storage tanks -&-ncl ude an access consisting of a
24" di aneter fl anged opening on the side of the tank, comonly
referred to as a "manway" The track assenblies 12 are

A Eﬁs‘%ww 2 ey Ader 8, GEAkBAE

att ached bet V\eeﬁltlh@eplnad@rnflmrt.hmm avchnias esteel, Qatiﬂl s
arrangenent r Ediﬁﬁ&l&heoi‘\" &y d&@%uiﬁﬁﬁ!érﬁa&zav Nddchl @s?iske@ihigsst t O

be inserted thrggg he manway to the inside of the tank. After the
recovery unit 1 I nside the tank, the hydraulic cylinders are
again actuated and the track assenblies 12 are returned to their

normal posgtion f or vpeRAey uit 169RVebNrIfited ¢ Re iridxtid Ligo! NSi de ‘

of the oil stor

d
powered cutti ng%'ﬂ ix%%%?z-?f t?&cﬁiﬁss%é%qoﬁépigugg‘%t\tﬂ e h&a}ﬁ;egngn

a - front sdpriludeofnt hecessocongishing10f an 2a"pn4mm flanged
enbodi ment, oneopkhih§Joh e Hiduda the tsnﬁouaéﬁﬂbxm Feferrddto Ak €ach
conti nuous track assenb[,y 12. preferred arrangement wl|
permt the auge?s ?2“?'8 br eak up the solid gl obul ar sludge and
channel it into the punp i nt ake. It is preferable to have
a separataohydraul i quaotteacﬁoassemme&fwna}.-apgﬂerhﬂabweh Sto2€aaso the

nobi |l e recovery

augers 22 are c&tlfl ﬁ&rfnnlll% ﬁ%&@u&é&%‘% ’feﬂr% tlf’%g"a‘i%ﬁag% eﬂ‘n#’
punpabl e consi seSkuprtingwey ersett hofalhydravkic heylinders (not shown)

attached between the platform 16 and the track assemblies

12. This arrangement reduces the width of the recovery
1s unit 10 allowing it to be inserted through the manway to

the inside of the tank. After the recovery unit 10 is

inside the tank, the hydraulic cylinders are again

actuated and the track assemblies 12 are returned to their

normal position for movement of the recovery unit 10
20 around the inside of the oil storage tank.

| e the

It is contemplated that at least one powered cutting

tool 22, such as a helical auger, will be mounted on a
front section of the recovery unit 10. In a preferred
embodiment, one cutting tool or auger 22 is mounted in

25 front of each continuous track assembly 12. This
preferred arrangement will permit the augers 22 to break

up the solid globular sludge and channel it into the pump
intake.

It is preferable to have a separate hydraulic motor

30 (not shown) powering the augers 22, so the mobile recovery
unit 10 may be either stationary or mobile while the
augers 22 are cutting into the sludge or mixing the sludge

into a pumpable consistency. However, the augers may be

-
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-7~ powered by chains, which are in turn driven by the

noverment of the tracks through a gear train. The recovery uni't
10 addi ti onatwiowrivéiebe provided with at | east one i nj pcrassoédyagnhi ch
is in fluid communication 5 wth an inlet 26. The injector 24 serves to
I nject cutter stock directly into the storage tank. It s

cont enpl at ed that the cutter stock injectors 24 are positioned such
that the cutter stock is injected at a location in front of the
recovery uEit llpmtdral\my chgénsyt twicH oakeWin €€rn dﬂ#aﬁxﬁﬁ?sﬁiﬂd’ f'g ﬁnd
removi ng the so Q. .t he bottom of the
st orage tank. Fr%sn{{eﬂﬂ@%ﬁli:gg {i'_gﬁ a%'a'&% %%?e (n; ‘shown) may be
connect ed, on the outside, to a separate punp (not shown) which punps

di luent from an ext eTh@recesery aiit 10 wxuonaﬂya-qubhepratvm&anﬁube of

any conposition Wﬂ'mdtsone in Ql?x
%Jent S

sol vent or pen |n sem soﬁ (ﬁ}%@mqbc%% such

0
as gl obul arssl u ?Reinlg 'st% W%F@?e?hlﬁe}"’&s to in iqut
hydr ocar bon. Exas#ﬁ@sddteeﬂl?aiﬂt&:@ﬂetstoﬂi@slta&ﬂ: Iﬁ@iﬁdﬂ lat@aide #2

di esel fuel and difad usgl lyt a t| on of
the liquid sl qu5 emc%gttl}:reg étt o :ﬂjom °%e St orgg%e \éﬁ.&: 0

processi ng oper a Ihf, cukt %Fé%s’tﬁ daderteth akea 1°°8¢¥be\/¥!! qu nay
be recycl ed and of &theayecovery amitt.ocitn this vﬁqr thet &ltter (SEdck RARIVE A

Serves to i thirgpy Y teosening, hAPSREy By Fia AN lyilehal i)
liquid from V¥[ ﬂ'g?‘l aﬂkgl‘??% ‘P%c?!# eﬂt?’éaiﬁetm}‘ect iFSe®or t S
24 and injected kst |2|6tantdddi§:ticmrag.ehbaek(ﬁdt shdwh) adg Bé)condawv ng

and renovi ng of 0, d
o' Eh80bucl fd QS v é(fhiz@é %@{%ecessary az %e‘yﬁl qU| f rom

gquantity of fres utter stock woul
the storage tanlf{]jrlé" nt f“&'oﬁ{‘l RYBRELOT. FRR8XVYQIF. and reused.

further alternative, effluent from downstream processing
15 The cutter stock may be of any composition which is
capable of being employed as a diluent, solvent or
suspending agent for solid or semi-solid hydrocarbons such
as globular sludge. The cutter stock is preferably a
_ liquid hydrocarbon. Examples of suitable cutter stock
20 compositions include #2 diesel fuel and #6 fuel oil.

As an alternative, a portion of the liquid sludge
mixture either from the storage tank or from the
Processing operations which are downstream from the
recovery unit may be recycled and used as a cutter stock.

25 For instance, there may be a vacuum source (not shown)

disposed on the recovery unit 10 which serves to withdraw

a quantity of liquid into a holding tank. The liquid from

the holding tank is then recycled to the injection ports

. 24 and injected back intoc the storage tank to aid in the

30 loosening and removing of the solid sludge. In this way,

a relatively small quantity of fresh cutter stock would

be necessary as the liquid from the storage tank is

continucusly recycled and reused. As a further
alternative, effluent from downstream processing
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- 8- operations—of—the sludge nay be fed to the injectors of t he
recovery unit 10 and utilized as cutter stock. Once inside the
tank, positioning of the recovery unit 10 within the storage tank is
preferably W@8HPMIGhed by 5 energizing hydraulic notors RGTHSEMBEh)
driving the tracks 18 to nove the neeg+ne forward, reverse, or
rotating it | eft or right. The hydraulic notors are preferably
power ed by pressurized hydraulic fluid fed from an external hydraulic

punp and contr ol s thro connect ed en .t he hydraulic _punp
and controls to ¥ ‘g‘ gg‘F’ys&HFgelﬁaYF%%I$$%¥F%]& Jée&’é'ﬁy"ﬁnlt 10
i nsi de t he tlmlq:ﬁmﬂdrg onditt moednﬂyu'ai]:izm'kchs:lauhhar ‘B¥oskst em

nounted at the manway. Alternatively, a cl osed circuit TV syst em coul d

be nounted directly on the recoveré unit, wi th any necessary agcessory
lighting mounted on PRee insidethy, P?kurﬂ‘{”tﬁi"é’tmﬂn%f i FRERYex¥ updE t ank.
It is cont enplveiﬁxirt khe sterageitank ig preferablyustaunplished by

POSi tion WhsCh | gn&xfReitef ﬂgdi-ﬁniﬂ?n%‘éiﬁt {Hof‘QﬂB{rﬂi ldfi%ing thé tzalRBr At | on’

of the recovery con unit (not shown) .can.,al so be
i ncl uded to Pc"cﬁ'nt nosre 5{5‘&&’1"8&“& forwagp tr’é%‘(?'t'#F'pLﬂFp rmhil s

| ocated on the rhuﬂvepy urightl0. Then mmra\ﬂdm/emqtmtare preiferablyt
enters the’ storagsy ByD gmﬁé eﬁaﬁ‘airhc ﬁmﬂ ggdanﬁ,apl g fied

to such a degre S to end | nca

However, after t?%m hydra "‘é‘ 3ConPYPR f °8f'tfﬁgsca k?’f%l'b‘g‘ S“H&g begun
br eaki ng upo conngctead betiveen thedpydraulis pompt endscomtrols oo dhe

i nj ect Ied Ih ng 0 t headewdary “%tﬁafél oaohxtmammhhsrmﬁary unitef‘é'in\éide
acconpl i she seque i s desir

control ling oper%fqﬁ '§$ 'i/‘ﬁ'e ng%orea L"Yf Poﬁiﬁ’f% j&;‘{m hat
the extraction peepntddnag the mamm!act Alserdativelyr apor::tnsqd tedecadderti on

of the recovery v systéi tohfal Hé Gduited! aiR86L1 % the recovery ulit,

control unig als n rermtel actlvate 4 RS (hot i.ch
control s t E cut iﬁlg essory :[:.g ting ‘'moun e )1\@:0

racovery unit or at the perimeter of the tank. It is
contemplated that the monitoring unit is mounted in a
position which is convenient to the operator controlling
the operation of the recovery unit 10.

20 A control unit (not shown) can also be included to
control operation of the extraction pump 11 which is
located on the recovery unit 10. When the recovery unit
10 first enters the storage tank, the sludge often is
globular and solidified to such a degree as to render it

25 incapable of being extracted. However, after the auger
22 on the front of the carriage 14 has begun breaking up
the solidified sludge and/or cutter stock has been
injected into the tank, extraction by pumping is more
easily accomplished. Consequently, it is desirable to

30 include a means for controlling operation of the pump 11
from a remote location so that the extraction pump 11 may
be activated at some point after insertion of the recovery
unit 10 into the storage tank.

The control unit also can remotely activate a motor
35 (not shown) which controls the cutting tools 22 mounted



WO 97/ 17416 PCT/ US96/ 17361

-9- on the front of the carriage 14. In this way, it is

possible to power the cutting tools 22 as needed, even when t he
recovery uni tw&Q'fli'fﬁ jestationary. There may addi ti onal | pcyassopi@el ded a
means for renotely controlling 5 the timng, quantity, and/or chemi cal
make-up of the cutter stock. Alternatively, the recovery unit 10 may
be preprogranmed to inject a particular cutter stock at

particular timed intervals. After extraction by the recovery

unit 10, the 10 onr et emfsht SdfidfiSe cabrifige nDy. f @nechis wayuité sidi d

suspension, [s ! peasiBicdaChbygl Hig SLREAS LABKsY3 da peeqlfSoedln T

extracted sl udge“nmay,
i nt er medi at e resm rthe Fﬁﬁk"% 'I'ﬁét 10 it StASAPBREYr escTRRKG DAY | |

hold the liquid aaudge.oi:iuyme Providear 4 ifdars €8 Pahotyky &bneﬁeuim

addition, t deghy.] t 32
for-the addlrgtal on o cuﬁ sfﬁl{%orww p%&%’lgégs w he |nc usi on
of at |east one ICHEEPF:8F a?le- r Adserpatively, the xegovery wait1,®a¥ Peow of
material to a domm:emﬁﬂed mbocﬁs:rd&t 28. phirticedarvauttdd aturkiegeserve

as a surge ?h % lé)el ng punped fromthe extraction
punp 11. At tinmes when F owf"(')m € extraction punp 11 is | ow,
processed material can be recirculated into the -intermedi ate reservoir

tank 30 to ensure nataxfter hﬁtﬂﬂcgﬁon Bypi Ithel erb8ovéey ibxnmtt 10f, t&Re ]
2 t
processor 2 movered ! Q&ﬁﬁgﬁ ! 3%%;&@59%9' ' tf%Q’mgﬂy eﬁ%{}?ﬁgkgﬂ;ﬁo ©

I nput side of the process 0, and tto

reservoir 30 may ‘é’éﬂ?@‘&?“a é%n‘i?ﬁ’!ﬁm oyt of ;the storage, fank Vi3 &rom
entering the proteseor2&0. Thi) extractedhaltdgeatiag] anddpeefarabiy is,

transferred, eit 'i:‘?it'eric Ean%ad to a dEl L esbPvELY Wy dﬁﬁeCtﬁ‘ from

t he storage no |n#erne late reservolry_1s 1ng $ hi gh
shear mixing pr oéé!%eﬁ“ ediatg; F9SRIVEAEaRI0 Will Retd nEhe Liqu ﬂoﬁ%@@ﬂ?m ng,
particle ¥3ze pxdeuctbofurther ccredtmeiit opagatdonsat i Im.addditionnt theal

extracted from t Ratedpadiite reser&6ELY Shay UBd Ipddvidad RFHIAnt AR1BEOSESSOr
20. The high for the addition of cutter stock and/or other additives.
The inclusion of at least one intermediate reservoir 30
permits a continuous flow of material to a downstream
20 processor 20. The reservoir 30 also may serve as a surge
accumulator for material being pumped from the extraction
pump 11. At times when the flow from the extraction pump
11 is low, processed material can be recirculated into the
intermediate reservoir tank 30 to ensure material being
25 available to the input of the processor 20. The
intermediate reservoir 30 may be connected to the input
side of the processing unit 20, and the bottom of the
reservoir 30 may serve as a sump to divert any large
particles from entering the processor 20.

30 The extracted sludge is then transferred, either from
the intermediate reservoir or directly from the storage
tank if no intermediate reservoir is included, to a high
shear mixing processor 20 which is capable of blending,
homogenizing, particle size reduction, and de-

35 agglomeration. All material extracted from the tank by
recovery unit flows through the processor 20. The high

-
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-.10- shear m xer—-is a conventional apparatus known to those

skilled in the art and includes a notor and an encl osed chanmber with
an inlet and an outlet. Wthin the chanber, a workhead is nmounted on a
spi ndl e. weyMmTsithead 5 preferably is renovabl e and sevRFHVSIITIORr ent
wor kheads whi ch are interchangeabl e.ggpeferably will be provided with
the processing unit to allow for selective processing capabilities.
The wor khead includes a stator about its outer periphery. The stator
is provided with apertures 10 - or openings such that when the workhead is
subjected to  shepargmixgredsr at sonyentippaldopppapatusckaownntoh&hesei nity

of the workheadskiilllelie ihotR@dattr #n@hinERudde d Mo and ara@iktw:ea t hus

reduci ng t he pagt,i 0 rkhead
may include a SW f%%ti@ﬁfgr é{élgc ?Ctﬂt&etdpem%gg"etv% 5ﬁ‘ier

wor khead may @ Vm vdsy aewnted @iy cagppingdles or wemkhw t he
poi nt wher & t hepretekably $s"beRbeable iMe Sdverdic diffiedent workhadds are

f bl h
Porknead ang ¢ eATin!fed UhEEERENIRRE]Y Draktiny v o‘rlf%%e&ﬁg‘gﬂd%%&@&&' °
rotation of t hetPGt (!F%%é@i uni% i allee feorksedective: processing
suction, draw ngapabi].litﬂusd a‘ndesﬂbrmﬂiﬂ einclvdds)tap dﬁ&dxﬂtalfdi:t its

Centri fugal S [ f t he
workheadgv\here they a? E P ?%@##I%%%éﬁ&%@ %’: ® shear
is then afif i ed OXsopeB ﬁﬁFeﬂ'ﬁPstE!‘E when the waxkhead s, esdied, topyt

t hrough the per hignt Bpé&doi-otationl henys lsdnda, phbﬁﬂclbéoiwf’tﬁé"&ri
outlet, exitingdgh

[OGES eferred
processi ng machi ne 'S gﬁlkmﬁ)ss% i@ mcb% ?%zﬁ?? throngh the °e§’s &ngﬁ V& son
| n-Li ne Hi gh Shé@Rerpuxes, \%915 redugqiiithe paxtinim size nfcthesakida.

machi nes are caprol eexample,Oforsd nﬁéma&imsa sheiude ahetratorn Harciing ed by

Eﬁggf)ﬁk New Hasﬁaﬁ_{’ cipguﬁle% I Ca, I'nc. f? %(g‘%ttﬁu ?E%ssa@h‘ set ts

to name a few 1uds: ¥eXV nEBALL FFIRARR \APertures. gt PEXReRSs| t A
di spl acenent pupoimtowhded tipsiworkliead is homttdd &cpthecspindle, w nmost

efficient procegiiddes are preferably provided to force the material being

processed into the workhead and through the openings in

20 the stator. The high speed rotation of the rotor blades

within the workhead exerts a powerful suction, drawing

liquid and solid materials into the rotors. Centrifugal

force then drives materials towards the periphery of the

workhead where they are subjected to a milling action.

25 Hydraulic shear is then applied as the materials are

forcad, at high velocity, out through the perforations of

the stator, then through tha chamber outlet, exiting the
mixing processor 20.

A preferred processing machine is a high shear mixing

30 device such as a Silverson In-Line High Shear Mixer, LS
Models, although a number of other machines are capable

of similar actions such as those manufactured by Bematek
Systems, Inc. of Beverly, Massachusetts, Greerco Corp. of
Hudson, New Hampshire, and Kinematica, Inc., of Newton,

35 Massachusetts to name a few. The processing machine may
require a positive displacement pump provided upstream

from the processor_to ensure most efficient processing
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-11- vol unmes. For exanple, a Moyno Progressing Cavity Punp
‘manuf act ured hy Robbins & Mayers Inc. may be enployed if desi r ed.

The processiga, Fyﬁﬁine inter alia, comminutes the 5  m xt urpserARRGe/AB6SUCH,
reduces the partic size of the sol i d, gl obul es which are contained
within the extracted sludge. The ultifate particle size is dependent
on the size of constituent components in the sludge, and is

usual |y made of particles such as sand, mnerals, or dirt. 10 It is

typical that, involusesoi| Forhezampaeli al MsynocPoégressingeCaviky Bimpess

than 30 m crons | W 2 o]
Downstream from t eaﬁagﬁ Eeal?}pre#%iﬁgﬁjl Fgrfa?ﬁa Q‘?o?él E‘B"%a’ﬁ% and
‘processors may b desireddcd. For 15 exanple, the material may be
transferred to a suppl enental tank where the sludge mxture is

subjected to further =Y}

average particle ﬂ'g?mv\c?m c’:ﬁg%:nges rorr"]{‘{l%(fzi'Cm % ni cron’eé\'[;h oérm{el)’(anpl e,
t he secbnd PHFEEEeoANd, ag AuGhy, Kequce 18 §i7q RF Jthe
stator, each of wioldl globubées ewhich ohwe:tmtdilmﬂ wiiehin tnhoénsrm ded

in the' previous W%Pg&so“rﬁéaﬁfémﬂ@ art 1 948" :0habdfagAt | g 901 o0

into a small parti.c y acco i S he use of

successi vel y size, g/t h‘FW%#fé!ﬁn% KPmReRansis;rin the B n AN t he
25 nature and wuspalldf made efsparticlhesisuch s4 anads ninerals degedaiiewl upon

the physi calo chamdcysl tppisss Undel® i e ol1, Triile Partl adraiaods v
t he gl obul es bre%ﬁ"ﬁ%ﬁ?d’%é‘ﬁﬁnﬂﬁn’é’d gi'éqliﬁ?&n §§tFFat cont enpl ateeg-g hat

t he processors
processing 30 d&demazoonicroms atllisizes which are applied. That is, the
system design can easily be adapted to all ow recircul ation, i nj ect I on

of additives and/or aDde%\é%Qth at rBE%QiHiBg % ! Of& ',-?-Eagdig#

system  or allow for
setting up 35 holdingc ctanks aaﬂdprpmsu;seqmpm ptovzhﬂhda teronr

15 example, the material may be transferred to a supplemental
tank where the sludge mixture is subjected to further high
shear mixing to achieve an even finer average particle
size which ranges from 10 to 20 microns. For example, the
second processor 34 preferably has numerous holes in the

20 stator, each of which is smaller in diameter than the
holes provided in the previous processor stator. The
breakdown of the solid globules into a small particle size
is preferably accomplished by the use of successively
finer high shear mixing stators. The determination of the

25 nature and type of successively smaller stators is
dependent upon the physical characteristics of the sludge
globules and how readily the globules break down.

In addition, it is contemplated that the processors

could be configured to allow variation in the processing

30 operations and additives which are applied. That is, the
system design can easily be adapted ¢to allow
recirculation, injection of additives and/or adjuvants at

any point or location within the system, or allow for
further processing operations. Thus, prior to setting up

35 the recovery and processing equipment at each site, or

o~



WO 97/ 17416 PCT/ US96/ 17361

-1 even during a sludge processing and recovery operation, i f
the desired final characteristics of the sludge m xture change for any
reason, the apparatus is easily adapted to accomodat e t he

nodi ficati owodm7ets s way, the versatile 5 recovery and [PCOIASIEITREL
apparatus of the invention may be cexrd+gured differently and achi eve
different end results dependi ng on the make-up of the raw sludge and

t he desired end use. In a preferred enbodi mnent, at | east

one or as many 10 as all of phe individugl congonents or tanks of the
processi ng appaPatlsOBELRI R 4% RFOceRBINg ADYSHPERYRTY oreratiamye and
an inlet shut-off the desiredtfinalachavacteristicsbfuthe sAudgatmixtairen t hin
tﬂe tanr or pr O&Biﬁl;ggféﬂ‘“atnydrgasﬁceféﬁ apBagdehs’ {8 'ﬁi_i'l%&{ln%&d%@'“on, .
e system may e .pLovi.de w_measu equi n I .C :
ot ors "™ BogmRRRES i BeiEcab in’ CHhEne i BHR Ve
added, as el | z®coNeryoand priocessingrappaxatnss bfdtie dnventiobl wayl b ock at
various stages gbnpigaged dfferently and athidVe Hidferehe! eﬁmwﬁf& 1

heating el ementg_and/.or 20 . tenperatur nitors_are provided wihin the
syst em at agﬁ&BFH‘E M ERe; 9"?%8% ﬁgﬁ aw pludag and Fgﬁr%%&’é"%e
efficiency of .t e@dpmeeessi ng action. Heat may al so be needed in
cases where | ower external operating tenperatures effectively cool

the material while ig is 25 bei n rrocessed. The necessity for heat
will vary acc&t”di%d’rﬁfe ﬁﬁnﬁgf’g&f"?aét oFE, 1938F 209 PR A FMMgs
as, the t&®er am#r cabk ofic theerindividuali reonponientishcor tanksmlofuths t he
raw sl udge, the pirvdRss }m:mis 95 providdd Withla Hepth Mbisurdfent Ud0E,
the chem cal cogs.tviituefrifgar% c.of t epf)‘l,e%g, airr#j tahﬁé‘a*trmunt of . .noistfure in
t he sl udge. ce and, an | Rdel SRR RAYHSH | Iﬂ'%uﬁ‘ﬁq'mtg‘ilstem
can ~ be comhoyldethei maseriaduwithinr thet banki eul pyocessing unit
control is automiide®d alpredecteminBacidfel. Nain FeAitiohethe systéhl maye
provi ded e h aSIE%Q%vESeHH é‘i*&'; 'f‘io%"%%hﬂ%iﬁé‘ eequipment which monitors

the quantity of cutter stock or other diluent which is

added, as well as the total flow of processaed sludge or

blend stock at varj.ous stages of processing.

In an additional embodiment, heating elements and/or

20 tenmperature monitors are provided within the system at
specific locations. Heat may be needed to increase the
efficiency of the processing action. Heat may also be
needed in cases where 1lower external operating
temperatures effectively cool the material while it is

25 being processed. The necessity for heat will vary
according to a number of factors, including such things

as, the temperature of the operating environment, the
makeup of the raw sludge, the type of and amount of
diluent mixed with the sludge, the chemical constituency

30 of the blend, and the amount of moisture in the sludge.

The flow of the sludge mixture through the system can
be controlled either manually or automatically. If the
control is automatic, it is contemplated that the system
will be provided with a means to manually override the

s
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- 13- automatic control in the event the -operator determ nes a

‘change in the treatnent parameters is warranted. The system may
al so include one or nore sifting screens and/ or rragnetif':.lt,hg;l«a,,361
generators uf¥PP¥M%romthe 5 high shear. mixer which wil

separate |arge or ferrous objects wWiT et woul d damage t he processing
conponents of the m xer. It is highly desirabl e that
substantially conplete 10 recovery of the fuel value contained in the raw

sl udlge be anitemstic ::olnlt'ralpn.xfsf«a&:is]I @bﬁiﬁ)tﬂbrrapbrateﬂbadmﬁiéyd a
conpl ete recovery, IS cesse
sl udge end produc?m a%IWhe Qﬂf%‘&@q bggaﬁg%?{é# f%b‘fvgaﬁ%é)by t ot al

ht of the m xture, to a 15 commerci al fuel product. ' The
processed sl udge m xtThe wodtdm! Way fo160 aiRbeide one & OmbreCHETFING

fuel s are regul at{é{i%{,$gh?%§rﬁﬁﬂn§nc tie%&@eﬁgrggkr%%%wﬂdg% the

requi rerrents whi )
consuners as®a pdtighufheax ymixey whigh wjidl actcke SeRABNAEas largeseor py
many regul atory ferrouwxecibjestsuckhdeht haolld. dEamagenneld alprfocsximgon

Agency, Staécf'u B el q‘g?%g.ments, and | ocal nuni ci pal
. ol .

agenci es, which primarily to € maxi mum cont ent of certain
resi dual conbustion effluents which are 25 permtted in a burned fuel.

In a preferred enmbodi penis hb@xpp%ﬁéiﬁbﬁuﬂ&%stantﬁwfﬁmﬁim

stock is adggd di | u r fa h
regul atory ?nsnl rmfrfés\%‘L&a}a é W%”E?éf ‘gh{ae %L’s“e:?i?e& %Ee%’ge%ér ap%mél ar ea
and combustion ef#?’tﬂsﬁﬂe@o Ihere PRefereed gmboddmenf,t heubs |
bei ng bur nechmpildte nécdxrerdX Ciedadcomplishdd cbpr aaaingd t‘hldJCﬂﬁtal
bl end stock is ad&e&g&gég)u w fil oAt bggdgétseggﬁgﬁyn, e.g. 1-20%,
preferably 5-10% by total weight of the mixture, to a
;5 commercial fuel produc_t.

S

The processed sludge mixture would thus form a blend
stock. Commercial fuels are regulated by set standards
which set forth minimum requirements which the fuel must
meet in order to be sold to consumers as a particular type

20 of fuel. These standards are set by many regulatory
agencies such as the U.S. Environmental Protection Agency,
state environmental departments, and local municipal
agencies, which relate primarily to the maximum content
of certain residual combustion effluents which are

25 permitted in a burned fuel.

In a preferred embodiment, the processed sludge end
product blend stock is added directly to a commercial fuel
product such that the regulatory minimum standards which
are set for the geographical area and combustion effluent

30 where the fuel, diluted by the blend stock, is being
burned, will not be exceeded. Since the processed sludge
blend stock is added without any filtration or separation,
the fuel value which is present in the extracted sludge
will be substantially completely recovered. Alternately,

s the processed sludge blend stock could be transferred via

—



the fuel value which is present in the extracted sl udge wll be
substantially conpletely recovered. Alternately, 35 t he processed sl udge
bl end stock could be transferred via WD 97/ 17416

PCT/ US96/ 17361 -14- pi pes or by
tankers to avdetnMpcati ons either within a refinery orpéfusdeiosersi t €s
for further processing or use. =14« N sonme cases, the blend stock
will have to go through a noi sture reduction process such as a
centrifuge, if the 5 noi sture content exceeds acceptable limts.

The followi ng e Ie|5|ntended as further illustration of the

i nvention and i e tanpkans &P other,dlqgagicns) either)within a 1000

barrel s of rawm,immm orstadsthers sitesvese durttier procebeifgl 6L, 2
crude oil storage tank with the recovery unit of the invention. 300

barrels of #2 diesel fuel, as cutter stock, are added during
extraction with thelD Some gages, the plepd shack-wilbdhave 4edga thradgivf 1300

barrels 15  ofa modsthredreduction provesscseRGied eeatii2nghs {£dmut
O ane SL08A0° dtxd WBRLIEA°8R08RaE YSLAMLA LTy hi gh_shear

m xers and i nternedi ate storage fear mxers enpl oyed
are Silverson In-Line LS m xers. The nmachi nes operate at 3600 RPM and

the sludge 20 ni XThe e folXmdingr caxpmplee Hisgh ivitRdided xais atfig-thize Of

400 gal | ons periym EogV g C . essi ng
ranges from3 to Jlmgr?ctrigﬁsoe#’éémf?gégﬁﬁ aggsélgshgﬁrgﬂg%e?ésfgaﬁ%f hi gh

shear processi . resul tant bl end has in excess of 13,000 BTU
per pound and 25 has a sulfur content of less than 1% The blend stock is
added to #6 qun an amount equal to 5% by total wei ght of the
m xt ur e. -

1o 1000 barrels of raw crude 0il sludge is recovered from
the bottom of a crude oil storage tank with the recovery
unit of the invention. 300 barrels of #2 diesel fuel, as
cutter stock, are added during extraction with the
recovery unit described above, and a total of 1300 barrels

is of liquified raw sludge are extracted and transferred out
of the storage tank to the processor consisting of the
high shear mixers and intermediate storage tanks. The
high shear mixers employed are Silverson In-Line LS
mixers. The machines operate at 3600 RPM and the sludge

20 mixture is fed through the high shear mixer at a rate of
400 gallons per minute. The average size of particles
after processing ranges from 3 to 15 microns. The mixer
passes through 2 stages of high shear processing, and the
resultant blend has in excess of 13,000 BTU per pound and

25 . has a sulfur content of less than 1%. The blend stock is
added to #6 fuel oil in an amount equal to 5% by total
weight of the mixture.



s vhat s daimed 1s: 1. " procMHAR IR AR

crude oil tank bottons to aliquid fuel conprising:* ¢ t

subj ecting crude o0il sludge contained in an oil 5 storage tank bottomto
a powered cutWVPMM4%| to break up sai d sludge, and i rfCASoHYT361
sufficient cutter stock to said tamdag-o facilitate break up of said
sl udge, to forma sl udge m xture; and extracting said

sl udge m xture fromsaid tank with 10 a punp; conmmi nuting said
sl udge m xture, gg% | opal g;ya.wi t£§ . addition of nore cutter stock,-to
reduce the parti ‘solids contained therein to a uniform

si ze range, and recovering a resultant blend stock. 15 2.

The process of claiml, wWighdess! Ber E0MPEHEHY crude &il WdrdldpBetbhili d
fuel having a prgduct i&‘g%?‘l cz_a[tlon w.th said blend stock in an
arount that will “Rof AtVESAuel cOmPTABARg: e product specification of
said liquid fuel andsubjectiggrebydeuigdlansluddey abhtainedeihuein velilie of
\?ﬁ' d sl Udg_egzlo_ st_:gﬁ?ééft@fﬁr Béttom to a powe:_:'gtli cﬁfﬁ:ti_&boﬁ]@éfltﬁg BredkTup-
erein sai i qui e i,S.a_coner .heating fuel.

The process of c#gf‘?nsiu%ﬁér@%lga?ﬁtbﬁ?tsé&fgf:&ﬂ?g cu&eq gtgrk ke gpid
partially conpritanskoto| Egeilitatiebrenlotup of esyid eslidgen seo dfprwcass.

S. Apparatus §Phdgéd arOMRfideJandr ude oil. sl udge contained in an
oil storage tank botto o) | Si Ile extraction unjt

capabl e of being i nsgi‘g%%anﬁ‘r& Sslﬁq‘%:t Sludae y&ﬁﬁgogﬁﬁ saidgtank withon

unit conpr8i ng d0pump; - a tracked carri age; - an

extraction punp mounggfmdnutsitigl s46@¢K@udge mixture, oSHIdANY with

- at least one pg&\g{te{joé %tftnllonx% E:ggl:err:m sutrgc‘?cd, gg_reduce the particle size
of solids contained therein to a uniform size range, and
recovering a resultant blend stock.

15 2. The process of claim 1, which further comprises
diluting a liquid fuel having a product specification with
said blend stock in an amount that will not adversely
affect the product specification of said liquid fuel and
whereby substantially all of the fuel value of said sludge

20 is recovered.

3. The process of claim 1, wherein said liquid fuel
is a commercial heating fuel.

4. The process of claim 1, wherein said cutter stoék
is at least partially comprised of 1liquid which is
25 recycled from said process.

5. Apparatus for recovering crude oil sludgé

contained in an oil storage tank bottom comprising:
a mobile extraction unit capable of being inserted
into said storage tank, said extraction unit comprising

30 - a tracked carriage;
- an extraction pump mounted on said tracked
carriage; .

- at least one powered cutting tool mounted on
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—said tracked carriage in a E(c):sr{ :Jlsgfmmiﬂ““““ﬁmu|“‘
S

said extraction punp, said cutting tool being *  cpowere

i ndependent|ly of said tracked carriage and said extraction
punp; and Syo9m7416 - at least one injector provide

extraction unit, said injector being capabl e of I njecting
cutter stock such that said cutter -16 stock will act to entrain
said crude oil sludge, form ng a sludge m xture; 10 a
hose renovably connected at its inlet end to said nobi | e extraction

unit and adapted to accqgRflat-acked carr:..aéé &5 BOpbs $E4&h Sin'¢Ienli SEUr e
recovered by said extracti,0

conmmi nuti on chamber in fﬁadlé; %ﬁﬁ%*@& YRRy AL

f rom sai, a stora
h

sai d hose and adapted t@awexsid/dndependentity of saidritvmackedwkarkiage

transported by said hoseandszgﬁd extra%?%h
a means to_reduce

within saj%
communi cati on
pr oduct .

sl ud'g@tm X aPRe 20iRIector 5 p H PR
with sale:ktractmu:onnmm csaidrnngketberbding ltdapa&bletoﬁk

6. iRy Ukt AN Sudhi Oibd UsdlaT GOERET SeS

at | east one diluent inj ectl
fluid communication wit FFtGKI%E

€0

2LeLedS aPKipetag of

ho ng,manber i ncluding therein
artlc e size Q so |d arxéeéies cont aj ed

| S nne
MG te At R Sl aerudd ailistudge: | on
port being adapted to cdinmulniglal ysludgecm:.xture, a variable quantity of

diluent iygo said §f ygge Petidvably connecte Q%I%Qp%ﬁt Eé 951(3' aim 5,
wherei n said nobil ext ract | on uni tg nprises a
circuit cameram™obile extxagtign ppt ’EF%x'f?aEFF‘a'H“‘%‘Ee wARRi n said

oil 30 st or a:g:eris@:mlrt said sludge mﬂct:ﬁtifaerappaemdlbyoéam exmractiber ei n

sai d tracked

15

20

25

30

unit ¥20M 3984 StbedgEetinkPNtrolled.

a comminution chamber in £luid communication with the
outlet end of said hose and adapted to receive said sludge
mixture which is transported by said hose, said
comminution chamber including therein a means to reduce
the particle size of solid particles contained within said
sludge mixture; and

an outlet in fluid communication with said
communication chamber for blend stock product. '

6. The apparatus of claim 5 which further comprises
at least one diluent injection port which is connected to
and in f£luid communication with said comminution chamber,
said injection port being adapted to controllably inject
a variable quantity of diluent into said sludge mixture.

7. The apparatus of claim 5, wherein said mobile
extraction unit further comprises a closed circuit camera
to monitor and locate said extraction unit within said oil
storage tank;

8. The apparatus of claim 5, wherein said tracked
carriage is remotely controlled.

9. The apparatus of claim 5, wherein said extraction
pump is hydraulically actuated.
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apparatus of claimb5, wherein said powered cutting tool is a helical
auger . WO 97174141 The apparatus of in clai m6, wherein PEAUPIE]7361

| east one injection port is provided adj aagrt said powered 5 cutting

t ool . 12. The apparatus of claimb5, wherein said tracked
carriage is provided with two continuous track nenbers; sai d
continuous track nenpers _pein ivotal to render said , .nobi | e
extraction unit capgq'e eo@%ﬁngﬁggr?tdciﬁ'B Jaipersin sﬁlg‘?gﬁgefﬁﬂk.

13. The appar at entéfingl &ioel12s ahkekicakaufembil e extraction unit is
provided with two powered cutting tools, said powered cutting tools

conpri sing helical ugers which are pounfed in front of and._adjacent
tom;ai d 1% cont i nddus tﬁé%@m‘? of {n"clain 94 WHEEe 1R 8R3E 8T of
claim5, which fleasttepnedmjeictdon port is poonided adjacestishicbpowelredni t
bei ng capaly e ofcutting £88RLely controlling independent operation of said
tracked carriage, said extraction punp, said at |east one powered 20
cutting tool, and said at |east one injector, which are provi ded on
said extraction unitl2. The apparatgs of Ttlaimfpamitereinosaidl ararcked
wherein said carri@@@i8UbtePidEd WELh GUD dcHS riclisd B rabRahelbe 8y
devi ce. . - . . .
said continuous track members being pivotal to render said
mobile extraction unit capable of being inserted into said

10 storage tank.

13. The apparatus' of claim 12, wherein said mobile
extraction unit is provided with two powered cutting
tools, said powered cutting tools comprising helical
augers which are mounted in front of and adjacent to said

15 continuous track members.

14. The apparatus of claim 5, which further comprises

a control unit, said control unit being capable of

remotely controlling independent operation of said tracked

carriage, said extraction pump, said at least one powered

20 cutting tool, and said at least one injector, which are
‘provided on said extraction unit.

15. The apparatus of claim 5, wherein said
comminution chamber comprises a high shear mixing device.

16. The apparatus of claim 15, wherein said high

25 shear mixing device includes an interchangeable workhead,

said workhead being provided with a plurality of apertures

formed therein such that when said workhead is subjected

to high speed rotation, solid particles in the vicinity

of said workhead will be forced through said apertures so

30 as to reduce the mean particle size of said solid
particles.



16. The apparatus of claim 15, wherein said high 25

includes an interchangeabl e workhead, sai d mrkheaquHMIM\umumr
with a plurality of apertures formed therein such that cwhen %aiyl *
wor khead is subjected to high speed rotation, solid partlcles in the
vicinity 0?72' pal d workhead will be forced through sai gcgrfséimes so 30
as to reduce e nean particle size of_ _said solid particles.
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17. The apparatus of claim5, further conprising at | east one

intermedi ate reservoir which is in fluid conmuni cation with said

commi nution chanberyy, rThe appardths bECcRa®mEss MirtHer Ebﬁprm/eehglatt he

size range 5 of the partjc es [y ald bl e ,a;l? t ons.
19. The processSf#8%| Qg?n AntEImedia ?alﬁeﬁ ? éﬁ":ﬁ L!Ps ‘1 Ff%‘f with
from1l to 20 Y%duynmweiigtat iont withi eatﬂeqmmumutls;m@kzamber- 20." The

process of claim19, wherein said |iquid fuel is diluted with fromb5

0,
to 10%by weight w t h Sal’r ebglzoggcess of crlog.ifn 1, wherein the size range

5 of the particles in said blend stock is up to 30 microns.

19. The process of claim 2, wherein said liquid fuel
is diluted with from 1 to 20 % by weight with said blend
stock. :

20. The process of claim 19, wherein said liquid fuel
is diluted with from 5 to 10% by weight with said blend
stock.



