An apparatus and nethod for nodifying the sidewalls of a borehole The
present invention relates to nodification of borehole sidewalls, in

parti cul ayoi201omamesection with drilling of | ong borehol epcT/NOGIWIENDI ON |S
particularly adapted for extended reach drilling, ERD of wells such as

of fshore oil wells. Especially, the invention concerns an apparatus and

met hod making a spiral shaped rifle iinside a well bore. The nodified
borehole is not a circular borehole with a uniformdianeter along the

| ength of the hole, but rather a hole with a non circular cross section, or
a hole with varying dianeter along the | ength. The apparatus of the

i nventi 8HUkay be used for nilling the sidewalls of an all ready drilled

hol e, Ol Wi&YcihRPRducPFd TRbtnfenkni t providing simultaneous mlling and
drilling. A solution for creating of non-circular boreholes in rocks for
use with geothermal heat punp applications, and for increasing wellbore
supportTEchmgAL¢uﬂJmns such as horizontal oil and gas drilling, is shown
in US patent a i cati 008/ 0093125,  The sV cting

ar' 1151 naneyerBionarae i 61 ace Boal e cad BER e 1R BlneArbe:

dril | i ngsteysitieisor tHeumatayattiritis.nozzl e t hat swi ngs between pivot points. US
4,629010 shows a process and device for sinking wells. The device includes
a pair of rotary digging heads with horizontal axes nmounted on supports for
novenentBAGKGROWNIX es tomards and away from each ot her between a central

POSTL! 0% ol a\;tr%e%hc%n%a?io ¢ atbibr® P ars AR iAbbARobi g & of ni ng

the wal l bei n i nstance oi l m?ll dr| hng i's
wel 110corisuprefen i (@houts 125 m@p*@r ?h‘?ttt s tQr ARge KNPWN ffgm 4

geve' Op][t.'se&f.ﬁalaaﬁ Wt 909’@6044%(355/ GFT IPhB@nadstiRald. S 'ﬁ'takaMOC I@ﬂédlf&ﬂg@q These
ypes o

i ncl ude extended r%ﬁgh far éﬁ? %ntlnfr §%ruckﬂre and
nul ti pl slisclosgeths, US&W@ISWW’“Q@%F? REIPa; F“Fnt rsurqei%a, THiBlgh t ubi ng
rotary debh ldigeevdrdd B3k co®Binktidne it pgradetahol aad (b@a;ia)eram suEfsienttongive e

drill CWD) . Ext ended drill] RD N
String RHREREh iRy SHe e, kb e, SrTohcheRE W ¢

drili5 stdstav@rtmiikdnidnBewndtoitiartititisof f . Furt her m)re, i ncreased pressure | oss
along the drill string may cause excessive pressure to the formation

equi valent circulating density (ECD). This may again |ead to borehole

i nst abi |Odtyoamindtid oy mvot\zwinﬁammatmrquqplntvetelsutbh@é'nhh@omals\t'%ﬁfkddht?I I

string. Drill &ﬁa‘é MR8 it WS RvES thake
damage. Cle?ﬂ @lﬁlﬁhgg“/ef ﬁ&%n awt i cf‘ﬁ/&g boet ol eI may. (\:/ause damage to
a nud cadveowainﬂuldtuwu@t yubritaies Hbﬁ! joiets ul ﬁSngoﬂ%SMﬁfeﬁlqttﬁhStJP@h beeEe and

| nvagy OhrEGaSsIAP ad pFJt&t&P{h%fH%'n@nt Ve ﬂahﬂut@érﬁﬁ@r&ﬁeb@a itk @Fe mbBiks cont act

is reduced I's causes | ess nmud cake damage, |es ItraH?(pH | osses

and. | esstoweRt el bacyoraig, fprexample whan sianding,ef QBAKipG G This BPrLEeY as 75 %

while a thb'cshég%é‘%hbterrh{us%s aufléd blroghlyr aritD ligamers Medome dax.| NRiiemssteld nud
i nvasi on ead to borehol e se .and C['( tion -

nst api | a
damage |?f”‘t§ %Y%) AB YT UPE Wh'el%hgarb?/@g%{ﬁtth? W@HP?SHStﬁ@yat ain the
sane borghd pirgs, eﬂé@ﬂﬁ@n@d\ﬂérﬁﬁhﬁ&y tithears here isaiing repdczgiretali d;qnddrbna drill
strig 0 %ﬁ% i nvasi on zone in a reservoir |leads to reduced
ski n gff@é'ngcﬂﬁ qﬂF% %P5 rate and higher recovery factor. Fluid
| oss of the drilling nud is one of the main factors that results in
bor ehol e_i nst abi | it e decr eases
the rat PBPorAnPLel 500 reiEiRia o' Qs o dohdog e %%”%nfagt n
r educi ngsuffident dbutosy velf pain cbrlamslgesﬂrhelr@fbmlt dor mAey peisdnit isrieentheen
reduci ng cartAfitdd ér String,
Wil have&%ﬁt’)%r})m%%&%e grbedélfkca@rétf ﬂeq’ﬂ@ cffeoﬁﬂiogieﬁéstoa%@%efc%te F{edlljced|r bor ehol e
i nst 3Wi | mpyena@atbs SE‘CENB abeundatpidl arigtie e imkaown de deesb MASSERALP GR¥P s af et y,
whi ch ar 8stt@fmﬁﬁg wtﬁggtasrgea%t UF%§@%0I Mg tpafsdgt ki lih e RBLSE bfyaod/t‘rtgh a

borehole Wt s according to the jinvention, i S proposed

to i ncree@d)t Hiakeceidpursefenat that tgye'ﬁ%a%rﬁqtgect t?éoeo%m'énftﬂr@“atam trqe}trpgrgtl on by

reduci ngr edrhSORERRE andiRBIGAtnd i FoPaRFGds ErdnentalitnBugdrbien @rpatientst r i ng
(ECD) by i1ncreasing ‘an annul us area, increasing borehole stability by

reduci ng wall contact of eg. a drill string , reducing differential
sticking of drill string in open hole section, inproving hole cleaning due
to rotational flow regime in annulus, and reducing surface torque by
elimnating drill bit reactive torque. Reducing the circul ation pressure

| oss in an annul us reduces the pressure on the formation and thereby the
risk of formationfracture. The total pressure inserted to the formation is
equi valent to the hydrostatic pressure of circulating mud with the
eqU|vaIent den5|ty |n the annulus ECD IS one of the naln Ilnttlng factors
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a nodified drilling systemshows that the borehole cleaning is nuch better
in nodified wells. The present invention concerns an apparatus for

modi f yi ngwoheiosisdeaal | s of a borehol e. The apparat us mapchavzzobabixm hol e
assenbly, BHA. The produced borehole will not be a circular borehole with a
uni form di aneter along the length of the hole, but rather a hole with a non
circular cross section, or a hole wi2h varying diameter al ong the |ength.
The cross section may in an enbodi nent include a multi profile well pattern
where the profile wll have sever al different profiles along the length of

t he hole or sectjon, or ina furt HR@ gﬁnt %g{b rrultfaac%ﬁiral wel |
patternWﬁa'dl"r‘Rj”@léX/@PHI faéeomé% WG %f” FeF Bt 8niie® e bor ehol e
may in &IBW@\Y&narftf-ihﬂehﬁthat@@l@@tﬂﬂf@fﬁwrhﬁb@prshneﬂt a]40d|nag1éat)eﬁro:m threadosss| i ptic
profile. Furthernore nvent| drilling
t he abof@ {; 'BHJé‘HeﬂEﬂSDEGnS'B °é|€r’\?mtpﬁ %\% '0 3 Egrf/&gTO%hel ical or
spiral shepsslici Meranalgaseom&snmereedmge I%azotusmgstbetdatbvt dvasr of BLUpiREEt he | engt h
of the bo eho [ s al ong
The' FondthesT reHis 5P aRLAES et R AR farnd IS BRI P IR TS
r ecess. Asd/exgitianfremomatooyreliefbor ehol e cross sections nmay have at | east one of
a nulti profile well pattern with several different recesses, a nulti
spiral well pattern having several recesses or grooves along a main
ci r cul aFobanatyopatients rsufféringdrame beteodrtivitih cirerheumataid rasihriti. | epniiped he
vari ous b?% 00k fsQr%E&%m’EFﬂéét%ﬁfsu ety [uBed el &y R3S Ibupt idaén | nvent i on
provi ded or eho aving an e |ca Cross section | i ptical
crod§ sedichovouithgtheniss b%hmﬁ}SQméOflQ@h@t"ﬁgéﬂ'tﬁ%r%& eThupribe BeinefSiis of the
i nvent i %’ffeéltﬁho z aﬁrrhtﬂé‘lﬂétté‘qigﬂﬁévfeﬂcdf%dbgaf&d@éﬂ B8l stisstdrititally r@aua:sa fohe

in

bor ehol e Includes a first end portlonoéﬁg o ortion,
and a srsd@em?f'?ntér\f\”tb@t'tv@éhe sang tgwecpmrenising, Palignint i %%Sé si dewal | s
of the Rgneght@xtehtirt hernore the apparatus includes means on the si de of

t he housi'ng for renoving material from said borehole sidewall. The
apparatus can be rotated and noved in a | engthw se direction on for

i nst@nces gamARN o rHENRVENTION! udes separ ate neans for rotating the housing
with a controlled rotational speed in relation to sa hol e

si dewal IAscorfing tgmngrasPast ofdfe ‘W@Pttﬂﬂ‘ethﬁ'i? ﬁ&f%@edr eGP Spﬁfféetﬁgt?ﬁf% in a
cont r ol liggpréfah ¢h e éreﬁﬂbtrddbnalmdmiamm jon treediraf bstaodririiaiod reonelod e.  The

method G WSS AU PABFEReN CCTeE 4 cel Ty N RpARIR; Baffe, 1 g™ °

met hod. a]alpﬂ)xhﬁmsly ngs Worapptwdmtdmesrgmebhpﬂofemang apprarig1ately€Td @g terud rrot ors
and .ot her drivi e known within the field, typically driven by
dri |%%I ndfA H{Pd('m%aggﬁéa%‘?%%ﬁ ?}n(&m th electric notors. The means for removing

material from said borehole wall in the SI de of said housing may include at
| east o i & ﬁisrlwng means. The m Il or bits
may typi nﬁreﬁgbl tg\%eﬁ/egl h%e]{gﬁgltta %gsd sintered or sone kind of hard
facing bits to provide a mlling action. Hovvever ot her shapes such as

apoi nt edoQferSMAH kR S&ﬁﬁp% ¥ Rempsed. Syrkdnelily db@nMaRdSpuprblent wpiical Iy be
used ondFtr%ee ?W}Je of t Sma ré‘?d neaaﬁ}sé for rgt ating the housing with a
cont?%l IW“?W’E‘%{?W@HQIF"%%%P’(%?‘ i ncl udes means for rotating a drill string
attached at a rearward end of said housing. Typically the rot atl on is

provi ded b d| na means for rotating a | east one
mll forPie RASIUQN CREPISRS 1%h6nqg'ﬁe|?f°er'? %’18%9[) "bﬁptfac"t h'B°|bor ehol e wal |
for providing both a forward notion and a rotating notion of the housing in
the borehole whjile nm.lling. e. The Si e a first
and a se%f@frda%fh@,m%at%?"é%”?r%a?{e "f"f‘f@ "f{ 0.40S39¢ {MiigalP 1P Y rreans Such as a
drilsobit for renoving material fromin front of said borehoIe to further
drill the hol The eco art e he first
part. Ong tﬁh yspt rtfgl rr@va’gln%dsg Qgg%’c Mtﬁﬁ&%ﬁhgg paratus to

t he borehole wal | . The parts may then be driven back and forth by a

sui t abl ega i for providing a sinultaneous
rotati ngP%te edg@%%e/ab& & |c?geetrag‘§u :&ggﬁﬁg an i nchworm notion. The neans for
anchoring the apparatus to the borehole wall nust then grip or rel ease the
borehole wall sequentially to provide the twi sting i nchworm notion. The
housi ng nmust furthernore include neans for renmoving material fromthe

borehol e wall as explained. The housing may further include a drill bit at
the end of the housing facing in the direction of the borehole for drilling
the borehole. The drill bit may be an ordinary drill bit well known wthin

the field, and may typically be driven by a nud motor. The housing may
|ncI ude several m IIs on the srde of sald housr ng. Four m' I1's may for

. - T 1 I Y R o



shape of the mll used to make the rifle, typically providing a curved or
poi nted section. |If the | ess favourabl e nethod of abrasive blasting is
used, thewpnrofodsgssor section will be | ess predictabl e ardTmiz2boot000220 gr eat er
extent depend on the material in the borehole. The shape is however of |ess
i nportance as long as the helical or spiral rifle provides the intended
effect. The invention may also include a swivel for allow ng the apparatus
to rotate freely or for providing an i ndependent rotation of the apparatus

inrelation to the drill string. The invention may al so include a reamer.
Means for centring the apparatus in the borehole may al so be provided. In a
further aspect, the invention provides an apparatus for drilling a borehole

havi ng &reﬁérﬁﬁlz 15 BiddmaAMEar 14 ngsattedngsiet shdremageéuticalnpacis| kevingritabletsaof | xed axi s

parallel to t bor d.boreh t | east
one of SPRRYISSi ﬁ‘ﬁ FI '?30?%@’[9& @a{ﬁua'gﬂs gﬂ ?lug?rlct(rggéée ﬁ'Fotc{ealrbn Vi Shg%)?lrogl gr ooves
al ong anoee thabdrtietesleaca 24 spurarmdaancnmbtathm @the'uré'rlntgme@hol e. In a further
aspegct, the invention provides a borehole having a nulti profile or
elliptical cross section forned by the use of a bottom hol e-assenply

conpr i sifagprdingitd lai faghgsraspedisof the: inyentiantthere inppaeded 3 Hee PhP®RE¢BMObr ovi des a
tube f 0Ll FBRSBRA Ithd Ipfbticisio bh oA niaRakRAL iaH knbafite) vbicoluthrals or 05

section I's twsted along the axial length and results in ﬁlﬂe shaped
gr ooves rheymatad tantbetis, myereie rthe resdigament W@Ht'teéna QMpinglon FOUPRINLG f or

maki ng %oﬁ’tﬁﬁ@ﬁq:’hd%pmférhahﬁbﬁa‘&éﬂamdﬂ%rl SomhiniStF ROV a6 .doske stedblootb deivpr i ses t he
steps of insta an appar at us a§(? def i ned abov and .w %@1 %Olr%t% t udi nal

houdfng aPHroé‘”l%ﬁ’hé% @9 tgRRPTRYINESH, S0 RypLofen ?n aRPrax|e a second
end por tiheRxinftfisly & 080 €y Readetamollpet wesen sai d end portions. The means or
mlls on said side portion for nodifying the bore hole wall is then
operated for renoving material. The housing is rotated and fed in a

cont r ol Ireeferamlyethef§ corapgiittondisnédr deiverory aptoximetelya 308 nngobherdfanoeed i onal
speed in relatign sai d r wal | s. The apparatus of the

i nvent i GRPIFEY" %%Ygttogo mg[%aré?e‘? 8p§€§4\3\;erd notion to produce areas of

di ffiérent dianmeter. The mlls may then be retracted, the apparatus |ed
forward 0:.0f..a d | Rt €600 EYg CoMTENnce
by rot atF?r%l‘!ratr ogﬁtﬂt’téek%p grls'gbﬁslsw%rhgﬂ%@ggr \?/gpdmrgoﬁﬁéfeg}he width of the area
wi t h di frleeacetamalipeindaser can be controlled by the rotation and the forward
notion.In a further aspect, the invention provi des a nethod for drilling a
borehol e having a cross section varying. al on t he Q%@‘rtt‘t 5\66 bor ehol e,
accor di rfiyeferabbh theoromprsition shpoxided yéid S“é"é‘f‘it' e é?rﬁ'?)%ll ’%ﬁt d8d above.
BRI Bl DES$IRbBA kN1 Go0 Rtk assphienerbact dasetup folrr tinnes éaclieiay.i on wi |l be
described in relation to the followi ng draw ngs, in which: Fi gure 1 is an
exanpl e of the present invention used for Extended Reach Drilling (ERD);

Fi gure 205t0aus the 66/0pSsitAas inthe Gdrmaof boe ehbe sailid Hosagewlnits. spiral rifle
shape according to an enbodi nent of the invention; Figure 3 is an
illustration fromthe side of the nulti spiral rifle shaped borehol e of
fig. 2; Optpueky the csmpssitidnlisigtlivatd form.f rom t he side of a nulti dianeter

bor | e according to an enbodi nent of the invention;; Figure 5 is an
illustration fromthe side of a nmulti dianeter borehole according to an
enbodi nefdtcoafing teea ifurthentasipert ofiithe inyertion| therstip ipreyided @ restihesl ef treati§ar e 6
shows a c Fiidhieror corsumiption,

T ust gt R Bt e t%"“Pté'“%b?‘é’EB‘“P??Fﬁ% SA Do ohos of fig.
6; Fi gurer dngshibvs apnf%i@gte%c%ﬁoomgaftoaaB@fPé'H@F%Y wtdoh 8 d‘erPrloeé‘tﬁ”ﬁg bef or e
and afte F{a&&tt alg,gn h giodeVWald Sparddegath®l $his sifgle

illust ra%ll on %ﬂgﬁt Egﬁg gfazje%o%pgwﬁ(u%?%l?spl ral I‘dl fspl e shaped boreho?e

accotli ngdreipistiatiodnbodi ment of the invention, with a drill string in the
hol e, showi ng contact points bet ween t he bor ehole and the drill string;

Figure 10 shows a first e nt of an.a S_acc n t he
i nvent i oRreferably tthe amepat cgb Brre eﬂl'ssm%x"ﬁgégcg@dé g ﬁ‘g %mg?nt of
appar at Ugara&&anelii®gpproxitnaielyi NUeMg@er bdristrhorsi de; Figure 12 shows athird

enbodi nrent of an apparatus according to the invention fromthe side; and
Figure 13 shows an apparatus according to the invention in a borehole.In

the following, the invention will be better explained with reference to the
acconpani ed figures: Figure 1 shows an apparatus 1 according to the
invention for Extended Reach Drilling (ERD) froma subsea installation, in
a borehole 20. The apparatus is attached to a drill string 6. Figure 2

shows an exanple of a cross section of a borehole 20 according to the
invention, drilled with an apparatus that will be further el aborated bel ow.
The borehole |nclude r|fles or Iongltudlnally extendlng ‘grooves 2 1 that
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string and the borehole is reduced, and how the effective cross section for
transportation of fluids is increased. Furthernore the problemrelated to
di ff er entwel2o0stdsgdsiing i s reduced. Rotating the positionpofi/NZenogoeaves

al ong the axis of the bore hole and introducing the spiral grooves

contributes to maintain a nmechanical clearance between the drill string and
borehole. Figure 9 is an illustratioh fromthe side of a multi spiral,
rifle shaped borehole 20 according to an enbodi nent of the invention, with
adrill string 6 in the hole 20, show ng contact points between the
borehole and the drill string 6. The rifles are shown as bl ack areas.

Figure 10 shows a first enmbodi ment of an apparatus 1 for nodification of
the si dey@abiaslyQhe ambaritel WuprdascRrabiongg taad thecarowre of baracettmohisthédlsi de.

Modi fi cati on |n this context is intended to cover renoving material from
the si dEWAHS'E ’E”H"%raBQ/” de grooves, rifles, recesses, different dianeters
etc. The appar at us 1 includes a | ongi tudi nal housing 2 adapted to fit

i nsi h . The_ housin Y, i ul ar and
i ncl deisej ‘lagyetp rol%} ?ri'cgﬂarfigcgﬁaf %res'pe{(@ﬁ)enﬁwgnoé%x%ropﬂf)dh%gbmgfngf‘%}g portion
13 ext erdtgetbot vapsnles.he end portions 11 and 12. The side portion 13 is
adapted to face the sidewalls of the borehole. Fig 10 shows three neans 5
on the side of the housing 2 for renoving material fromthe borehole wall.
A fourt IPrefecably tBe itwiprafen atbpatacgiamplds prgiisterad of ingpstedinyeSapEYM t he
housi ng , ocated at the first end portion 11 of the
housi ng ap;ﬁﬂghﬁ élye%)h%ur%‘tnltir%\?&'sll typi cal ly be driven in fast rotation by a
mud 1ot or or any other suitable notor, typically inside the housing 2 . If
the apparcacrdinglioas further aspeeinefith inventien HeraiseioTidecha use of PRZESTEINN | | ed

bor ehol g4t m‘ﬁﬁroté?\e ifiTthd |pr@pbérati]o41 &8 RfedidEnidng dor AreSthgy Edste’b@rtﬁmrst ool s the
rotation of housi ng inrelation to a drill stri §W|vel 15 is

at t achedhewnatpid #Bvids, n‘@’)heze'at the TRedcRTRY CAWTHSY £i %ﬂ?’bf?%“thcé’ TRRFVET 15 may

al I ow frc%ﬁtphéih%b'tlﬁ’é’ta;ﬁéun&éw eftedtlve apiduhhgs ibuprdfeh abd paratetamble housi ng The
housing 2 may be rotated in relation to t he borehole by wwth a controlled

rot arional speed in relation t he hole S|de I | ude
separ at é\%A r'ionﬁf‘ffﬁ‘éhé‘sR‘?%P% o ”' IPEHE IS Ryt 1%”16?%5% %Yeattlﬂgtor in

the sw \(ﬁteo&ﬁhmrs tdne reousitalg  artHrivis pbmpmsthmgadhmmatenog] of tdveivingusang 2.
AIternat vel e forremvi mat e Yol d g mills
that card ‘Ef@p%‘tt'tcalg’he‘?fc%cﬁ\‘ﬁ i A4 qelpﬂ?cgha"t% tah‘gﬁl bLstP:&lﬁH %UF %E'StHI)‘\zi de a

rot at i ngsiragitdanedusiy) t he housi ng 2 The drill bit 14 will also result in an
applied torque on the housing that again can be used to rotate the housing
2 it elation to the borehole. This enbodi nent provi des an opportunity for
slow rotatio ril and reduced wear in ERD wells. As

ment i onﬁ'?@%‘b’%‘%&h&ﬁg’%&%&weﬂgﬁt omatically rotated by the torque inposed
by the dsdrhé piﬁférreﬂ‘bml@ddnéri@ofahetrtvemﬁontvhﬂanthbbelssmr’rbeHéJUi\A@HIOng@J‘OM@s is
created auto cal | in upper part of a BHA

behi nd t?t@["?‘r‘glaﬁ* a?'?ﬁe|°Bt °°3'§8{’§(t5‘%§‘%%“9' too g The bits or mlls 5 of the

appaysatus 1 can rotate and penetrate in to the borehole wall perpendicul ar
to the brigakole axiltstrateeltttd’mfﬁmynfalp'relfer'redgom of the preFhet isyedéoriri || bits are

rotating and have IE atuoﬁ39WC%ﬂnA§ré)f(aﬂt %Eﬁ?’ees o of the body and retract after
order to €

finishing the |j e spiral grooves apparatus nay rotate

slowy during the aX| al penetration of the main borehole. The main drilling
bit and It-'pﬁ desﬁde %ﬁﬁer%fu@trét@éﬁte‘étﬂ:aﬁ?%tta Bﬁéterk@@orﬁpmh@fnvéﬁt%np\ppar atus nust
been rota Sslowy to create iral pitch. The pitch of the spirals is

depedding to the rlateatmmtpé?ﬁ@tata@m ting 3%@‘% bit and the rate of rotation
of the apparatus. This process can be designed nanual or automatic.

Accor di n8 to the different design of the apparatus 1, the main drill bit 14
in front DETAWRD BESERIRHONNg 6 and the sides drill bits 5 can rotate by

using i nfnes Br%terf@d%mbﬂhémvleﬁhotnhhéreq@aeamétavrﬁuhtm apbrdximeatelpiieaing wont r ol | ed
by slow rotation of the dri

strin appar at us can .be, de ned to work

on a r ot aPRroXmetely §3¢ P’ﬁdb%ﬁgef‘r?”f’tﬁp r%‘&‘éaée‘t/ h"gg PR PXImgt e?y @{9 a9d the
si de3Pi t paracdbinbl ih@bmbmativh. I Mbstiprergrabfy thé ugdrdfdr argl paracetariblecon®atof ve
torque of the main drill bit will cause to slow rotating of the Apparatus
and creating the spiral grooves. The pitch of the spirals will create
automatically and are according to the tool design. Releasing the BHA
included the apparatus fromthe drill string and have a free rotational
drill string which m ght be beneficial to reduce the casing wear in a ERD
wel | . Figure 11 shows a second enbodi nent of an apparatus according to the
invention fromthe side. In this enbodi nent the swivel 15 on fig 10 is
omtted. In this enbodl ment, the drill strlng 6 |s rotated aI ong W|th the
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certain flow pattern in fluid fl owm ng through a borehol e. PROCESS FOR
REDUCI NG THE FLUORI DE CONTENT WHEN PRODUCI NG PROTEI NACEQUS CONCENTRATES
FROM KRI LWwoBhm/qauessent i nvention concerns an industri al poemNmobefoos220 enovi ng
fluoride and unwanted trace el enents contained in crustaceans. The process
is especially favourable and effective for substantial reduction of
fluoride fromkrill by renoving substantial anounts of the shell and
carapace and form ng several fractions fromthe crustaceans, inter alia a
fluoride-reduced |ipidaceous and protei naceous enul sion. The invention al so

sol ves processin roblens related to such emyl si ons d jgh lipid
cont ent E‘eéﬁﬁ'eb§p?g’€F‘B‘fm§}elﬁi1aﬂ %?rﬁamr%u@a@%%pg\&eﬁ#ﬁ% i d%ms/alh(c as
phosphotidiaBits feey Bhoaiseashtientcanredtivet 5 totd toa i 1260 nigyibuprefeprandés®Oaccor di ng
to the' invention may b sed per f , d

addi ti v8Y, paégceﬁ%ﬂ'?laoé'éh? ?éi‘logr P%‘S%-@@Sﬁt% F'\éegfg‘ %glétgﬁqc% so%ﬁogﬁefg?ﬁ]aceuti cal s
or usedsashas baly tonagabiettie rdqalrad footelifarr25heng thoanpsedeaialy 08 ces bupgienThe
process _accordi. ' j: i j i i 1 on ot her

Cr ust ac 2ineor AR o {0 Rl Pkl o Bl 2o BIEiaE hot
sufficiently addressed by the prior art is the fluoride and unwanted trace
Mt e | alng ALFSrofd ELMRE o tvD Sl kdken GRGRAF EmBOdadH dflis Bllequiatest aceans.

In the disclosure In the notion ri is used, signi f.ﬁl n'%é{t.hat krill
i s one farnat deastr saceaigstswhdiasng Fems opieedtuls & ég‘i}g’?ﬁt%i | W Eent uat ed,
but al s@.aihighy tHPeFodelats N SdcdbRABMATS thedes canditidrs. t Maispsesieptisingivent i on.
Anot her problemrelated to krill, and especiall. e.Antarﬁti c krill, is

: t
t he 1A glReeRsERPIRteS) Severe; PteRartaYS A ”?é?%r?&ﬂﬂtéﬁ P IHE S hi ng
season. cHRdifidiatdrenad ievel& ibugtsternmang palkicetamoh delivereddsstaiorigbléntaheath ¢ kril |

{Euphausj a superb) is that the.lipid content, an Cl ol ar
l'i pid c@ﬁ?%l’i‘fop‘@uﬁ%f %Fseﬁcf%gﬂh%lsl'%'f%??ﬂycal PVste s g'g%ﬁiﬁﬁcﬁ??%%bi Egcrgecond
hal f of inflaemnsetianonHbéwerr Apieh libldyfeh andureeacaigol ke cambired Ftdevelwef known

'l e e ot - !
neary eBGReLAa0TED 100 o e PG TRAP R Bl G ey 1 ©
var ilat i ensigificanhbenefitteathieednparticulryl if ghetstreaforniis repeajed ebfingesy Despite
these Vefﬁtgwgfsg Wvgﬁ‘r%?éa'sﬁgﬁeﬂﬁhhﬁé)lfgré:%’%r?@ipec?eﬁ'i@n gt yritRh eater

S an ospho r

{
triglycerrdes Iprds is neaqég constant for the Antarctic krill.
It is allexslaeflibucaienmere reanirgd, Sercrxampled A He dakan tregHngSIRYRT i2dsoUause

strong ﬁiéHb&'(ieft?atooﬁHg)aaW?H# b URBtrteH S a8t rRdterats 16 Beveiepader! | PRe OF the
fractions in the procCesses, such as hydrolysis, which nvo%vesse aration of
i pi d- AeEbIageRtheiaes desaribad et s shlcieriiol dlive Eﬁ‘a“c 58t $EELPUMg to the
present daA¥eeLuBSinAl i S, \esdetdie oesalerd eeteqinahlissBRd Bypattionbly hglpéun -
aggregat e of non-so| uble Efrot i%S and Eho%)hol i.@i ds before and during the

| ast sep3rFIPEARILHRE Ga5e% é“?)‘fe{) BLQSEVRIS 95993 8 ent a vast resource for

bi ol ogi cal material. The amount of Antarctic krill (Euphausia superb) which
live in the Antarctic Ccean, although varying depend on the cal cul ation

met hod dANEHRENEY gation, is roughly 1 to 2 x 109 tons arid the possible
vei ght ofo erdreplify Sheesfiitatyt @h plefdrddoerbodihBft dfoths .invEnEsie asprasfectva)st aceans

that Jive in th ol ters around the Antarcti re | ] as a
source frBPd?fP'B?cgi ‘E@“,b%'&aﬁfjdgugyumsa@nptﬁo'glﬁﬁ%fr?dfsdéffecgoci%yb %ggtep%&'%{&gd fatty
aci ds etsufferiedfrbmnéstéodribgite), Fant greapd bii patents wereeselextadoarcheadsgrognzynes and
other materi.al s, and, several for | t gmterials have been
devel opate 4e oy Bt e o g BRuklnt B bAMeRFETRL S 7 R
circunstance that krill accumulate fluoride in their shell, increasing the
fluori de gretunt—of—any produced nateriat—erther—throughjt he i ncl usi on of
such shel || Granp same hr pMgdlicgiontakeni on pr ocess&etakamountki ng i nto account the
transfer of fluoride to the final material 1ﬁfr'6;gﬁ"“9ﬁe extraction steps or
t hrough tilne-consumi ng processes wherein frel9 t '#8Y9r | oosely bound
fluori de nmeyghefabidse 1pQBHE Mg pshtdnomablesi al 48o@imynto the further processed
mat eri al, |maki ng the emdrtpfeaduigt high in fluoride ions or fluorinated
conpounds. -Fluoride s a conpoundthat—+n—-hi-gh—<concentrations is

det ri ment al pigsred b heaktibo @ iblgoraweletsi ng anj2omig as wel | as all kind
of fi sh and crustaceans and especially fresh-water fish species, since
fluoride atons have the tendency of entering into the bone structure of
such organi sns and creating fluorosis (a weakening of the bone structure
simlar inits effect to osteoporosis, but different since it is the bone
structure itself, and not the porosity of the bone that is affected).

Skel etal fluorosis is a condition characterised by skeletal abnormalities
and joint pain. It is caused by pathol ogi cal bone formation due to the

m t ogeni c action of fluoride on osteoblasts. In its nore severe forns,
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probl ens caused by enul si on when produci ng protei nhaceous concentrates from

krill. There also is a need for a versatile industrial nethod addressing
bot h t he wermwals4a3ii fl uorine fromthe processed krill necemzabosanck2o he
varying contents of polar lipids in the krill material. Prior art In FR

pat ent 2835703 (Applicant: Techniagro, Inventor: Fanni, J. et al., Mrch
15, 2002) there is disclosed an isoléation nethod for obtaining a protein
hydrol ysate froma mari ne source such as filleting discards and ot her
marine waste materials (anong ot hersshellfish). The patent includes steps
of crushing,  hydrolysis filtration-and-eceptrfugatton but is not

parti cul arly suited Wrtﬁ‘?efﬁégysi rg—k+-H—afd—certatnty—does not concern

i tsel f witiBugréten mgobl emsod my eupwiengbfetsuor i de4b0 o t he npterial. Al so the
sequence pf steps in| &oytipprsaledssi ng nmet hod|has an inpack on the quality and
conposi tipn of the finalcopbingliostableiaistiméee | algy g, menti oned process

accordi ng| to Fanni dodsilyneachpabde baing Sa0mgi $ p'g,gbgt@fme, fpr renoving fluoride
fromthe processed maper¢edmol ApsE0tnge processsacePkpdi Ng| to Fanni does not
addr ess t hEOPRIAIPm wiuAofeNgh pol ar 1ipid ¢qubemd | h the processed
material,| and offers{no solution to this prfoblem In EP|patent 1 417 2 11Bl
(Nept une Fechnotogires & Broresources, tnc.) there 15 disclosed a
conposition including a particular phospholipid and a particular flavonoid
and the use thereof for producing a nedicanment suitable for treating or

Pr event i) gaforliWBR! aqda #ird 28%0SandHH RARDALAA RO ShiRhRCkiee (alir aus nat ur al
marine or "aquati c sources, inter alia kril] h&@ghauaha gu%erdbz%,t Antarctic
krill afiosteqatits for ghlgest @ monikes| Aatients pent fhyoush 3 WpshoyE Perqd 4T thei Mt he

| ndi 3N Gkig@TYy od¥BeHriktis! FehtflcARd STRNsOhrdegrBue ehc laatls phfierdaddekar , t he

Canadi an West coast, .th apanese Coast, the L f. of St. > and the
Bay of FRHAEyIIHR SWﬁ@rW'%r?]ngﬁ?{g%i Pgﬁsoﬁ t%ga%ff‘dthfeof i lkbg]p{q‘?%égtt he
rel evantcoppreptnel étpiyd @ndnhd lbayioniog df ittee diedy,rarzediso et endysien nbeddd carri ed

out by successive acetone and al cohql 1tr fit LR Ehal

m | 1§ ngPUPTRSHPHgY er‘?‘t'eﬂgsaY" retrﬁ%!.#lrggg? g'sﬁgﬁh&g@%&?‘gn@h@%hwgm%rmvi ng

t he fl ueuestenhaicnarideGlobbEPaiaRatirgAissassroetit! y t he produced product, al beit
cont gi ning the indicated phospholipid and falvonoid, has in no way the sane
con‘p1 sition as the product according to the present invention at |east for
t he readsihe WBMAG heestipesainet inynivecess seriescdf iestians raletaddadhe feval eforan

extracti | s j.ncl u Wé"r’@ c i SiQREs fPreagenoVvi Nng
solid krsﬁﬁ?re%é{{ﬂ}kf%aﬁé’ﬁn% tﬁ%ﬁ?@? niti giéq'"gk“fﬁ’{? II?rr‘glﬁsus.ﬁ\%lhn GB patent 2 240 786
(Kor ea RwestioResaparately.|ins AYatiEive manpeioisBmh vl PR MMdong gile9u§A e cont ent

of Kril lTHeSyifS6R%ThZ28res Wtwddhethe staft MOBRBEThpatslyngasctapiaréd: This r ent
t hrough pul veri zed krill renoving fluoride usi tﬁ%ﬁ%ku ni llffm el ectrodes,
i nget

ri or
not 'Sakimepn srcerage MpWAMAG #aj5rssaies s siomh wapiically ) v & 5FFhe
parti cl aferbhimpbiidhteinind ednisiiation grobis aeneed sidnifcaptyt etibi pdih yeliekthevi ng t he

free fluoride but instead creatjn t her problens c ernl ! enoval of
the find"%& 7 éH%s'B%fﬁ‘aetﬁrln% aﬁgt fbf'grl?f)eﬁgEPWt Srogg%oumqoet%ﬁebér}!aeﬁ %eﬁrhﬁg% ge
anount s @miieatiod Jrbu réabiveti hatuatly ieblivalsntpelisfent those trhienbwirgen| gk hel |
particles remaining. in th . i@l .In US patent 5 053 234
( Ander sofi®&t: bé{{".v'§h°t%ﬁk] esai“% r%kggﬁ%'g%%%g%p%%éﬁg%eous product produced
thrdfgh a process involving a mlling stage, a hydrolyzing stage using
prot eol yti ¢ ' ' ' havob¥ing hsati-ng of the

mat er i aI+Haen%I%§iZ|rru Pé?le ué%ggg%é%@hng@geg&%ﬁg%}ur&tﬁr%ugh’ t he Keati ng, a
screening stage for renpypsignededy; fromthe product, and a subsequent
oi |l -separation stage faor renpvi rg)% oi | tot.f ormt heI (%Lunalt. ﬁrpduct. Agai n
not hi ng i s®i Mitat ed cdRRBMRTGRY FEMDYEHEIPT QST HR S ORTYVRE: mat eri al .
General di gclipsdirgteof t(PsininbBiRAtsuMBiento r@dues @R biféd\deaint activitypr ovi des an

i ndustrial method for processing catches of krill conprising a nunber of
st ep®d present$gra ver yinghiftyyo WAL %@sé?fah%"é{|a|°§}\"t¥bnp| ete renmoval of crust,
car apacepand. s i f ' Erom t he
i LT e i B B T TS B sRoilg 1 Bhe B Y B e e by
emul si onstamiobthemtustye sail atgoaat thanenbefaech subgeoHem waeke otedmiprayement in
phosphol i pi ds. The met hod according to the present invention is initiated
i mredi at el y subsequent to decking a catch of krill. It is of inportance
that the nmethod according to the present invention is initiated as soon as
possi ble after the catch of krill has been decked since fluoride

imedi ately starts to | eak/diffuse fromthe crust and carapace into the
flesh and juices fromdead krill. Wen using the term"imedi ately" in
connection with starting the process according to the present invention
this relates to the period fromdecking the krill catch and to the initial
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elevated to a tenperature suitable for the subsequent enzymatic hydrol ysis.
The tenperature shall be increased as soon as possible (wthin seconds
[e.g. 1-3W020m0mamss, nore preferred 1-100 seconds, evenpgw/Nmefmosxrd 1-60
seconds, nost preferred 1-10 seconds]) subsequent to the disintegrating
step for reducing the processing tinme and thereby preventing diffusion of
fluoride and for preparing the material for the enzymatic hydrolysis.
According to the present invention enzynes nay be added directly to the
disintegrated material or through the added water or both, before, during
or after the disintegration rocess aicordl nqﬁto t E p‘reﬁ ate xﬁentlon
exogeno@3liqht 8¢ues Yes éss@ﬁi‘?/jrre orgxagple Hafights WHo [eggp WA & Mg yrnes deri ved

from m %t@lﬁrmth%ﬁﬁat [trE’eaehdt |oﬂ31e8$tbdy hacSonlﬁ\SBpmmkgli Ipbmsranmggemproeeatpy dr plant

speci es) shall adde fore urin [ n, and
bef or e, r%ﬂﬁ‘gl%‘?j‘poﬁy r ﬁé%{f'ﬁﬁdoagg ntts g?ﬂ%’@gr a%é)g%n%%ar i a ?
added engmy mﬁﬁnséndeayhebetudyl withe foldirpain ratn’e tmmg‘t!@l leh 2 yatngogrowpsyi 1;'d”teur e of

d
by oy reenamRaNemenn g tee 1 saibBLY il Rl 3Ky HENGE o RS ot mal
condi t | erzs csFssethend giapbedds eh@fgendtggre@d gt griepl sbews st B3tients 'Rﬁ'tﬁ/vn to the
person %%n{_til nea(ﬂ?n rtong ?erctarveé‘ssﬁﬂlﬂ%ﬂt]me&pehﬁﬁ NP 9RNEUSo efhék’é@n%ﬂ@' ase

havi ng a f about 8§, erature opti num of gOOC

hydr ol yé?ae;aqetatmlehdkmpm h‘PVth%’ﬁs trng%épwett@apetﬁz%%he EB‘HE?%au on of
enzymes,, s hodlb gy ﬁé&epsa.ﬁ hare thede i WﬁdfétﬂH@h}#r@dpﬂlﬁlﬁ &Rirs aathbut thd gh
content phospholipids in the raw materi al he efficient anmount of

pr otl€ol y?@rr@reh? ?\%’@@Fi&ﬁqq‘ %t set after a process- and product

optim zation, and will also depend on the efficiency of t he speci fic chosen

conmer ci al me or m x enz amunt

conmer cil aﬁer@qﬂfﬁggers%gldg S‘ftﬁcﬁ’aﬁﬁ? HES: ?%ﬁ%ﬂtok?e't ﬂé%ve ]ht\tﬁgéQ 8’

di si nt egmatedlereany orBfiraiddalr pravaeledesee alblk effbes vweorded, fépﬁaﬁ@ﬁwllﬂﬁ% nor e

pr ef er abl % an d 0, 07/% st o and

b, 00 A RO R oRe A §'5 ik b eh oot O MG AP FLME Mt T by
endogdenddigh (gmth\adnpreb'QWmE@ver‘EheeﬁGeaswnref oecosdit riptiexelgtedotes 9asiignes is to
t ake cont c%l-nfé)r{ and gui de, the breakdown of the proteinaceous material in
t he d|S|n egrated substance as well as aiding in speeding up/accel erating
the hydrolysis of the material (see infra) on account of avoidi ng/preceding

the 'eagﬁh@sﬁ’r ridi Jnésl%ét'tﬁef SRSt Gergthal | anpias %Ha\mhétrwbrﬁwmb&tonq&omngl oned

supra e conbi nati on of enzynes, s ou@ Iges ebcarefully

chosen t%lbs’@dtﬁi‘é equiNalgnbnOf fretiefe &ﬁ%dﬂ@fl%“p?%@@@ en

sel egf edyd; &t@rl?’@ﬂ/’enm/ﬂ% C@ﬁh@@t@ﬁ&%lﬂ@ﬁﬁ&ved ﬁalﬁth@@tﬁdﬂnﬁoﬂbu@ﬁ%ﬁﬁﬂl&sl s used,
such a m xture may al so i nclude one ﬁ{l) her. ch etf e?t subsequently
? Y h¥Re

nmaki ng t#ee %LHP"ﬂSi"P&:@ﬁ’t@Pﬁr?fﬁ‘sfsrhat‘,’tﬂi‘%ﬁ?@j"n %Prawﬂwgbﬁ'gé‘ t°8 P&%ownst r eam
processi fagef th{an qmﬂrbf@ﬁﬂﬁﬁv @é@ussammamjldwsms beolvadk e fsamenanoiniarfeasi ng

t he | eakage or rom:t h shel ust/ a | nto t he

ot her fr'QgﬁrP%Hsa”dttRﬁﬁéWt esﬁah%cé el i Fu ?rpkh@ ea\'gogjgi ? eg%teflé{eng t,

possi bl ecdn@riboes delisfio sattﬁmtemtreeuz;amgchCtOrre@parmay ivréfen. t he ti ne par anet ers

i ndiesrat ed supra. A nore convenient alternative to including chitinases in

t he zynme mx of the initial hydrolysis step will be to process the

separ at edhid effeativendliaf for mggcbmért fram ostebsr@qttnemayybq achieueduibay Beif6H step. As
I's i npot, ‘?i[%trvatl 82 %{t%tg erlsh@eé ﬁ@gd QEO\%T %téfgﬁ"eé kO RbhthRe this! vich gaterial,

and si nc&’th egree | to the I ncreased surface

area cr eatastgrly admm@ﬁratlmramim nlt\tégtﬂb*?tsr@ @P%ﬁes foHetinaey 8 gay i IRIVEYysi s step

shoul d bg,dy rr%%ﬁtlqu b@"nliét'b? athiskt. Mord MG thid arﬁt&ﬂttﬁ’ﬂd%tbﬁﬂtm ﬂbéﬁg@raﬁh@ y within

60 m nut es, referred within 45 m nutes cal cul at ed g E@ ddition
of the erdroigistiainn r@rﬁblw’é( Ehis isThR aggiiRNg adfantageqys( ay éaﬂ@d PO ted to
the typespleRBFIHTR aBIEISHe UfSds. As an exanple it may be mentioned that the
enzyne al kal ase may be added in an amount of 0,1 - 0,5 % (ww) ofthe raw
material. This should be taken into context with the added endogenous
enzymes shoedid6r aspdllel oe¥eRbd fRERVEREN R prepdréd aedlpesettbe irt theeaimet er val — of
the hydrolytic step. As nentioned supra the tinme of the hydrolytic step is
one of the crucial features of the present process since a short hydrolysis
time reduces the diffusion time of fluorine fromshell, carapace and crust
particles. .The hydrolytic enzymatic processing step is intended to renove

t he bi nding between the soft tissue of the krill to the external shell,
crust and carapace of the crustacean. Subsequent to or together with the
hydrol yti c processing step the krill material is passed through a particle
renmoval device operating through a gravitational force such as a decanter.
ThIS separatlon step renoves the f|ne partlcles contalnlng a con5|derable
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sel ected. The proteinaceous material exiting the decanter forns a
de-fluorinated i ncubate and 10 nmay be separated formng a

Phosphol iwodsiorapiside Conpl ex (PPC), a | ean hydrol ysat e pCrazko®mwoaaof ood or
feed additives and a lipid fraction mainly consisting of neutral |ipids.
The PPCis rich in lipids, like a smooth creamwith no particles, and is
wel | suspended in the proteinaceous dmaterial. This gives small density
differences in the material and nakes it difficult to separate with common
centrifugal separators and decanters. This is |5 especially accentuated

with krill catches durin e second hal f  of e f1shi easo Ordi nary
di sc ceWevYi ﬂawpe‘%eb‘ar%{bgt'@gv\dﬂtﬂ“tnBPeQ?\flEF‘ROFb %}S)er%@g?dr%%éé t%‘an-g and
necessapyapifRatica’, HEehbaenisidf whisathare bédr inchirsdrated heegmbntafganceones, cause
enmul sions in products with high phospholipids content, and result in | ow
dry matter concentrations of PPC. Standard decanters woul d not have

possi bi IAiItbbhaimemaﬁrﬁleodne to low g force, short 20 separ ation zone and
integm xin ht  and I g@iwtghase from
the fmoiIHE SrrEe AL AT REE SheiBaISRERAOR, €l e

sub- f r astitabiesother pharthacesfically ascedtahie firpsioé thedwb@ctives (69 salt%;?éfaunaaw y

desi gneg, E%r 'Lé%@%ﬂz{i ar%qﬁtgﬂtfi__éad to%@&br&&%ﬂe@k%s%ﬂw@%ﬁ%sﬁ@é ajitron path as
shown in ure 1. A specially designed decanter with an
ext endedﬂese@ahmwntsmwtedm@rd@%pﬁ% example s 8?/\E%t

hor i Z?mfc?"l'hu%ﬁﬁ%ﬁ&eﬁt%hht Uge neg@%‘o 5@%@%3%0%@@66%@@M@m bf
essentia

decanter cenfrifu but with O%r% novel ffer nces., As for
r

ordllﬁartacd’e(ézﬂnt@?smgt%rof%reds'@ﬁ reppRNAS Wi f89¢WP5° E&nt FAFSJPaced feed

pi pe i n h@pll ddbRrétce tth e 58ERGiRipreBn 2ediebe kbndthied specéfatendedarier t he
feed enters at t he en S|de of the outlet ( 1.). This

gi ves t Reerprenticsly eS'f"V%e %%&PQE‘HR}B@B% ¥ arifi cati on/ separation zone

than ordinary decanters and utilizes the total available separation | ength

ch|n The drive .is t r 000 g
for srral\ll\"!}%a%orm%g'? E %“W@'"?'gsé)f@%%\'&&on %éhbe%g%raé(??rtt{/egnép ﬁa%ég
f acillsi t aixamglet iveshseldaseatappreciatedy tay rrﬁodrfe:atlcmsoamct gnpriovergemPCan e9¢gut
enul sificati t gSubjected to the highest
g-force V}'ﬁgt’t SOF ngfrgﬁﬂg%gcn %Oef\g‘ ?ﬁ}%ébd ?%ﬁ-‘e (3.). The different liquid
| ayers from PPC are concentrated gradual ly and the PPC can sol ely escape
under the baffle, be pressurised by the g force and pushed out by the
machi ne (4). The concentration of the PPC to about 27-30 % dry matter nakes
t he downstream processing efficient in terns of operating/robustness and as
wel Irpeconomi cal 'y considering both yield and costs for drying of PPCto a
nmeal. It is also of inportance to have a good separation in this step to
get a |l ean hydrolysate wi thout disturbing macronol ecul es being able to
concentrate the hydrol ysate by evaporation to a final concentration of nore
than 60% The lipid content in the PPC on dry matter basis is reflected by
the seasonal variations of the lipid content in the raw naterial and is
typically around 50% .The fluorine reduction on dry wei ght basis conpared
to ¢ rcial krill meal in the PPCis preferably over 70% nore preferred
over<’75 % and nost preferred over 80 % The dry matter content in the CHF
(Concentrated Hydrol ysate Fraction) after separation and after evaporation
is preferably over 45% nore preferred over 50% and nost preferred over
55% The lipid content in the CHF on dry matter basis is preferably bel ow
5% nore preferred bel ow 4% and nost preferred bel ow 3% The fluorine
reduction on dry wei ght basis conpared to comercial krill nmeal in the CHF
is preferably over 85% nore preferred over 90 % nost preferred over 96 %
Whi ¥ the CHF has a low lipid content and a |ow water activity (aw <0, 79)
this fraction could be stored in a tenperature bel ow 4C for nore than 12
nont hs wi t hout any significant mcrobial growmh or other degradation of the
product. The lipid oxidation in nmarine |ipids proceeds relatively rapidly
al so during cold storage, being the reason why the process according to the
i nvention should be conducted on fresh caught material onboard a fishing
vessel. The PPC may be frozen, but the best industrial and cost efficient
way to provide a storage-stable product is, however, to dry the PPC,
preferably in a gentle drying process with |ow tenperatures (0-1 5"C, e.g.
1- 10C or 2-8C) and under inert conditions. This gives a reduced oxidative
stress on the |ong-chain poly-unsaturated onega-3 fatty acids (n-3 LCPUFA).
A lyophilisation process is also well suited since this avoids an
over-heating of the product. Furthernore, an inproved product may be
obtalned by vacuunt(pressure o ? nntkg) and Iom1tenperature (mnthln t he
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under nitrogen atnosphere. The hydrol ysate are continuously feed into a
flash evaporator for dewatering/concentration giving a concentrated

hydr ol ysawe 2broaatéson (CHF) with dry wei ght of 55-70% angcsiNend/ooon2ei r
tight containers under nitrogen atnosphere. A typical nass bal ance for
processing of raw | ean Antarctic krill is shown in table | below Table I.
Mass bal ance for processing of raw I®an Antarctic krill.TITLE A Medi ci nal
Product and Treatnment TECHNI CAL FI ELD The invention relates to the use of
paracetanol and i buprofen for the treatnent of osteoarthritis or rheunatoid
arthritis. BACKGROUND Tabl ets having a conbi nati on of paracetanol (about
475 ngy CL-AMBUt 500 nmg) and i buprofen (about 125 ng to about 150 ngy) are
known from published patent specification WD 2006/ 004449 by AFT

Phar mac qut ijgeabfSparddeadmoans pl@qiréf'eﬁam trmﬂplébarellmefsa tiegicagenbfor $ngeting

conbi nation_ for, reduci e g

di scover edosgwh%tﬁnﬁ’irng%f'g‘ﬁé 04 ’B‘éﬁ 2‘{%%' tﬁ%d |e§ﬁa¢1%?p%g{rbg SU%I cient to
gi ves sur pricmbiatisly memgbsitisrc hawdsgl kpsrowitreitelu d 29 nfgoto amwm@ewﬂé@mﬁ ort

associ ated, w th ast eoarthritis may
i nvol ve i nPV%{ﬁ%\E EBQP&F{&?&I 27% ué ??ﬁgﬁ Qle& é%ﬂaéetv\ggr%t of the
cartilage which serves to cushion a joint, coupl ed with a decrease in the

| evel of t i Modefifte BPE&esalr f aces at
t he j oi nf ggec%ér{r:eg%\#rggér eéérgnsﬂeﬁg?éﬁ@jsésmgﬁlgﬁ%rﬁsdﬁo?ﬁeeﬂggt| ent suffers pain when
the af f ect edleqanthritssoranasleraieler %@’effeﬁ\euﬁ‘éw?aq‘”%'ddy wei ght, for exanpl e when
st andi ng or WaI Ki ng Th| s can develop to the stage where nuscles suffer

atr ophy sangg QMEhérRi thERRIMBHRhGSs #rtlRkild Sstésar@ptiaut oi nmune

di sorder can |nv ve the i mmune system attacking one's joints, also
causi ng inflannatlon It can be a disabling and painful condition Ieadlng

to | oss pf UQ@Q&do'rdlb(g #Uaifn01, RaAITB, mﬂéf@ﬁ&b%ﬁipoﬁtlorﬂc&ﬂ&s@g/ada&)xlmm{yen in four
doses of 1,000 each, |s consi d sufficient for low |l evel pain or

anal gesi ¢ 1e4 'i“éFbLlS’iﬂfe‘? #hd ?ﬁfr‘i?f”ﬁ Mg ParpGetarigly ¢ han ef fective for
prodyci ng the sort of relief reqwred for noderate to severe osteoarthritis

or noderate to severe r t [iti reat derate
to sever §§? %&?rfjﬁpltf’l(ga' rr? 9|°du€r8’ ga ﬁ] U%OT%O%E.%QO%%%Beé r1ggay5m| ein
t hr ee doseupfofd@OdhdrifOearpracdtamnake of i buprofen at that level is
considered to be anti-inflammtory treatnent rather than nerely anal gesic
treatnent (for analgesic treatnment with i buprofen a patientwould normally
only taki Usetaocdding@o agy des of thet preeesinteaimsovhaein thg regdiegmentidiler |
antlyg 0" ! QERALGH bud SRR W bloliRpRa) 2 400 my/ day from three doses
can rtesult e5| ra ect S or exarrpl e adverse cardio renal
condi ti ons, thr onbotl cri sks and gastroi ntestinal bl eeding. Reducing the
dai l'y do§eLgE a'c@é’r@@@ft@'anﬁ %F’é‘%@ﬁwet hecddis cigimsS Whbrew e mbdiegrhenthsitorat the
same time gqves subStant1 al Ty ess pain and/or anti-inflamatory relief.
For many p&kingrie svadaseas Pa PHWW%%?%QthH tis or rheumatoid arthritis,
conbi ned i buprofen and paracetanol treatnent significantly reduces the

dai | dose of i buprofen which uld otherw, se be nece ry f achi evi ng
sui t%bl eBr dspegccorpiigstor A P'i‘%v?\{\g?e ﬂ%‘fég'a@f%%% WBEHY ﬁ’ya%'%{ﬁ 98 e&t% le to
hi gh | evel sadts bbespeaten can be substantially reduced for sone patients
w thout at the sanme tinme conprom sing patient confort, at |east to any
significant extent. SUMVARY OF THE | NVENTI ON Accordi ng to one aspect of the
i nventi o9, tUser@ccbsiur@r v adedna diske @pieqeding cadimspwhaneih fHsumedicamentnist he
preparation o) di @%@ i Knﬁngﬁqgm d
arthritis, gpgedg%t% ggeJt'%lréJCEwa{nng téb?&?BﬁE rgr%mr?g 1‘;ﬁgnbrat(::orrpos| t'i on

havi 3y apprimstiuntnelty a1@6" tegaketwepigblets qmaewesrmmﬁge heogritesreagh 4

appr oxi mat ¥ 00 ng paracetanol. Preferably the
medi canment Eﬁloérsf%rgtﬁ?e ﬁgpgﬁe@&ﬁ%'i S. Preferably, the conposition
conpri ses appr oxi mately 150 ng i buprofen and approxi mately 500 ng

par acet agpl ;s cFiref cgdné/ol am%wp%gﬁm tHe Qe SRR FaP mbaRam@ni f@uné@tfr@n and 500
ng parace arml Igr nedi canent is to be taken in two

units up t costesarthritismes "é‘ﬁé‘ﬁa@&b aribyitg. e whBID tthe Wﬁﬁ'F@Bﬁ%tntcoan”?ei? I@‘e taken
in two dosage units four tinmes each day. Preferably, the unit doses are
tabl ets or capsul es.Preferably the nedi canent is presented as a
pharmaceuti cal pack having tablets or capsules, the pack including
instructions to a user to take two tablets or capsules no nore than 4 tines
each 24 hours or at no nore than 6 hourly intervals. According to a further
aspect of the invention there is provided a use of paracetanol and

i buprofen in the preparation of a medicament for treating osteoarthritis or
rheunat0|d arthrltls mhereln the nedlcanent conprlses a conblnatlon

Y .
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and i buprofen in the preparation of a nedicanment for treating
osteoarthritis or rheumatoid arthritis, wherein the nmedi canent conprises a
conbi nat iwo 20nE@e®iIti on conprising a therapeutically efPerinzeavoawmant of

i buprofen and paracetanol. According to a further aspect of the invention
there is provided a nethod of treating osteoarthritis or rheunatoid
arthritis conprising adm ni stering, 10r receiving, a therapeutically

ef fective anount of paracetanol and ibuprofen substantially simultaneously.
BRI EF DESCRI PTI ON OF DRAW NGS Sone preferred enbodi nents of the inventi on
wi |l now be described by way of exanple and with ref(grfencgz t
acconpanyioegbinetion ﬁg@poaﬁfor\manﬁlsmg 'B't‘.ﬁr%feT 3nA| RGN T ng}lprs fééé\/ of a
preferred if 0§dgeof s ithfie Phesantr Iarammmawylzw flgatd @pplogimMABIRGQPaimy scor es;

and Figure 2 further illustrat efficac of the

i nvention 'PWW%F&W&E’W%‘%"@'%&?&B ﬁ ﬂB’Pmﬁ'H’a e@bﬁ é)go %&%Faf%%"%&g | PTION I n
a preferregstormof the invention there is a tablet which has approxi mately
125 py to approxi mately 150 ng i buprofen and approximtely 475 ng to
appr%xr mately 500 ng paracetanol in conbination. Mdst preferably the

i bupr of an, lamllaamrcan@tcamshim contbrteimtienmedigbiment issfonppriéng MadeRiF 250 ny and
appr oxi mat el espect t gblets every 6 hours a
patient caft’ %r&%s??gﬁa”tisqo %’a%er %%lére 'ﬂg%ﬁ%rﬁg}%eﬁr?hand 4,000 ny paracet anol
over a 24 hour period. Alternatively the tablet can be double strength so

t hat onl ne_tablet is.r ' : eaiie RMYAKktwt el y 300 ng
i bupr of élé @ﬁ%acéﬁbfjrwrr‘%g'”éﬁg%@%gﬁgﬁ? %%g%%@%Qtﬁén%{e ?/ , 000 arrg ! paracetanol in
comibDnati on. The level of relief obtained fromtwo tabl ets taken up to four

times ear%hugé‘%c&o?duﬁﬁ%%uﬂ LG)W 1@br |1Qa%er%mepéérhﬁﬂ%ﬁ%nS!a‘fff)reaeml@rriﬁg om

osteoarthirtis or arthritis, particularly the noderate to severe
forms of tarwexiveieti B0Qmg ibpprafen §”§Lﬁ&9f?’@?ﬁ@'ybee%§ég REFEPIEME! P5" sever e
osteoarthrg and rheumatoid arthritis are inflammtory conditions and the
| evel of uprof en and paracetanol delivered by two tablets at each dose
woul d not be expected to significantly alleviate the disconfort caused by
suchsi nf{s2088 kLt din Mgt 10vhEINor mlnmf@rmtlﬁmbnnmsmoeusafmldelwedngémi ned at

| evel s of approxi rra eI 0- 300 go 1,000 ng respectively (eg from
one or twoMddpiREeiEy 1§ mqrz?é?ﬁ 9% achi eved, particularly if such
treatment is repeated at 6 hourly |ntervals Wth at Ieast osteoarthritis
there is e ectatlon ha S n|f c e ofen are
required 5ap8? %ﬁ?ﬂﬁpe 0. gﬁ Itzhrwé% e%,r} gn{eesg%@rgeoslit%“%%%%?éoggﬁ‘od (ie
2,400 my/ days)ruétmnstd’rleeteffeettﬂnmwwﬂﬂg iptiplofensandrip) e pataseiarpbbe tak§8es. The
co natlon r nis sufficient to deliver relief to at
| ea sone bﬁg&qﬁ%u@?@?é@?ﬁ%a&é ‘m|d, noderate or severe osteoarthritis,
and is particularly hel pful to some patients in cases of noderate to severe
ost eoart 'Lfs*e%c oq:hhﬁ't&grjry ot eh1alRs 8% e8RS I \inerdiR eretddmgoaitign @f inandfoerher red
enbodi nmen venti on a prospective, random sed, double-blind study
was run t o ofreagseirnaorptselidkddsege Udis- hunan pati ents suf f er | ng from
osteoarthritis. Four groups of patients were selected and each group was

gi ven one or other of the follow ng nedications ‘Bver ﬁ? ﬁ .%eri od: Al |
pat i Znt s1Thwlse asgedinorieranymng®f glRimpd8 tedenwaereindh fgMPPEHYL IS B9k nee pai n
due to ostgga{thritis for at least 6 nonths. Patients went through a
washout period of their existing osteoarthritis treatnments. The first three
groups each had 8 patients and the fourth group started with 9 patients.
One of the Apﬁh%iﬁéato‘ﬁtr’éat|rfgf&tédatthﬁﬁs @ tspmatod aﬂbﬂntrs:omrpbrdﬁi@ plogidgudy. At the

begi nni ng of the st so_at caoncl.us week,

pati ents welRHERGUFIE émP%Of\yPélflgea“%?BFré’r" lteg%ag %)aﬁ%%% W@OO

quest onnair@ibapbien 48dodpproxPaataly RIEimgtolapesemaaly. 1, mﬁlew\mme@neém onnaire
i nvol ved a series of. ﬂuestl ons related to the |l evel of pain suffered by the
patients. PRt LRPLTNS 8" quired to mark their answers to each question
separately, in a quantl tative manner, using a 100 mm | ong anal ogue scal e.
The diff ce..l r SdrthANs, was

conpar ed%‘I%@eH]é’ ce}élﬁ aggggqqﬁw&'ﬁﬁ%nﬁegﬁégglgg&?rsegg%%gmﬁegr aphically in
figure 1. It can be seen there that patients in the Conbi nation group
achieved significantly better pain relief than those in the Paracetanol and
| bupr of en Low groups. Indeed patients in the Conbination group received
virtually equivalent relief to those in the |buprofen H gh group, but

w t hout the sanme risks of undesirable side effects. The A obal Pain Rating
Assessnent involved four rating categories, nanely: N (no pain noticed);
MIld (pain noticed but no disruption to normal daily activity); Moderate
(par n notr ced suffl cr ent to reduce or affect dai | Y. actl VI ty) Severe

Y = ~ 2 o b o, [T I |



easy reginme to be met by a user. Increasing fromthis anmount may result in
dosage and adm nistration problens. This is an additional advantage over
and abovewbheiguatesnti al for reduction in adverse side efPCenzao09boe20abl et s
or capsules referred to above can be prepared and presented in the sameway
described in published patent specification WO 2006/ 004449 by AFT

Phar maceutical s, the contents of whildh have been incorporated herein by
reference. Alternative Chemical Forms Wil e i buprof en and paracet anol have
been specifically referred to in this specification, suitable other
pharmaceutically acceptable forns of the two actives (eg salts, etc) may
al so be used and are intended to be enbraced by references to the actives
per se, 20i Uée bberding ghiclamoidnvberzilj tiet mddiagoentdis rfgt yreatrgr medengisl 8f when a
salt formis use he f t tity will need to be

i ncl uded tT" ﬁ??sg?%ghﬁgs?rrnﬁgg]ég%%h} ?&e%%gu'ﬁét?ﬂ arﬁmﬁ%ﬂ ng 1 buprofen

| ysi nate corresponds with 200 ng i buprofen). Thus for exanple, a reference

to 130 nyg A*%-Hah&g %B?d?@iﬁ%*% Te{ udo@so, %ﬁ@r&i‘ﬁﬁﬁ@%é&t@ﬁ%dﬂ&ﬂéﬁﬁ@uu cally

equi val ent’ ‘anobun ysinate.” Wil e sone pre err nbodi nment s
of the i nvm®maﬂ¢blv®0tféerandé§%naméat ﬁwwtwolé&aﬁefpmaf%ﬁ%gdn%e

appreci at ege alinisegbhi cations and inprovenents can occur w thout departing
fromthe scope o ? t he appended cl ai ns. CLAIM5S 1. Use of paracetanol and

i buprofen in the preparation of a nedicanment for treating osteoarthritis or

rheumat Giadaahdthéd hdcordiNg @ @hif 1d)e onge dloc anerin e rpfdusesf iumrofehiinadd on

corrp05|t|on havi ng approxi mat e to a I’OXI tely 150 ng ibuprofen
and 8ppr oxMeend|he a %f?%a%ﬁ%@ﬁa& g’f?ﬂ:et amol . 2. Use

according to claim1 wherein the nedlcanent |s for treati ng noderate or
severe qsteoarthritis or noderate v rfie 1 3. Use
accor di n?g)a ?om tnaij AT IR AN iR OP ?@Saﬁéﬁl ﬁ mkﬁ)ﬂf (ra?a% &?Fdféd and

ost eoar t hr parasetarhol dds én mecﬁmmtbfrmgetoomreaq:crmblnat@n dablegs OK/\mﬂSéieﬁ t he
conposition conprises approximately 150 ng i buprofen and approxi mately 500
ng paracetanol. 5. Use according to claiml, 2 or 3, wherein the

conpldsi t240A wetnod | asesrdh§OonaNYi mﬁppbfcéﬁnfaﬁa ta @S, jieprin Ao ikuppfen gnd Use
according E)Qra ¥mBl€ agr'mﬁlﬁ@reero‘?ﬁfg@bt@g i ihai e Wét@p’brdxhﬁatgl?@ ouApnt is for
taking in osage units up to four tinmes each day. 7. Use according to
any one of int¢realpr ecedi ng cl ai s, wherein the nedicanent is for taking in
two dosage units four tines each day. 8. Use according to any one of the

precedi ngg @Js@'o@%ara‘é’@t‘éﬁ%\ Bnd BEiptRdr mCmé%?epéfﬁm'h%@'a%édl%mér&ﬁﬁruﬂr%mg9 Use

according to any one of the preceding clains, wherein the nedicanent is

pr es¥nt ed 9§teaarﬁﬁﬁﬁrrarcéDWWP'dp&ERr'tﬁav‘i""r‘@'e'Pameet’Ee PSP s BPBRISSE K8 pack

i ncl udi ng icBSbindEdH QRSposBoR ctidplisitida tidgpdunenlly @b etive apfounapisiblgsfeno nor e
than 4 tinmes each 24 hours or at no nore than 6 hourly intervals. 10. Use
of paracet &18P22AM8lipr of en in the preparation of a medicament for
treating osteoarthritis or rheumatoid arthritis, wherein the medi canent

CONpr i Sess. aCABILARE HeRingQERRSIthitRNorGREpHAtSIH Rl Esnoframgantnipisiedingt anol  f or

adm ni stration in doses suita eliver a prOXI 5 o]

approxi mat & yeRYNIng?@| %Eﬁpﬂﬁgﬁhéﬁ%bgwﬁr@QPWﬁtﬁ:93@8 %§I¥%aa§d§g§%nately
1,000 ng paubstettripsimpranedosie. 11. Use according to claim 10, wherein the
medi canent is for treating noderate or severe osteoarthritis or noderate or
severe rheumatoid arthritis. 12. Use according to claim 10, wherein the
medi canent is for treating osteoarthritis. 13. Use according to claim 10,
11 or 12, wherein the conposition is for delivering approximately 300 ny
|bup$%fen and approximately 1,000 ng paracetanol per dose. 14. Use
according to claim10, 11 or 12, wherein the conposition is for delivering
300 ng i buprofen and 1, 000 ny paracetannl per dose. 15. Use according to
claim10, 11 or 12, wherein the conposition is provided with instructions
to the effect that 300 ng i buprofen and 1,000 ng paracetanol be taken at
each dose up four times each day. 16. Use according to any one of clainms 10
to 15 wherein the conposition is in the formof one or nore solid dosage
units. . 17. Use according to any one of clainms 10 to 15, wherein the
conposition is in liquid form 18 A nethod of treating osteoarthritis or
rheumatoid arthritis conprising providing to a patient for consunption, or
i ngesting, approximately 250 ng to approximately 300 ng i buprofen and
approximately 975 ng to approximately 1,000 ng paracetanol in a single
admnistration. 19. A nethod according to claim 18, wherein the nethod is
for treating osteoarthritis.20. Use according to claim 18 wherein the

medi cament is for treating noderate or severe osteoarthritis or noderate or
severe rheunat0|d arthritis. 21. A nethod accordi ng to cIa|n118 19 or 20
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