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Treating Hydrocarbon Contam nated Material BACKGROUND OF THE | NVENTI ON 5
1. FlI ELD & 00M4B646NVENTI ON The present invention rel ates to PEE{GI9IB%r
treating materials contam nated with hydrocarbon substances and to

cont am natPERSEsS KA BMmpDgHBIET 0T TreaFme HSiNocaiHior %,
DESCRI PTION OF THE PRIOR ART O | contam nation of |and and water has becone

a major environnental probContaminatedaMaterial been encountered where
ecosystens have been severely damaged due to the accidental spillage of
oils or other hydrocarbon conpounds. 15 One area where oil contam nation is
- regul arly encountered is in bore-hole drilling systens either on or off
shore. BACKGROUND OFGTHEJDBENTIGN. contanmi nated drill cuttings are

brought to the surface and collected. The cuttings and other materi al
brought to the surface nust be treated to renove the oil contam nants in

order to PEAVSHr THEINVENTEREPI ng into the soil or frombeing dunped into
the water. 20 In order to address this problemvarious solutions have been

proposed sucKhepresdnyinvensianpiiates teumathads farsregting matesialsrcoptastinaigd WHEmM with a
detergepnt. sol ution. The fi.rst nethed esults in.b . : .

envi ron pearbon %"l%t.anﬁea_“gégﬁ%lap?r%ﬁ%rg °f ﬁ%/cglr?/eédslg% ?%%lgn%%{ng%g’ss ?gg{c}llﬁgyand,
possi bl yelabdHol ditorkiRtnafibR af dINcittisfSecRpratiirad diiling WeR bdaiser gent used. In
US patent 4,242,146, a nethod for treating oil contamnated drill cuttings

frol@off 25 shore drilling units is taught. In this patent, the

cont anm pa | taggrwith an oil absorbent substance such
as clay 1&?%%%1@3%%?2%6& ee oil. The conbination of cuttings and
absor bent i soihRRtkhaticiest laad iftewut Ris betbing anedjor endmnaran pobldreach a

met hod of renoving the oil contam nant but nerely to absorb and free oil
f r om t hMapytinstangss have begn epepystesedwherecscensieasdiave heep saveredpdernaged dpela i ng

T

15 One area where oil contamination is regularly encountered is in bore-hole drilling
systems either on or off shore. In the drilling process, oil contaminated drill cuttings are
brought to the surface and collected. The cuttings and other material brought to the surface
must be treated to remove the oil contaminants in order to prevent them from seeping into the
soil or from being dumped into the water.

20 In order to address this problem various solutions have been proposed such as, for
example, burning the cuttings or washing them with a detergent solution. The first method
results in both safety and environmental risks. The second method involves a long process

) time and, possibly, further contamination risks depending upon the detergent used.
In US patent 4,242,146, a method for treating oil contaminated driil cuttings from off

25  shore drilling units is taught. In this patent, the contaminated cuttings are contacted with an
oil absorbent substance such as clay in order to remove any free oil. The combination of
cuttings and absorbent is then returned to the water. This reference does not teach a method
of removing the oil contaminant but merely to absorb and free oil from the cuttings.

Various other references teach methods for treating oil spills on water bodies. US

30  patent 4,925,343 teaches a composition for cleaning oil spills comprising a particulate

mixture of wood fiber a;md hydrophobic cotton lint materials. Similar methods are taught in

US patents 4,061,567 and 3,617,564. These references teach the use of synthetic or natural

fibers for absorbing hydrocarbon contaminants from water or land.
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Thus, a need exists for an efficient process for removing hydrocarbon contamination
on water or land and a process that accomplishcs such removal while mmimizing any
leaching of contaminants. Therefore, the present invention seeks to provide a means of:

20 - on-site containment and treatment of drilling residue.

- on-site stabilization and immobilization of leachable hydrocarbons using only

organic absorbents.

- on-site bioremediation of hydrocarbons through natural microbial biodegradation.

25  SUMMARY OF THE INVENTION

Therefore, in one embodiment, the present invention provides a composition for
treating hydrocarbon-contaminated material including a protein component and a bulking
component. |

30 In another embodiment, the invention provides a process for treating hydrocarbon
contaminated material with a treatment composition comprising a protein component, a
bulking agent and a microbial culture capable of metabolizing the hydrocarbon contaminant,

the process comprising the steps of:




treating hydrocarbon-contaninated material including a protein édnmS&ERedd03
and a bul king conponent. 30 In another enbodi nent, the invention provides
a process W&00{40&s8t i ng hydr ocarbon contaninated materi al V\chés‘g(’&é%ﬁ nent
conposition conprising a protein conponent, a bulking agent and a
mcrobial culture gpgmlctngtheRitalahini g tichendny dompasitiantodamhebiiizatht, t he
process conprising the steps of 2 2 6 SEP 2003 WD 00/ 40666 PCT/ CA99101239
1) cont act i nghydrecarbaregdniaminpithandae treat nent conposition to i mmbilize the
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features of the preferred enbodinents of the invention wll becone nore
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to tHhe EB&EH’&SC&IBW%%WMMWQS gure 1 illustrates the total
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tests. Figure 3 illustrates the changes in initial total extractable
hydr ocar &Ependedbdrapvingstwhemein: 15 after 41 days under control additive
condj.tions in.the bi.odegradat.i eIl i 3 n
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tests. F&WD? 91 bhbdrdiffabaadifiie canditonsinaké Biodpgradinonitests.r at e under
different additive conditions in the biodegradation tests. 20 Figures 6

and 7 il ust r Higure hdlusyranes therobanger aniost iexadiahle Aydrorarbpn BrRendartans 3fi€t i el d
o Lk pa PSR R, Sy U OERRE R BB G 29y ocar or

coptamn e rnvention 1 nclude any I1Tquid contam nant
that is organiFgguré @ ankabice tirnthaiyed iopliwditetal extnatablechydodartam massdtactiens oi |

creosote, etc. Such contanm nants may be foug,d as &pj lls on water or | and
or ik soﬂflefs‘llbf&ﬁ)’ﬁ&ﬂé@',coﬂtf@.adldl"c"FéP‘}d‘éP%ﬁ/l,n the biodegradation tests.

Figure 4 illustrates the oxygen uptake rate under different additive conditions in the

biodegradation tests.
Figure 5 illustrates the carbon dioxide production rate under different additive
conditions in the biodegradation tests.

20 Figures 6 and 7 illustrate the hydrocarbon reduction during the bioremediation field

plot tests.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 Hydrocarbon contamihants according to the invention include any liguid contaminant
that is organic, leachable and hydrophobic in nature such as gasoline, oll, creosote, etc. Such
contaminants may be found as spills on water or land or in soil substrates, 1.e. litter, clay,
shale, drill cuttings etc., contaminated by such liquid contaminants. By way of example, the
present invention will be described in relation to the treatment of drill cuttings. However, it

30  will be appreciated that a variety of applications are possible for the invention.

As discussed above, the desired characteristics of a process for treating such
hydrocarbon contamination are speed of removal and efficient degradation thereof of the

contaminants. For this reason, the present invention provides, in one embodiment, a

treatment composition for treating material contaminated by hydrocarbon contaminants as




shale, drill cuttings etc., contam nated by such liquid contamhGrSEP 23803
way of exanple, the present invention will be described in relation to the
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variety of applications are possible for the invention. As discussed above,
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bi odegrgog%@%;‘rfl&aﬁ}le' conposition of the invention conprises, as the active

i ngr 6di ent's, Thepreatraém comppsitiemkcamding to bptdfemegl argeadimennof the ipresfiersed

enbodi nent, the protein . conponent and bul king agent are organic in nature.
5 The tF@é&aﬁ@H?c‘EW%ét?‘{‘TyoW according to a preferred enbodi nent of the

invention is _@J}@{igj@ggrjﬁﬁﬁmm hiis ifthikity to: Constitute a primarily
organic matrix; - Develop, sustalin and/or pronote a consortium of

i ndi genous or- Reveldpi, sistdih ynd/onpromiaie e donsoctiwo o indi gansous apaibifigiabdly

met abol i zi ng .t he _hydrocarbon. contam.napts, to. .10 acceptable |imts,; -

B event  has ar BRGSO URRRRESEiFE Cap e Al oS 2 e AR gefhrt fangs o

bi ogigl € or spg 10¥fliis@ soil surface in the presence or absence of water;
- Be spread over any uncontam nated surface or subsurface soil and to
protect the oiRrevdnt bazardnusgroveyent (itehéeackiog) of qegtanainpnta tvhenen e brapileor
spreadi ng or incqr orati.gn nd. 1 angtei nme taernec%fc;tfe“;mcrln the preferred
enmbodi nent , tsﬁéeaa £ i ?)%%5?18}1 CATRE” Yot off Serves  vari ous

pur poses. Fi rgid dredd ower aiy GRcontarsdUfcduhcd GtELUBLIRIE sbil ahd QY Batecsl® ofthat
have the capability of biodegrading hydrocarbon contam nants. Secondly,
the protein cleiotegnty czﬁhgmé@mmgatééww ob sprisading OR {nFofRpratigygand

m cr,Qor gani s n i t he bi odegradati on process. |n another

errbo1 | ment, t «X&r%é"cc:]{ﬁ%%ae@cqm croorgani sns nmay be conprise a separate additive

to the treatnent conposition to provide the required mcrobial culture or

to suppl enment_or canplenment_the culture included fl n the gr_otei n conponent.
Whet her or no]tnt{xﬁgrelgq:réqdeqmbodlmem, the protein component of the composition serves

various purposes. Firstly, it provides a source of indigenous microorganisms that have the

capability of biodegrading hydrocarbon contaminants. Secondly, the protein component

20  serves as a source of nutrients for the microorganisms conducting the biodegradation process.
In another embodiment, the required microorganisms may be comprise a separate additive to
the treatment composition to provide the required microbial culture or to supplement or
complement the culture included in the protein component. Whether or not the protein

) component provides a source of microorganisms is dependent upon the selection of the

25  protein material. For example, it is mentioned above that cotton waste provides a source of
indigenous hydrocarbon consuming microorganisms. Similar proteinaceous sources of
microorganisms may also be used. For example, suitable sources for the protein component
of the present invention include canola {or rape), soy, cotton, corn, or peanut material or from
other protein based material or any combination thereof. Generally, the protein component

30  comprises organic protein meal.

Another preferred characteristic of the protein component is its ability to absorb or

adsorb the hydrocarbon contaminant. This sorptive capacity aids in immobilizing the

hydrocarbon thereby preventing leaching of such compounds out of the containment mix,

which is the combination of the contaminated material and treatment composition.
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i quid contam Ha Olq%l Finq d| ng/ m xi ng processes 5 and subsequent to
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proygin; - A'-tB%Irchdﬂ hlahllébléemalatc}esaﬁlelmdprgdvcmntea;m nants or contam nat ed

substrat es; - Provide a source of indigenous m croorgani sns capabl e of
met abol i zi ng -tRegnaip §igblsc RPHBRYIEUPHIG AT MAHTPYOXIE0 - Be readily avail abl e and
accessible in large volunes; - Renain stable, non phyto-toxic or

m cro-toxic. As nentioned above, the bul king agent is preferably organic in
najure. The Ind hbﬁi@neageﬂtre meeybulkimpraard is preferebigmpganic iwomthreh@be bgkingpeat
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aerobic conditions are necessary to maintain the desired accelerated levels of microbial
activity. Such conditions improve the efficiency of biodegradation, which is important when

20  dealing with hydrocarbon contaminants. A single type of bulking agent or a combination of
several may be used. 1deally, the bulking agents are chosen on their ability 1o reduce the
overall bulk density of the containment mix and to provide appropriate conditions for
microbial activity.

) In another embodiment, the invention provides a process for treating hydrocarbon-

25  contaminated material using a composition as described above. In the first step, the process
immobilizes and stabilizes the contaminants in a homogeneous containment mixture. This is
accomplished by contacting the contaminated material with the treatment composition of the
invention as described above. Such contacting may be accomplished in a number of ways
including mechanical or physical biending or mixing. The contacting phase serves to:

0 - Achieve homogeneity (contaminant immobilization) on a macroscopic as well as

microscopic level;
- Dilute the contaminants with the treatment composition and other additives if

required;
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or i xing. TbmangmtntatmmggmwdmmelsWtashmg@ham -Aolnpg egtsmyehisianded to
(cont am nant bilizat croscopic as. well as mcroscopic

| evel ; Dilut é“%tec?frﬁcﬁ it F’écrﬁ\ﬁ?ﬂacflﬁﬁy P}@&Fﬂ%‘ﬁ‘fﬂ%hﬂ% tion and ot her
addi tives if required; 5 2 6 SEP 2003 WD 00/ 40666 PCT/ CA99/ 01239 Achi eve
the desired contam nant imobilization and bul king by the abili ty to adj ust

t he vol une ofin sdbtiom,ahe hbnding@nrptisingipbaﬁe phdVides dnooppoitenity en ' Wwasht oppor ation
of ot her
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S bi@aUQHEJE@El'e%caﬁ?dﬂd%cnmﬁﬂE&ﬁ@xh%gbr}?ﬁéﬂaﬂglaﬁh‘ﬁH%fQﬁé’@dﬂtﬂﬂm@ﬂiermxs1 etc.)
intended to stinmulate or accelerate m crobi al activity in the contai nnent

m X. Inpmaﬂaictd on, the blending or m xing phase provides an opportunity to

h" I bl | t t he f t
cont ami nat ed RGO 34100 S a® s 1 Piaredior B rt e iiRe OEGR sORBRUME,
sogli um %%maaémﬁg id @Idnﬁﬁ%ﬂ@y@l'ré PhxitIRPCRRR & AR RacHTh X Prade @St CRLPY Wdiich
i mobi | i zation step is used to prevent or reduce any | eaching of the

cont am msamstandasﬂ:ctd leaclzing mgalbfss €P§amcﬁlﬂﬁtébb’ mguiamry?mcmt \it iSigsigredetol st i ¢
acobt o elyREqtH by abuibidtnic infloSHARE AR s ER G BRI R o
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and nultiphase wastes. The test is conducted as follows: for wastes
cont ai niefgelge @éf’/epolg@aﬁ nypimum of 100g of solid phase sample 1s mixed with a volume of
water equal to 20 times the weight of the solid phase. In this case, water is referred to as the
extraction fluid. Charactenistically, the water must be purified, de-ionized and organic-free.
20  Sample preparation requires crushing, grinding and cutting if solids are greater than 9.5 mm
in size. The mixture is placed into a specialized bottle extraction vessel with a2 mimmum
capacity of 2L. The vessel is then placed into an agitation apparatus that rotates the vessel in
an end-over-end fashion at 30 rpm for 18 hours. Following agitation, the mixture is poured
) over a 0.6 to 0.8 um glass fiber filter. The leachate is collected and analyzed for the presence
25  ofhydrocarbons.
Following the immobilization phase, microbial activity in the containment mix (i.e.
the mixture of the contaminated material, treatment composition and any other additives) is
allowed to continue whereby the hydrocarbon contaminants are biodegraded. As mentioned
above, the source of the microorganisms for the biodegradation phase may be inherent or
30  introduced. The protein component and bulking agent(s) constitute a primary source of
indigenous microorganisms. Further, in another embodiment, manure, sewer sludge, or any
other microbially active liguids or soils can also be used to introduce naturally-occurring

microorganisms, capable of metabolizing hydrocarbons, to the containment mix dunng or
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source of Indigenous m croorgani sns. Further, in another enbodi nent,

manur e, simikarlydiengpbcd roibspjlls @t lard onwvateodi ta|qt1y:rmtt1\i@ affectail 8y hydrosertos can
al sowge used to.introduce naturally-occurring mcroorgani sns, capable of
| | AHYPEPcar bons, to the containment nix during or 6 2 6 SEP 2003

WD 00/ 40666 PEhe ﬁﬁﬁa%gg%%ﬁnﬁleé Mkﬁgm@pﬁbﬂaed WliRgstraenebicalpes oY Mdesi zed

m crobial inocula or cultures can also be wused to introduce additional
m cr oor gpresentEnvantion aodewinotrtmbe soinsigsred @ limgtatiens hefeofi ng i xi ng
activities. Wth the present invention, hydrocarbon contam nants are

di sposed of safely without 5 any further processing while limting or

preventi @ER@B#TB%@F&%EHQ‘e% t he contami nants during the course of

bi odegr adatTon ment1 oned above, the invention has been described in
connbti on wi {Tlo testébe hycgocaCMImmqmln@dOdﬁndl stalelumtmg@pamb\w\ﬁ@ann@m process
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t he advantages of the  present invention and are not to be considered as
i mitati snmobHigedand impervious to leaching. Descriptions of the respective samples, or mixes,
(nine were tested) are provided in the results discussed below.
20 The mix ratio is an expression of the proportion of Canola meal that is required to
treat a specified amount of drilling residue. It is determined using the Agitation/Filtration
Test. The objective is to determine if a sufficient volume of Canola meal, acting as an o1l
absorbent, is present in the treatment mixture to effectively immobilize the total petroleum
) hydrocarbons associated with the mixture. The procedure for the agitation/filtration test 1s as
25 follows:
1) A treatment mixture is placed into a sealed container. Water is added at a ratio of 5
parts solution to 1 part solids (residue), according to the following calculation:
Conversion: An average of 500 mm of annual precipitation occurs over an area with
a maximum depth of 10 cm {100 mm), therefore the conversion ratio is 500:100 or the
30 equivalent of 5:1 ratio of water to mixture.
2) The container is sealed and forcefully agitated for approximately 2 minutes. While
solids remain in suspension, the contents of the container are filtered through a funnel
with a fine mesh screen. The filtrate is collected in a clear container and analyzed for

the presence of a surface oil sheen. If present, a sheen is an indicator that the mix




1) Roof - Top Leach Tests 15 To test the hydrocarbon inmobilizatid® S8 2003
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i synot ehé enttuwetoi ‘wasidhpitedlgioprlysbuirbéd ai meish@dmcdmy Barexzesypostenivaof

t he partlcul ar n]xture 3} Subsequent|ly, a m xing additive and re-trial is
necessar§p! G“Bte I pbleRghRfe mER E@M’WF&?“WE%“ &“B&?‘@ﬁl‘ﬁsmnhérleztc@a@i‘(‘é?@ of a
Steql Pl el fthe fralifce S pRRiekm headedrofs RlafBllalyy &b JiPLin EASANAEERA' | O
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preci pi tgdhOme AR tests discussed above: 1) the Agitation / Filtration Test and 2) the Toxicity
Characteristic Leaching Procedure (TCLP).

20 Results of Leach Tests
The following are the results from the analytical testing of samples from the filtration
and leach tests mentioned above. In total, nine samples were analyzed. The samples
represented a full range of leachates, filtrates and solids with varying Total Petroleum
)i Hydrocarbon (TPH) values.

25 To follow is an overview of sample descriptions, results of TPH tests, as well as an

interpretation of the results.




10 ruh-off conditions,
desi gn nmay be conS|dered a severe exaggeration of extreme sit

water is sprayed over the m xtures.

t he obj ecwoewimed o cause water to nove qui ckly across andPChlasgbi2Bhe

ﬁ%f@l ons,

profil e of the nixture to "wash” out all poorly absorbed or excess
hydrocewggﬂﬁg excess water was collected as |eachate in collecting
trays equl (} with drain plugs. The |leachate was 15 analyzed for the
presenciefygle pet r glSelidh(500mbcar bons indi cated by an oil sheen or sanpled fqr
| abor at wn_a_! yses As pF el m-nar VAN esults Br oved—faveurabl e hedrecatrbot
i nmobi | iMHtR@im waNa seataent ysi ng the two tests di scussed above: 1) t he
Agi tati -t & T OXI LAyl
Pr oceduf esf'?@ll_% @W@E‘f’b§7 1d|_s"ggxg L qfergﬁlgu%ae,g gu‘€| TVS'\;M 5‘3"5":"?" Ko e ulnltgnsc
fromthe anal yti GakmpRStdsiré®indREab&@snd fredtimehe filtration and |each test|s
mentioned _abave. lln total —nine sanples were analyzed The sanples
r epr esef@edctivef ul [ Torpmoyide of lﬂ@@@lhapé@ie pferqmtaacélwvamhs)cqugl pdtioewmr yi ng
Total Petrol eum roc To i,ew of
sanpl e descripti oﬁg’g @@ﬂﬁ greg“’fm% qrgrse[a ed S&@pb%?t{ﬂé\é%i TGS u@%ﬁé’t‘%{t i on df
the results. 8 2 |6,iRRRe. 2003 WO 00/ 40666 Sanple 1. PCT/ CA99/ 01239 TypeSolid
(500 M) Mx RatijoNo treatnent DescriptionA 500 ml (420g) solid sanple of
r esi duef Aoaysdisiel \GEHOOohEEE=d6.6¢) parB.60FPHThe sanpl e was pure and
recei veb—re—treatrept—rto—provite—an—tndi-eaten—of—the—pereentage—{by
wei ght) of total petrol eum Qbjectivehydrocarbons present in an untreated
sanpl e of,nl 4 residue/ hog fuel m xture. Anal ysis86, 600 ng/ Kg = 86, 600
ppm = 8.66 TPH Sanple 2 Typeleachate (250 i)
Type Leachate (250 ml)

) Mix Ratio | No treatment

Description | A 500 ml (420g) solid sample of residue/hog fuel was placed in a leach tray (20
cm X 20 cm). To the sample was added a total of 800 ml of water over 4 wettings
to simulate the equivalent of 20 mm of rainfall. Of the total volume of leachate
produced, a 250 ml sample was collected and analyzed.

Objective To determine the concentration of petroleum hydrocarbons that leach from an
untreated sampie of JOMAX 4 residue/hog fuel mixture caused by 20 mm of
precipitation.

Analysis 6 mg/L = 6 ppm = 0.0006 TPH

) 5 Sample3

Type Solid (500 ml)

Mix Ratio | 4:1 (Residue: Rape Meal) Mix by Volume
7:1 (Residue: Rape Meal) Mix by Wetght

Description | A 400 ml (336 g) sample of drilling residue/hog fuel was mixed with 100 ml (48

g) of rape meal and placed in a leach tray (20 cm X 20 cm). To mimic an above
average volume of rainfall, the mixture received a daily application of 200 ml of
water over a period of 4 days. In total, 800 ml of water or equivalent of 20 mm
of rain was sprinkled over the mixture (See Conversion). Afier 4 hours, leaching

had terminated. The solids were collected from the leach tray mid analyzed.




M x RatioNo treatment DescriptionA 500 m (420g) solid sanple SEP 200
resi due/ hog fuel was placed in a |leach tray (20 cm X 20 cn). To Qhe sarrp?
was addedyg, ?;0@4 of 800 m of water over 4 wettings to sipgyatekhse
equi val ent of 20 nmm of ra| nfall. O the t ot aI vol une of | eachat e produced,
a 250 r—sanple—was—coltected Y76 tHyrefFo—deterrre—the

c](c)ncent rcét“i"éﬁ‘%(‘j ﬁé’F?Bf%WE‘:}BY Eh%@r%bv%df‘?ggéﬁqfrom an untreated sanplle
of JOWVAX 4 Ll 20 f ipitati .
Anal ysiles i b - |aBoAvErEe gl LoEmBR S E s 2 ol 16 (500 i) M x
Rati 04:{1 (ReS'denAcJ?%gp )= MO@O%)‘{/@'GABFJG@)OQBE&'W&/O?@ d00nfYl X b

Wi ght |Descri pti (336 q) sanpie of drilling residuelhdg fuel wag

m xed Wobedf@ n| ToAftgmind theapal vaiame af gepdlanmchydrocarions diat wrmm(zo cm X
20 cm .| To m mc {an above average volunme aof rainfall, the m xture recei ved

a daily| appl i cat i|emmsbilzezd byjsobd pagiciss (waﬁg%arﬁenapweak durggrie simylatiop gf 4
800 m lof water r, &%h% rg‘?kma A_F%Omp of rain was sprinkled over the

m xt ur e (See Conversion urs, leaching had term nated. The

sol i ds [vyg,{ ol | eqbexbolim g0 Bea t=ray)3rnp(H anal yzed. 9 2 6 SEP 2003 WO
00/ 406 E‘Eﬁll'/ CAQ4101239 %mgflpr Si nnngrgn of leach-Tray .= 0.20 m.X 0.20 in =

0.04 m Max Average preC| p. =5 nmm= 0.005 m Vol une precip. = 0.0005m X
0. 04ne 0. 0002 n8 X (1L/0. 001 nB) = 200nL ObjectiveTo determ' ne the total
vol ume o? "b@f’r ol eum hydrocarbons that remain i nmobilized by solid particles

<

(cuttin nd raplengg;ﬁgt)e (gg{jh.,np the sinmulation of 4 maxinmum precipitation |
events. al ysi s40 g/ Kg 40,300 ppm =4, 03 TPH Sanple 4 Typeleachate
(250 m{)Mix Ratio 4: 1 (Re51due Rape Meal) Mix by Volume
_ 7:1 (Residue: Rape Meal) Mix by Weight
) Description | Of the total volume of leachate produced by the treatment of Sample 1. A 250 ml
sample was collected for analysis.

Objective To provide an indication of the total concentration of petroleum hydrocarbons
leached expected to leach from a mixture during the simulation of 4 maximum
precipitation events.

Analysis 4 mg/l. = <4 ppm = 0.0004 TPH

Sample 5

Type Filtrate (250 ml)

Mix Ratio 4:1 (residue: rape meal) Mix by volume

) 7:1 (Residue: Rape Meal) Mix by Weight

Description | To produce a filtrate, 400 ml (336g) of residue was mixed with 100 ml (48g) of
rape meal and placed into a fine screened funnel. To mimic the equivalent of 20
mm of rain, 600 ml of water was poured over the mixture. After 4 hours,
filtration appeared to have ceased and a 250 ml sample of filtrate was collected

and analyzed.

Objective To determine the total volume of petroleum hydrocarbons that are dissolved and
"washed" from a mixture as a result of normal hydrologic and gravitational forces
acting upon the mixture.

Analysis <4 mg/L = <4 ppm = (.0004 TPH
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Mx Ratio4:1 (Residue: Rape Meal) Mx by Volune 7:1 (Residue: %Wazhﬁs
M x by Weight DescriptionOF the total volune of |eachate produ t

treatment WwHopasgese 1. A 250 ml sanple was coll ected for anadtyci®01239
bj ectiveTo provide an indication of the total concentration of petrol eum

hydroca)ré)ons Ifached expected to | each froma m xture during the sinulation
of 4 madHIMER ecipitation events. Analysis4 ng/L = <4 ppm = 0.0004 TPH
Sampl e BrJyPEF TTT Rfigafe4290 i) M x Ratio4:1 (residue: rape meal) Mx by

e: Rape

vol une [7:1 (Resid Meal ) M x by Wjght DescriptionTo produce a
filtrateMid@@uol (336@ysidie: raesimead) MasbyiViocdutner t h 100 Ml (48g) of rape nea
and placed into a|fine screened f el Emmc t he equi val ent of 20 mm of
rain, 600 m of watdr(reReue,FRedpe XPR&VeiEY ure. After 4 hours,

filtratfgEn ¢ '@éﬁ?. d héA( poras

col | ectg esafﬁ%%gﬁal %zse_@ H@ﬁ’é@t I ve g%@%@ﬁ%@@%?@lﬁ%lﬁum og petrol eum
hydr ocaf bons t hat | afle48isad pleckdand a'wwasdeds Licootairgr.nThe econtaing veasrfgkdite  of
nor mal hydrol ogi c|and gravitational forces acting.upon the m xtuyre.

Anal ysi b<4 nmg/L = QW%HBh“HﬂD?-éGOQtaW= @‘el?ﬂwﬁ%%ﬁ%é’é“%ﬁﬂﬂ@wéﬁfn%u%EP
2003 PCr/ CA99/ 0123 i ] BatboA: hec8staldPwas ALRdHNB}
M x by Molune 7:1 ?Fees@%gbto?gggnﬁgneg%fﬁ%\ﬁcﬁMba?aV‘éilg??t‘b Desgri St | oﬁz Om
m xt ure| of resi dug2hniputase Prio4 00sattiihg3Bg suspeddadapsxture stas ooed mitd 48gE. was

I n : ' : ' i
placed | nto a seat %gregnch }ﬁngc htAaflte?%rhouIsr]%ltgaot]nr}navlv:ﬁ,etgrrn\’\{ggtecfl.l Hmee Fun%gl was

squeezed to force out any trapped water within the mixture. A 250 ml sample of

the filtrate was analyzed.

Objective Through direct comparison with the results from Sample 5, the immobilizing
capacity for hydrocarbons of rape meal and cuttings versus the influence of
extreme hydrologic and gravitational forces can be determined.

Analysis 41 mg/L = 41 ppm = 0.0041TPH

Sample 7
Type Leachate (250 ml})

Mix Ratio 2:1 (residue: rape meal) Mix by Volume
3.5:1 (residue: rape meal) Mix by Weight

Description | A mixture of 300 ml (252g) of residue and 150 mi (72g) of rape meal was placed
into a leach tray. The mixture received the equivalent of 40 mm of precpitation
to simulate 8 rainfall events of equal magnitude. A 250 ml sample of the leachate

was collected and analyzed.

Objective To determine the concentration of total petroleum hydrocarbons in leachate
generated from residue treated with rape meal by 40 mm

Analysis 39 mg/L = 39 ppm = 0.0039 TPH

5 Sample 8
Type Filtrate (250 ml)

Mix Ratio 2.0:1 (residue: rape meal) Mix by Volume
3.5:1 (residue: rape meal) Mix by Weight
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R T e T A A R e
nmeal and placed into a sealed container. To the

Sample 9

Y [Type Filtrate (250 ml)

Mix Ratio No Treatment

Description | A 500 ml (420g) sample of pure rape meal was placed into fine screened funnel.
A filtrate was produced by pouring 1.6 L of water (equivalent to 40 mm of rain)
over the rape meal. The rape meat was left to filter for approximately 4 hours. A
250 ml sample of the filtrate was collected and analyzed.

Objective To determine the concentration of organic (as opposed to petroleum)
hydrocarbons leachable from rape meal under normal gravitation and hydrologic
conditions.

Analysis <4 mg/L = <4 ppm = <0.0004 TPH

)

The following table summarizes the above results:

Sample Description Results TPH (%)

1 Raw hog fuel/residue | 86,6000 mg/kg 8.66
solids (no treatment)

2 Raw hog fuel/residue | 6 mg/L 0.0006
leachate (4 wettings)

3 4:1 Leached solids 40,300 mg/kg 4.03
(4 wettings)

4 4:1 Leachate <4 mg/L <0.0004
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cont ai ner was added 1.6 L of water to sinulate the equival ent off B@EPM2083
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organi £8(as opposed to pétlrﬁcglwéﬁf‘rﬁltlﬁ%roqéﬁbbﬁb | eachabl e | OFER6r ape neal
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Sanpl ebescri ptionResultsTPH (% 1Raw hog fuel/residue 86,6000 ny/kg8. 66
solids (no treatnent) 2Raw hog fuel/residue 6 ng/L0. 0006 | eachate (4

wet t i ngBisc®4sidn Leached sol i ds 40, 300 ngy/ kg4. 03 (4 wettings) 44:1 Leachate<4
nmg/ L<O0.

0004 Jl%c objective of the above analytical testing was to use the presence or absence of
detectable hydrocarbons in liquids and solids following leaching or filtration, to indicate how
5  effectively rape meal (canola meal) and cuttings can immobilize hydrocarbons. In similar

terms, the hydrocarbon concentration of leachates and filtrates is inversely proportional to the
amount of hydrocarbons immobilized. As expected, the greatest concentration of
hydrocarbons (8.7%) occurred in the sample of raw (untreated) residue. This value is
somewhat conservative compared to average retort results of 14%. The difference may be

10 caused by the dilution resulting from varying amounts of cellulose among the samples as

contributed by the hog fuel constituent.

Mix Ratios
Despite the fact that many different mix ratios were initially tested with varying
15  degrees of success, favourable results were obtained when residue was treated with rape meal
at a ratio of 4 to 1 by volume or 7 to 1 by weight, thus becoming the target mix ratio for
further analytical testing. The results from the mixing ratio of 2 parts residue to 1 part rape
meal by volume (or 3.5 to 1 by weight), were also tested to provide a reference for
comparison as well as an indication of whether “more is better” in terms of using rape meal
20  as an absorbency treatment for petroleumn hydrocarbons. Comparison of results from Sample
5 and 8 indicate that seemingly less rape meal is better than more in that the TPH of Sample 5
filtrate was considerably less than that of Sample 8. However, a difference in the
concentration of hydrocarbons and amount of hog fuel in the two samples prior to mixing
may also have contributed to the difference. Regardless, the difference is well below

25  imposed limits (1000ppm or 0.1%) and is therefore negligible.
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fesul'ts were ‘obtainetd when residue was

tr eat eghWidched BR8aIRRins. at a ratio of 4 to | by volume or 7 to 1 by weight,
t hus becomng the target mx ratio for further analytical testing. The

results fromthe mxing ratio of 2 parts residue to | part rape neal by
VO rrelior tB'S@}%gbﬁi wei ght), were also tested to provide a reference for
conpar I ndi cati on of whether "nore is better"” in terns of
using rape mBRbugt) THH fetia@BOvideRaiked beat arntaté atialydd oHihe preseyctrafcar bons.

Conparison of results from Sanple 5 and 8 indicate that seem ngl y |less
rape npelrolewm bydrosarbons ®nadineitatigns dess exie TheT8H wdipiG(mineraliofligataseiras

considerably | ess.than i f g L f.fer in the
co%cen?ﬁsgfsi%ﬁ'sﬁ%%ﬂ‘)’/%ﬁg(\g ziiri %éh@ffg%g&g{r?gﬁ ﬁ‘?eéggﬂﬁ}ggf?ﬂglt%% %?ﬁgﬂ;&l\%ghs anpl es
prior hodmtab&ek such as the lighter aromatics (hydrocarbon rings) and the heavier aliphatics
15  (hydrocarbon chains). However, as the present invention is concerned with the
immobilization of all petroleum hydrocarbons present in drilling residue, the TPH test

analysis is sufficient for the purposes of illustration.

2) Biodegradation Tests

20 The following tests were conducted to assess the effect of various additives to the
treatment mix on hydrocarbon biodegradation for on-site drilling waste treatment and
disposal. The tested additives included:

1. Re-Activated Sludge (RAS) obtained from the City of Calgary sewage

) treatment plant intended to provide an initial inoculum of bacteria, potentially with

25 hydrocarbon-degrading ability.

2. Biocat 4000 - an organic and inorganic liquid nutrient source intended to
provide a complete nutrient source to support microbial growth and hydrocarbon
biodegradation activity.

3. Percarbonate (OX) - a solid oxygen release compound intended to provide

30  more oxygen for faster biodegradation rates.

The test was run for six weeks (41 days) at room temperature without mixing to
assess the effect of the various additives in enhancing the hydrocarbon biodegradation rate

over that of a control {no additives).
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i mobi | i zati on ofb)a e%)gtn?l(j@ g%ﬂ\&hé/og'}/ag@gggg}]dﬁ 6@8%%2’%‘ 9?6311 ‘%’rn{l Ifblul}]%gf"}eesi due,

the TPH t estwhigfriwdet)s foar SUfglissijanbf feactivate giudgeo®eeS)oThiesd hesltgoaei on. 2)

Bi ode radation Tests 20 The follow ng tests were condeFt ed to gssess the

ef lct of vanpwoRicabrird py the edour hen ppened et Jars Wersiporlrd B 19

bi odegr adat i =Sl Lkl ; i s he
e e e S e e A e L A
City of Cal ge¢ RASewage treatnent plant intended to provide an initial

i nocul um of bacteria, potentially wth 25 hydrocarbon-degradi .ability. 2.
Bi dcat 4000 - an C@%ﬁd’@ﬁﬂ”i“ﬁﬁ&é‘fﬁa&‘l qoqﬁg’ﬂfaﬁ'ﬂﬂgrﬁg/ﬂprgfglfr%ég%ﬁ?gﬁﬂ@ﬂ to
provi de a C%%Ejj&ttﬁa&uui ent source to support mcrobial growh and

hydr ocar bon i odegradation activity. 3. Percarbonate (OX) - a solid oxygen
reliéase conpound i ntended to provide

To each of four 6L reactors (with removable gasket sealed lids) was added 4L of the

treatment mixture. The different additives tested were as follows:

Test Solutiens

Sample | Additives

1 240 m) of reverse-osmosis de-ionized water (DRO) (simulating rainfail)
2 200 ml of Recycle Activated Sludge (RAS) (6 vol%]); 40 ml of DRO
3 200 ml RAS;
) 40 m! of Biocat 4000 dilution (2 m] concentrate in 38 mi DRO)
4 200 m] of RAS |

40 m] of Biocat 4000 dilution (2 ML concentrate in 38 ml DRO)
40 ml of Percarbonate Oxygen Release Additive (OX) (1 vol%)

20
All 4L test blends were thoroughly mixed by hand in an 8L vessel before being placed into
the 6L reactors. A soil moisture probe indicated that all mixes were wet, but no free-standing
water was present. Each test mixture was sampled (200 ml) for initial analysis of:
-pH |
25 - Electrical conductivity, EC (dS/m)
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30 nore oxygen for faster biodegradation rates. The test was ruReﬂg P$'Jﬁ
weeks (41 days) at roomtenperature without mxing to assess t Ee ﬂ%f
t he vari owe @ddéssi ves i n enhanci ng the hydrocarbon bi odegrpepiisodprgd €
over that of a control (no additives). 14 2 6 SEP 2003 WD 00/ 40666

PCT/ CA99/ 01239 Methg i ng sanples were tested: a) One 20 L pail
of conpost m x (0i|yg@ﬁ%§£‘ﬁ8’]&ﬁﬂtﬁ’ s, wood chips and canola 5 neal). Note:

the pail was seal-Gotadheteappapténbicrering(THB)D3VIONi Psolsibld NGB QBPRY (AN
storage as it h%g aggtrong, pungent odour. b) One 500 ml glass jar
containing a slo PRiBase oxygen conpound (fine white powder), four | L

on'the odour vihon Dot oAt AR Bltire IS B PN PRI L s ana

aerfat ed over ni ght To! Bxsiactabled@ydrbe #baenUiN. Ho0s C3) 8y ETYHIE aﬁé}@gki ity of
the RAS. ¢) mg/ﬁqg4L pl astic jug of Biocat 4000, containing 70% organic + 30%
I norgani c fO8Xeent base. 15 To each of four 6L reactors (with renovabl e

gasket sealed lid qggﬁ tment m xture. The different
additives tested \%,ra}g@%g 0 ?‘g\%b%e%’@@u f ons Sanpl eAddi tives 1240 ml of

reverse-osnosi s d&otadijeiddhMeitged DRON) (wattsyul ating rainfall) 2200 nml  of
Recycl e Activated Sludge (RAS) (6 vol%; 40 ml of DRO 3200 ml RAS;, 40 m of
Bi ocat 4000 dilution (2 m concentrate in 38 m DRO 200 ml of RAS 440 ml

ofBi ocat 4090 dithtiti QB iﬁ&b%d%?%%%e%tepat&rg, WhicHVaiBetween 19 and 24°C.

The surface of each reactor was exposed to the room light for about 8 hours a day.
Periodically, the gasket lids were placed on the reactors and the rate of oxygen uptake
) and carbon dioxide evolution was recorded. Following determination of the respiration rate,
the lids were removed to ensure continued passive aeration of the mix. To assess the
15 potential for passive diffusion of air from the surface, no further mixing was done. Depth of
each test mix in the reactors was recorded at the start and end of the test to determine the

extent of compaction following active degradation.

Results and Discussion

20 The test was run for 41 days. The analytical results on Day 0 and Day 41 are

summarized in the following table:

Parameter Test Day | Initial Mix | Test 1 Test 2 Test 3 Test 4
) [pH 0 N/D 73 7.8 77 9.1
41 7.7 7.8 7.8 9.4
‘| EC 0 N/D N/D N/D N/D N/D
41 4.96 4.83 4.54 8.26
Moisture 0 373 40 40 40 36
41 19 24 21.7 218
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40 m- of Percarbonate Oxygen Rel ease Additive (OX) (1 vol% 20 2§ SEP 2003
test blends were thoroughly m xed by hand in an 8L vessel

pl aced i ntp pé/deedL react ors.

m xes were wet,

A soil

bef ore bel ng

noi sture probe i ndi caPEW/QAN1I23P |

but no free-standing water was present. Each test m xture

was sappred—200 1t )—forpqmtiaf FySTS OfgmpPH — { WAeCl T N/D
conduc M}Fﬁﬁﬂpécckdsm) 152 6 SEPN%OS / 4066 CT/ 01239 -
Moi stute content (W% - {Rotal heferotrophilegbactedizg (THB)3by Mogt3o
Probable Nunber (MPN) (44 hr  MPNfg) - Hydrocar bon{degr adi ng bactdri a (HDB)
by MPN|(14 day MPN'g) 5 -|8otal Ektractabl ¢ 2%%2drocarfons ({I2E. H. GeC30, by
GC/ FI Djanal ysis) (ng/kg){ -, Avail pbl e Nutrifents (N| B, K, (my/ Kgye < -
Tot al J(j el dahl Nitrogen ('IJIQN) (wtPy 10 Al gascszt or 9 j\fi\/'esre i %?Jbat ed 'ast's room
t emper ature, which varied fgetween| 19 and 24@.3 The |9ar§ ace| 4 each I¥x&hcto
was exposed to the rooml|ight for|about 8 hours a day. Per|odicalljy, the
gasket |1ids were placed drtlt he rehctors and 2KHe raf ox@%ﬁ upt and
car bon {gi-ex-de—evoldtotrmas—reco Fottrawrng—determmat g of 3
r espi raM‘éﬂ‘eFEg‘l‘g‘Em)the i wer e [endved tccﬁe‘yl sur e |cont i nuged” passi vfeBe
aerati ¢n of the mx. To asgess the 15 potertjjagd for passiverdi ffusjpn3 of
air fromthe surface. no ffurther pixing wag done Depth of _each j
i n t he [ Hpabesphivdscteezorjded at th¥/Btart drid3@Ad gf>lithe t edWDto delN&? ni nﬁa
the extent of conpaction follow pg active {degr.agatlii an. Res § an 8
Di scungi on 20 The test was*hrun fof 41 days. dzTﬂ?a'%anal>rb| cal %i@ul ts 'an'llg)ay 0
and Day - : q ' tne owm ng Tahlhe: [Fegaet enypst Dayjmi ti al
v xToo] Moo s pEetas 19 o pr.37.87.749. 1 ) i
M 13x10° | 4.9x10° | 2.8x10° | 2.3x10
) Total Kjeldahl nitrogen | 0 0.97 1 1.05 1.03 1
41 0.87 0.88 0.89 0.85
Ammonia - N 0 N/D N/D N/D N/D N/D
41 29.9 1700 1780 1350
Nitrate-nitrogen 0 N/D 4.4 5 5.1 4.4
| 41 1 7.4 1.2 1.3
Phosphate - P 0 N/D 56 81 80 110
41 78 101 115 155
Sulphate - 8 0 N/D 378 377 368 754
41 564 520 508 1400
Potassium 0 N/D 955 1550 1320 1220
J 41 1450 1860 1600 1590
Total extractable HC 0 114561 N/D N/D N/D N/D
41 N/D 40280 59155 69571 85437
% T.E.H reduction 41 N/A 65 48 39 25
N/D - not determined; N/A - not applicable
The initial mix contained about 114,600 mg/kg total extractable hydrocarbons. This
is shown in Figure 1, which illustrates the mass fractions of the total extractable
5  hydrocarbons (T.E.H.) from the initial mix at test Day 0 compared to the residual T.E.H.

from each test after Day 41. Only about 3% of the T.E.H. was C30+ material.
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417.77.87.89. 4 ECON/ DN/ DN/ DN/ DN/ D 414. 964. 834. 548. 26 Moi st ur e037. 3EEFOI0FP

41192421.721.8 16.2 6 SEP 2003 WD 00/ 40666PCT/ CA99/ 01239 M x
(C) ON/ AN/ DI\VBﬁW%ﬂﬁﬁb 529293130 825.5262726 1324.524.52625.5 2%‘%@%?%%?3.8

4123.523.523.523.5 M x height (cn)ON Al2.5131213 4111.5111111.3
Het er ot rophi ¢ bacteri aON D1. 3x10>10TN/ DN/ D 412. 1x101>101>10112. 3x 108

HC- degradll ng bact er]i aON/ D7. 9x 101. 3x10N/ DN/ D 411. 3x1044. 9x1022. 8x1042. 3x
102 Tot al—f’%%elﬁﬂl‘-ﬂ—o ni trogen00. 9711. 051. 031 410. 870. 880. 890. 85 Anmoni a -

NON/ DN/ DN/ DN/ N Al 6L
1001 ) Y Lo 5. RSB b oL e s dae o

SON/ D. 378éd Boddinvty) 1(56etal R abOBEAR0 apiataessteihan® MeliE3hé beést Bgdvzabon
“ 145%) 18 Gd%érggz(l)t%o?lgr%sults.
Composting activity was evident by the increase in temperature within the test mix on
Day 5 through Day 26. The test mix retained 92% of its initial height after 41 days.
There was a higher than expected initial bacterial population (1.3 x 10° MPN/g) in the
control, suggesting that a natural bacterial inoculum may have been provided with the mix
10 nitrogen source, wood shavings, and/or the drill cuttings. The initial hydrocarbon-degrading
bacteria count was much lower (7.9 x 10%) indicating that the population had not yet adapted
to the hydrocarbon content. It should also be noted here that a significant development of

white-rot fungi was not observed in any test mix, contrary to reports from field observations

—

during composting of the mix not containing any additives.

15 The control mix provided the greatest extent of hydrocarbon biodegradation (85%,
based on a single composite sample analysis). Figures 2 and 3 illustrate the results of the
GC/FID analysis of the residual hydrocarbons in the C8-C30 range compared to the initial
hydrocarbons present at Day 0. A negative change in the mass fraction of the residual
hydrocarbons indicates that there is less of that fraction than in the initial hydrocarbon. The

20 loss of both light (C8-Cll) and heavy (C21-C30+) hydrocarbons shows that biodegradation is
occurring. Some of the C8-C11 loss may be due to volatilization during preparation of the
additive containing test mixes. The apparent increase in the C12-C20 range hydrocarbons
results from the mass fractions needed for total unity (1). Some of the heavy fractions may

) have been degraded to smaller hydrocarbons in the C12-C20 range.

25 Nutrient analysis showed that no nutrients were limiting following the 41-day test.
Moisture content had dropped to about one-half of the initial, despite periodic misting of the
surface of the test mix. At the end of the test, the moisture content in the top 3/4 of the test
mix was only 9.1 wt%, whereas the bottom 1/4 was 35.4 wt%.

The low moisture present at the end of the test would explain the drop-off of

30 respiration activity as shown in Figures 4 and 5 after Day 13. Since mixing was not allowed
during the test, it was difficult to ensure adequate moisture was maintained throughout the
test mix. A definite layering of moisture was observed in all tests, with the bottom being wet

and the top being dry.
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Total . extractabl e HC0114561N DN DN/ DN/ D 41N D4028059155695718'543£ 'EF E?da
reducti on41N A65483925 N'D - not determ ned; N A - not applicabl 5 P 3

|n|t|al m‘%o Jiepd Ned about 114,600 ng/ kg total extractabl edjyekpnppons.
Thi s own in Figure 1, which |IIustrates the mass fractions of the

E)Ogglrrp:)r(fa(r:laf o ed oS 2T Tyt e SNl BN s pont
3% of t%ﬁﬁ%ﬁ%{ﬁhe%ﬁldcﬁig dR4E %ﬁkob:@%oﬂ@@ﬂ 49@@@1?@&@(53%&13@@%}; leachate

PCTI CA9 - ntrol The control was the sane as the initial
m X, bufirafrRGabwidthe uséd sccihanmoreayater ¢an aguided throgghoat thededt i vity. Overal |,
the control appears to have yiel ded the best hydrocarbon 5 degradati on
results. Conposting activity was evident by the increase in tenperature

vvith,j;n- QS -+ 88kg 1 X, on Day 5 through Day 26. The test m x retai ned 92% of
its nli—;—mﬁﬁ%fter 41 days. There was a higher than expected initial
bacteria] popehpbitiig z(ciwﬁymaiﬁﬁxdbﬂ\li)gt}lellmnrtdse in teomderahire \@ﬁggel&ftucﬂgmbr@at a
nat ural bacterial _i noculum may have, 5%9 provi.ded wi.th t X 10 ni t rogen

sour ce, Dap§dhromsl D%QG dhg/tet “’t‘héﬁtéﬁnle @fft SHE:’éla] height %ﬁﬁef 4?@

hydr ocar bon X di catin
that the popgﬁg? i on g{j&%g%wcgta aggg&%((iagﬂa%o t he ﬁ@%ﬁ#gg%%u%%ﬁ%gﬁl I t °
shoul d gbgsflatitsh Baxpettér(e of 1HeﬂPNag)s alg]ﬂmfghahmeffcbewb mpmmzromsuncm beausent

fun was not observed in any.test mx, cont to, regort omfield
obsgevathechigh 1W1|Pﬁ§“166%8’s‘ﬂ1f3 ipjtiglmpdn el %’R“WL?Y%BWB‘?‘?] ‘F\%a‘i‘ﬁyrbﬁﬂﬁml ives. 15

The Con%&gh @sénﬂﬁéw Kfjﬁqz quflngfcﬁﬁﬁg%t tERLS ﬁgl ah'){gﬁ i Bﬁﬁﬁ‘l H9drRAAAGAL | ON

(85% 35ed Bh A e conposite sanp e analysis gures 2 and 3
i |1 ust r degrading bﬁaasuiirsthem&e GC/ FI D anal ysis of the residual hydrocarbons

A Negati ve oHBRGERPH HEOHAL RASARbear oYt Pesrand PRgRroea ons
Ih;glr gg;‘rﬂ dltogﬁ'%:ﬂfl Bgurg gggtkﬁ@gg{, Rsillﬁtonfzf :ﬁfcf%b Qam%Bﬁfé éaﬁlgg"’ﬁla’lﬁhﬁl gl ure) 2
hy dnéc ashowsths reandts bhithie (Eﬁ:ﬁ’dl@gnaldans |o<5 thei 1351dmddwdmcn@0nsun@6 &18-€hlerange C11
| oss m%oapueg ?o Eh% 1}1/1?1|a y rocartcl’n%rbrgslélru{ atgbeR/r(? p§1m1{ar i) th(c)efTes.{.| Presults, the loss
of both light (C8-C1l) and heavy (C21-C30+) hydrocarbon, together with positive respiration
data, shows that biodegradation is occurring. Some of the C8-C 11 loss may be due to
volatilization during preparation of the test mixes.
20 Nutrient analysis showed that no nutrients were limiting following the 41-day test.
Unlike the Control test, the RAS additive caused a high ammonia content to develop in the
test mix by Day 41 (1700 mg/kg NH,-N). This couid be a result of the degradation of the
some RAS bio-solids, releasing ammonia through de-amination of proteins. This level of
) ammonia may be toxic to some bacteria. The heterotrophic bacterial count remained high
25 (>10"!' MPN/g) indicating that signficant bacteria death had not occurred. The hydrocarbon-
degrading bacteria population had not increased, or had not remained viable by Day 41.

Moisture content had dropped to about one-half of the initial, despite periodic misting

of the surface of the test mix. At the end of the test, the moisture content in the top 3/4 of the

test mix was only 9.4 wt%, whereas the bottom 1/4 was 39 wt%.
30 . The low moisture present at the end of the test would explain the drop off of
respiration activity as shown in Figures 4 and 5 after Day 13. This may also explain the low

hydrocarbon-degrading bactena count.
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addi tive containing test mxes. The apparent increase in the Q% GEP 0803oe
hydr ocarbons results fromthe mass fractions needed for total unity (1).
Sone of t e biesess fractions may have been degraded to snalpcgicAvydizmear bons
in the Cl2-C20 range. 25 Nutrient analysis showed that no nutrients were

limti nf Sgl l@ﬁ %th‘hﬁ&gday test. Moisture content had dropped to about
one- hal 5% espite periodic msting of the surface of the
test mx. At Cbﬁh@oﬁﬁ@ s@twitjn &ab @8ident BiethEDiceEA4E ¢ eAPERNIre Withihettep ndk 4nof
the test mx was only 9.1 wt% whereas the bottom 1/4 was 35.4 wt %, The
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adeguat e nDi ALHbEHRS RBIyREPAiREMY, HeQUEItoH lof tHeqe-atBvdteddI¥d geARMES)i shbtilg
| ayering of noisture was observed in all tests, wth the bottom being wet

and t hehavopmbeaaﬂg ﬂdfrlyﬂtlaigelzﬂﬁfmrc bayozialywodatisnssslacy Tensd) Tezasiabont | nued
vt et i ng poul g ngue. BlLBAGE ] LS WBLET A0nEakL AL PIL bUE IS LOM OB,

reactor’ anaer oni c COﬂdI I ons EStS,

react or gotWohfaid BeChatdtia (ﬁibﬁd:diﬁixﬁﬁﬁlihdnb&stl)lSEd so that nmore water can be
added throughout the test. 5 Test 2 - RAS Only nposting activity was

evi dent by thbe Redr&iecat #0Q éﬁlﬁbevapm‘f@eﬁnﬂmﬂhﬁdtgﬁ%at%@ttmﬁqf hyfrocpshgns

t hrQug 4 £ er 41
days. Thgggﬂa‘%t’longgg ?%gg‘ro )Iéca s§+@8% |vatsg p ﬁ'&b’gfsi R%S}'ﬁlein%{rbévasgg% t he

I nitial rpales &fF thaGC/FImHhﬁysmlf 140 rGSﬁﬂﬁlﬂ@di‘oéﬁTbGﬂshnW@-ﬁBO&hhMﬁpﬂrétbto

ef fect was not as pronounced because of 10 the h initial population in

the i ni thednitig] kydropasbonsipresgnt ﬁﬁ%@a%ﬁﬂtﬁe‘&%lw@?%&:%ﬂ% ddeslessfs still
1.
nyr oo aPia (€32 shY{niBbciibohs Vs bBSed ApeWipt i b0 oBEBBR ol Bital ) o

addi ti Vﬂldwmmdﬁddégﬂﬁjasleﬁ@smboghmg dat toexiesset expént tlliqﬁndteanstlmndlil otlegr adati on
(48% based on a si e%:e conposite sanpl e anfixl Si s ure 2 5 shows the

resl t sbefore. semesef therd %1 J%ﬁSsm@f b dus ool 5 eFrtion ot hleds. 30
r ange cappar §8lotf 4bh§ Bdsa 'aﬁ%}ﬁl ave) lﬂﬁﬁ.\%ﬁ?%& ?éé%%%ﬂan IB@ﬁm@cs tﬁht@h'c)@r upt o the

Test results, the heavy (C21-
hydr oc altleﬁZ/FIlD)gmﬂymr asiiyidioqadsinsiin ¢he @EpCB At rapge, althoegh tiaisowanhao be
bi odegr ggltglt_lhlcr)lgdl s occurring. Sone of the C8-C 11 |oss may be due to

Nutrient analysis showed that no nutrients were limiting following the 41-day test.

20  Similar to Test 2, the RAS additive caused a high ammonia content to develop in the test mix
by Day 41 (1780 mg/kg NH;-N). The heterotrophic bacterial count remained high (=10"
MPN/g) indicating that significant bacteria death had not occurred. The hydrocarbon-
degrading bacteria population had increased compared to Test 2, but was still low on Day 41.

) Moisture content had dropped to about one-half of the initial, despite periodic misting

25  of the surface of the test mix. At the end of the test, the moisture content in the top 3/4 of the
test mix was only 9.6 wi%, whereas the bottom 1/4 was 38 wt%.

Test 3 had the overall highest rate of respiration, which agrees with the highest
observed temperature in this test mix. The low moisture present at the end of the test would
explain the drop off of respiration activity as shown in Figures 4 and 6 after Day 13. This

30  may also explain the low hydrocarbon-degrading bacteria count.

Test 3 showed the highest apparent bioactivity, but only the third highest reduction in

residual T.E.H. This may have resuited because the RAS additive introduced a significant

population of bacteria more adapted to degrading the-wood shavings (cellulolytic activity)
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vol atilization during preparation of the test m xes. 20 Nutri en? Easgpygq([g
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activity as shown in Figures 4 and. 5 after 13. Thi | s in
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PCT/ CAOQL Qrkeo¥dnd. ﬁé‘kar%oﬁatgéﬁdiﬁoﬁ' PRI Q8 CRIMRREY Hash Akt Vi7ty MEsy @i dent
by the i'ncrease I n tenperature within the test mx on Day 5 through Day
26. TestadditinaidddYepenigbarte. sThus highedl wewddawue an mhiloreadect ondbg cat i ng

t he Breat est, pioactivity. The test mx retained 92% of its initial height
aftd 41b38’§§7‘§1.a°5“’ﬂyt hough not analyzed directly, the addition of the _
re-activated glndas foRAR)ysdaUHdiy,NBY SddifiG] SAREFbchiled bdtiviated stindiieqRAS)0phi ¢

bacterial population sim ?,ar to Test 2. The initial hydrocarbon-degradi ng
bact er i ashooldritaveincrehsed e ibisiabheterotiophio bawserial popwationesidiller i Testobantbes  not

in live.b ' fi d i hi o1k ' 4000
a0 01 Vel BB PREOPRAF g RaPReTs B Ty b SR G, TR F S o

bi odegr adat i ofi,d BRY:-BRASCDRAdai1%E PRVRIAINPRNch xSRI Bl Bydroedrysn s) . Figure 2
shows the results of the GCIFID analysis of the residual hydrocarbons in

t he 168- Qg6degatption (253 based on atsingld enmpoaite sayefrle aealyosls Figws dboys thsay 0. A

greater |oss | j C8-Cl14 nd | ess l.0ss .of . ) I

hydr oc arrt?ﬁ'ﬁgS ‘?(}j/a\ge @gﬁ;‘}‘é%‘&'yﬁ% tﬁﬁ 5 aﬁwdﬁ?/c&lrrbgg 5%%%%@% g%ﬁﬁn %‘Qicﬁ%? flrgld 0
shows t hgk ixﬂii@ﬂ%?"r&@ﬁidr@ MrésenOf OO, Mmilbufo Test 3 J geaarlosxdfdight (BRC14N
Tests 1 and 2. 15 before, sone of the CS-Cl1 | oss may be, u% tob
vol at i | i anak lesmloshefihegvy fEphenly} hydrogarhans was gpserved. The change m hydrocarbon

from the initial shows that biodegradation is occurring, but to a lesser extent than in Tests 1

N O

20 and 2. Some of the C8-C11 loss may be due to volatilization during preparation of the test
mixes. Biocat 4000 may also have introduced some yegetation-based organics that show up
in GC/FID analysis as hydrocarbons in the C15-C30+ range, although this remains to be
determined.

) Nutrient analysis showed that no nutrients were limiting following the 41 day test.

25  Similar to Tests 2 and 3, the RAS additive caused a high ammonia content to develop 1n the
test mix by Day 41 (1350 mg/kg NH;-N). The heterotrophic bacterial count was lower than
the other tests (2.3 x 10° MPN/g) indicating that significant bacteria death had occurred. The
hydrocarbon-degrading bacteria population was also very tow on Day 41. The lower
bacterial populations are most likely a result of the high pH in this test mix, compared to the

30  other tests.

Moisture content had dropped to about one-half of the initial, despite periodic misting
of the surface of the test mix. At the end of the test, the moisture content in the 3/4 of the test

mix was only 10.3 wt%, whereas the bottom 1/4 was 37 wt%.
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nutrients were limting following the 41-day test. 20 Simlar to Test 2,

L S 4200 b 8 HER R U ATENY BB ER H RUELAR thd oG L 05t 1 ¢

by Day 41 (1 he "het érofrophi'c batterial count remai ned
hi gh (>dfddrved 1éirathrd indhis adst M.t T low @dishire préselied tiey drid ofeld feshaduldot
occurred. The hydrocarbon- degradi ng bacteria popul ati on had i ncreased
conpar ezkplan op offiefrespiratian aqtivity @wseewvmiFiguresdongtuafter Qawt léat  had
dropped to about one-half of the initial, despite periodic msting 25 of
the surface of the test mx. At the end of the test, the nbisture content
in tshe tofeididhsof the test mx was only 9.6 W% whereas the bottom 1/4
was 38 W% Test 3 had the overall highest rate of respiration, which
agrees wi t h Therehygedactivasdsidge (ROSKPuknat pravidenan pdaptadprpulatign ofhe | ow

noi sture present .at t.he end.of the test. would, explaj.n t r op_of f.. of
espi 1 abYECEET traine bRy idntottisrd oRopBlie el frdil 4ty ray
al so exghiRiugh Haah@ PolHENOF RGhRE: RpEEAcinfiemBasd,er i a count. Test 3 showed

t he hi ghest "apparent bioactivity, but only the third highest reduction in

residual T.E.H This may have resulted because the RAS additive introduced
a sjgnifican opul ation of. bacteria nor.e, adapt ed to degradi hg the-wgod
Shalfngs (cehnstiobspiith aggedionfrists 2y en hituantomi nyest asnen cxoes o

PCT/ CA99§)6611%§&08&H1C%9@1@& ﬁMén'iiQ%%[bﬁ@Wtﬁ@hy&oEﬂ%ohﬂh ﬂa@ing?aéteﬁlﬁ.an the

hydr ocarbons~afid was sti nul'at ed t he Bi ocat 4000. Test -- RAS + Biocat
4000 + Percarbonate oxygen rel ease, conmpound (OX) 5 Conposting activity was

evihdent by the in ase in tenperatyre wthin the test mx qn .Day.5
Ehr ough® Day. Bincatrios;stigpulsted SclBeap dasich Siodidmol Praids spanhed WS Rp- 41

days. T ] ceable difference in this test was the high pH of 9.4
t hat de\eg%’.rg%g%ng%hg “result of the percarbonate addition. The initial pH
wasi§ai sed fromabout 7.7 to 9.1 by the addition of | vol % percarbonate.

This high pH would have an inhihitory effect on the . 1Q bacterial activity.
Al t hough not P&icatbpneg selid SRy F"‘B‘E%é capPYIGERUSed ﬁwlﬁl@é@% B oL 9k P

sl udge (R4 in lower microbial activity as shown by respiration and temperature results.

. The treatment mix (control) appears to be fairly well balanced and supported good
20  microbial activity and rapid hydrocarbon degradation without additives such as bacteria,
nutrients, or oxygen. Adequate total nitrogen (0.87%) and phosphate (78 mg/4) was still

present after 41 days treatment.

. After 41 days the height of the test mixes had all been 87-92% maintained, indicating
25  that the treatment mix does not readily compact during composting, thereby maintaining its

porosity and passive aeration potential.

. The treatment mix tends to dry out with time, as water drains downward. The mix
does receive added water readily (i.e., is not hydrophobic despite the high initial hydrocarbon

30 content).

. Based on the observations made during this test, moisture content maintenance will be

a limiting factor in maintaining rapid hydrocarbon biodegradation activity.
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shoul d have increased the initial heterotrophic bacterial popul aéi og
simlar to Tests 2 and 3. The initial hydrocarbon-degradi ng bac @r' EPCMt
woul d al S?vob(ﬁ 4§éﬁg1 lar to Tests 2 and 3. The RAS+Bi ocat +OX ggql}é_t Lo¥/F1286 OVi ded

the | owest "extent of hydrocarbon 15 bi odegradation (25% based on a single
conposite sanple analysis). Figure 2 shows the results of the GO F1D
anal ysis of the residual hydrocarbons in the C8-C30 range conpared to the

| hyd b | | ¢
| ghe (t5. o BroraopBufe ARGl pSRuR et Bl el o i) TR 1 aBAI9GL oupss ©

obser vege rHages RAOKISInl A mEsdrOsIoRARenck 1O M dia.| Thib hﬁleqﬁlhéd/\b‘edahﬁ at the
bi odegradation is occurring, but to a |l esser extent than in Tests 1 20 and

2. Sonelokl whee ﬁadmcal:bonws analyzdse a gewain@masinhef Yariahtlity is @beTeRyeysRadar at i on
of the test XeSs %gg 4000 may al so have introduced somne

veget at PERMEEEEI IR IESHTE 2PRYT show up in GO/ FLD anal ysis as hydrocar bons
in the Cl15-C30+ range, although this remains to be determ ned. Nutrient
anal ysis showed that no nutrients were limting followi ng the 41 day test.
25 Si mi BaBidremEdiation Field®Plats the RAS additive caused a high ammoni a content

Lgcf' g\rllelilop ! ﬂ‘ﬁ%tp \%ggé ‘feoi\t%?m%<h ete e4 é-[ ( éﬁcgeg@u‘é%%n@ﬁﬂ%&&}&ﬁ Qiapphi c

i ndi cat i,ng dhhbodiHalin kWéﬁmﬁiﬁ%@maoﬂﬁﬁ&hleb@ﬂp@@(wl@r(ﬁdlmg Fe@iduals in a
hydr ocar bon-"degr adi ng bact eria popul ation was al so verfyé? | ow on Day 41. The

| ondf [havtogenioas npnp lhemazmebjagtevervmstio cplegtyanalyiieal dota mt‘ﬂ@fﬁpwrﬁﬁlql%

o oppea 2PBleaBt CaRaeRarre B Tracusaima (EELR ofBE e AR end B |\

sur f ace 144 dphQdin@SroddsX. At the end of the test, the noisture content in
thﬁ 3/4 of the test mx was only 10.3 w % V\/nereas the bottom 1/4 was 37
% 21 2 6 QEFﬁekdml@twremmbmd Pt}hﬁékgwrelmséﬁtﬂvégﬁ Edlershig higld Fieé%@é%l’c

overal | I i
t enper atI{?F@i%{ ﬁ)cf‘tﬁ&g'g{{tégitgnﬁbn%h rqeog\/(%g'?% urgpl&pglgén %Eau(ﬁg en o? t he
t estiswoulde signiipdtad By tdmgovili Othe @it fandd topesifi ﬂmhleea:h watd Shiplotas shown in
Figures 4 and 5 after Day 13. 5 Concl usions The recycl ed activated sl udge
(RAS) did not provide an adapted popul ati on of hydrocarbon-degradi ng
bact eri aRI%RﬁlS may have introduced a conpeting cellulolytic activity,
al t houg | atter possibility requires further confirmation,

Figures 6 and 7 illustrate the results of the above field tests.

Preliminary field results for a period of 107 days indicated that the total reduction in
20  hydrocarbons under field conditions is as high as 57% for invert based containment mixes
and 37% for salt water free based containment mixes with minimal leaching limited to the

top2.5 cm of the underlying soil.

As mentioned previously, although the present invention has been described in
25  specific relation to the use of canola (or rape) meal as the protein source, various other
sources are also possible. Some examples are as follows: cottonseed meal, soybean meal,
alfalfa meal, bone meal, blood meal, feather meal, kelp meal, peanut meal, borage meal, com
meal, coconut meal, sesame seed meal, safflower meal, sunflower meal, hemp meal, and
sugar beat meal. It will be understood by persons skilled in the art that any other similar
30 protein source can be used in the present invention.
Although the invention has been described with reference to certain specific

embodiments, various modifications thereof will be apparent to those skilled in the art



10 RAS biosolids degradation causes a very high amoni a-ni trogorg QEp 2003
in excess of 1300 ny/kg, which could be potentially toxic to the
hydr ocar bopodegdseéi ng bacteria. Biocat 4000 stinul ated actpediexedigizsbest 3,
but did not provide enhanced hydrocarbon- degradation results. 15

o0 1. wnboct S8k YRR AR RTRT Y5 Sa BRuhLi B PR Tt T on

and tenﬁﬁﬁék%ﬂﬁeﬁ£§u|ts. The treatnment mx (control) appears to be fairly
wel | bal anced and supported good 20 microbial activity and rapid

hydr ocar bon degradati on without additives such as bacteria, nutrients, or
oxygen. Adequate total nitrogen (0.87% and phosphate (78 ng/4) was stil
present after 41 days treatnent. After 41 days the height of the test

m xes had all been 87-92% mai ntained, indicating 25 that the treatnment m X
does not readily conpact during conposting, thereby maintaining its
porosity and passive aeration potential. The treatnment mx tends to dry
out with tine, as water drains dowward. The mi x does receive added water
readily (i.e., is not hydrophobic despite the high initial hydrocarbon 30
content). Based on the observations made during this test, noisture
content maintenance will be a limting factor in maintaining rapid

hydr ocar bon bi odegradation activity. 22 2 6 SEP 2003 WD 00/ 40666

PCTI CA99101239 Before quoting the findings fromthis test, the initial and
final T.E H analysis should be repeated to obtain a neasure of confidence
in the data. This is required because at the |evel where hydrocarbons are
anal yzed, a certain anount of variability is inherent even in a 5 mxture
| i ke that described above. 3) Biorenediation Field Plots Tests were

-cogpucted to determine the efficacy of using a conbination of canola neal
an

dry wood shavings to contain and mcrobially deconpose oily drilling
residuals in a 10 honbgenous m x. The main objective was to coll ect
anal ytical data from | aboratory and field applications to characterize the
on-site treatnment (m xing) of the present invention and the |and spreading
process.
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30 field plots were established at the University of Al berta El Ref §EPe 2003
Field Research Facility located south of Ednonton, Al berta Canada. Typi cal
drilling location conditions 15 were sinulated by renoving the organic
topsoils fromeach 3mx Smplot. Results Figures 6 and 7 illustrate the
results,of the above field tests. Prelimnary field results for a period of
107 da@é—gﬁﬂi cated that the total reduction in 20 hydrocar bons under field

condltlons is as hi s, S57%for . 1nver ed c m xe and 37%
For salt warsiomegeiodaceeakeais marperorbrar 6 PR O b i red
to the mé%&%@&ﬁm&ﬂﬁ%@iﬁf&ﬁbﬂ% 8Rbit oﬁﬁthemfter&mesdldnfowo@mhy, al t hough |
the preserit I nvention has been descri be 25 specific relation to the
use of compubiag @ proteiageinpoperit, sagl pmﬁlmmmmntmlng\ﬁepmmmé{l Ihavingour ces

are al so ssi bl e. ar.e alla ottonsee bean
neal , I“E‘ﬁg?“Q“?rg’é‘Fo ‘gﬁﬂﬁéﬁ%ngquﬁﬁlogm?%gg?@g F%gihﬁ‘gﬁp ?ﬁgg Coraw%%gﬁgxpeanut
meal , Raf hepcOrn neal, coconut neal, sesane seed neal, safflower
meal , sun ower nmeal , henp rreal and sugar beat neal. It wl | be
understood by persons skilled in the all that any other simlar 30 protein
sour ce 2can Bhegsmgosition heclpimed mr@msﬂe‘ilpﬁoéﬁm megt i dagred filemicAandatso¥n has

been described with r fe eng fté rtalOen e%hma(%n?nbodl ments, various

nodi f i &aﬁ?’bﬁgﬂ‘eﬂé}’?&f‘ A o - gﬁPr 6 6s8%% 1 ed in the art 23 2 6
SEP 2003 WD 00140666 PCTI CA99/01239 wi t hout departing fromthe spirit and
scope of thefﬂel‘t\éﬂ?bﬁlﬁﬂn afclaih I iwiRebin faid belkitigaigent is dppesidiedn begarico. 24 2 6
SEP 2003 d ai ns A conposition for treating solid material contam nated
W th hymtgrcaim@ﬁm IRREZABICEqUIVIS H"ydrocar bon cont am nant- is: i nt erspersed

t hr oughout’ the nmaterial, said conposition corrprl sing a protein conponent,
sai d protei [ I genous _
m CI’ObI‘gJ %@%@g ﬁgg%ﬁr%re"{}%ﬁéﬁl%?%g@%hblggggﬁggﬁggggam nant, and'
a bul I@hﬁ@ng@mﬁmnﬁwﬁs staw dirmycompomiion dreraf. cl ai m 1-wherein 'said protein-
nmeal i's derived from-wcanol a, soy,

5. - The composition of claim 1 wherein said protein component is capable of absorbing

or adsorbing said hydrocarbon contaminants.

| 6. A method for treating hydrocarbon contaminafed material with the treatment-

composition of claim 1 comprising the steps of:

(1) contacting said contaminated material with the treatment composition to

immobilize and prevent leaching of said contaminant; and,
(ii)  biodegrading said hydrocarbon contaminant with the microbial culture.

7. A method for i:reat'mg solid material contaminated with hydrocarbons wherein the
hydrocérbon_ contaminant is interspersed throughout the material, said method comprising
treating said contaminated material with a treatment composition comprising a protein
component, said protein component comprising a protein meal having an indigenous
microbial culture capable of metabolizing said hydrocarbon contaminant, and a bulking

agent, the method comprising the steps of:

(1) contacting said material with said treatment composition to immobilize the

hydrocarbon contaminant; and,

(i)  biodegrading said contaminant with said microbial culture.
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cotton, corn, or peanut material or from other protein based na?grSEp.mmg
The conposition of claim1 wherein said bul king agent is derived from
organic material or frominorganic equivalents. 4. The conposition of
claim 3 wherein said bul king agent is chosen fromwood shavings, peat
‘noss, straw or any conbination thereof. 5. The conposition of claiml
wherein said protein conponent is capable of absorbing or adsorbing said
hydr oc&®. bon Ttemhahodafitlam Bwhéreiredaiibebntating phakicomphiyebrmiargarbleaimgni nat ed
material with the treafnent.. conposition of claim1 conprising the steps
of (i) tBesmiEnmaled uateral Jrthths Heat@NtRAMACSIIONWi t h the treat ment conposition
to immobilize and prevent |eaching of said contam nant; and, (ii)

bi odegrqdi ngriahdnbly GF iﬁg{ ‘?’%eféﬂ{‘%a?&%ﬁlﬁﬁ .a%éﬁths LR HORORIGH shabinksire. 7. A

met hod for treating so materi al contam nated w th hydrocarbons ‘wherein
t he hymbaomasshstravw ondargndonduimation theveedt sper sed t hr oughout the nmaterial, said
nmet hod conprising treating said contam nated material with a treatnment
conposi tjon conprising.a protein conponent, said ot ei n_conponent

conpri sithg éﬁﬁgg@h?%°ﬁgéwyi TP Sfd TMRterg SeﬁﬁgﬁBBﬁggsﬂiﬁ Te capabl e
of metabolizing said hydrocarbon contam nant, and a bul king agent, the
nmet hod conprising the steps of (i) contacting said nmaterial with said
treatment conposition to immobilize the hydrocarbon contam nant; and, (ii)
bi odegradi ng said contami nant with said mcrobial culture. 25 2 6 SEP 2003
8. The method of claim7 wherein said contacting phase conprises m xing or
bl ending the contam nated material with the treatnment conposition. 9. The
met hod of claim7 wherein said bul king agent is chosen from wood shavi ngs,
peat nobss, straw or any conbi nation thereof. 10. ‘The nethod of claim7
wherein said mateerial conprises drill cuttings or soils..26 '
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