ITIOAYTEXNEIO KPHTHZ
TMHMA MHXANIKOQN OPYKTON ITOPON

AIIMAQMATIKH EPI'AXIA

YIIOAOT'IETIKA MONTEAA KAITIEIPAMATIKH EITAAHOEYZH I'TA
THN PEOAOI'TA KAI THN IITQXH ITIEXHY I[TIOAD®QN I'EQTPHXHY XE
YYZTHMA TITPOZOMOIQXHE OPIZONTIAXZ 'TEQTPHEZHX

AAAAMAPINHXE [TANATTQTHZ

EZETAXTIKH EHITPOITH
KEAEZIAHX B., AN. KAOQHI'HTHX MHX.O.I1. (EITIBAEIIQN)
ITAAAIOAOI'OZ E., AN. KAGHI'HTHXZ MH.IIEP.
'ATANHX B., YII. Ap. MHX.O.IL

XANIA
IOYNIOZ, 2009



EYXAPIXTIEX

H oloxMpwon g mapodooag dwrpne, €ywve pe t Ponbela kot ™

GLUTOPACTACT] OPICUEVOV avOpOTOV Tov Bo NOEAN VO ELYOPIGTHOCW.

Evyopiotd tov emPAémovio G €pyaciag HOL avamAnpoTtn kKobnynty K.
Keleoidn Boaoilelo yio v moAdtiun Ponbetd tov, kabdc ko tov kadnynt Babs
Oyeneyin o omoiog emifAeye 10 KOUUATL TNG €PYOGIOG OV 7OV OPOPOVCE TOV
GYEOUGLO TOV VOPAVAIKOD HOVTELOL TTOONG TEONG, TOGO Y10 TNV EUTIGTOGVVI] TOV
pov £3€1Eav GAAD KOt Yol TV YVAOOT TNV OTOoio LoV TPOCPEPAY TO SLAGTNLO TOL

dovAeya pali Toug.

®a MBeha emiong va gvyapiomom tov k.Ilodaoidyo Evdyyeho, oavoaminpot
kafnynt) ko tov K. Faydvn Bacilelo, vroynelo AdaKTopa yio TV GUUUETOYT TOVG

oV €EETAGTIKY EMITPOTN TNG OUTAMUATIKNG OV EPYOCIOGC.

Evyopiotd daitepa tov k. Mmovdédn Ipnydpo yio v Ponded tov dia
aLTA TO YPOVILL GTO EPYACTNPLOKO KOUUATL TG Epyaciag Lov o omoiog e fordnce va

EemepAo® TOALY TPOPA LT KATA T SIEPKELN TNG EPYAGIOG LOV.

[owiitepec evyapiotieg oty ka. Apouratloylov Mapia, vmedbovn ToL
npoypappotog “Leonardo Da Vinci” yio tnv d1ev06tnon Tev amopalthTOv EVEPYELDY
ywo. TV tomobétmon pov oto Robert Gordon University v axadnpaikn xpovia 2006-
2007.

Télog éva peyGAO €LYOPIOTAO OTNV OIKOYEVEW HOL Yoo TNV OpEPLOT
CLUUTOPACTOCT KOl TNV EUMIGTOGUVY] OV MOV £01&av KATé TNV OlIpKEW TOV

GTOVOMV LLOV.
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EKTETAMENH IIEPIAHYH

Koaboc ot vopoyovavBpaxec Bo amotedécovv Kot amoteAohVv TO TAELOV
OlKOVOUIKO Kot To 7o PEPato kavoo yo tov 21° audva, ol etaipieg metpehaion
EMEVOVOVY G TEYVIKEG Ol OMOIEC TOLG EMTPEMOVY VO PEPOLV OTNV EMIPAVELQ
vopoyovavOpakec mov uExpt 20 ypdvia mptv BempovTay adHVATN 1) EKUETAAAELGT] TWV

GUYKEKPIUEVOV TOULEVTIPOV.

[Top’ 6Aeg TIG TPOooTADELES KOt TIG KOVOVPLEG TEYVIKEG TTOV avomTuYXONKOY, Eval
amd To PEYOADTEPO TPOPANUATO €lval 1 ATOLGIN KATOAANA®V OYESIOCTIKOV KOl
VTOAOYICTIKOV TPOYPAUUATOV To. omoia Oa vmootnpifovv kot Ba kKGvovv ok
AMOTELECUATIKOTEPEG QVTES TIG TEXVIKEG. ATO T LeyaldTEpa TPOPAN LT Elvar 1| un
duvatodHTNTo TANPOLG TPOPAEYNC TOV TPOPIA TNG TEONG KOTA UNKOG TNG YEDTPNONG,
Katd TV odpkela ektédeong G, Emmpdobeta dev vdpyovv dabécipa meipapoticd
dgdopéva v pon uUn-Nevtdveuwv pevctdv, o€ daKTOAMO opdkevipo kot 100%

ékkevrpo, poviehonompévov g Herschel-Bulkley pevotdv.

o TOPOLGLOCTOVV TA OTOTEAEGUOTO TNG TEPOUOTIKNG Kot OempnTikng
gpyaciag oe Oépata nrdong mieong Un-NevTOVEI®V PEVGTAOV TOL LOVTEAOTOLOVVTOL
o¢ Herschel-Bulkley, oe opdkevipo kor 100% ékkevipo SaKTOMO ©TO HOVTEAO
mpocopoimong opovtiag yemdtpnong tov gpyactnpiov Texyvikng I'ewtprioewv kot
Pevotopnyavikng tov tunpotog Mnyavikaov Opvktov T1opwv, tov TloAvteyveiov
Kpnmg, kol tov anoteAecudToOV ETITTOONG d10pOpOV EEDYEVOV TOPUYOVI®OV GTNV

PEOAOYIO TOAPDV YEOTPNCEMV.

Ta amoteréopata g nTOONG mieong Ba cuykplBodv pe  Tpiot SPOPETIKA
povtéla Yopaviikng Awatpnoewv (Drilling Hydraulics), tov IToAvteyveion Kprtng
(TUC), tov American Petroleum Institute (API) kot tov poviélov mov avamntoyOnke
ota mAaicto avtig g gpyaciag (RGU — TUC). Kdabe éva amd ovtd ta tpio
Bewpnrtikd povtéda Paciletal oe dtapopetikny péBodo yio Tov KaBopIGHd ToLv €100V
™G PONG KAt TNV Kivnomn Tov peueToy HEGH GTO SOTPNTIKE GTEAEYN 1 TOV SOKTOALO
g yeotpnons. To povtédo TUC yia tov yopoakmpiopd g pong ypnoiLonolel dvo
kpioovg apdpovg Reynolds ot omoiotl petafdiiovton pe v mopoyn, o€ avtifeon
pe 1o povtédo APl to omoio ypnoyomolel 6v0 otabepols kpicyovg aptdpovg
Reynolds. X avtifeon pe owtd ta dvo poviéda to poviédo RGU — TUC ypnouonotet

™V Vritical YO TOV TPOGOIOPIGUO TOL €100VG TNG PONS TOV peLoTov. Avtd €xel Gov
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arotédecpua 1o poviého RGU — TUC va punv Aoppdvel va’oyy tov kaBdAov v
petopatikn pon o€ avtifeon pe tor GALQ VO LOVTEAQ, KOl VO XPNCLLOTTOLEL HOVO TNV

OTPOTN Kol TVPPOAN TEPLOYN PONG Y10 TOV VITOAOYIGUE TNG TTMOONG TIECNG

Oa TUPOVGLUGTOVY ATOTEAEGLOTO TG OTUOVTIKNG EnimTmong PH, nAekTpoidtn
(NaCl), Beppoxpoociog, KAUAK®OONG SEYUATOV GTNV PEOLOYIO TOAPDOV YEMTPNCEMV
OV TMOPOUCKELACTNKAV MG VOOTIKA cuwpfjuoto pe mpdobeto umevrovitn, Carbopol
980, Polyanionic cellulose (PAC), Sodium Carboxymethylcellulose (CMC) «au

GLVOLAGHOVS VTMV.

Ao ™V pEMST QWTOV TV PEVGTOV TPOEKLYE OTL pevotd Omwg Sodium
Carboxymethylcellulose (CMC) kot Polyanionic cellulose (PAC) yw cuykevipmoeig
émc kot 1.5% oSivovv Power Law pevotd, og avtiBeon pe ta mpdcbeta umeviovitn kot
Carbopol 980 ta omoia divovv pevotd Herschel-Bulkley. Exiong ta pgvotd to omoia
nepiEyovv oav mpocbeto Carbopol 980 mopovoidlovv actdbeir ®g mPOg TIg
PEOAOYIKEG TOVG W0TNTES, o€ oviifeon pe to vrdAowma pevotd TO  Omoid
pekemOnkav, kobmg idag cvykévipwong oe mpocbeto Carbopol 980 pevora
apovciolov EVIEAMG JUPOPETIKEG PEOAOYIKEG 1O10TNTEC, KOOIGTMOVTAG GVTOV TOV
€100VG TOL PEVGTA AKATOAANAL Y10 YPNION GTO GVGTNLO POT|G TOV EPYOCTNPLOV KoL Yol

UEAETT TG TTOGNG TTiEOMG.

AmO Vv peAétn G emidpaoctm NG KAUAK®OONG OTO PELOTO TO OmOid
TOPOCKEVOGTNKAY TPOKVTTEL TO GLUTEPAGLO OTL OGO AVEAVETOL 0 OYKOG TOV PEVGTOV
TO OTO10 TOPACKELALETAL LELDVETOL 1 APYIKT Tdomn dtoAicOnong (T,) Tov peVSTOL e
taom va petatponei amd Herschel-Bulkley pevotd oe Power Law, pe amotéleopa va
TPEMEL Vo, EAVOVUE TNV GLYKEVIPWOT OGO TPOY®POVUE GE AENCT TOLV GYKOL TOV

PELOTOV MGTE VO OLOTNPNGOVLE TA 10100 PEOAOYIKE YOPOUKTNPIOTIKA.

[MopdAdnio €ywve pelémn emidpaong g Oepupokpaciog oTIG PEOAOYIKES
wWmMTeg  moAeOV  mov  mepieiyav  oav  mpdobeta  pmeviovitny Kot
Carboxymethylcellulose (CMC) tovtdypova «kor omd TV avaivon Tov
OTOTEAECUATOV TTPOEKLYE OTL AVTOV TOL €I00VG TO PEVGTE UTOPOVV Vo dAAGLoVV
ONUAVTIKA TIG PEOAOYIKES TOVG WOOTNTES e PIKPT avénon g Bepprokpaciog divovtog
€101 TV duvatdTTa Vo YpnotpomomBovy cav “éEumva” agov pmopodv va aArdlovv
TIG 1010TNTES TOVG (To, TTMOOT TiEONG) OE GLVAPTNON L TO PAbog péoa otV YedTPNOoN

pog O6pelog g owatpnons. llpoteivetar mepattépw peAETN TG emidpaong NG
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Beppokpaciag e aVTOL TOL €100VE TOL PEVGTA PE OKOTO TNV KAADTEPT] KATOVONOT) Ko
KOTOypopn TOV EMATOCE®V TG Oepupokpaciog, kot ypnon tovg cav “€Evmva”

PELOTA.

INa tovg Tapamdve Adyovg (k6GTog TapAcKELNS PEVOTOV, GTADEPES PEOAOYIKES
010N TEG, EMITEVEN OTPWTNG, UETOAPATIKNG Ko TVPPOING PONG GTO GVGTNLO PO TOV
EPYOOTNPIOV) OMOPACIGTNKE 1 YPNON TOAPOD UTEVTOVITN Yoo TNV JlEEAy®YN TOV

TEPAUATOV TTAOCNG TIECNC.

Mo v pelé ntoong mieong ypnoponomdnke molpdg unevtovitn oe dvo
dwapopetikég ovykevipooes (1.5% war 1.85% wiv). O Adyog yioo tov omoio
amoPocioTnke 1 UEAETN TTOONG mieong 000 OPOPETIKOV PELGTAOV &ivol Yo
emPefainon tov BempnTik®dV TpoceyyicemV TTOOoNG Tigons. Aenydnoav telpdpota
oe opokevtpo kKo og 100% £kkevTpo OAKTOALO Yol EVOL GUVOAO TTAPOYDV TOV KAALYE
OM0 TO €VPOG TV HOPPOV poNg (oTpOTG, peTafatikng Kot TupPddovg pong). H
TTMOON TIEOTG GTOV £KKEVIPO dAKTOAL0 givor pikpotepn kotd 20% pe 25% oand v
avtioTolyn oTovV OHOKEVTPO OOKTOA0. ATO TNV OaVAALON KOl TNV GUYKPIOY TOV
DepnTIKOV TPocEYYIcEOV UE TO TEWPAUATIKA dedopéva TPOEKLYE OTL TO HOVTELOD
TUC mapovoualer péon tpn cedipatog 10-15%, oe avtiBeon pe ta dAda 600
povtéda APl kar RGU-TUC, ta onoia mapovoidlovv péon tipn oedipatog 35% o

40% avtictoyo.

AmO 10 TOPOTAVEO OTOTEAEGULOTO TPOKVATEL KAAVTEPY TPOGEYYION TV
TEWPAUATIKOV dedOPEVOV TTdoNG Ttieons amd 1o Bewpnrtikd povrého TUC oe oyéon
pe to. oAAG 0vo povtéda to omoio mapovstalovy pétpla mpocéyyior. To mapandveo
ovpPaivel Kot yroo To dvo dlapopetikd pevotd (umeviovitn 1.5% wor 1.85% wiv)

KkaBmg kot yio opoxkevtpo kat 100% ékkevipo daKTOAL0.
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Mepiinyn.

O1 d10pKdG Kot 0AOEVL AVEAVOEVES EVEPYELOKES OVAYKEG TOL TANBVOUOD NG
NG KaBMG Kol Ol TOTHOELS Y10 OPVKTH KOG OTTMOC TO TETPEAOLO KVPIwG omd TIg
avanTuooopeves ympeg tov Koopov (Kiva, Ivdia, Aotvikn Apepikr, AQpikavikég
YOPEG) OAAA KOL ) OLKOVOWIKT avATTLUEN YwpdV O0ntw¢ N Pocia (xdpa n onoio €xet
ot10 €0apog ¢ mepinov t0 60% TV maykoopiov amobepdtov ELGIKOL agpiov,
®Onoav g eToupieg EKUETAAAELONG KOl TAPAYMYNG VOPOYOVAVOPAK®Y VO GTPAPOHV

O€ TAEVTNPES “OVOKOAITEPOVS” TPOG EKUETAAAEVOT).

Kobmng ot vdpoyovavOpaxkeg 0o amotelécovv Kot omotedel T0 TAEOV
OIKOVOUIKO Kot To 7o BéRaio kavoiuo yuo tov 21° oidvo, ot etaupieg metpelaiov
EMEVOVOVV GE TEYVIKEG Ol OMOIEG TOVLG EMITPEMOVV VO PEPOVLV OTNV EMPAVELL
vdpoyovavOpakeg mov péypt 20 ypdvia Tpv BewpovTay addvatn 1 EKUETAAAEVOT) TOV

GUYKEKPLUEVOV TAUEVTPOV.

‘Exovtag cav xvpldtepovg A0yovg Tovg mpoavapepBiviec M Prounyavia
YEWTPNOEDV VOpOoYovavOpdKkmy amotedel £va KAAd0 o omoiog Ppioketal 6e dlopkn
e€EMEN Kol amoTEAEL TNV ayUn TOV dOPOTOC Y10 TIC TETPEAUTKES eTopieg OAAG KO TIg
TETPELAOTOPAYOYOVG YDPES, Ol OTMOIES EMEVOVOVV PEYOAN TOGH Yo TNV OVATTLEN

VEDMV TEYVIKOV d1ATPNOTG.

Tig dvo tedevtaieg dekaetieg ot teyvikés Aldtpnong PvOulopevng Iligong
(Managed Pressure Drilling) xofo¢ kot 1 teyvikn Atdtpnong pe Enévovon (Casing
Drilling) kataxktodv 0Lo Kot UeEYOADTEPO TOGOGTO ETL TOL GLVOAOL TV YEMTPNOCEWMY
mov ekteAoVVTOL KABe ypovo. O Adyog eivar OTL AVTEG O1 TEXVIKES EMETPEYOV TNV
EKUETAAAEVOT  KOTACUATOV TOAD peydAov Pabovg, oAAE Kol vo.  HELDGOLV
TOVTOYPOVE TOV YPOVO OV OMOLTEITOL Yot TNV EKTEAEON IO YEDTPNONG TOGO GTNV

Enpa aArd Ko otV OdAacaoa.

[Tap’6Aeg TIG TPOOTADELEG KOl TIG KOVOVPLES TEYVIKEG TTOL avarmtuyOnKav, va
and To peyoAvtepa mpoPAuate eival 1 amovcio KOTAAANA®V GYEOINCTIK®V Kot
VTOAOYICTIKOV TPOYPOUUAT®OV To. omoia Bo vmootnpiovv ko Bo kévovv axopo
ATOTEAECUATIKOTEPEG AVTEG TIG TEXVIKES. To peyaAdtepo mpdPANLa TO 0moio amoppéet

amd TNV amoLCie OVTOV TOV TPOYPOUUAT®V €lvor 1 U1 ouvvatoOTNTo TANPOVGS
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TpOPAEYNC TOL TPOPIA TNG TiEoNG KATA UNKOG TNG YEDTPNONG, KATA TNV OLIPKELN
EKTEAEOTG TNG YEDTPNONG,.

H avémrtoén téroiwv mpoypappdtov tpdpieyng ntdong mieons £xel KaTaoTel
To. teAevTOio OEKO YPOVIOL EMITOKTIKY avAykn a@ol Bo PBeATIoTOmOM|GEL KOO
TEPLOCOTEPO T OPEAT TaL OToiaL £YoVV emPEPEL Ot TEXVIKEG Atdtpnong PuOulopevng

ITieonc (Managed Pressure Drilling) kot Atdtpnong pe Enévévon (Casing Drilling).

e ovt v epyoacia OBa mopovclaoTovV  Tpio  SPOPETIKE  LOVTEAM
Ydpaviikng Awrpricewv (Drilling Hydraulics) kot 6o cvykpiBodv pe avrd,
TEPAPATIKA  OEOOUEVO, TOL OTOl0L  KOTAYPAPNKOV OTO HOVIEAO TPOCOUOIMONG
oplovtug yemtpnong tov gpyactnpiov Teyvikng N'emtpnocwv ko Pevotopnyoavikng

ToV TUNpatog Mnyavikav Opvktav [Mopwv, Tov [ToAvteyveiov Kpnnc.

YKomog gival vo. ouyKplBohv o TEPARATIKA SES0UEVEA TOV KOTAYPAPNKAV, LE
toug  Oewpntikodg vmoloyiopovg amd to Tpie poviédo kot va  e&ayBovv
GUUTEPACLLATO YLOL TOV VIOAOYIGUO TNG MTAOOTNG TECNG OV Kavel 10 kdbe Eva amd
avtd. Eniong Ba yiver xou puo Aemtopepnc mopovcioon Tov KupltoTEPOL TOPAYOVTIQ
OV EMOPA OTNV TTOGCT TIECTG KOTA TNV JIUPKELN EKTEAECNG L YEDTPNONG Kol OgV

etvat GAAOG amd T PEOAOYIKA YOPOUKTNPLGTIKA TOV TOAPOD S1ATPNONG.
2V ovvéyela Ba TEPLYpaQoLY TEPIMNTTIKG T TEPLEXOEVA KABE KEQPOANIOV.

Kepdiaro 1°: to 1° Kepdhawo Oa yivel avagopd ota KUPLOTEPS GLOTUTIKA
aLTNG TN epyaciag Ta omoia gival 1 peoroyio TOV TOAPOV SATPNONG, TO PEOAOYIKA
LOVTEAO TOV OVOTTOYTNKOV Kot ypnowomomdnkav oto gpyactipo Teyvikng
leotpnoewv kot Pevotopnyovikng, xobd¢ kot Tovg AOYOLS Yo TOVG OMOIOLG

pereOnke n mtdon mieong.

Kepdiaro 2°: Zto 2° Kepdhoio yivetol avopopl 6TovE TOAPOVE YEMTPHCE®MVY
KO TEPLYPAPOVTOL Ol WOTNTEG TOVS Kol TO OPEAT TOL TPOKOAEL 1 YPNON TOVG GOE

dradkacie ddtpnong.

Kepdiaio 3°: 2o 3° Kepdhato yivetor avalvTiky avapopd 6To VITOAOYIGTIKG
LOVTEAQ TTMOONG Tieong Kot kaBopiopol Tov €id0Vg TOL PELGTOD TOL AVATTVYONKOV

KOl YPNOYLOTOMONKAV GTO EPYACTHPLO Y10 TNV EKTEAECT] QLTS TNG EPYACTOC.
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Kepdiaro 4°: Tto 4° Kepdhoio yivetar avaAvTiky ava@opd TV TEXVIKMOV

Adtpnong Pvbulopevng Iicong (Managed Pressure Drilling).

Kepdioro 5°: Zto 5° Kepdhato avaidoviar ot mwapdyovie ol omoiot
emnpedlovy TNV TTOCN TEGNS KOl TO TPOPIA TN TTOOMG TESNS KOTA TNV dldpKeLn

EKTEAEONC OIS YEDTPNOTG.

Kepdiaro 6°: Zto 6° Kepdhato mapovsidletor dodikacio oyedlacuod Kot o
TPOTOG AEITOLPYIOG TOV VTOAOYIOTIKOD UOVIEAOV TTAOONG TEONG TO 0Moio OmoTeAEl
mpoidv  cuvepyosiog peTaEL Tov  gpyactnpiov  Teyvikng T'emtpioewv kot

Pevotounyovikng pe to toveriotiuio Robert Gordon University (RGU).

Kepddaro 7°: Zto 7° Kepdhao mopovstdloviol ot Teyvikég didtpnong ue
[Tieon pe EmwdAvyn ITokeod (Mud Cap Drilling) kot Awdtpnong pe Emévévon
(Casing Drilling). Eniong 0a mapovciastody Kot amoTteAECUATA TOV TPOEKLYAY OO
TNV 0VAAVGT] TOV GLVOLOGLOD TMV VO AVTAOV TEXVIKMV KOl TO, OO0 TOUPOVGLAGTNKAY

oto cuvédpilo Offshore Europe 2007.

Kepdadaro 8°: 1o 8° Kepdhato mapovsidlovtol ta dpyava Tov £pyactnpiov
Teyvucng Tewtprioemv kot Pevotounyavikng ta omoio ypnowomomnkav yw v

EKTOVNOT QTG TNG EPYOGTOC.

Kepdiaro 9°: 1o 9° Kepdhoio mapovoialetal n S1081kacio TopAcKELHG TV
TOAQOV 7oL peAetnOnkav  kor  yiveton mopovcioon kabe mpocHitov  mov

YPNOLOTOWONKE Y10, TNV TOPOCKELT) TOAPOV.

Kepddaro 10°: Zto 10° Kepdhoto yivetar Topovsioon oV pEusTOV To 0ol

LEAETHONKOV KO TOV PEOAOYIKADV TOVG 1O10THTMV.

Kepdiaro 11 °: 1o 11° Kepdhoto Topovsialoviol To TEPoUOTIKG dedopuéva,
TTOONG TEONG KOl 1] GUYKPIOT] TOVG LE TO BE@PNTIKA LOVTEAQ VTOAOYIGLOD TTMOGNG

mieong.

Mépog g epyaciag mpaypatorombnke oto tunque. Well Design g oyoing
Mechanical Engineering tov Robert Gordon University g Ikwtiog, omd Ttov
Aarapopivn Havayudtn, vaod ) kabodniynon tov Kabnynry Babs Oyeneyin. Avto
70 TUAHO TG epyaoiag €yve ota mAaicio Tov Evponaikov IIpoypaupatog Leonardo

Da Vinci xou pe v vroompién g stoupiog Hellenic Management Accounting
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Center (HELMAC) mov dayeipiletat to ovykekpipuévo npdypappo. H ovykekpiuévn

epyacia £xel 0MGEL £MG ONUEPA TIG AKOAOVOEC ONLLOGIEVCELG.

ANuocievoels 6e EMEGTRUOVIKG, TEPLOOIK .

» V. C. Kelessidis, C. Tsamantaki, P. Dalamarinis, E. Repouskou and E.
Tombacz.

Influence of electrolyte concentration on rheological properties of Zenith and

Wyoming bentonite - water suspensions, Mineral Wealth, 144, 31-45, 2007.

» V. C. Kelessidis, C. Tsamantaki, P. Dalamarinis.
Effect of pH and electrolyte on the rheology of aqueous Wyoming bentonite
dispersions, Applied Clay Science, 38, 243-264, 2007.
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Bpafceia oc draymvicuoig.
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Kepalowo 1° - Ta Bacikd tpipata g epyaciog.
1.1.Psohoyia.

‘Evoc amd tovg onuaviikotePOus TOPAyoVIES KOTA TNV O1pKELD SLATPNONG
LL0G YEDTPNONG OV ENMNPEALEL TNV OTOTEAEGUATIKOTNTO TOV TEXVIKAOV O1ATPNONG TOL
epappoloviar eivar mn peoroyic tov TOAPOL dwdtpnong. Ta pevotd To omoin
YPNOLOTOOVVTOL  OVIIKOLV GTNV Katnyopia twv un NeLTOVEWWY PELGTOV KOl M
CLUTEPIPOPE TOVS KOTA TNV KLKAOPOPIo TOVG HECH o€ KAOE TUNUO TNG YEDTPNONG
kaBopilovv TIg TIWEG TOV TPOEPIA TNC TieoNg Kol TNG TTMONG MIECNC OTA SLAPOPO.

THAROTO TNG YEDTPNONG.

H peoioyio tov moApod drdtpnong e&aptdror and To d16popa GLOTUTIKA and
To. Omolo. amoTeEAEiTAL, ONAAON Tt TVTTOL gival TO VYPO TG PAoNS ToV TOAPOY (VeEPD,
neTpéAAL0, O0AOCGIVO vEPO, VEPO TO OTTO10 TTEPIEXEL OLAPOPOVS NAEKTPOAVTES) KOl TO
gidog tov otepewv (umevtovitng, Carbopol, CMC, Pac ka1 dAla cvotatikd) mwov

1pootifevtal 6To VYPO PACNG Yo TV TAPAGKELT] TOL TOAPOV.

YuvBmg To TEPLGGOTEPA PEVGTA OLATPNONG, OVIIKOLV GTHV KOTNYopid TV
Herschel Buckley pevotdv, kot amotedodv ta o “60okola’ pevotd 0G0V apopd TNV
UEAETN NG PEOAOYIKNG GLUTEPLPOPAS TOVS, KLPIWG TNV TUPPMIN TEPLOYN Kol TOV
TPOTO OV VTN EMOPE GTNV TTOCN TEONS KATd TV KuKAogopio Tovg péca otV
yedTpnon. Avtd amotelel Kot TOV KUPLOTEPO GKOMO GVTNG NG €PYACIAG 0pOL TO
evolpépov pag Ba eotiaotel 6TV HEAETN TG TTOGONG TEONC, 6TO LOVTELD 0pllOVTIOG
ye®Tpnong, oty tupPmdon mepoyn pong Koy owtnv Oo  agoroynbovv ta

Bewpntikd povtéda pe ta omoia 0o cuyKpivov e TO TEPOUATIKE ATOTEAEGLLOTAL.

1.2. Movtéha Ydpaviknig Awatpiocov (Drilling Hydraulics Models).

Ta povtéda ta omoia Ba ypnoipomonBodv Yoo Tov LTOAOYICUO TNG BEWPNTIKNG
nTOOoNG migonc 1 omoia B cLYKPIOEl GTV CLVEKELN LLE TO TEWPOUOTIKA OTOTEAEGLLOTOL

givon to. axdérovba.

» To povtélo 10 omoio oyedidotnke to 2006 — 2007 oto tunquo. Well Design g

oyxoing Mechanical Engineering tov Robert Gordon University g Zkotiag, ond
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tov Achapapivn Iavayidt, vad ) kabodnynon tov Kabnynt Babs Oyeneyin
(Dalamarinis, 2007).

» To povtélo 1o omoio oyediace o Avaminpmtig Kabnynmce Kekessiong Baocileiog
kot 0 Dovvapyiwtakng Kovoetaviivog oto Epyaotiplo Teyvikng 'ewtpricemv kot
Pevotopmyovikng tov tunpatog Mnyovikav Opvktav [1oépwv, tov TloAvteyveiov
Kpnnc (Founargiotakis et al., 2008).

» To povtédo tov American Petroleum Institute (API) (API, 2006).

1.3. I'oti B0 perhetnOi n TTOON TiEoNC.

To peyoldtepo mpoPAnuo  kaTd TNV EKTEAECT) OGS  YEDTPNONG
vdpoyovavipakwv civor 1 emitevén 660 tOo Suvvatdv KOADTEPNG Olaygipiong Tov
TPOPIA TG TTOONG TEONG KOl TNG TTMOGNG TiEONG HEGO OTNV YEMTPNOT. AVTO €lvan
Kot to {nrodpevo oAAd Kot 1 Kovotopia TV 0moio £16Ayouv ot TeYVIKES AtdTpnong

PvOulopevng Iieong (Managed Pressure Drilling).

To va prnopécovpe va eléyovpe amoteleclatikd 10 TPoPil g Tigong péca
OTNV YEDTPNON £XEL GOV OMOTEAEGHA TNV EAATTOCT OA®V OLTOV TOV TPOPANUATOV
oV OYETILOVTOL UE TIG YEMTPNOELS VOPOYOVOVOPAK®OV Kol apopovV TOV EAEYYO NG
YEDOTPNONG Kot B0 TOPOLGLOGTOVY GTa EXOUEVA KEPAAMLo OOV Kot o avaivBovv ot

TEYVIKESC QVTEG.

Ev cvvtopio pmopovue va avagépovpe 0tL 0 €Aeyyoc o€ kdmowo embountd opia

NG TTMOTG TEOTG LEGH GTNV YEDTPNON EXLPEPEL :

» Meioon tov TpofAnudTomv Katd v StipKelo TG StiTpnong.
MeyoAdTepn TPOGTAGIN TOV TOUUEVTHPO.
Elayiotomoinon tov ypodvov kat Tov KOGTOLG SLATPNONG.

MeyaAdhtepn ac@dAEln Y10 TO TPOCOMIKO TOV EKTEAEL TNV dLATPNOM).

YV V V V

Aryotepec mepPaALOVIIKEG EMNTMOGELS.
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Kegalaro 2° - Tlohgoi F'sotpiocoy.
2.1. T'evikd otoiyeio

Ta pevotd ye®TPNONG OMOTEAOVV TO CNUAVTIKOTEPO GTOLXEIO OTNV EKTEAEGN

wog yedtpnong ko pog ponbodv wote (Kekeoidng, 2006) :

» Na xobapifovv ta Opavdouato ToV TETPOUATOV KOTO omd TO KOTTIKO GKPO Kol Vo,
TO, LETAPEPOVY GTNV ETLPAVELOQ.

» No 0oKoOV DIPOCTATIKN TECT] GTO TOYMUATA TOV PPENTOC MOTE VO, ATOTPETOVY
TNV EGPOT| PELGTMV TOL TAUIELTIPO GTO PPEAP.

» Na datnpodv to ppéap kabapd £mg 6TOV Yivel 1) ELEVOVOT| LLE COANVOL.

» Noa yOyovv kot vo Maivovy Ty SoTpnTikn GTHAN Kot TO KOTTIKO GKPO.

» Na dnpovpyodv péca oy YedTpNoN £va emBountd TPOPIiA TTOONG TEGNS Kot

TTOOT TieoNns o€ KAbe TUHO TG YEDTPNONG.
Emunpdobeta, Ta peuotd yedTpnoNg mpEMEL va £X0VV TIC aKOAOVOEG 1010TNTEC:

» No emtoyydvetor 060 10 dVvatdV KOADTEPOG OYESOUOS TOV  PEVCTOV
(owovopKog Ko xpnoTikdg) yia kabe mepintmon yedTpPNoNG.

» No unv pokedodv un ovacTpEYipo TPoPANUATH 6TO TETPMOUOTO TTOV EPYOVTOL GE
ETOQT).

» Noa punv tpokorovv Sdfpwon g doTpnTIKHG GTAANG.

» Na givol e0KOAN 1) TOPOGKELT] TOVG KO GYETIKG OLKOVOLLKT].

O Boaowodg oKomdg PLOIKA Yl TOV omoio elval amapoitntn 1 O HEGOL TOV
PELGTOD OMOUAKPVVOT| TOV GTEPEDV, EIVOL 1| TOPATEPA GLVEYICT] TNG SIATPNOTG Kot M
ATOPLYY] KOAANUAT®V TOV KOTTIKOL GKPOL Kot 1 dtotnpnon tov emfountod mpoeil
mieong Ko g TTOoNG Tieong péca oty yewtpnon. Ta mpoPfAquata amd t0 un
omoTO KOOAPIGUO TOV EPEATOC KOl TNV OlTNPNON TNG TTOONG Tieong o€ emBuuntd
oplo. €xel oAV AMOTEAEGHO TNV CNUAVTIKY] aOENGT TOV KOGTOVG OV TPOKVITEL OO
KOAMN O TG dtatpnTikng oThAng (exatovtadeg yiadeg US $, Schlumberger, 2005) 7
TOV KOAMUATOG TOL KOMTIKOD GKpov oTlg ovpufotikéc aAld kot otig Managed
Pressure Drilling teyvikéc dwdtpnong (B. Fossli et al., 2006, J. Petersen et al., 2008).
O yopévog ypdvog amd TV ELEAVICT] TETOOV €100VG TPOPANUATOV pTopel vo QTdcEt

kot 610 70% TOL GLVOALKOV ¥poOvoL TG ddtpnong (Longwell, 2002).
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["a ™ PéATIoT Aettovpyio TOV PELOTOV YEDTPNONG XPNOILOTO0VVTOL TPOSHETA
OV £YOLV ONUOVTIKO KOOTOG 0veBAloviag To KOGTOG TOL PELCTOV YEDMTPNONG OE
dexddeg ex. US $ (Kelessidis, 2007). H omdAeia tov kotd TNV S14pKED. NG
dldTpnong Umopel va £xEl ooV AMOTELECUO TNV KATACTPOPT TNG YEMTPNONG KOl TNV
aTOAELN TOV EEOMMGHOD SATPNONG. L& TOALEC TEPIMTMOGELS LAAMGTA 1) OTMOAELD, TOV
PEVOTOV JLATPNONG UTOPEL VO OTOPEPEL TNV ATMOAELL GTOV EAEYYO TOL TPOPIA TNG
nieonc, £(OVTag ooV amOTELEGUO TV ELGPON VOPOYOVAVOPAK®OV ad TOV TOUIELTPO
OTNV YEDTPNON Kol 0KOAOVOMG TPOG TNV EMPAVELD KOl EMPEPOVTAG TNV dNUIOVPYIN
Tov Aeyouevov Blow Out, kdti 1o omoio emipépel cuvnB®E KoL TNV ATOAELD TNG
TAQTPOpLOG YedTPpNonG o€ Boldooia mepiBariovta (Ewkovo 2.1) oAdd pmopel vo

ovuBel kot og vopoyemTpnoels (Ewkova 2.2).

Ewova 2.1: West Vanguard Blow Out (Norwegian Continental Shelf, Haltenbanken, 1985).
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Eixova 2.2: Blow Out o¢ extéleon vdpoyewtpnong mov oovéfn otov Ayio Baoilelo
Kopibiog o 2008.

Ot xvpldTEpOl mOPAyovieS MOV TPOGOOPILOVY TNV EMAOYH TOV PELGTOV

yemTpnong eivat:

» Ta &idn Tov teTpopdtov mov Bo artavinbovv 6to epéap.

» To gvpog TV Bepuokpaci®dV, SOTEPATOTNTOC, TIEGEMV PEVCTAOV TETPOUATOV,
OKANPOTNTO TETPOUATOV.

» IlepiPorrovrticoi Aoyot.

» To mepipdAirov oto omoio yivetar n yedtpnon (Bardooio 1 xepoaio).

» To €idog Tov TapELTHPA.

» Ta 6pa g mTdoNG mieons kot Tov TPoPil ¢ mieong To omoio, BEAovUE va

SlITNPNCOVUE TNV YEDTPNON KATA TV SATPNON.

Katd kdpro Aoyo, n obotoon tov pevotod mpocodlopiletor PAcEL TG TTOONG
mEoNG KoL TOL TPOPIA TG mieong mov BEAOVUE VO EMITUYOVUE GTNV YEDTPNON.
[Tep1ocoTEPO GLYVA YPNCLOTOOVVTOL PEVGTA YeDTPNONG He Pdon Tto vepd (water
based muds — WBM) evd ta pgvotd pe Baon to netpéroto (0il based muds — OBM)

elval axpiotepo Kot amaitovvior eEEOIKEVUEVOL TPOTOL OVTILETOMIONG KATO TNV
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YEDTPNOM Kol LETE TNV Ye®TPN oM Yo TePPariovtikovc Adyovs. Ta pevotd pe Pdaon
TO TETPEAOLO YPTCLOTOLOVVTOL GLVNOMC G YeEMTPNGELS e VYNAEC Beppokpacieg kot
0€ METPAOUOTO TO OTOI0L TOPOVGLALOVV TACELS TOPAUOPPOGNS TOV OVOIYHOTOS TNG
yvedTpnong (kupimg oytotoribmv kot adatovywv doudv, Bland et al., 2002, Herzhaft,
2001).

H ypnon oaeplov ¢ pevotdv yivetar oOtav  avtipetomilovtal
TETPOUATA TOL gival copPfatd pe aépia kot un damepatd. Eniong n ypron aepiov o
OLUVOLOCUO PEVOTA YEMTPNONG YPNOUWOTOLEITOL KOTA TNV OlbpKEL EKTEAEONC
yeotpiioewv e T pebddovg twv Under Balanced teyvikaov (Perez-Telez et al, 2002,
Sunthankar et al., 2001). Mio yevik To&VOUNGOT TOV PEVOTAOV YEDTPNONG

napovctdletarl otov akoiovho mivaka.
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YI'PA MII'MATA AEPIQN YI'PQN AEPIA

IHoAlgoi pe Baon 1o vepd xon [  TloAgoi pe faon to Moloi pe Baon covleTIKG
d1a@opovg nhekTporivTeg neTpélaro vlka (Synthetic Based
(NaCLKClkth) (Oil Based Muds) Muds)
(Water Based Muds)

Agpoi ®vokd

(Foam) o)lgoi pe agpro | Aépag Adpo AlomTo

Hivaxag 2.1: Talivounon pevarav yewrtpnong.
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Mo oAAayég 1 TPOCAPUOYEC TOV YOPOKTNPIOTIKOV TOV PEVCTAOV YEMTPNONG

TPooTifevTal S1APOPO. GCLOTATIKA GTNV EMPAVELQ, KOl 1] EXIOPACT] TOVGS, OTIC 1O1OTNTESG

TOV TOAPDOV TEPLYPAPETOL TOPAKAT®.

>

Mo v avénon g TLKVOTNTOG, Y10 TNV OVIETOMTION TOV TEGEWV VTESAPOVG,
npootifetar cuvnBwg PopdTng N Kamowo dALO GLGTATIKG LEYAAOV €101KOD BApovC.
INa mv adénon tov 1EDdovG, mpootiBeviow vVAKE (GpylAol, TOALUEPYT] Kol
YOAOKTOUOTO) Y10 KAADTEPO KOOUPIGUO TOV PPENTOC KO Y10l KAADTEPO EAEYYO TNG
TTOONG TIECNG KL TOV TPOPIA TNG TIECNG OTNV YEDMTPNOT, KaONDS eniong Kot o€
TePITTO®ON TOoNg TG dtdTpnong va kabvotepnoel v Kabilnon tov otepedv
HEGO OTNV YEDMTPNGCY, OOTE VO OTOEELYOOVV “KOAAMUOTA” TOV SOTPNTIKOV
OTEAEYDV.

Mo mv peiwon tov 1Emdovg, mpootibevtar dwacmopeic (dispersants) 1
avticvoowpevtikd (deflocculants) kat ypnoyomolovvial 6€ TEPMTOGELS OTOV
Bélovpe vo emTOYOLUE LEIMON TOV OVOTTUGGOUEVOV TEGEMV N KOl KOTAGTOON
vrornieong otv meployn tapevtipa (Under Balance Drilling).

[Na mv eldttoon tov pLOHOD JSMONONG TOV PEVOTOV OTO TETPOUATO
poctifevtarl Apylhol, TOAVUEPT], AUVADOEIS OVGIES, ACPUATIKEG OVGIES
[Ipootifevtor dAoto Yo TPOGTAGIN TOV TETPOUAT®V LTEOAPOVES, Y10 TPOCTAGIO
TOV PELGTOV OO PEAAOVTIKY EMIOPAOT) AAATMOV TOL TPOEPYOVTIUL Old TO. PEVCTA

TOV TETPOUATOV.

AMa mpdcobeta meprlapupdvovy MmavTikd, ovTIOWPPOTIKA, YNUIKE Yoo TNV

déopevon kotdviov Ca’ kat cuscmpevticd (flocculants) 1 Aentuvtég (thinners) mov

Bonbobv otV ocvococoudTOon TOV UKPOV OpavcudTeOv TETPOUATOV Yo TNV

KOADTEPT OMOUAKPLUVOY TOV GTEPEDV otV empdvela. [ToAAéC popéc mpootiBeTon

KOVoTIKO VATplo yio v avénomn tov pH mov Ponbd oy xaidtepn Asttovpyia TV

SLICTOPE®V KOl EAOTTMVEL TV SLAPpmoT).

2.2. 110t TEG PEVOTAV SLATPNOTG.

O1 BaoiKég 1010TNTEG KATNYOPLOTOLOVVTOL G TPELG LEYAAES KT YOPiES.

» Tlvkvotnto (Bépog Adomng — mud weight).
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» Peoloykég 1010t TEC.
» @Outpapiopa (dmbnon).

IlvkvoTyta

H nokvomta tov moieod (mud weight or density) sivar n péla tov pevotod

avd povadoe oykov. Xvvibwg ekppdletat o€ Ibm /gal (PPY), GAAG Kol OG Ibm / ft° , M
ntoon mieong ava mool (exatd modw) — psi /it . H tedevtaio povdda eivor moAin

xPAoWN Yot givar SuvaTdv TOAD YP1Yopa Vo TPOGIoPIehel 1 VOPOCTATIKY TiEST

TOV PEVGTOV GE GUYKEKPLUEVO BAO0C Tov Ppéatoc (P = 2 g -h ).

H mokvomta tov pegvotov yemtpnong puOuiletor ®ote vor mopéyetal wovn
VOpOCTATIKN TiEoN Yo E1G0PPOTNGN TNG TECTG TOV PEVCTMOV TOV TETPOUATMV ALY

Kot vo unv givot ToAd vynin docte va Tpokaiel Opavon TV TETPOUATOV.

Pegoloyikég 1010tntes.

Peoloyio elvar pio  evpeio €vvola mov  mEPypAQEL TNV PEAETN NG
TOPALOPPMONG TOV DAMK®OV VTd TNV emidpacn duvapewv (rteptlapfavopuévng Kot g
pong). Xmv oporoyio TOV YEOTPNGE®V, Ol OPOl 1OOTNTEG PEVOTOV Kol 1EMOES
YPNOLLOTOLOVVTOAL YO TNV TEPLYPAPT] TMV PEVGTAOV YEMTPNONG o€ kivnon. Pevotd
vymrov 1Emdovg ekepdloviar og moyvppevota (thick) kot youniod 1EddoVg ®g

Aemtoppevota (thin).

To 1€ddeg oL pevotov eivar M wWIOTTO avtiotaong o€ pon / kivnon. To
emBuunTo 1EMOEG Yo pevoTd yedTpnong e&aptdtar amd TOAALOVS TapAyovTeS OTMG
TUKVOTNTO PELOTOV, OAUETPOG OPEATOS, TOPOYN PELGTOV, PLOUOS dSLavolEng,
OTTOUTNOELS TECEWMYV, KATAOTOON TOWYOUATOV 6T0 @péap. To 1EMOEG TOV PELGTOV

YEOTPMNOMG EIVAL GLVAPTNOT TPIDOV TAPAYOVIWOV

» 10V 1IEMOOVG TNG GLVEXOVG PACTG,

> 10 uéyebog, Lopen Kol TooOHTNTA 6TEPEDY cOUATISIOV (TAaoTIKO 1EDdES — plastic
Viscosity),

> TIC AVOTTUGOOUEVEG duVapELS HeTa&h TV copatidiov (onueio exkivnong — yield

point).
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To 1&ddec g ovveyovg eaong (vepd M metpéAano) emnpedleton omd TV
Oepuoxpacio (tov meTpelaiov meplocoOTEPO amd TO veEPD). Pevotd yemtpnomg ue
OLYKEKPIUEVO TOGOOTO Kotd Papoc peydlov peyébovg otepedv mapovctalet
HIKPOTEPO 1EMOEG OO PELGTO e 1O10 TOGOGTO GTEPEDV QAL UIKPOTEPOL pEYEDOC.
AvTd opeideton 610 peyohOTEPO OPOUO GTEPEDY GOUATIOIMV KOl GTNV UEYAAVTEPT

EMPAVELX TTOL TPETEL VoL St poryet.

Ta KuplOTEPA VAIKE TTOV ¥pMOLUOTOI0VVTAL Y10, TV aOéNoT Tov 1EMO0VE Elvarn
dpyor (kvpiwg pmeviovitng) ot didpopa moivpepn. H ehdttoon tov 1E@S0VC
EMTLYYAVETOL EITE HE TNV EAATTMOT TOL TOCOGTOV TMV GTEPEMV (T.Y. UE apaimon 1|
HE UNYoviKd pécO) M HE TNV adpOvVOTOINGN TOV EAKTIKMOV OLVOUE®V HE TNV

TPOCHNKN YNUIKOV.

Duitpapiouo (Anmiera ommOnuatos 1 arxwigla peveTodv).

H oandiewr vypod amd 10 pevotd yedtpnong (o€ mopmdON TETPOUOTO)
puOuileton pe o vootpwpa Adonng (filter cake) mov dnuiovpyeitonr omd o oteped

TOV PEVGTOV YEDTPNONC.

Kotd v yedtpnon, to oteped evamotiBeviol 6Ta TOYYOUOTO TOL PPEATION Kot
10 VYPO damepvd o dnuiovpynBév vuévio (film) ko oépyetan oTovg TOPOLG TV
neTpOpATOV. Avtd 10 Qowvouevo mpémel vo. meploplofel oto  EAdyoTO KO
EMTLYYAVETAL LE TO PELOTO YEMTPMONG (etvan pia amd TG Pacikég TOv WOOTNTES) TOV
onpovpyel éva AETTO VITOGTPOLOL GTO TOLYDUATO TOV QPENTOS KOL OEV EMTPENEL TNV

dmOnon kot dtpuyn VYPOL GTOLG TOPOVE TV TETPOUATOV.

H poBuion tg ombnong sivar moAd onuOvTIK) Yoo TNV TOPAY®YN TOV
KOUTAGLOTOG, Yio TNV VIToPondnon tov Soypagidv HEAETNG TOV VIEGAPOLS KoL Yol
mv otafepdtra TV Toyopdtov Tov @péatoc. Tavtdypova mpémer OpmG va
AopPavetar veoyn kot N TOAVOTNTO VO AEITOVPYEL TO VTOGTPOLA CVTO TKOVOTOMNTIKA
Yy Vv gloyiotomoinon g dminong aAAd Kot va unv S1EukoAvvEL GAAOL €1d0VG

TPOPANLOTA, OTTMG TO ‘KOAANUA TNG TP TIKNAG GTNANG GTO TETPADLLATO.
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2.3. Peoloyikd Movtéha.

Ta peoroywkd povtéda TOV TEPLYPAPOLY TNV GULUTEPLPOPH €VOG PELOTOV

yopilovior og 600 peydrec katnyopieg, o Nevtoveto Kot To pn Nevtmvelo LOVTEAL.

Ymv kotnyopio Tov pn Nevtoveimv pHoviéAwv, to Bactkodtepa, Kol QVTA To
onoio Bo pog anacyoAncovy 6g avuty TV gpyacio ivor Tpia. To poviédo Bingham
Plastic, to povtého Power Law, kot 1o povtédo Herschel-Bulkley, emeidn n
CUVIPUWITIKY] TAEWOYNQi0 TOV pevotdv dwdtpnong eivar pn Nevtdvewn pevotd

(MMivaxag 2.2).

Ta dvokordTEp PELGTE OGOV QPOPE TNV TPOPAEYT TNG TTOGNS TiEONG KATA
TNV KUKAOQOPioL TOLG HEGH GTNV YEMTPNGON, KOl TNG CLUTEPLPOPAS TOVG, ivar ta
pevotd Herschel-Bulkley. T tov mpoodiopiopud Tov KATAAANAOL PEOAOYIKOD
HOVTELOV OtO TO. PEOAOYIKA OedOpEVE. oXedAOTNKE TO TPOYpappo Best Fit amd tov
Avominpot) Kobnynm Kekeosidn Baoileo. Avtd to mpdypoppo €6dayel Kot pio

gmmléov mapairayn tov povtélov Herschel-Bulkley, to Golden Herschel-Bulkley.

Mn Nevtovewn Pevota

Nevtovewn
Pevotd Bingham Plastic | Power Law Herschel-Bulkley

Ilivokog 2.2 Taivounon pevatamv yeadtpnorg.

[Meprocdtepec mAnpopopieg 1060 yia to Tpdypoapua “Best Fit” aldd kot yio to

peoroykd povtéda Ba avapepBovv ota ETOUEVO KEQAAALOL.
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Kegalao 3° - Yroloyiopnds ntdong micong.
3.1. I'evika.

Mo v emtoyio TOV Kovovplov TeYVIKOV odTpnong eival amopaitntog o
ENeYYOG NG TTMOONG Tieong UEoa OTNV YEDTPNON KATd TNV OlUTpnNon OCTE Vi

ueytotomombodv to 0@EAN TV teyvikdv Managed Pressure Drilling (MPD).

Ye avtd 10 KeEQAAao Ba yivel avagopd oTo SAPOPE LOVIEAD T OmOid
YPNOLOTOLOVVTOL Y10 TOV OE®PNTIKO VIOAOYIGUO TNG TTMOOTG Tieong kabmg emiong
KO TOL CTUOVTIKOTEPO, TUNHOTO GTO OOl LoG EVOLOPEPEL 0 Be@PTIKOG VTOAOYIGUOG

NG TTMOMG TEONG GE L YEDTPNOT).

3.2. Mn Nevt@vewo pevotd owaTpnong Ko 1 exidopacn TG TTAOGNS TiEoNS AT

avTa.

Kotd v dudpketa eEEMENG ™G Prounyaviag ye®TpNGE®V Yo TNV KEALYN TV
TAYKOGLOV ovayK®V  6€ vdpoyovavOpakes, mpoékvyav onuavtikés e&elilelc doov
aQopPE TNV PUOT TOV PELGTAOV TOL YPNCYLOTOMONKAV Y10 TNV EKTEAECT] YEOTPGEWV.
ATO TIG apyEG TOL UAOVO KO TNV YPNOT VEPOU MG PELGTOV JATPNONGS, Ol AVAYKES Y10
KOADTEPO EAEYYXO TNG YEDTPNONG O0ONYNGAV GTNV OVIIKATAGTOGT TOV VEPOL amod
TOAPOVS Ol 0moiol EKTANP®VOLY TG (NTOVUEVES OMALTOELS OGOV 0POPE TOV EAEYYO
™G vedTpnons (kabapiopog, EAeyyog mieong HEGH oty Ye®TPMOoN, otabepomoinon
TOV TOYOUATOV TNG YEDTPNONG). AVTA TO PELOTA OUMG EIVOL TOAD O TOAVTAOKO GE
oxé0N LE TO VEPD YO TOV VIOAOYIGUO TNG MTAOOMG. Ta PELGTA AVTA OVIKOVV GTNV
Katnyopia TV pun NevTOVEW®V PELGTOV, TOV TEPLEYOVV TEPIGGOTEPOVS TAPAUETPOVG

YO0 TNV TEPLYPOUPT) TNS PEOAOYIKNG GLUTEPLPOPAS TOVG.

Ta televtaio ypovia yiverar oloéva Kol TEPICCOTEPO YPNON TOV PELGTAOV
Herschel-Bulkley otv Blounyavia yewtpnoewv (Kelessidis et al., 2007a, Kelessidis
et al., 2006, Fordham et al., 1991, Hemphil et al., 1993). Tovto yel wg anotéleoua
™V TpoomdPel avATTUENG VTOAOYIOTIK®V HOVTEA®V To. omoia Bo eKToOV TNV
TTOON TEONG KOTA TNV OIPKED TOL GYEOWCHOV TNG YEMTPNONG OOTE Vi
amoPeLYBovV Katd TV dtdpKela NG dtdtpnong ddpopa TpoPfAruate mov cyeTilovion

HE QUTY.
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[Tap’6Aeg T1¢ Tpoomdbeleg Yoo TNV OVATTTVEN ALTOV TOV HOVIEA®V OEV €YEL
emrevyfel €wg onuepa M OMpovpyic €VOG VLITOAOYIGTIKOV HOVTEAOL Y10 PEVOTA
Herschel-Bulkley, to omoio va divel kodég mpoPAEyelc 6Tov VITOAOYICUO TG TTOONG

nieong oe oyxéon pe Oedopéva To Omoiol KOTOYPAPOVTOL KATO TNV OLUPKELD TNG

dlatpnong.

Ymv moapovoa epyacio Oa yiver Eheyyoc UETOED TOV TPIOV LIOAOYICTIKOV
HOVTEL®V GE OYEON WE TO TEPOUATIKA Ogdopéva To omoio Bo Kataypaeovy 610
pHovtéAo g oplovtiag yedTpnong tov gpyactnpiov Teyvikng 'eotprioewv kot
Pevotopmyovikng, ko Oa yivelr tpoomddeia vo e€ayBolv didpopa cupmepacuaTo 0G0

aQOPA TNV GLGYETION OV ERPAVICOLV.

3.3.YtoAoy1oTIKO. pOVTELD VTTOAOYIGHOD TTMGTG TIEGTS.

Ta povtéha mov Ba ypnoomomBovv eivar tao API, TUC kot RGU — TUC ko
eupaviCouv evolPépov yo. TV GLYKPIGY TOLG, Yiati to KABe évo amd avtd
TOPOLGLALEL L0 SLUPOPETIKT TPOGEYYIOT OGO aPopd ToV KOBOPIGUS TOL €id0VG NG

PONG TOL PELGTOV KOl TOV VITOAOYIGHOV TNG TTOONG TECTG.

To poviéha TUC xor APl éyouvv mpocopoiwbei oe mepifdirov Matlab
(Awdhog, 2007) kar amoterovv to Tpdypaupo “Rheology” eved to poviého RGU —
TUC éyer mpooopoimdel oe mepipdirov Excel kot tqv ypovikn mepiodo cuyypaenc
VTG NG epyaciag yivetor mpoomdbeia Yoo TV TPOcOUoiwon Tov og mepPdiiov

Matlab.

3.3.1. Movtého American Petroleum Institute (API).

To povtélo 1o omoio avamtdydnke amd to American Petroleum Institute (API)
(API, 2006). I'a Tov Kaboptopd ToV €i60VE TG PONG TOV PEVGTOV KATAE TNV SLUPKELD
™E KLVKAOQOpiog Tov vmoAoyilel 0o eTabepois kpiowovg apiBuovg Reynolds, ot
omoiol mapapévouy otobepol Yoo Evo OTOLOONTOTE PELOTO HE OCULYKEKPUUEVEG
PEOAOYIKEG 1010TNTES KO dgv emnpedletar amd v Topoy tov pevctod. Edv o
apuog Reynolds sivar pikpotepog and tov mpmdto 6tadepd kpicywo Reynolds, tote 1

pon Tov pevoTol glval oTpwT, €6V givan PETALD TV VO avTOV aplBu®VY ivarl otV
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HETOPATIKN TTEPLOYN PONG EVM €AV €ivar peyahhtepog amd Tov Oe0TEPO, M PoN Eivar

otV TVPPDON TEPLOYN.

Xmv ovvéyew, HeTd tov kabopiopud NG Pong Tov PELGTOVL, TO HOVTEAO

YPNOOTOLEL TIG KaTAAANAEG e£loMOELS Kot LITOAOYILEL TNV TTMON TTieoNC.

3.3.2. Movtého TUC.

To povtého avtd 1o omolo oyedidotnke amd Tov Avoaminpot) Koabnynt
Keleoidn Baoilelo kot tov dovvapyiwtakn Kwovotavrtivo (Founargiotakis et al.,
2008), Aovel 1o TpoPAnua pe dokun kot o@dApa, un yvopilovioag to €100¢ pong
(oTpoOT/TUPPDOING) CALL Tpocdlopilovtag To, e TNV emiAvon TV avortuyBEvtav
e&lodoewv yio. Herschel-Bulkley pevotd oe daxtodo. Xto poviédo avtd ot dHo
kpioot apBpoi Reynolds gival cuvéptnon g Tapoyng Tov PeLGTOD. TNV GUVEXELQ.
HE TNV ¥PNOT TOV KATAAMNA®V ££10MGEMV TOL GXESIAGTNKOV Y10l TO GUYKEKPLUEVO

LLOVTEAO VITOAOYILETOL 1] TIUT TG TTMOGT THECTG.

3.3.3. Movtého RGU - TUC

To vmoloylotikd avtd povtédlo oavomtoydnke amd TNV cvvepyacic Tov
Epyacmpiov Teyvumc Newtpioemv kot Pevstopunyoavikng tov tunpoatog Mnyoavikov
Opvktav Ilopov tov ITloAvteyveiov Kpnmg xor tov tpunqpoatog Mnyavoldywv

Mnyovikodv tov Robert Gordon University g xkotiag.

H dwpopd pe ta 600 mponyodueva povtéda eival 0Tt avtd TO LOVTELO YO TOV
KkaBopiopd Tov €100VG TG PONG TOL PEVOTOD YPNCILOTOLEL TNV Evvola TG KPIGUUNG

TOYOTNTAG v/ _ .

Edv n péon toyvmra xukhoeopiag Tov peuctol givol pkpotepN amd TNV
Kpioun taydnTo v, n omoia kabopiletan amd Tig pEOAOYIKEG 110TNTEG TOV PEVLGTOD
KOL TNV YEOUETPIOL TNG YEMTPNONG KOl TOV SITPNTIKAOV CTEAEXDV, TOTE 1 POT| TOV
pevoTol yopaktpiletol g oTpOTN evd ov givor peyolvtepn yopoktnpiletor g
TVPPDOONG. L& aVTO TO LOVTELD AmOLGIALEL 1] LETOPATIKY TEPLOYN PONG OE GYECT LE T

arra 800.
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2NV GLVEYELD [LE YPNOT TOV KATOAANA®V E1I0MGEMV TOL ETAEYTNKOAV Y10l TOV
oyedloond avtod Tov HovtéAov vid v Kabodnynon tov Kabnynt Babs Oyeneyin,

yivetal o VTOAOYIGUOG TG TTMOGNC TTiEGNC.

3.3.4. Odnyieg ypnong mpoypappatos “Rheology”.

T'evika.

To mpoypappa “Rheology” sivan katackevaouévo o mepidalov Matlab kot
vroAoyilet yuo dedopévo puBud pong peLeTOD, TNV TTAOOCT TEGNS OVA LOVASH UKOVG
oe coOAMVO 1 KukMkO daktolo. To mpoypoppo €xel emiong v dvvaToOTTA
VTOAOYICHOV NG poNg Me dedopévn v Pobuida g micong. H emidvon tov
npoPAnuatog dvvator vo yivel pe 600 dapopeTikéc neboddovg (Atoiog, 2007). H
TPOTN 0eopd TNV Vvéo péBodo mov avomtvuydnke omd tovg Keleoion kot
dovvopywwtakn. H devtepn agopd v pebBodoroyia mov mpoteiveton omd toOv

opyaviopo tvrormoinong API (API, 2006).

[Ma v €yKatdoTacn Tov TPOYPAULATOS OTOLTEITOL KOT 0PV VO OpPIGOVUE
TOV PAKELO TOV TPOYPAULOTOS MG TOV TPEYOV pdKkeAo (current directory) Tov Matlab.
2T OLVEYEW 1 EYKATACTACT TOV TPOYPAUUATOS YIVETOL HE TN  EVIOAN
“Rheology setup” 6to command window tov Matlab. Katomv, yio v ektéheon tov
npoypappatog didetar n evrodn “Rheology”. Xto Zynua 3.1 @aivetor to Kevrpikod
napaBvpo tov mpoypdupatoc. H yprion tov mpoypdupatog omoteleiton and tpio
dwakprrd Prjparta: 1) elooymyn tHmov TpofAnHatog, 2) icaywyn TopoUETP®V Kot 3)
emiluon Kol avAyvoon amoteAecudTomv. Oa mpénel vo onueiwdel 6Tt avti twv 600
TpOTOV Pnudtov etvar dvvatn n eOpTmon dedopévav omd TaAMOTEPO LOVTEAD HECH
¢ evtoAng “Load old”. Xtnv cvykekpipévn nepintmon didovtatl VO dSVVATOTNTES: o)
N POPT®ON HOVTEAOL OTOV £ivarl YvmoTdg 0 puOUde pong kot {nteitan n mttdomn mieong
(“Open Q DP”) xan B) n @OpTt®oN HoviEAOL OOV €ivol YVOGTH 1 TTAOGCT TiECNS Ko

{nreitan o puOUOG pong (“Open DP Q7).
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J Rheology M=
Load aold N
Give name, Give fluid Fun model
select data and and get

geametry geometry results.
and units. characteristics.
Helezzidiz ]
Set S I b= le's Dat
Ampie ] [ AMPIES A ] [ AF| ]
Mewy Praject [ Save ] [ Close ]

Zynuo. 3.1: Kevrpixo wapabopo tov mpoypauuatos “Rheology”.

Eweaywyn tomov mpofinuaroc.

Mo v elcayoyn T0v TOHTOL TOL TPOPANLATOG YPTCILOTOLEITOL TO TANKTPO
“Set Sample” to omoio gppaviCel to mapabvpo “Rheology.Set Sample” mov @aiveron
oto Zynua 3.2. Katapynv amotteiton vo opiotel to 6vopo Tov apyeiov oto omoio o
amoOnkevtov tor dedopéva. To Svopa tov oapyeiov didetor oto medio “Sample
Name”. Zmnv cvvéyela emAéyetar 6to nedio “Problem Type” av Oa gival yvootdg o
pvOudg pong ko Bo emAvcovpe oG mpog TV mrwon mieong (“Q==>DP”) 11 1o
avtiotpogo (“DP==>Q”). Eniong oto medio “Geometry” emAéyetar av n enilvon Oa
yiver yuo coiqva (“Pipe”) 1 yuo xokAikd daxtodo (“Annuli”). Téhog, oto medio
“Units” opiletor 10 petpwcd cvomua oto omoio Bo dwbovdv ot mopduetpol ToL
npoPAquatog (“SI = Aebvég Zvompa Movddwv kor USA = Apegpucaviko XOotnpo
Movdadwv). Me to miiktpo “OK & Return” to dedopéva katoympovviol Kol To

TPOYPOLLLLO ETICTPEPEL GTO KEVTIPIKO TapABupo.
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J Rheology.Set Sample

Sample Mame:  [Mew Project
— Problem Type
[#] @ ===DP []DP ===
— Geometry ————————————— Unit=
[ ] Annuii |
Pipe [Jusa

Ok 2 Return ] I Cancel

2ynuo 3.2: HopaBopo erooywyns ovouarog, Tomov mpoPIRUoTOS, YEMUETPIOS KOl UETPLKOD

OVOTHUOATOG.

Eicaywyn napauétpwv npofijuarog.

Mo mv swooayoyn TV Topapétpov Tov TPOPAUATOS YPNCLOTOIEITOL TO
nnktpo “Sample’s Data” 1o omoio avoiyet to mapdbvpo mov eaivetal oto ynua 3.3.
Ot povéoeg TV TOPAUETP®Y TOV PaivovTal 6To TapdBupo aArdlovv amd to Aebvég
Xvompa Movadmv 610 Apeptkdviko Xvotnuo Movadmy Kot aviicTpo@o ovOAoYo LLE
TO GVUOTNUO HOVAd®V Tov emA&yOnke oto mpomnyovuevo Pruo. Emiong, av &xet
emieyBel Aon yoo colnva tote to Medio “d inside” 1o omoio avagépeTor oTnv
ECMTEPIKN SIAUETPO TOL dakTVAIOL amevepyomotleitat. Me to TAnktpo “OK & Return”
KOTOY®POVVTOL TO, OEOOUEVO KOl TO TPOYPOULO ETICTPEPEL GTO KEVIPIKO Tapadvpo.
Ot moapdpeTpol tov TPOPANUATOC OTTOG Kot TO HoviEAO mov Ba ypnoyromowmOet
amofnkevovtal oto apyeio pe 10 TANKTpO “Save” mov Ppioketar 6TO KEVIPIKO

napddupo.
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J Rheology.Samples's data

ty (Pa)
K [Pa.z"n)

n
Density (koim™3)
d autzide (m)

d in=ide (m)

o [m™3Es)

Ok & Return ] [ Cancel ]

2ynuo 3.3: Elooywmyn mopouetpmy mpofiiuorog.

Emilvon mpofinuotog Kot avayvwoen anoteieoudToy.

H enilvom tov mpofAnpartog pumopel va yivet eite pe to minkrpo “Kelessidis”
elte pe 1o mAnktpo “API”. Me 1o minktpo “Kelessidis” to mpdPAnua emideTon pe v
puébodo tv Kereoidn — @ovvapyiotdkn evd pe 10 €0TEPO TANKTPO TO TPOPANUQ
emveTon pe v péBodo mov mpoteivetar and tov opyavicpd tvronoinong APL Ko
ot 0V Tpdmot emilvong 0dnyoHv 6to 1610 TapdBvpPo ATOTELECUATOV TOV PAIVETOL GTO
Zyuo 3.4. X210 Topabvpo TV amoTELECUATOV KATOPYV GOIvETOL O TOTOG TG PONG
Yo TIG OEOOUEVES TOPAUETPOVS, ONAadN otpmT pon (Laminar flow), tupPddng pon
(Turbulent flow) ko petafotikny pon (Transient flow). Eziong, @aivetor to poviélo
pong mov otV mepintwon tov mapoadeiypartog eivar Herschel-Bulkley. To mapdBupo
TEPLEYEL OLAPOPES TOPAUETPOVS TOV £XOVV VITOAOYIGTEL KATA TNV €MIALOT (TT.)}. TTOON
nieong DP/DL, taydtra pevotod V, apBudg Reynolds kAr) ko moAAég amd ovtég
didovtar kot oto 000 GLGTAHOTH HOVAS®V (HETPIKO Kot ayyAooa&ovikd). Xtnv
nepintwon mov to mWPOPAnNua  emdvetor pe v pébodo twv  Keleoion —
dovvapyiwtdkn kot M pon elvol oTpOTH, TOTE TO TPIYpPOUUO EUQAVICEL ©C
OMOTEAECUO, KO TO TPOPIA TNG TOXVTNTOS TOV PEVCTOV HEGOH GTO GMOANVO 1| TOV
doktOAlo (Zymua 3.5). Térog, pe to minktpo “Calculate Q-DP Curve” ot10 kdto

aplotepd PEPOG ToL TaPaBHPOL AMOTEAEGUATOV €ival dSuVATOG 0 VTOAOYICUOG OANG
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™G KOUTOANG TNG TTMOMG TiEoNG ovvaptnosl Tov pvbuod ponc. H ypnon tov
mktpov “Calculate Q-DP Curve” eueavilel 1o mapdbvpo mov @aivetor 6to Zynuo
3.6 010 omoio mpémel va oproTel N LEYIGTN TN pLuOUOY pong péypt TV omoia Ba yivet
0 VTOAOYIGHOG (N eAdyio gival ion pe unodév). Me to minktpo “Plot” gppavifeton n
YPOQIKN TTapdotact Onmg oto Zynua 3.7. To onueio mov vrodekvoeTal pe KOKKIVO
aotépl etvar to onueio Q-AP/AL mov vrohoyiotnke pe Paom TG TAPAUETPOVS TOV

LLOVTEAOVL.

) Rheology.Run & View =S
| Laminar fiow |
| Herchel Bulkley |

DRIDL (Paim) | 9770 4n4n | DR/DL (psift) | 1 4174 |
kp (Pa.="n) | 184772 | kp (eoich) | 14477 1363 |

W (mis) | 0.38583 | W (1) | 12659 |

f | 0.9647 | np | 032186 |

Re | 243728 | aw (51 | 262 7204 |

Re critical 1 | 2870 8562 | Re critical 2 | 37798552 |
Direct OP (Paim) | | Lprax DP (Pam) | |
Direct DP (psift) | | Syaroc: DP (psift) | |
Direct f | | Aprox t | |
Direct gy (2717 | | Apro g [(54-1] | |
| calcuiste 0.0P curve | [ Closs |

2ynuo 3.4: Amotedéouora emiloons mpofAnuaroc ue to mpoypouue “Rheology ™.
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) Figure 1 |Z||E|E|
File Edit Wew Insert Tools Deskbop ‘Window Help u

DedE h RAQO® ¢ 0E 85O0

DDSB T T T T T T T T T

0.036 - -

0.034 -
0.032 -

0.03 -

—

E

—

T oozlb
0.026 |
0.024 |

0.022 +

DDE 1 1 1 1 L 1 L 1
1] nos 01 015 02 025 03 03 04 045 05

Uim/s)

2ynuo 3.5: Ilpoil toyvtyros pevatod uéoa oto daktoio.

) Calculate Q-DPDL Curve [ |[T1[[X]

Set maximum flowe gm*3/s]; ‘ 0.0631

Plot

Zynuo 3.6: Kabopiouog uéyrorov poluod pong yio. tov vmoloyiouo g xournvins Q-AP/AL.
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) Figure 1

File Edit Wiew Insert Tools Desktop Window Help u
DedE K a2 e ¢ 0E 53
% 10°
14 T T T T T T

12

10

oo

DP/DL [Paim]

| 1 1 1 | 1
a 0.01 0.02 0.03 0.04 0.05 0.08 0.07
q [m3fsec]

2ynpa 3.7: Yrmoloyiouog g koumving Q-AP/AL kou emonuaven tov onueiov (Q-AP/AL) wov
vroloyiotnke pe foon TIC TOPOUETPOVS TOV UOVTELOD.

3.3.5. KaBopropdg Peoroyik@v povtéAov pevotav.
I'evika.

[Ipwv yiver o vmoAoyiopdg yoo TNV mT®OT Tieong, v omoia epeavilel &va
PEVOTO KATA TNV KLKAOQOPio TOL HEGO OTO EMUEPOVS TUNHUATO TNG YEDTPNONG,
nmpémel va yiver o kaBopiopdg tov €idovg Tov pevotov. [a tov kabopiopd Tov
PEOAOYIKOD HOVTELOL ypnoytomoteitol to mpdypoppa Best Fitting mov oyedidotnke
and tov Avaminpot| Koadnynm Kelesidn Boaociiewo ywo 1o gpyactipro Texvikng

l'eotpioewv kol Pevotounyaviknig.
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Oonyics ypijons mpoypauuaros “Fitting Model”.

I'svika.

To mpdypappo “Fitting Model” eivar oyedacuévo wote va Ppiokel v
BEATIOTN TTPOGEYYION TOV YVOOTMOV PEOAOYIKMOV HOVIEAMY GE TEPOUOTIKA OEOOUEVA
Satpntucic téong T (Pa) cuvaptioel Tov pupod didtpunong (57 (Awitog, 2007). H
epappoy”n €xel Katackevaotel oe Matlab evd ) pébodog twv ehayiotwv TETpAYDOVOV
YpPNooTotlEiTal Yo TNV entAvon Tov mpoPAnuatoc. Ewdwkdtepa éxet ypnoyomomel 1
evtoA fmincon tov optimization toolbox tov Matlab yia v gloyiotomoinomn tov

CQAUALOTOC.

[Ma v €yKatdoTacn Tov TPOYPAULATOS OTOLTEITOL KOT OpYNV Vo, OpicovLE
TOV PAKELO TOL TPOYPAULOTOS OC TOV TPEY®V PaKeAo (current directory) tov Matlab.
2T OLVEYEW 1 EYKATACTACT TOV TPOYPAUUOTOS YIVETOL HE TN  EVIOAN
“setup_best_fitting” oto command window tov Matlab. Katomv, yio v extéleon
TOV TPOYPAULOTOS 01deTan 1 evToAn “my _run”. Zto Zynua 3.8 @aivetatl To KeEVTPKoO
napdBupo tov mpoypdupatog. H xpnon tov mpoypdppatog amotereitor and té66Epa
dwkptd PApata: 1) eoaywyn dedopévav, 2) €mAoyn PEOAOYIKOV HOVTEA®V, 3)

EKTELECT] VTOAOYICU®V — EMIALGT] KoL 4) OVAYVMOT) OTOTEAEGUATOV.

) Fitting Model

Inzert Data or File

— hodels — Biest Fitting and Run

[] Herschel - Bulkley [] Best Fitting of Selected
[[]H-B Golden

[] Bingham

[] Poweer Laws

[ Robertzon - Stilf
[ casson

[ cros=

[ sisko

[] Pranct - Eyrug
[ carreau

[ Close Figure ]

[ Select Al |

2xnua 3.8 : Kevipixo mopabvpo tov mpoypouuotog “Fitting Model”.
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Ewcaymyn Agdouévav.

Mo v elcaymyq TOV TEPIUOTIKOV dedoUEVOV emAéyetal 1 evioAn “Insert
Data or File” ka1 to mpoypappa epeaviCel 1o mapabupo eleaymyng dedouEvVmV (Zymuo
3.9). To mpdypappo o6ider v SvvatdotnTo. Vo glo0yBovv ta. dedopéva Ue TPElg
dpopeTKoHs TpOTovg. O TPMOTOS TPOTOG elvar va TANKTpoAoynBovv amevbeiog oto
TapdBupo E1GAYMYNG HE TNV TPATY GTHAN VO OTOTEAEL TNV GLYVOTNTO TEPIGTPOPNG
Kol TNV 0e0TEPT GTNAN TV dtatunTikn Tdon. Eniong sivon amapaitnto va eioayBel kon

éva Ovoua yo to apyeio mov Oa dnuovpyndel oto medio “Sample’s name”.
poy ¢ nuovpyn p

J Sample’s Data

File  Read from excel

Mumber of s} T Fa
meazurem. | [1/zec) [Fa) Sample's name:

00|~ | O = | L D

alala|lal—m | == ==
Lon Mt ey By R P R S R e R

—_
w
—

Sawve and Close ]

[
=

M
iy

Cancel ]

p]
il

2ynuo. 3.9: HapaBopo ioaywyng dedousvwy

O 0e01EpOC TPOTOG E1GAYMYNG Oedopévav gtval eMAEYOVTAG To pésa amd €val
apyeio Excel. Zto moapdbvpo emAéyetar m eviody “Read from excel” woi to
mpdypappo ovoiyetl éva d1dloyo emhoyng Tov apyeiov excel. Mall pe to apyeio Excel

TO TPOYPOLLLLO OLVOTYEL TOVTOYPOVA KoL EVaL VEO TOPpEOLPO d10AGYOV OOV TEPYEVEL VOl
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EMAEYOVV Ta dedopéva ko Katomy va meotel to minktpo OK. T v emloyn tov
OedOUEVOV 01 GTHAEG TNG CLYVOTNTOGC TEPIGTPOPNG KOL TNG OOTUNTIKNG TAoNS Oa
npénel va givor dimAa-oimAa ( emAoyn TV oTMA®V pe v ypnon tov ctrl dev
Aertovpyel). Emiong 6o mpémer va onueimbel 011 OAeg ot aAdayég mov yivovtol 6To
excel pe okomd o1 GTNAEG TNG CLYVOTNTOC TEPICTPOPNG KO TNG OULTUNTIKNG TAONG Vol
épBovv dimAa-oimia dev amodnkedovtan Katd to KAeicio tov excel. MOAC emheyovv
T 0€dOUEVa, EKTEAEITAL 1] EVTOAN ok 0TO Tapdbvpo StaAdyov (Zynua 3.10) pe v
omoia kAeivel to apyeio excel kot emoTpépovpe oto Matlab. Emniong, 0nwc kot otov
TPONYOOUEVO TPOTO EIGUYMYNG dedopéEvmv Ba Tpémetl va. doBel Eva Ovopa apyeiov 6To
nedio “Sample’s name”. O 1pitog TpOTOC E1GUYWYNG OEOOUEVMV Elval OVGLUCTIKA TO
dvorypo gvog madotdtepov apyeiov dedopévev pe v evtoAn “File -> Open” 6mov
eMAEYETOL TO apyelo TOmMOL .mat mov emBvpodue. TéLog, Kol oTOLG TPElG TPOTOVG
gloaymyng dedopévev 6to téhog Ba pémel va ypnoomomBet to mAnktpo “Save and
Close” 10 omoio Oa amobnkevoet Ta dedopéva Kot KATOMY EMGTPEYEL GTO KEVIPLKO

napdBvupo Tov TPOYPAIATOG.

20 [MM0 AADEO3-NTCE40
21 |RPK garma (1/5) [tau (Fa) tau-Bes

22 BO0 1021.32) 3420327 34.89442
23 300 51066 3267173 31.46039
24 200 340.44 236085 29.B1778
25 100 17022 26545821 26.72853
25 B 1021 17.356883 17.74094
27 3 511 1B.33589 1607138
23

29 —
enlll -/ Data Selection Dialogue E|E|g|

31

EE Select data region in Excel warkzheet.
33 Click OF. ta continue in MATLAR
a4

5

36
37
35

2ynua 3.10: Emiloyy dedouévav amo to Excel.
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Emiioyn puovrtéiwv pong.

Metd v €100y®YN TOV TEPAUATIKOV dEJOUEVOV amatTeEiTAL 1) ETAOYN TOV N
TOV PEOALOYIKMOV HOVTEA®V TTOV emBupeital va emlvfodv. Avtd yivetal onuUEIdVOVTOG
(check) to avtioctotyo kovti apiotepd amd 10 OGvopa Tov KAOe HOVTEAOVL poNG OTMC
eatveron oto Zynua 3.11. Me v gvioin “Set” mov Ppioketar deE1d amd To OGVOLLO TOL
Kk60e poviélov epgaviCetar éva véo moapdBvpo dahdyov (mapdbvpo “Bounds” oto
Zyuo 3.11). Zto mapdbupo avTtd ovaypaeETOL TO OVOUO TOV PEOAOYIKOD LOVTEAOL
kaOdg Kot M eElo®oN TOV YPNCUYOTOLEITAL Yot TV TPOGEYYIo. XTOV TIVOKO TOV
Bpioketot 6to KATO PEPOG TOL TTAPABVPOL didOVTAL O APYIKES TIHEG TOV TAPAUETPOV
g e&lomong kabmg Kot 10 dve Kot Katw Opto péco oto omoia avtég Ba Kvodvtat.
Oleg ot Tipég tov mivake Propodv vo Tpomonombovy KatdAinia and to ypnotn. [a
10 mapddelypa tov Zynuotoc 3.11 éyel emAeyel 1o peoroykd povtédo “Herschel-
Bulkley” evd ot TpoemiAeypéveg TIES YioL TNV OPYIKT TIUH TOV TOPOUUETpOV = , K

1 1
0 00 0 00.

kol nn gtvon 0.5 kou ta dpro péoa ota omoio avtég Kivovvtan sivon -1 wo 1

ng Mode Hi=
Inzert Data or File
Model name: Herschel - Bulkley |
__ Models — Best Fitting and Run -
Model Equation:
Herschel - Bukley [] Best Fitting of Selected Totys kg |
[1H-B Golden Set
[ Bingham et FParameters | Start point | Lo. bound :
by 0 0:
] Pawver Law Set k i i
] Rokentsan - Stilf Set L 0
[Jasz=an Set
[ cross Set
[ siska Set [ Fun ]
[CIPrandt - Eyriug Set -
[ Wiew output | Modify & Close
[] carreau et
[ Cloze Figure ]
( Select Al

2ynuo. 3.11: Emidoyi noviédov pong kai oplouog apyikne TG Kot 0piwy TopoUETPmY.

To mapdBvpo “Bounds” kheiver pe v eviodn “Modify & Close” kot pe tov

TPOTO OVTO ATOONKELOVTOL Ol TPOTOTOMUEVES TYES Y10, T GLYKEKPIUEVT ETIAVOT).
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[Telovtac to mAnktpo “Select All” mov PBpickeTon 610 KAT® aploTEPO UEPOG
o0V Pacikov mapadupov d1aAdyoL emAEYovVTOL OAN T SLOBECIIUA PEOAOYIKA LOVTEAQ
eva toekapovtag kot to “Best Fitting of Selected” mov Ppioketar mave de&id, petd
™V €miAvon emonuaivetol T0 peoroykd povtélo (amd oo €xovv emideyel) moOv

nwpoceyyilel koAvtepa Ta dedopéva Tov Exovv elcaydel.

Extéleon vmoloyicudyv — emilvoi,.

[Tpokewévov va Eekvnoet N emthvon emAéyetor 1 eviodn “Run” amd to
Bacwkd mapdBupo drodkdyov. AxorovBel n gppdvion evdg véov mapabvpov (Zynuo
3.12) mov delyver v mpododo g odikaciog eniAvonc. To xkAeioyo avtod oL
napafopov onuaivel 0Tt M emiAvon €xel olokAnpmOel kot o ypnoTNg umopel va

AVOYVOGEL TA ATOTEAEGLOLTOL.

Please wait fitting procedura. .

2ynuo. 3.12: Ilpoodog dradikacios exilvong.

Avayvoen amoTelEcUATOV.

H avdyvoon tov oanotedecpdtov g emilvong yivetor emdéyovtag v
evtoAn “View Output” and 1o Pacikd mapdbvpo dtaldyov tov mpoypdupatos. ‘Etot,
eupaviCetar éva véo mapdupo dtardyov (Zynua 3.13) 610 mOve HEPOS TOL OTOI0V
(QOIVOVTOL TO, OTOTEAEGLOTO, GE LOPPN TivoKka Yo KaBEva amd Ta pEOAOYIKA LOVTELQ
mov €yovv emAeyel pe OAeg TIG MOPOUETPOVS TNG TPOGEYYIONG. XTO KAT® HEPOG

eupaviCeTor 1 YPOEIKN OTEWKOVICY] TNG TPOGEYYIONG TOL TEPLEYEL TO TELPOLOATIKA
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dedopéva (pe ™ HopeY| onueiov) Kol TNV KOUTOAN Tpoceyyong (Ue TN Hopon
GUVEXODG YPOUUNG).

[Tdvo oto ypdonua eaivovtol enionc:

» H &&icmon tov peoA0YIKOD HOVTELOVL.

» ToZQ:

2 _ _ 2
Z Q - Z &pm}l‘oﬁx ﬁga,“l'mmyg i yfrapo:/mcnx o (1)
i
> O ovvteheothg amdihong R? (Residual Error):

% S - Y — 2
TAPAUATIK § ynapaﬂarzr 60 peloyix ¢ & jowomg i ympa;tomk 6,0

R? = ! (2)

29 y ;
TEPOPATIK § qu,oayanx 6,i

Ag&ld ™ ypapwkne mopdotoons epeoaviletor pe €viovo YPAUUOTO TO €VEPYO
PEOAOYIKO HOVTEAO, EVM TPOKEWEVODL VO ELOOVIGTOVV TO. OMOTEAEGUOTO KOO0V
dALlov peoroyucol povtédov emAéyetal 1o avtioTotyo TANKTPo ota de&d. Téhog, pe
v evtoln “Best of all” gppaviletatl n ypaeikr| aneikdvion Tov peoA0YIKOD LOVTEAOV

(amod 6ca £xovv emideyel) mov mpoceyyilel KOADTEPO TO TELPAUATIKA OEOOUEVA.
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) Fitting Output

Herschel-Bul  H-B golde Bingham |  Power La| Robentson - Casson Crozz Sizko Prandt - Ey Carreau |
A £.3081
B 57.43966
ty -0.091655 1.4632 £.5335 3.8653
mp 0.018621 0.0088328
3 moo 0.027511 0.022585
mo -7BE05.7242 0.085477
ag 332022618
0.02885
38.6214
-10.1065
1.1359 0.62348 1.1071 1.0731 b

Herschel-Burkley
25 T T T T T

HETSERErHir
T=-0.091655+(1.1 359).g0-43944 H-E golden
R? =0.99648 Bingham
20  Sumid) =1.3335 _ S
Robertzon - Stilf
Casson
Cross
Sisko
Pranchl - Eyn...
Carreau

T (Pa)

Best of all

0 200 400 500 800 1000 1200

q(s™)

2ynuo. 3.13: Aroteléouaro exilvons o€ pop i mivaro. kot YpopIKy ATEIKOVIGH TPOGEYYIGHG.

3.4. IItoon mieong 610 SLOTPNTIKA GTEAEYN KOl GTOV SUKTOALO TNG YEDTPNO)S.

T'evika.

Ta pépn ota omoia evdaeépel o 660 Mo akpPng BewpnTiKdg VIOAOYICUOG TNG

TTOONG ieong elva:

» 10 JlTPNTIKA GTEAEYN, Ko

» 0 S0KTOALOG TNG YEDTPNONG

KaBmOG o avTég TIG 000 TEPLOYEC VTEIGEPYOVTOL Ol EMATOOCELS TOV PEOAOYIKOV
W010TTO®V TOV PEVOTOV, GE AVTIOESN LE TO KOTTIKO GKPO OOV 1 TTMOCN TIEGNS TOL
enpaviCetoar o avTod €aptdTanl amd TV TOPOYN TOL PELGTOV KoL TNV YEMUETPIO TOV

aKPOPLGI®V TOV.
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AwaTpntind oteiéym.

H mtoon mieong oto dwwtpnrikd oteléyn eaptdron omd 1o €100¢ KO TIG
PEOAOYIKEG 1O10TNTEC TOL PELGTOV, TNV YEMUETPIO TOV GTEAEXDOV KOl TNV TN TNG

TOPOYNS TOV PEVGTOV UEGH GE OVTA.

H ntdon mieong n onaio epgavifetor péca ot S0TPNTIKE GTEAEYN OMOTEAET
ovvnBwg to 40 — 50% g GLVOAMKNG TTOONG TTiEONS KOTA TNV dLdpKELD TNG 1A TPNONG
Kol etvon kpioun n datnpNno1 g 6€ 0G0 TO SLVATOV YOUUNAOTEPO EMIMEDD, DGTE VL
elay1oTomolovvTal o1 POOPEG HEGH GTA TPNTIKA oTEAEYN e€antiog TV TPPOV Ady®
NG KUKAOPOPIOG TOL PEVGTOV, EXOVTAG GOV GUVETELN TNV UEIMOT TOV AVIOY®OV TMOV

OTEAEYDV OTIG TAGELS TOL gp@avilovtal 6 aVTA.

Aaxtviios tis I'eadtpnong.

H ntdom mieong n omoia gpeavifetor 6tov daKTOALO TG YE®TPNONG £lvan o
KaOOPIOTIKOTEPOG TTOPAYOVTOG YIO. TOV EAEYXO NG YEDTPNONG KOTA TNV SdTpnom
napoAo mov amoterel 10 5 — 10% tng cvVOAKNG TTdonG mieong YTl vt 1 mieon
etvar vtevBuvn Y10 TOV EheyY0 TOV TPOPIA TTiEONC LEGO GTOV SAKTOAO TNG YEDTPNONG,
kot BonBad omv emitevén tov €ldovg ™G dATPNoNG SLUE®VO HE TO omoio Oa
exteleotel  yedtpnon (ddtpnon He vromieor, odTtpnon pe vrepmieon, odTpnon

o710 enineda TEONS TOV YEMAOYIKOD GYNUOTIGHOD).

[Tapdro mov TV TT®O™ TieoNng 6TOV dOKTOALO O1ETOLY Ot 15101 KAVOVES LLE TNV
TTOOoN Tieong UEGH OTA OTPNTIKA GTEAEYN, TO YEYOVOS OTL 1 KLKAOQOPiOL TOV
pevoTol yivetar oe OaKTOAO, €mnpedlel TNV TTOON TEONG. L& OLTH TNV €PYyacia
yivetal €EAEYYOC TNG CLGYETIONS TOV BE@PNTIKOV SEGOUEVAOV KOl TOV TEPOUOTIKMOV
mov  peTpNONKav oTovV  OOKTOAL0 TOVL HOVTEAOL OplOVTIOG YEMTPNONG TOL
Epyacmnpiov Teyvume Tlewtpioemv kot Pevotounyovikng kor epunveiog tov

CLUTEPUCUAT®V T Omoio eEQyovTOoL amd avTn TNV avdAvon.
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Kegalawo 4° — Teyvikég Avatpnon PvOulépevng Micong (Managed Pressure
Drilling).

4.1. Evcaymym.

2Komdg avToV TOL KEPOANIOL €ivOol VO TOPOVGLAGEL TIG OLUPOPES TEYVIKEG
Managed Pressure Drilling (MPD) mov avoantoybnkav omv  Propnyavio
EKUETAAAEVONG KOLTAGUATOV TETPEAOIOL KOl PUOIKOV aEPiov, KABMG 01 EVEPYEIOKES
OTOUTNOELS KO 1 avAYK™ Yo, auénuévn Toapaywyn vopoyovavlpdkmy avaykace v
eToupleg EKUETAAAELONG VLOPOYOVAVOPAK®Y VO GTPUPOVV GE OVGKOAOTEPL TPOC

eKpeTdAAEVO KOrTAoHATO.

2V ovvéyela Bo TapPoVGIAGTOVV 01 KUPLOTEPES Kot TTO GUVNOGUEVES TEXVIKEG
OV avamTOYONKaVY, KaB®G Kot To 0QEAN OV TPOKVTTOLV, TIG JAPOPES KOVOTOMIES
T1G omoieg elonyayav otV frounyavia yewtpnoemv, Kabdg Kol 0Toiovg TEPLOPIGHOVG

KOl OTOLTHOELS TOPOVGLALOVV GE GYEOT TAVTA LE TIG CUUPOTIKEG TEYVIKES O1ATPNOTC.

Av106 10 omoio Ba mpémetl va AdPovpe v’ Oyv pag givar OTL AVTEG Ot TEXVIKEG,
ot omoieg B TAPOVGIAGTOVY GE OVTO TO KEPAAOLO £YOVV GOV GKOTO TNV UEION TV
atuynuUadTov mov pmopel va wPokAnBohv Katd TNV SUPKEWL EKTEAEONG UIOG
ye®TPNOMNG, AEAVOVTAG TO EMIMESD ACPAAELNS Y10 TOVG EPYALOUEVOVS GE QVTEC, TNV
peimon Tov TeEPPUALOVIIKOV EMTTOGEMV OO TNV TPUYUOTOTOMNGCT HOS YEDTPTONG
Kot TEAOG TNV HEI®ON TOV KOGTOLG Yol TNV OAOKANPMOT UG YEDTPNONG 0€ OGO TO
dvvatdv peyordtepo Pabud Bétoviag cav mPOTN TPOTEPAUOTNTO OUMS TOVLS OVO

TpoovapephEVTEG AOYOLG.

4.2.1. Tvgivonr n Tevikn Managed Pressure Drilling (MPD).

H avéyxn va aviipetomotodv mpofiquoto to omoio oyetiovior pe tnv
ddkacio ekTéAEONS YEOTPNOE®V (TETPELAioL ,LOIKOV agpiov Kot VEPOD UEYAAOL
BaBovc), 10 peydho KOGTOG TV PEVGTAOV YEDTPNONG, TO "KOAANUA" KOl OTMOAED TWV
JTPNTIKOV oTEAEYDV, Ol €6poég pevotmv meTpoudtov (Kicks), n oandleln
KUKAOQOpiog pevatov yemtpnong (mud losses), odyncav oty avartuén pedddmv
Eleyyov NG ddKaGiog SITPNONG OGS YEDOTPNONS. AvTol 01 AGYOl OmOTEAEGOV

KaBoploTIKO GTOXEID Yoo TNV AVATTLEN ML KOAVTEPNG KOl OMOTEAEGUOATIKOTEPNG
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TEXVOAOYLOG KO TEXVIKNG EKTEAEONG YEMTPNCEMV TETPEAAIOL KOl PUGIKOV 0EPIOV, TO

omoio odnynoe otV avantuén tov teyvikdv Managed Pressure Drilling (MPD).

Ot teyvikég Managed Pressure Drilling (MPD) fpfav yia vo avtikatactioovy
11§ cLUPATIKEG YEOTPNOELG O€ GLYKEKPIUEVES epappoyég (Sweep et al., 2003, Spriggs
et al., 2008, Stone and Tian, 2008, Dharma and Toralde, 2008, Fossil et al., 2006). e
OVTOV TOL €100VG TIG YEMTPNOELS OV YIVETUL KAVEVOS EAEYYOG NG Tieong LEGA GTNV
yemTpnomn dote vo kabopiotel og embountd enineda, eved 10 OA0 cHGTNUO SLATPNONG
etvat “avotktd” pe amotélecpa TV pn SvvatoTNTo EAEYYOL TG YEDMTPNONGS (ZxMua
4.1). Xe avtifeon oto KAEOTO cvoTHUATA XPNCIHLOTO0vVTAL cuokevEG BOP (Zymua.
4.2), o1 010igg OTAV AVIYVELGOLY KATO10 TPOPANLO 6T Oplo. TG Tieong enepPaivovy
Kot S10KOTTOVY TV TOPOYT PELGTOV OO KOl TPOG TV YEDMTPNGT, Y1 VO AToPeLYHovV

TUYOV TPOoPA AT,

Riserless

Surface casing

Drilling fluld

and ngs flow
up between the
drillpipe and the
borehole or casing

Uncased hole .._ Drilibit

2ynuo 4.1 Zoupotiki diazpnon (JAMSTEC).
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Rotating Control Device N—

Inlet from Trip Tank Pump
| —

4" HCR
Inlet from Mud Pump
[l S —

e To Flow Line
\ 5

2ynua 4.2: Avazpnon ue ypron ovokevric BOP (Hannegan, 2007).

Ot teyvikég Managed Pressure Drilling (MPD) &ivar pio mpocapuootiki
dwdwacion TEYVIKNIG YEMTPNCEWV 1 OMOle YPMNOCLUOTOIEITOL Yoo Vo EAEYYETOL W€
axpifelo to Tpoeil g mieong kabdS Kot 1 TToOoN mieong mov epgavietor 6TO
U0 TOL daKkTVAIOL ¢ YedTpnomng (annulus), oe OAN TV TEPLOYN TG YEDTPNONG
(SroTpNTIKA GTEAEYT, KOTLTIKE dicpal, KTA.) aAAd Ko Yo KaOe onueio g yedTpnong to
onoio ypnlet Wwitepng petayeipong. Ta kOpla emttevypoTo g teXVikng Managed
Pressure Drilling (MPD), ivor o kafopiopdg kat n enitevén tov embBountodv opimv
g mieong (mTtdomn mieong Kot Tpoeil mieong), LEGH GTO AMALTOVIEVO EVPOG AVOAOYL
LE TIG 1O10UTEPATNTES KO TIG OMOLTNGES 7OV gRPavilel 1 KaOe mepimtwon yed®TPNONG
Eexwplotd. ToOTo EMTLYYAVETOL LE TNV XPNON EVOS KAEIGTOV GUOTILOTOG EMLGTPOPTG

TOL TOAPOV YeMTPNONG (ZyMua 4.2).

O1 teyvikég Managed Pressure Drilling (MPD) emttpémovv peyoldtepo kot
aKpiéctepo €AeYX0 TOL TPOEIA TG TTMOONG MIEONG OTNV YEDTPNON, OAAL Kot TNG
JLPOPIKNG N CTATIKNG TIECTG GE OMOLOONTOTE GNUEIO TOV dOKTVAIOVL TNG YEMTPNONG,
o€ OYE0T LLE TOV EAEYYO TTOL TTAPEYEL LOVO 1] TUKVOTNTO TOV TOAPOV KO 1) TOPOYT TNG

aVTALOG TOAPOV, TTOL ETITVYYAVETOL LE TIG CLUPATIKEG LeBOOOVE YEDTPNOMC.

Ov teyvikég Managed Pressure Drilling (MPD) egepopupoctnkav &ote va

TPOCPEPOLY AGPAAN JOIKAGIN HO1ATPNONG GE TAUIEVTNPES GTOLG OTOI0VG OgV Pmopel
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va mpaypotorondei yemtpnon pe ovuPotikéc pebodovg (Over balanced drilling)
AOY® TPOPANUATOV TOV APOPOVY TNV AGPAAELD (TOGO TOV TPOCHOTIKOV TOV epYALeTOL
YL TNV €KTEAECT] NG YEMTPNONG, TOV UNYAVNUATOV KoODS Kot Tov {d1ov Tov
TOULELTPA), TOV TEPIPAALOVTIIKOV EMATOCE®V OO TNV ddIKAGio TG ddTPNoNg
OAAG Kol TOV OKOVOUKOD pickov mov mapovotdlel o tétola emévovon. Ta
ovvnBéotepa TpofAnuata To omoia mapovoidloviol Katd TNV OdpKeld EKTEAECTG

Hog yemtpnong mapovstalovtol 6to Zynuo 4.3.
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Differential Sticking Geopressure Unconsolidated Zone Fractured or Faulted Zone  Undergauge Hole Kev Seating
Alagopiko koMnpa Ymeprrieon Mn oTepeoTrompévn Pwypatwpévn i Jwvn  Aldtpnon pikpotepng  "Aogo” kadiopa
{wvn ME pUYH BlapETpOU

2ynuo 4.3: Tpofijuota mov supavifovror katd v didpkeio. ¢ oazpnong (Aldred et al., 1999).
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Yvunepoouatikd 1 Managed Pressure Drilling (MPD) givat évo ohvoro omd
SLAPOPEG TEXVIKES SLATPNONG, Ol OTTOIEC UTOPOVV Vo V10BETNOOVY Kot v EQOPUOGTOVV
yw. Vv emilvorn mpoPAnudtev to omoia oyetiCovtal, Kot epgavifovior Katd Tnv
OlgpKeln. EKTEAEONG Ol YEDTPNONG (OMAOAELD TOAPOV YEDMTPNONG, “KOAANUA’ Kot
amdAeln.  otedey®v  yewtpvmavov, Kicks  agpiov  kar  metpeloiov, hole
stability,kt).), v layiotonoinon g tpoxkAnong {nuiog otov tapievtipo. (formation
damage), xobhg ka1 v emitevén mapayoyng oepiov 1 metperaiov (dynamically
characterize production reservoir) amd évov ToUELTP KOTA TNV OLAPKELN EKTEAEOTC

Lo YEOTPNONG, MOTE va. emTevydel 1 PEATIOTN duvaTn dloyEIPIoT TOL TAUIELTHPA.

4.2.2. Iieovektypota g Managed Pressure Drilling (MPD).

H dadwacio Managed Pressure Drilling (MPD) ypnowonotel pio cvAloyn and
TEYVIKEG Kot gpyolieion Ta omoio pmopobv Vo UETPLECOVY TO TPOPANUOATE KOl TO
pioka(acpareiog, meptParlovikd, OIKOVOUIKA) To ool oyeTilovtan pe TV EKTEAEON
YEOTPNOEWMV TETPEANIOV KOl PLGIKOD AEPLOV, OTIS OTOIEC TO OPlOL OLUKVUOVONG TOV
TPoPiL TG mTOong mieong, 6TO TUNUO TOL SOKTLAIOL NG YEMTPNONG, £ivol TOAD
nepopopéva. H mapandve oraitmon emrvyydvetar pe v dayeipion tov ioolvyiov
o010 poeik ¢ mtdong mieong (Hannegan, 2006) mov gpeavifeTar 6To TUNUO TOL
SOKTUMOV TNG YEDTPNONG, KOl TPOYUOTOTOLEITAL e TOV EAEYYO Kol TOV KOOOPIoUO

TOV 0KOAOVOWOV TaPAYOVIOV:

[Tieon e&£o6d0v (Back pressure).
Tng mukvoOTNTAG TOV PELGTOV YEMTPNOTG.

Ta peoroyikd YopaKINPIOTIKAE TOV PELGTOV YEMTPNONG.

YV V V V

To eninedo kot T0 VYOGS OV KATOAAUPAVEL TO PEVGTO TNG YEDTPNOTNG GTOV
SOKTOMO TNG YEDTPNONG.

» Tnv ntoon wieong n omoia opeileTan oTig TPIPEC AdY® TNG KUKAOQPOPIG TOVL
PELGTOD GTA EMUEPOVG TUNLLATO, TG YEDTPNONG (O1TPNTIKA GTEAEYT], KOTTIKA
dpa, SUKTOALO YEDMTPNONG) KAOMOG Kot amd,

» NV YeE®UETPIO TNG YEDTPNOTNC.

Ta mheovektnuata ta omoia Tpoceépet 1 Managed Pressure Drilling (MPD) givou :
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» O moApOg EMOTPEPEL OTNV EMPAVEINL GE GLUVONKES ATUOCPULPIKNG Tieong (Zero
back pressure), kot n KuKAo@Opic. TOV YIVETOL LE EVEPYELN TOV TOPEXETAL UECH
TOV STPNTIKOV CTEAEYDV.

» Ou teyvikéc Managed Pressure Drilling (MPD) pog divouv v duvotdtnto va
HELDOGOLLE TPOPANLaTO TO. Omoio p@avilovtol Kot TV JtdpKeELD TNG OLITPNONG,
onmw¢ N ammdAglo ToA@oV yedTpnong (mud losses), 1o “kOAANuA” Kol andOAE TV
STPNTIKAOV GTEAEY®V, OIVOVTAG MO TNV SLVATOTNTO VO LEYIGTOTOU|GOVUE THV
owovopio YpOVOL Kol KOGTOLG KOTO TNV OPKELD EKTEAEONG TNG YEDTPNONG,
LLELOVOVTAG LE QVTOV TOV TPOTO ToV un mapoywyiko ypdvo (Non Productive Time)
KO T0 GUVOEOUEVA [E AVTOHV KOGTN.

» To kkelotd ovotypa mov ypnowonoteital otig Managed Pressure Drilling (MPD)
TeXVIKEG Bewpeitonl AoPUAESTEPO OO TO. GLGTNUOTA TO OOl YPNGLULOTOIOVVTOL
oTIg CLUPATIKEG TEYVIKES O1ATPNONG, AOY® TOVL EAEYYOL TOL EMITLYYOVETOL GTO

TPOPIA TNG TECNG KO GTNV TTMOOT| TECNG GTNV YEDTPNON.

4.2.3. Katnyopics kor maporirayéc tng Managed Pressure Drilling (MPD.

Kértow amd v "ounpéra" twv Managed Pressure Drilling (MPD) ,Bpickovtot
010 éva, Gkpo ot ovuPotikég TEXVIKEG ddtpnong vrepmieong (Over balanced) kot
o010 GAAO ot TeYVIKEG dtdtpnong vromieong (Under balanced) (Rommetveit et al.,
2005, Stone and Tian, 2008, Fossli et al., 2006).

Y1ig ovpPatikég Over balanced teyvikéc, n mieon n omoia dnpovpyeitor 6to
KOTOTATO TUNHO TNG YEDTPNONG (VOPOGTATIKN TIEST) TOAPOV, TIECT GTO KOMTIKO
GKpo, TiEGN GTOV OAKTUALO TNG YEDMTPTONG) EAEYXETOL LUE TO VO OLUTNPOVUE TO TPOPIA
MG TieoNg 6TOV OOKTOALO TNG YEMTPNONG, LEYAAVTEPO OO TNV TIECT] TOL YEMAOYIKOV

oynuotiopov (pore pressure) otov omoio yivetot 1 Ye®TPNOT, Yo, OAO TO TUALO TNG

YEDTPMNOTG.

¥mig Underbalanced teyvikég, n mieom, n omoio dnpovpyeitol 610 KOTOTOTO
TUUOL P0G YEDTPNONG (VOPOCTATIKY TIECT] TOAPOV, TEGN GTO KOTTIKO AKPO, TIECT
O0TOV OOKTOMO TNG YEDTPNONG) Olatnpeitol o pukpodTEPN T omd TNV MESN TOL
YEOAOYIKOD GYNUOTIGHOD (POre pressure) 6tov omoio yivetol 1 yedTpnon, yio. 60 10
TUAUOL TNG YEDTPNONG, KOl GE OAOVG TOVS YEMAOYIKOVS GYNUOTIGLOVG GTOVS OTOi0Vg

yiveton ) d1dtpnon, gite avtol eivor {dveg ToL TOELTHPO ElTE OYL.

41| Zerida



H International Association of Drilling Contractors (IADC) éyet diaympioet Tig

Managed Pressure Drilling (MPD) teyvikéc o€ 600 KOpLeg KAt yoples:

» Avadpactikij (Reactive) MPD: e avtiv tnv katnyopio. 1 yedtpnon dedyeron
pue mpokabopiopéva to onueion oto omoion Bo TomoBenBovV o1 drdpopeg
OCOAMVOGCELS, HE YPNOT TOAPOV GLYKEKPUEVOV O10THTOV. O GUYKEKPIUEVOG
TPOYPAUUATIGUOC TPOLTOOETEL, KATA TNV SLAPKELD TS OLATPNONG, TNV VTapén Kot
ypnon PorPida pvbuione oty €€odo (Choke) ko RCD (Rotating Control
Device), evogyopévmg Kot pe tov €Aeyyo oTo OTeAEYM odtpnong (Toydnta
TEPLOTPOPNG, EKKEVTIPOTNTA) Y10 OCQPOAESTEPY] KOl  OMOTEAECUOTIKOTEPT
dwxeipion TV ampOPAETTOV TILOV TNG TECTG OTN YEDTPMON.

> Ipoavadpactiky (Proactive) MPD: Xg ovti v teyvikn 1 yedtpnon &ivat
COANVOUEVN KOl 01 GYESUGHOL TOV TOAPADV YEMTPMNONG KOl TOV 1O10THTOV TOVG
(peoroyikég 1010TNTEG, TLKVOTNTA) YivOvTol OO TNV apyn TNG OdIKOGIoG e
dedopEV] TNV COAVOOT, dlvovtag TNV duvatOTNTA Y10, KOADTEPO GYEOACUO Kot

dwxeipion tov TpoPid g migomng.

Ot mtaporrayéc tov Managed Pressure Drilling (MPD) teyvikédv mapovoidalovtat 6o

Zynuo 4.4.
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4.2.4. Maporhayég Tng Managed Pressure Drilling (MPD).

Awérepnon
puBulopEVng tigong

Awdrpnon pe nieon pe Zrabepn micon
KaGAUppa TToOApOU nuOpEva

Movrig BaBuidag

Managed
Pressure Drilling

(MPD)

ArrAri¢ BaBpibag Awitpnon pe
unonieon

Pressurized Mud Cap Constant Bottomhole

Drilling (PMCD) Pressure {CBHP) Single Gradient

Underbalanced
Dual Gradient pressure drilling
(UBD)

2yniua 4.4: Aaypouua katnyoproroinons Managed Pressure Drilling zeyvikev (Dalamarinis, 2007).
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Awatpnon ue wicon pue kdloppo roipov (PMCD).

H teyvicn dbtpnong pe micon pe emkdAoyn moieod amotelel 1davikny Adon
Y TEPIMTAOGELS OTIG omoleg mapovoidlovtal, o peydlo Pabud, mpoPfinuato wov
oxetiCovtar pe v omdrel woApov yemtpnong (mud losses). Xe avtéc Tig
TEPMTMOGELS VITAPYEL TUNUO GTO LIESAUPOG, GTO OTOI0 TPOYUATOTOLEITAL 1] YEDTPON,
Kol 610 omoio Ompovpyodue pwor teyvnty M aglomoodue pa vdpyovca “Covn
amofeong” n omoio pmopel va amodeyfel Tov moAed TG yedtpnong o omoiog Oa
Bvoactel (amdppyn Tov TOAPOV G€ AT TNV {OVN 6TO LIESAPOG Y10, TNV VAOTOINOT
™G TEYVIKNG) KaOMDC Kol To TPIHOTO 7OV TPOKLATOVV omd TNV dadkacion Tng

ddtpnong (drill cuttings) (Zynua 4.5) (Terwogt et al. 2005, Hannegan, 2005 ).

H teyvuc ovt ypnoiponoteiton yioo NV €KTEAECT] YEMTPNGEWV TTOV EYOVLE
coPopéc andAeleg TOAPOV ddTpnong, Otav €16epYOUAcTE Katd TV OldTpnon o€
TOUEVTNPES TTOV TEPLEYXOVY aéPLa (QLUOIKO aéplo Kot GALovg €idovg aépra) Kot
eneavifouv “poypatouévn acPeotolbikn doun” (fractured carbonate reservoirs) amd
TNV QUCY TOVG, EMITPEMOVIOG YOl OWTOV TOV Ady® TNV amehevfépmon mpog v
emedveln. Katd TNV OldpKEW NG OWITPNONG TOVS, oepiov Kot TETPEAAiov, L

TOPAAANAN €16pON G€ aVTOVG PEYaAng TtocotnTag mohpot (mud losses).

2ynue 4.5: Hopaderyuo teyvirns Mud Cap Drilling.
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Otav kotd TNV eKTEAECT] YEMTPNOGEWV TOL TAPOVCIALOVY TIS AVOTEP®
1010UTEPOTNTEG, OPYICEL VO TOPOLGLALETOL ATMAELD TOAPOV amd TO GVOTNUA, TOTE N
oTA0UN TOL TOAPOV S1ATPNONG LEGH GTOV SUKTOALO TNG YEDMTPNONG oTodtoKd apyilet
VO LELDOVETOL £ OTOL PTACEL GE TETOL0 EMMESO MGTE 1) VOPOSTOTIKT TIEST) TOL OOKET
0 TOAQPOC OGTOV OOKTUALO TNG YEMTPNONG, 6TO GNUEI0 6TO 0moio mapovslaleTor To
npofAinua (Covn omwAiewdv - 0SS zONne), vo 1oovTal Pe TV TEGN TOV TOULEVTAPO.
(amdAeto TOAPOH pécso otov tapevtpa). Otav copfel avtd, n VIpooTATIKN TiEoT
TOV TOAPOV GTO GVM PEPOC TOL TAUIELTNHPO, OTOL GLVNOMG Elval GLYKEVTPOUEVA T
aéplo. amofépara (fractured carbonate reservoirs) umopei va givar apketd pikpoTepn
amd v mieon tov TaevTpa. Tovto cuvovaldpevo pe TNV HEYOAN SlomepOTOTNTA
Vv omoio Tapovctdlovy TETO0V £I00VG TAUIEVLTPES, EMTPEMEL PON ALEPIOL OO TOV
TOULELTNPO GTNV YEDTPNOT], OUEGMOS UETE TNV TTOGN TNG GTAOUNG TOL TOAPOV PEGH
OTOV OOKTOUAL0 1TNG YEDTPNONG. X MO TETOWL TEPIMTOON O EMAVEAEYXOG TNG
vedTpnong umopet vo avakBel povo pe v mANpwon Tov SakTuAiov pHEXPL TO
eninedo ekeivo MOTE va GTOUATNCEL 1 Olppon 0ePiov amd TOV TOUIELTAPO. ZE
TEPIMTOON TOL N TEST TOV TOUIELTHPA ival HIKPOHTEPT OO TV VOPOCTATIKN THEST
TOU TOAPOV GTOV JOKTUAD NG YedTpnong (oto onueio 6mov epgoaviletar To
npoPAnua - under balance situation), umopei va avaxmmBel o Eleyyoc g yedTpNnong
HE TNV €100Y®YN GTOV JOKTOAMO TNG YEDTPNONG VEPOV, Y10 OGO YPOVIKO OLAGTILLOL
owpkovv ot anmielec. H dwdtpnon tote pmopel va ocvveylotel kobdg 10 aéplo

emavelcayetal péoa oty (dvn anoleldv tov Topuevtipa (10ss zone).

Kotd v dwodicacio didtpnong pe v teyvikn Pressurized Mud Cap Drilling éva
RCD (Rotating Control Device) ypnowuonoteitor yio. vo 6@paryicel Tov SakTOAO NG
yeotpnong (well annulus), kot eicdyetoan ToApog avénuévon 1E®E0VE 6TOV SOKTOALO
™¢ yedtpnong peyaAvtepne mukvomrag (Cap fluid) amd tov non vrdpyovia moreo
olatpnong, o omoiog kol cvveyilel Vo EMOVEICAYETOL OTNV YEDTPNON HECH TOV
STpNTIKAOV oteEAey®V). O TOAPOG Tov Ppioketar 6Tov SAKTOAO NG YEDTPNONG

amoteLeiTol amd Tpio SLPOPETIKA PEVOTAL

» Tov moApd OV EIGAYETAL GTNV YEDTPNOT LECH TOV SLOTPNTIKMDV GTELEXDV KO
EICEPYETOAL GTOV OOKTUALO HECH TOV OKPOPLGIMY TOL KOTTIKOV GKPOV.
» Tov ToAPO TOV EIGAYETOL GTNV YEDTPN O LECH TOL SUKTLAIOL TNG YEMTPNONC.

» Tov moAPd OV TPOKVATEL O TNV AVAUELEN AVTAOV TOV 60O TOAPOV.

45| erioa



Avt n pébodog amotpémer pev TV petokivnon vopoyovavOpdkmv oTnv
EMPAVELD OAAG €XEL OC OMOTEAECUO TNV dNUIOLPYID VYNADV TECEMV GTNV TEPLOYN

TOV TOLUEVTIPO.

H teyvikn Pressurized Mud Cap Drilling (PMCD) diver v duvatdémta cto
TPOCMOTIKO OV EKTEAEL TNV Ye®TPNON Vo cuveyicel TV Sdtpnon pHe HKPOTEPESG
TECELG LEGO OTNV TTEPLOYT TOV SOKTLAIOV TNG YEMTPNONG GE GYEOT UE TIG GVUPATIKEG
pebodovg kol pmopel va ovveylotel M OATPNON GE GYNUOATIGLOVS Ol OToiot
enoavilovv mpofAnuata (poyuéc | prynoto) péxpt to embountd n tehkd Pébog
YEDTPNONG, UEWDVOVTAG TOV XPOVo TV TpoPfAnudtomv mov gugoviCovior Adym Tov
WOLTEPOTITOV TOV GLYKEKPLUEVOL EIO0VG TOUIEVTNPOV, EAATTOVOVTOS £TGL TO KOGTOG
KOl TOV YpOVO EKTEAEONG LLOG YEDTPNOMNG, e&ontiog TG UElmoNS OmOAEIDV TOAPOD
otov tapevtipa. H teyviky Pressurized Mud Cap Drilling (PMCD) anotelel v
KOpla pébodo otnv meproyn ¢ Aciag 0mov pia oTIg TEVTE YEDTPNONG TAPOLSLALoVY

TPOPAALOTO LEPIKNG 1) OAIKTG OTMAELNG TTOAPOV dtdtpnong (Hannegan, 2005).

2rabepny micon mvbuéve (Constant Bottom Hole Pressure - CBHP).

H teyvikn otabepric micong mvbuéva (CBHP) aviker ommv katnyopio tov
npoavadpactikwv Managed Pressure Drilling (MPD) teyvikdv, kot givor emiong
yvoot og¢ Equivalent Circulating Density (ECD) dwayeipion (Hannegan, 2005). H
oldtpnon yivetal amopaitnto o€ EMmEdN 1G0PPOTING TECEWV UETAED TOL OUKTLAIOL
NG YEDTPNONG KAl TOV YEMAOYIKOD GYNUOTIGHOD 6TOV 01010 yivetou 1 didtpnon (near
balance condition), pe yprion teyvikodv kot epyaieiov "Back Pressure" mote va givon
duvatn 1 Swtnpnon uikpng vrepmicong (Over balance) péoa oty yedtpnon (oe
oxéon He TNV mEoN TOL TAMELTNPA), OTaV oTapatdel vo Agttovpysl 1 ovTAio

KLKAOQOpPiag TOAPOV dtdTpNnong.

Xy ovpPatikn dtdtpnon, n mieon 1 omoia dnpovpyeiton 6to TLOUEVA NG

yedTpnong og (Xyua 4.6):

Py, = P, 0h, TAp, (3) Omov Gg OPOVG YEMTPTCEMV

AP

f

y2)

= Pon +Ap, =p +

=p, +ECD (4)
gh, gh,

bh
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omov ECD opiletan m 10000vaun mokvotnto pevstod mov Bo dMOEL VOPOCTATIKT
nigon ion pe mv Ap . Otav épovpe Kavovik KVKAOQOpia TOAPOD 610 GVGTNUO TOTE
n p>p, Myo tov 6Tt anoterel To ABpotoU TG ATOAELNS TiEGNS Ay KuKAOQOPiag
KOl TG VIPOCTATIKAG, EVG G MEPImT®OT SlaKOTHG TG KukAogopiag Ap, = p,  (5)
KOl GE QLTI TNV TEPITTOON YPEALETOL VO EPAPUOGOVUE 0L EMTALEOV THEGN GTNV

EMPAVEL Y10, VO, AVTIKATOOTNOEL TNV Ap , Kot va mopapgivel otabeph 1 wigon otov

mobpéva g yedTpnong.

P{:hoke

ETehiyn
ATKTOAIOC

2ynuo 4.6: U-TUBE avaloyia.

H teyvikn otabeprg micong mubuéva (CBHP) (Zynua 4.6) eicdyst o ot TV
elowon éva ypNopo Kot onpovtikd mapdyovta. Mio emmAéov mieon peyaAdtepn g
atpoc@apikng (Back Pressure System) péowm cvotudtov oty enipaveln, OoTe va
EMOVOPEPOVIE N VO OLOTNPCOVUE TNV TEGN GTOV OOKTOAO TNG YEDTPNONG OTO

embounta enimeda.

Ta mheovektiuoto ™ uebddov otabepnc micong mubuéva (CBHP) eivar ta

axoArovba (Hannegan, 2005):

»  Ayotepog un mopaymykog xpovog d1dTpnonc.

»  AvEnpévog ELeYY0G TNG YEDTPNONG.
»  AxpiBéotepn dwyeipion g mieong oty yeOTPNON.
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»  Av&non tov pubuov didtpnonc.

» Miuwpotepn (nuia omd Tov TOAPO S1ATPNONG KOl TO COUOTION TOV TETPDOUOTOC
OV TTPOEPYOVTOL OO TNV SLATPNOT|, GTNV TAPUYDYIKOTNTO TG YEDTPNONG

»  Avvatdtra 160 YOYNG COANVAOCE®DY GE PLEYaADTEPO BAON.

» Miupotepeg oAhayEC GTIV TUKVOTITO TOL TOAPOD JATPNONG THG YEDTPNONG EMG
TO TEAOG TNG OLdIKOGTOC, KO

»  AbEnon tov ovaKTHCILOV amofepdtmv vOpoyovavOpaK®V.

H teyvikr otabepnic nicong mbuéva (CBHP), mpocpépel onuavtikd opéAn otnv
QVTILETOTION TPOPANUATOV oL oyeTilovtal pe Ta “DOPAVAKE” (TOAPOG, TTHOOM
mieong, mPOoPiA mieong) Lo YedTPNONG, OTAV AT AAUPAVEL YDPO GE OTOLTNTIKOVG
GYNUATICHOVS Ot omoiot mapdyovv NdN vVOpoyovavOpakes. e AVTEG TIG TEPUTTMOCELS
apd to avénuévo KOoTog TG MeBddov o oyéon pe TG ovuPoatikég puebddovg
dlitpnong M emAoy G, KPIVETOL OmOPAiTNT YL TNV  OVIIUETOTICY TOV
npofAnpdtov. Emiong n teyvikn ovt) €poOcov amotedel teXvik) Swyeipong tov

TPOPIA TG Tieong amottel EEIOIKEVIEVO TPOGMOTIKS Y10, TNV EKTELECT] TNC.

Teyvikn poviig fabuidas (Single Gradient).

H teyvicn povig Pabuidog (Hannegan, 2005) dayepileton £va povo pevotd
YEDTPNONG, LECH GTNV TEPLOYT TOL SAKTLAIOV TNG YEDTPNONG, LE TETOLO TPOTO, DCTE
va emrevyfel 1o emBountd wpoil mieong kol va dwutnpnbel otabepn n mieon oto

KaTOTOTO onueio g yedTpnong petafairoviag povo tig akdAovbeg mopapéTpoug.

Pon = Pn +Apf + Py (6)

Teyvikny oumins Pabuidag (Dual Gradient).

H teyvikn Suwdtpnong owming Pobuidog (Dual Gradient) (Eynuoe 4.7)
(Hannegan, 2005) Boaoiletor oty ypron 600 TOAPOV SL0POPETIKNAG TUKVOTNTAC, UE
T€T010 TPOTO, OOTE Vo eMTELYOEL 10100 TEOT GTO KATOTATO oNUEIO TNG YEDTPNONG, N
omoia cVVB®G emTLYYAVETOL LE TNV XPNOT EVOC LOVO TOAPOV dtdTpnong otadepns

TOKVOTNTOC. XTNV  TPAYUATIKOTNTO ot 1 HEB0dOC umopel va emtvyel v
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AVTIKOTAGTOOT TOV YpovoBopwv HeBddmv mov ypnoiporotobvtal Yo TV dlayeipion

TOV TEGEDV TOL EUEOVILOVTAL GTOV SUKTVALO TNG YEDTPNONG.

H pébodoc avtn €xel oxedwootel pe tétol0 TpOMO, OGTE VO EMTPEMEL GTOVG
UNYOVIKOUS YEOTPNGEMY VO, EKTEAOVV YEMTPNOEIS o€ peYdAov BaBovg oynuaticpovc,
0oL YPNON HOG TLUKVOTNTOG 0ONYel o€ MBAVEG POYUOTDOCES TOV TETPOUATOV,
EMTPENMOVIOG  TOPIAANAO TV KOTAAANAN COANVEOON KOTO UNKOS TPOPANULATIKOV

Lovav 11 omoieg cuvavTnoay KOTA TNV SLIPKELN TNG SLUTPNONG OE LKpOTEPQ BAON.

H pébodog durhng Pabuidac (Dual Gradient) emtvyydvetor pe myv elcoyoyn
evog  adpavovg aepiov M TOAPOL  YEDTPNONG WIKPNG MUKVOTNTOG OF  £€vol
npokafopiopévo Baboc oto daktvuAlo (Zynua 4.7), To omoio £xel MG AMOTEAESUA TNV
onuovpyia ko vrapén woag "mieong - Pdbovc" oty mepoyn mhveo ond to onueio
€100YMYNG TOL TOAPOV 1] TOL 0EPLOV, Kot pag devtepng “micong — faBovs” Katw amd
TNV TEPLOYN NS EWGOYOYNS. AT M TEYVIKY pmopel vo ypnowonombel emiong oe
Ooldootlo meptBdAlovio e TNV YPNOT OUOKEVIPNG EICAYMOYNG OTN YEDTPNON EVOG
“TopacITIKOV COAMVA” N OTNV TEPINTMOOT EMTAEOVTOV TAUTPOPU®V YEDTPNONG, HE
TNV YPNON  EVICYLTIKOV OVTIAOV OWGUECOV TNG YPOUUNAG TOV OVIAIDV NG

EYKATACTOONG YEDTPNOTC.

Elcaymyn
GEUTEPOU PEUCTOU

2ynuo. 4.7: Hopdoeryua teyvikng oiwAng fobuidog.
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H pébodog duming Pabuidag (Dual Gradient) eite Pacileton o€ cvotiuoto
AVIAIDV, 1| € CLGTNUOTO OEPM, 1| OTNV APUi®oTn TOL TOAPOV JLUTPNONG O OTOI0G
Bpioketar 610 AV TUUA TG YEDTPNONG. 'Exel g okond v dwatrpnon otabepng
Tleong 0T0 KATMTATO oNUElo TG yedTpNong Héom g dwyeiptong evog, 1 KAmolo

GLVOVACUO TOV TOPUKAT® GUVIEAEGTMV OTIC OKOAOVOES EEICMTELS.
['a cvetpata mov Baciloviot 6TV apaimoT TOL TOAPOV dATPNoNG :

Py, — ~,9D, *Ap, +P,gD, TAp, (7)

Kol Y10 GuoTpato Tov Bacifoviot 6Ty ¥pron EVIGYVTIKOV OVTMOV LE TO {010

pPEVLOTO !

pbh :plgD1+Ap f1+ ppump (8)

4.3.1. T givan i TeYVIKY] draTpnong pe vomison (UBD) kor to 0@éin .

Me 11 ovpPotikég pebddovg didtpnong (Over balanced), mapovsidlovtot
mpofAnpate to omoio mEPAOUPEVOLY andAE PELGTOV, "KOAANUA" Kol OmOAEL
oTEAEYDV YEWTPOTTAVOL, Yauniol pvBuol didtpnong, xor mpokAnon {nuiag otov

toevtpa (formation damage).

To 1Wavikotepo pevotd Yoo VYNAOLG pLvOUoLg dldTpnong Kol ATOPLYNG
eMyOU®ONG TOL TOUELTPO oamotedel tOo 0épro. Emedny  Ouwg mpémer va
TPOGTATELTOVV TO TOLYMUOTO KOl VO, UNV ETITPOTEL EGPOT PEVGTAOV TOUIELTIPO

YPNOLOTOLEITOL TOAPHS IKOVIG TUKVOTNTOG.

Yy teyvikn duatpnong pe vrozieon (UBD) to mpo@id g mieong péoa otov
OOKTOMO NG YeDTPNONG Owtnpeital oKOMU YOUNAOTEPO amd TNV TEOT TOV
YEOAOYIK®OV OGYNUOTIOU®V o1 omoiot Ppiockovron omv (ovn g yvewtpnons. O
TPOTOPYIKOG GKOTOG QLTINS TNG TEXVIKNG €lvar va glayiotomomoet v {nuia, Aoyw
g mieong mov eUEAVICETOL GTOV OOKTUALO TNG YEDTPNONG, OTOVS GYNUOTIGLOVG
6TOVG omoiovg yivetor M OdTpnon AOY® VLREPTMIESNC TOV LIAPYEL OTIS GUUPATIKEG
texyvikée. H  Omopén apvnriknig O0Qopikng  mieons HETOEL TOL  YEMAOYIKOV

CYNUOTICUOV Kol TNG YEDTPNOMNG OLEAVEL TNV TAPAYWYN TOV PELGTAOV KOl OEPIOV TOV
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CYNMOTICHOD KaTd TNV Otadtkacio g ddtpnong pe mbavoig kivohvovg ol omoiot

OU®G AVTILETOTILOVTAL OTWG AVAPEPETAL GTNV GUVEYEL.

H teyvikn didtpnong pe vronieon (UBD) mapdtt apywkd sivar mo okpipn,
UTOPEL VO LEUDGEL TV OTMOAELDL PELGTOV, VO ELOYIOTOTOWOEL “KOAANUA” Kol TNV
ATOAELN CTEAEYDV TOL YEOTPLTAVOVL, VO, AENGEL TOV pLOUG JhTPMONG, KoL TO 7O
ONUOVTIKO VO OTLLLOVPYNCEL LEYOADTEPT TTOPAYOYIKOTNTO AOY® TNG EANYLOTOTOINONG
™¢ mpdkAnong (nuioag otov tauevtipa (formation damage). I'a va peyiotomombodv
Ta 0PEAT TG neBddov Ba Tpémet ko’ OAN TV SLapKELN EKTEAEGNG TG YEDTPNONG VO
dwatnpovvton Under balanced cuvvBnikeg cuveydc. opoia avtd n te)vIK dev gival
KATOAANAN Y100 TOVG TEPIGGOTEPOVG OPYIMKOVG GYLOTOABOVG, TOVG OAUTOVYOVG
oynuaticpovs, Tev  Opvppaticpévov  ABovOpakoeopmv  TUNUATOV, TOV  Un
EVOTOMUEVAOV TUNUATOV SopOpOV GYNUATICU®V Kol acPectoAifov. Edv avtol ot
VELOTAUEVOL oynaticpol gival epfanticpévol 6e Kdmowo vypod (my. vepd), 101e i6MG
va givon o KatdAAnio, va yivet didtpnon o avtovg pe vrepmicon (Over balanced)
KOl OTNV GLVEXEWD Vo yivel aAlayn o€ ocuvOnkeg didtpnong vmomieong (Under

balanced) yio tov emtheyuévo oynuatiopd otov omoio Bpicketal o TOUELTHPAS.

Mo v dnuovpyia cuvOnK®V vromieons kaTd TV dtdpkeln TG ddTpnong ivat

Ol00Ea1LEG TEGTEPIC TEXVIKEG!

» Pevotd ddtpnong pkpng mokvotrag (Oil Based Muds).

A\

Ewcaywnyn aepiov péow tv otereydv dttpnong.

» Ewoyoyn oepiov péom evog "mopacttikod" GOARVO GTOV  OOKTOALO TNG
YEDTPNONG.

» Pevotd Sidtpnong pe appo.

Aépag, 4lmTo Kol PUOIKO 0EPLO YPNOLULOTOOVVTAL MG AEPLO PACT GE OldTpnon
Under balanced. Otav eivat 6100£0110 pLOKO aépLo Kat pmopel va avaktnOel kot va
enavelcaydetl Eavd otV Ypapur TPoPodociag ~-TMOANCNG, ATOTEAEL TNV TLO OTKOVOIKT
Kot amoteres otk pEBodo yio v emitevén cuvinkadv didtpnong Under balanced. H
dwgTpnon pe gwoaynyn aépa gtvar 1 TAéov cuvnOiopuévn, aAAd VITEPYOLY CNUAVTIKE
mpofAquata dStafpwong Kot 1 mBavOTNTA TPOKANGNS POTIAS HECH GTNV YEDTPNON.
Mo avtodg tovg AOYovS, 10 AL®MTO £YEl EMKPATIOEL OC TO EMAEYUEVO GEPLO YO
duwgtpnon pe ovvinkeg vmomieonc. To dlwto ypnoponoteiton  AOY® TOVL GYETIKA

UIKPOY KOGTOVG TOPAY®YNG TOL, Olayeipong, kot Hikpng mbavotntag mTpokAnong
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QeOTIdG péoo oty yeotpnon. Ilapdyetor amd TOV OTHOGEAPIKO 0épa HEGO Omd

cvotua pepfpovav (Euwova 4.1).

Eikova 4.1: Xootnuo mopaywyns alorov (Aorpirixng, 2005).

Pevotd yeddTpiiong HiKpis moKvoTyTag.

O mo amAdg TPOTOG Yo TV EAATTOON TNG VOPOCTATIKNG Tieong péoa otV
YE®TPNON, €lVOL 1 ¥PNON PELOTOV YEMTPNONG UIKPNG TLUKVOTNTAG, TETOW OTWS TO
vepd, o vTilel Kot 0 akatépyaoto meTpéraio. To kupldtepo mPOPANUA Le vty TNV
TEYVIKN €lvar OTL M VOpOoTATIKY TiEoN Oev pmopel va pewwbel apketd dote va

napopeiver Under balanced og moAlovg tapugvtpses.

Ewcaywynq agpiov uéocwm tmv 6Teleydy o1dTpnois.

Me avt) Vv TeYVIKN, 0€pag 1 AlOTO TPOCTIBETOL GTO PEVOTO TNG YEDTPNONG
KoL TpOQodoTEITAL LECH TOV AVTA®V amevBeiog oto oteléyn ddtpnong (Zynua 4.8) .

1o TAEOVEKTHLOTO TNG TEXVIKNG TtepthapBavovtotl (Hannegan, 2005):

»  Ymhpyet v3pocTaTIKO TAEOVEKTILLO Y10 OAO TO KATAKOPLPO BAOOC TG yedTPNONG.
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» H yeodtpnon dev ypeldleton va oyedaotel yuoo ovvOnkec Under balanced
dlatpnong.

» Xperaletar Myotepo aépto yio va emtevydei | embounty wieon oe cbykplon pe
TNV TEYVIKT E60YWYNG 0EPLO HECH "Tapac1TIKoD" COANVA.

» O poOuog drdtpnong uropei va avéndet.
2T0 LEOVEKTNLOLTOL QLTS TNG TEYVIKNG TEpLAapBdvovtod:

» H yedtpnon umopel va emotpéyel og katdotaon vaepricong (Over balanced) eav
olakomel M Asrtovpyio TG yedTPNOoNG (O1KOT OATPNONS KOl KUKAOQOPIG
PELGTOV).

»  Amottovvron “eE@Tikd” cvothuato petpnoemv vreddpovg (MWD).

Ewcaywyq agpiov uéew evog “mapacitikod” cwipva.

Ye  oUuTH TNV TEYVIKN £€VOG OEVTEPOG COANVOGS OlaTpEYel €EMTEPIKA TNV
evolbpeon colnvoon (Zymua 4.9) ka1 ewcaymyn aepiov yivetor 6Tov SOKTUALO

LELOVOVTAG £TGL TNV VOPOCTATIKY TECT GTOV TLOUEVO.
270 TAEOVEKTILOTO QLTS TNG TEXVIKNG TEPLLapPdvovTat:

»  Agv vmdpyovv AELTOVPYIKEG SLUPOPES GE GYEOT] LLE TNV TTpoN YoV eV Héhodo.
» Emrtvyydvetar otobepn migon otov mubuéva g yedTpnong.

» Mmnopei va ypnooromBei kowvog eEomhopnog Measured While Drilling (MWD).
2T0 LELOVEKTILOLTOL QLTS TNG TEYVIKNG TEptAapBdvovtod:

» Emumpdobeto kooTOC.
» Emmpdcbetoc ypdvoc.

»  Amnouteitor coAMvVooN ETPAveinG LEYIADTEP®V SLUGTAGE®V.
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2ynuo. 4.8: Aaraln koklopopiag pevatod - aEPIOv UEGW TWV TTEAEY DV

ogzpnong (Aompredrng, 2005).

I

2ynuo 4.9: Arartaln ercaywyng agpiod uéow “rwapacitikod” cwinva

(Aorprraxng, 2005).
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A@pog 6& avTiolacTol) ue O1PacIK poij.

‘Eva cvotpa aldtov - a@pod mpokaAel Aydtepec pOOpEG GE GYMNUATIGLOVG
gvaictntovg oto vepd Kot ypnoonoteitonr og mepropiopévn Pdon. Tapdia avtd ot
EMIPOCHETEC OMOUTNGELS YL TNV TOPAY®YN €votafods aepod KAvel T0 KOGTOG
QTOYOPEVTIKO GTIC TEPLOGOTEPES TEPUTTMOOELS. ZVGTNIATO, ALEPA LLE OvVaAOYieg aepiov -
VYpoy Tov Kuvpaivovtal petald, 10 mpog 1, éwg S50 mpog 1, eivanr amAd o
dwyepiCovrar evkoAa, aAld n dtayeipion TG mieong Kol TG KuKAOPOpiag Tov agpiov
umopet va. amoteréost mpoPAnua. Eartiog avtod xor emedn sivor avaykoio m
dwatnpnon vromieong (Under balanced) to eninedo ac@dAelog yio o GLGTHNAT 0EPQ,
elvar ovvnBog peyahdtepo, oe oyéon pe Mo otabepd GLGTAULATO, OTMG Ol APPOL.
Eniong ot appoi geppavifovv kamoto evoasncio 6Tovg VOPOYOVAVOPAKES, KoL 1 TOAD
pHeYaAn  €lopon  vopoyovovOpdkmv otV yeE®TPNoN  umopel  va  TOvG
anoctabeponomoet. Ta Oeppokpaciokd Oplo TOV APPMOV TOV YPNGLULOTOLOVVTOL
onuepa givon mepinov 180 °F (82 °C), xdtt to omoio mepropilel v ypfon tovg o€
Badn peyarvtepa tov 4000 pétpov, kol o yewtpnoelg vyning Oeppokpaciog (High
Temperature Wells).
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Kegalow 5° - Mapayovreg mov eanpealovy Ty TTOGN TiEoNS 6T SOTPNTIKA

OTEAEYN KL TOV OOKTOAL0.
5.1. Evocaymyn.

Xe avtd 10 KEQAAMo Bo yivel pio Topovcioon TOV TUPAyOVI®MV Ol 0Toiol
ennpealovy TV TTOCN TEGNS KOl TO TPOPIA TNG TTMOGNG TiEoNG TO 0Moio eppavileTan
KOTE TV SLapKELD TNG OATPNONG, TOGO GLVOMKA YioL OAN TNV YEDTPNOT OGO Kol Y1

KGO eMUEPOLE TUN AL TNG.

XKkomdg VTG NG mapovsioons eivar vo meprypdyovpe mmg kabe pa and
AVTEG TIC TOPAUETPOVG EMNPEALEL TNV TTOGN TiEGNS 1| TO TPOPIA TNG MTAOONG TEGNS
GTNV YEDTPNON, OCTE VO YPNCSLOTOBovV pe TNV GEPE TOVG GTO EMOUEVO KEQPAAULO
Y10 TOV GYESOOUO TOV VOPAVAIKOD HOVTEAOV TTMOGNC TIEGNS Y10 OTOOONTOTE TUN O

HLOG YEDTPNONG.

5.2. Mapayovtes 0 omoior ennpedlovy 10 TPOPIL TNG TTMOONG TMIESNS KATA TNV

oudpkeln eKTELEOT G TNG YEDTPNOG.

Koatd v ddpkela extéleong o yedTpnong N Heyardtepn tpoKAnomn eivor n
enitevén kodoO kabopiopov TG YedTPNOoNG Omd T BpadlGULOTO TOV TETPOUOTOC
eEautiag g d1ditpnong o€ cuvovacud He TV SATHPNOT TG TESNS KATA KOG TNG
yeotpnong péco oe mpokabopiopéva emBountd Opwa. To younid oOplo  sivon

HIKPOTEPO amd TV p - (WiEON PEVOTAOV TMV TETPOUATOV) KOL TO VYNAO Opto givann

P 1o (THEOT] POYHATOONG TOV TETPOUATOV).

H petagopd tov Opavoudtoy Tov TETp®UATOS 50pTATOL OO TNV KuKAOPOpia
TOV PEVOTOV HEGO GTNV YEDTPNOT), KOl EMTLYYAVETAL LEG® TNG KOUTAAANANG TapOYNGS

Ao TIG OVTALEG TTOAPOV.
Ot andAeteg mieong otny yewtpnon e&optodvtal and:

1. Tnv peoroyia TOL PELGTOL S1ATPNOTG.
2. Tmv enidpaon g mieong kot g Bepprokpaciog 6To peVeTd TG YEDTPNOTNC.

3. Tmv yeopetpia TG ye®TPNONG KAL TOV UNYAVILATOV SIUTPIONG.
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4. Tnv emidpoon ™G EKKEVIPOTNTOS TOV CTEAEYDV TOV YEMTPLTAVOL UECH GTNV

YEOTPNON.

5. Tnv enidpaon g TEPIGTPOPNG TV GTEAEYDV TOV YEMTPVTAVOUL.

5.2.1. Peo)royio pgvoTov oraTpnonc.

H xatnyopromoinon twv pevostdv yivetal e KpLTnplo Tig SLVAELS Ol 0moieg
dtémovv Ko yapaktnpilovv v Kukhopopio Tovg, 0tav ta eEavaykalovpe og Kivnon
KaTo and opiopéveg cuvOnkes. Me Baon v amdKpIon TOV PEVGTAOV GTNV OUTUNTIKN

taom (shear stress) katnyoplomotovvrol mg Nevtdvela Kot un — NeLTOVELD PEVOTA.

Nevtaovela pevord.

Yta Nevtovela pevotd 1 faduide toxdtntog (7) eivar angvbeiog avarloyn g
drotuntikng téon (r) mov gpapudoletor oto pevotd. H otabepd g avoroyikdtrag

ovoudletar 1Emdeg (1). H oxéon avth exkppdletor and v akdiovdn eEicwon:
T =uy (9)

omov () eivar to 1EMOEG TOV PEVLOTOV Kat givar otafepd Yo GLYKEKPIUEVT TTiEoN KoL

Beppokpoocio yio oroladmote S TUNTIKN Taom (7) Kot oV EQUPUOCOVUE GTO PEVOTO.

To Eddec exppaleTon oe Poises dmov éva poise wovton pe 1 dyne-sicm? 1
1 g/lcms. Zmnv frounyavia yemtpioemv 1o 1E0dec cuvnbmg ekepdletat o centipoises

(cP), 6mov 1 cP wwovtar pe 0.01 poise.

To pedypappo evog pevotod mov  epeavilet Nevtdveld CLUTEPLPOPA
anewkoviletar oto duaypappa 5.1. To dbypappo delyvel v yYpopKn ox€on g
SratunTikng taong (z), og oxéon pe v Paduida tayvmrog (7). Eniong, epdoov n
YPOQIKY mopdotacn Eekwvagl amd TV opyn Tov afdvov, ocvumepoivetonr OTL
OTOLOONTOTE TAGT EPAPUOCTEL 6TO PEVGTO, aWTO Ba apyicetl va kveitar (Adypappio
5.1).
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Mn Nevtovera pevord.

H ovvipumrtikn mietoyneio tov pevot®dv d1dTpnons, ivor moAd moAdTAOKa

PEOLOYIKA, (MGTE VO YOPAKTNPIGTEL 1] GUUTEPIPOPE TOVG OO TNV TIUN TOL 1EMOOVS

TOVG. AVTd To pevoTd To omoio dev eu@ovifovy o YpopKn oxéon petald tng

Babuida toyvmrag (7), mov eppaviCetor o€ ovtd, AOY® TNG EQOPUOYNG HLOG

dwtuntikng taong (z) yapaxmpilovtar cav pn-Nevtovela. 1o Awdypoappa 5.1

TOPOVCIALOVTOL TO JLAPOPO. PEOAOYIKG LOVTEAN ClWPNUAT®OV TTov Tpoceyyilovv ot

ToAQoi d1dTpnong.

1

/

taon SoAioBnong  SlaTpNTK TAON ——

TUTIKOG TTOAD G
yEWTpnOnNg

Ewdeg
/

puBuog Satpunong (1/s) — o

Midypopua 5.1: Peoloyikéc kaumdes (peoypouuoTa) Ty ToIIKOY PEOAOYIKDY HOVIEAWY

(Kedeoiong, 2009).
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Movtéio Power Law.

AVt 10 povtédo exppalel ekeiva Ta pevoTd oTo omoia 1 dtatunTiky Taon (7)
dev ovvdéetal ypopuutkd pe v Pabuida toydmroag (7), Ko yio To omoio o
amelpoeAdylot owTuntikn téon (7) 0o 1o kdaver va kivnbel. H e&iocwon n omoia

TEPLYPAPEL VTOV TOV EIO0VG T PEVOTA fvon 1:

r=Ky" (10)

omov 7 givan ) dratunTiky téon (Pa),
N etvat 0 0dNYOG CLUTEPLPOPAS TNG POTIE,
K etvan 0 0dnydg cuvaeetag (Pas"), kot
7 givan 1 Bodpido togomrag (s7).

To pedypappo vog pevstov T0 0moio meptypdpetol amd to poviého Power Law

nmapovotdletal oto Awdypappa 5.1.

O 0dnyd¢ cvumepipopds g pong (n) sivar n KAion g evbeiog kot 0 0dNYOg
ovvaoelag, K wovtar pe v dtTuntikn tdon () yio v aepintwon 6mov 1 faduida
tovTog (7) wovton pe 1. Iivetan emiong avtidnmtd 01t o povtélo Power Law divel
Nevtmdvelo povtédo 6tav o 0d1yog cvpmeplpopds g pong (n) maipver Ty tiun 1. Xe
pie €10l TEPINTMOT 0 GLVIEAESTHG K avTimpoconevel To 1EDdeG Tov pevotov. Ta

PELOTA OV TA YopaKTNPILoVToL MG YELOOTANGTIKAL.

Movtélo Bingham Plastic.

Ta pevotd Bingham Plastic, eivol avtd to omoio amottovy e pikpn apyikn
Téomn, OOTE Vo apyxicovv v Kvouvtol, Kol okKOAOVOMG VTAPYEL YPOUMKT GYéon
peta&d g StTunTikng taong (7) ko tng Pabuida toydmrag (7). H apywxn taon
ovopdletor Tdon oloAicOnong. Avtd 1o poviélo ekppdaletal and dVO TOPAUETPOVS
™mVv apytkn taon dtorichnong kot o TAacTiko 1EmOES (Up) TO omoio eivar aveEdptnto

and v Paduidae tayvTTag (7).

H xartaotatikn e€icmon twv Bingham Plastic pevotdv givar n:
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TET AT (1)

T, €lvan 1 Tdon doricOnong (Pa).

To pedypappo evog Bingham Plastic pegvotod oyedlocpévo o€ KOPTEGLOVEC
GUVTETOYUEVES EXEL TNV LOPON VOeiag YPOUUNG O™ TaPOoLGLALETaL 6TO ALdypOpLLo

5.1.

Movtélo Herschel-Bulkley.

Ta pevotd Herschel-Bulkley yapaxtnpiloviar omd o apyikn thon
doAicOnone, omwg ko otnv mepintwon tov Bingham Plastic pevotdv, kot evog
1Emdovg 10 omoio e&aptdton omd v Pobuida tayvtntag (7). Avtd To pgvoTd
cLVNOMOC AmOKOAOVVTOL KOl GOV YEVSOTANGTIKA PELGTA pe Thorm StoAicOnong kot
givar ovvdvoopdc tov povtédwv Bingham Plastic xouw Power Law. To povtélo
Herschel-Bulkley ypnowomotei v axdéAovdn ocvoyétion yo va TEPLypayel v

PEOAOYIKT] GUUTEPLPOPA TOVG:

r:ro+Ky 12)

To povtélo yiverar Power Law, edv dev vrapyet téon dodicOnong, 1 Bingham
Plastic povtélo dv 0 0dnyodg cvumepipopdc tng pong () wovtar pe 1. To pedypappo
evoc Herschel-Buckley pevotod oyedloouévo o€ KOPTEGLOVEG GUVIETAYUEVES

nmapovotdletal oto daypappa 5.1

To povtého evog Herschel-Buckley pevotod umopel va meprypdoet omd to

povtého Power Law v n e€icmon mov to meptypdoet mhpet TNV LOpOn:

r—rO=K7" (13)

5.2.2. Emidopaon g Ilicong ko ¢ Oeppokpaciog 611 peoroyia TOV PEVOTOV.

Eivon evpéwg yvootd o0t m Ogpuoxkpocio evog YeE®AOYIKOD GYNUOTIGHLOV

avédvetal oe oyéon pe to Paboc, pe v ovvnOn Beppokpacioxn Pabuida va etvor
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nepimov 1.6 °F / 100ft. Emionc ov&avetar kot n meoN TOL GYMUATIGHOD KAOAOC
Tpoywpaue oe peyovtepo Pabn. H mieon ko m Oeppokpacio emodpovv otnv
peoloyio. TOL pevoTtov dldtpnong, emnpedloviog pe aVTd TOV TPOTO TIG OTMAELES
mieong o 00 TO €0POG NG YEDMTPNONG TOGO UEGH OTA JATPNTIKA GTEAEYN OCO Kot

G6TOV OOKTOALO TNG YEDTPNONG.

Ocpuorpaocia.

H ovvnong Bedpnon eivar 611 1 Beppokpacio Tov TOAPOD dtdTpnong LEGH GTa
SlTpNTIKE OTEAEYN Kot 6TO KOTTIKO dkpo givon idwa pe v Beppokpacio Tov ToAPoL
6TOV JOKTOUA0 NG YedTpNnons. Oumg kabdg mpoywpder mn odtpnon o moAPOC
Oeppaiveror Aoym tov OTL €pyetanl oe av&avouevn ypovikd emoer] pe Bepudtepovg
YEOAOYIKOVG GYNUOTIGHOVS, avEavovTag TV Oeplokpacio Tov aKOR TEPICCOTEPO
kaBdg KatevBoivetar Tpog TV emeAveld. e cvykekpipévo Bébog (cuvnbwg oto Va pe
Y3 TG O100popNg TTPOG TNV EMPAVELL TOV SOKTVAIOV TNG YEMTPNONGS) O TOAPOG EPYETOL
otV vynAotepn BOeppokpacio v omoio pmopel vo @OTACEL, GTO CUGTNUO TNG
vedTpnong. Metd v emitevén g péyotg Beppokpaciog o mOAPOG ddTpnong
apyiler va yoyetor kot koB®G TANGCLALEL TNV EMOAVED EMEWDN GLVOVIA TNV
YUXPOTEPO TOAPSH SLUTPNON TOL EMOVEICAYETAL HECO OTNV YEMTPNON OO TO
OlTpNTIKE OTEAEYN, KOl EMIONG EMELON Ol YEMAOYIKOL oYNUATIGHOL Eivor youypdTEPOL
oe pkpotepa PaOn. TeMkdg 0 TOAPOG QTAVEL otV emeavewn Bepudtepog and v
Beppokpacio Tov TOAPOL Tov enavelchyovpe 6to cvatnua. H dtapopd Beproxpaciog

e€aptdrtar omd 10 PABoC TG YedTPMONG.

H enintoon g Beppoxpaciog otnv pgoroyia Tov moAPoD £xet peletnOel aAhd
KATO KovOva YIveTat ¥p1ion TV PEOAOYIKOV dEGOUEVOV TOV TOAPOD GTNV EMUPAVELD
Kol petaoynuatiCovrol pe v enidopacn ¢ mieong Kot g Bepuokpaciog Kol otV

cuveyeia YIveTan ypnomn TV PpEOLOYIKOV LOVTEAWDYV Y10 TOV YOPUKTNPIGUO TOV TOAPOD.

H oyéon n omola exepalel v enidpaom ¢ mieong ko g Oeproxpaciog ota

PEOAOYIKA YOPOAKTNPLGTIKG TOV TOAPOV givar 1 akdAovOn (Oyeneyin et al., 2009):

T@P,T=CF *t, (14)
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omov 7 @ P,T givon 1 drotuntikn tdomn (Pa) og kabopiopévn wicon kot Oepuokpaocia.

7s eivon ) dratuntikn taon (Pa) og kaboprouévn micon (15psi) ko Beppoxpocio

(60 °F).

CF &ivat o0 cuvteleotg 816pBmwaong o omoiog eivar cuvaptnon ¢ mieong Kot g

Oeppokpaociog.

Ilicon.

KoBog 1o Pdbog g vedtpnong av&dver m mieom 1oL YEOAOYKOD
oynuoticpo, m omoia efoptdton omd TO €100C TOL GYNUOATICHOV, E&XEL TO
YOPAKTNPIOTIKO VA avEAVEL. AVTO umopel var eMNPeCoEL TIC 1010TNTEG TNG AAGTNG ALY
oe pkpotepo Pabud amd ot n Beppoxpacio Kot ovslaoTKd dev AopBdvetar voym

GTOVG VTTOAOYIGLLOVG,.

5.2.3. T'eopetpia TNG YEATPNONG KOL TOV UNYOEVI|LATOV S1ATPNONG .

H yeopetpio tov Satpntik@v oTteAey®v Kol Tov dOKTLAOL TG YEDTPNONG,
emnpealovy TIC amMAELES TEOTG KaTd TNV dtdpkel AOTOINoNG g yedTpnons. [
otehéyn yiveTar xpnom Tov £EI0MGEMV PONG Y0 COANVEG EVM Y10, OOKTOALO YiveTol

YPNON TG VOPAVAIKNG StopéTpov dy:

_AA L
d,=—=d,"d, (1)

onov d; eivo 1 EEOTEPIKN SLAUETPOG TOV GTEAEYDV 1] TOV COARV®V, Kol
d ; eivon | ecmTEPIKN SAUETPOC TNG YEDTPTONC.

H vdpoaviikn didpetpog petald g yemtpnong katl tv otedeymv (drill pipes,
drill collars), mailer TOAD onuavVTIKO POLO OTIC AMMAEIEG TiEoNG Kot exnpedlel TV

TOYVTNTO LETAPOPAS TOV TOAPOV TPOG TNV EMPAVELN TNG YEDTPNOTNC.
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5.2.4. Emidopaon TG EKKEVTPOTNTAS TMOV SLATPNTIKOV GTELEYDV GTI|V YED TP OT).

Me v évvola exkkevipOTNTa BEAOVUE VO TEPLYPAYOLLE TOV TPOTO WE TOV
omoio JTPNTIKA OTEAEYT €lvorl StoTeTOyUEVE LEGO GTNV YEMTPNOTN Kol KOTA TOGH
elvar opokevipa 1 Oxl. Mio €KTpOm TNG EKKEVIPOTNTOG KATA TNV OldpKeEw NG
YEDTPNONG OMOTEAEL piat amd TIG TOPAUETPOVG TTOL EMNPEALOVV TIG OMMAELES TTEONS

GTOV OOKTOALO TNG YEDTPNONG.

o v mepinmtwon &vdg €KKEVTIPOL OaKTLAIOL, Ol Tpoomdbeleg Exovv
EMKEVIPMOEL GTNV AVATTLEN OPKETOV AVOIAVTIK®OV Kol TEPITAOK®OV HOVIEA®DV, DOTE

va OelEOVV TIC EMMTAOCELG TNG EKKEVIPOTNTOG GTNV TTMGN THEGNC.

H ntdon wicong yio ékkevrpo daxtdAo pmopel va opiotel g cuvaptnon g

TTOONG TEONG 68 OUOKEVTPO dOUKTOALO 0td TNV akOAovOn e&icwon:

Ap/AL _ =R* 8p/AL (16)

omov AP/ AL elvar n mtoon mieong otov topéa exkeivo Tov daktvAiov mov opileton
amo to unkog L kot o ovvieheotg R ekppdletl v enidpacn g exkevipdtnTag o€

avto to Tunua ™G yedtpnong (Haciislamoglu and Cartalos, 1994).

5.2.5. Emidpacn TG TEPLOTPOPNS TOV SLATPNTIKAV GTELE(OV PEGO OTNV

YEDQTPON.

H o1dtpnon pe mepiotpogpn tv SOTpNTIKOV GTEAEY®V (0O TNV ETPAVELN
€0g 10 HETOTO NG OdTpnong), emmpedlel v mT®OM Tieong €vOg PELGTOV TOV
KukAoQopel PEca GTOV JAKTOALO TNG YEDTPNONG, KOOMDS Kol HEGOH GTO SLOTPNTIKA

oTeENEM.

H ponj tov pevotov péca o€ £va KaTakOpLPO GOANVO 0 0TO10G TEPIGTPEPETAL
YOP® amd TOV AEOVA TOV EYEL L ETIOPOACT TNV UECT TOYVTNTO TOV PEVGTOV TOL PEEL
YOp® Kot Ol pES® avtol, Kot eivor kATl To omoio emmpedlel OAeC TIC AGAAEG
TOPOUETPOVG, Ol OTOoieg UE TNV OePpd Tovg emmpedlovior amd v TayHTTO

KUKAOQOPIOG TOV PELGTOV HECOH, GE OMOLOONTOTE TUNHO TG YedTpnomns. Kdatw amd
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VTG TIG CLVONKEG 1 KAAGGIKN UEST) TALTNTO TOV PEVOTOV avTikabdioctatol amd TV
OLOVUGHOTIKT] GLVOAMKN ToyOTNTo €€0itiog NG EmMOpaoNg NG TEPICTPOPNG TMOV
STPNTIKAOV oTeEreYDV 610 pevotd. H oyxéon n omoia ekepalel Tov GuVOLAGUO TOV

d00 QVTOV TaYLTNTOV gival 1 akdAovON:

omov Vi glvar 1 taydTnTo KuKAopopiog morpov e&attiog e avtiiog,
V7 givon ) TaydTnTa ov TPOKOAEITOL OO TNV TEPIGTPOPY| TOV SLUTPNTIKAOV

OTEAEYDV.
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Ke@alowo 6° - Yopaviiké povréio vroroyiopod nicong RGU — TUC,
6.1. Evcayoyn.

Xe ovtd 10 KeEAAolo Oo yivel pol TOPOVGIOGT) TOL GYESIOGUOL TOL
VOPOVAIKOD HOVTEAOVL TTAOGNG TEGNGS, Y10 OTOLOONTOTE TVTO PELGTOV OATPNONG, TO
omoio oyedidotnke divovtag Epgaoct oty ddikacio n oroia akolovnbnke dote va
TAPOVUE TO TEAIKO OMOTEAEGHO. B0 TOPOLGIAGTOVV Ol EMUEPOVS TOUEIS OL Omoio
oLVVOLACONKAY DGTE VO VTTOAOYIGTOUV Kol Vo, TEPIANPOOLY G aTO TO HOVTELD, AN
eKetva oL EMPUEPOVG TUNLOTO, GTOL OTTOT0. ONUIOVPYEITOL 0L TTMOOY TECNS MOTE Vo,
UTOPECOVLE VO DTOAOYICOVLHE TO GUVOAO TOVG (TNG MTOONG TEONS) KoL Vo

OYE01AGOVE TO TPOPIA TNG TTAOGCNG TLESNC Y10 TNV YEDTPNON.

[Ipéner emiong va avaeepBel 0TL 6TO KEPAANIO OWTO, YivETOL KOl AVAPOPE GTOV
oYEOGUO oG VToevoTNTaG 1 omoia B acyoleitarl pe Tov oyedlooud Kot ETAOYN
TOV  KOTTIKOV OKPOV Yoo Oomoladnmote mepimtwon  ddrpnong  (oxedacspog
STPNTIKOV OTEAEYDV KOl KOTTIKOD GKPov), He Paon v dmoapén cvykekpuévmv
avtM®v moAeov. Emiong 6o mapovoiactohv T Staypappato pong Tov LOPULAIKOD
HOVTEAOV TTTMOONG Tieong Kot To. PEYEDN Kot dEdOUEVA TTOV YPNGLLOTOLOVVTOL Y10 VO

VTOAOYICEL 1| TTAOGT TEONG KOt TO TPOPIA Tieonc.

Ba mepypdeovv Ta PUATO TOV GLVOVAGTNKAV Y. TOV GYXEOOGUO TOL
VTOAOYIGTIKOV HOVTEAOL, KOL TOV LTOAOYIGUO TNG TTMONG TIECTG OTU EMUEPOVG
Tunpato g yemtpnong. Ot e€1l6dcelg mov ypnoipomomdnkay Tpospyoviol and 1o
Robert Gordon University kot givon epmiotevtikég (Oyeneyin, 2006) . H dwadikaocio

OULMG TOV aKOAOVONONKE TTEPTYPAPETAL TAPUKATO.

6.2. Yopaviko povrélo vroroyiopod atdong ticons (RGU — TUC).

2KomdG aTOV TOV HOVTEAOL givar 0 kKaBoplopdg Tov TPoPik g mieong, y
KGOe tpuMquo TG yedTpnone, o€ Kabe tunua tov dwrpntikov oteieydv (drill pipes,
drill collars, Bit, ktA) PBonOdviog pag pe avtdov tov TPOmMO Yo TOV KOAVTEPO
TPOGIOPIGHO TV OTWAEUDV TIECTG GE L0 O1001KAGio SLATPNONG KOl TOPEXOVTOS LG

otoyeio Yo tov oyedacpud g ddtkaciog TG O1iTpnonG, £XOVToC GOV AVTIKEILEVO
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TNV OTOTEAEGUATIKY OLOYEIPIOT TOV TPOPIA TNG TTiEONG, Y10l VO ETITUYOVLE LEIMOT TOL

YPOVOL SLATPNONG KO ELAYLOTOTOINGT) TOV KOGTOVC.

To VOpaVAKO HOVTELD TEPIAAUPAVEL TIC EMTTMOGELS Amd TNV peoAoyia (TukvoTNTO,

PEOAOYIKG YOPAKTNPIOTIKA) TOV TOAPOV SATPNONG, TNG EKKEVIPOTNTIGS, TNG

KUKAOQOPIOG TOV PEVGTOV KOl TNG TEPICTPOPTG TV OLOTPNTIKMV CTEAEYDV GTO

TPoPiL NG mieons. Ol anmdAEIEG TEONG KATA TNV EKTEAEGT U0 YEDTPNONG

vroAoyifovton amo:

a)

b)

Ap, M omoia amotedel v andAeia wieong AOym Tpipdv péco otV YEDTPNON,
dradn ota otedéyn ddtpnong (drill pipes, drill collars), kot otov dakTvA0 T™NG
yedtpnong, Aoupdvoviag vmdéym v peoroyic. Tov PELOTOL OdTpnong, TV
enidpaom g wieong Kot g BepLokpaciag, TMV GYNUOTICULOV GTNV YEDTPNOT| Kol
KUpl®G OTO PELOTO NG YEDTPNONG, TNV YEOUEIPIOL TOV OTEAEYDV KOl TOL
O0KTVUAIOV, TNV EMOPACT TNG EKKEVIPOTNTOS TMV GTEAEYDV TOL YEDMTPLITOVOV
HEGO OTNV YEDTPNON KOl TNV EMIOPACT TNG TEPICTPOPNG TMV GTEAEYDV TOV
YEOTPLTAVOL péca otnv yewTpnon. To chvoro tov ap,  amoteleitar amd Tnv
QTIMOAELO TEOTG OTO JTPNTIKA GTEAEYN KOL GTOV SOKTOALO TNG YEDTPNONG KOl

exkQpdletar omd TovV ToPUKAT® TOTO.

Ap f - Ap fDrillpipe + Ap fAnnulus (18)

ApsmaCe N omoio amotedel ™V omOAEL TEONG OMO TO PUNYOVALOTO TO Omoial
Bpiockovtal otV €mEAvel TG YEDTPNONG KOl ETKOVPOLV TNV OOOIKAGIN TNG
dtdtpnong (cowAnvdoelg), kol e€optdtal Kupiog amd TIC 1010TNTEC TOV TOAPOV
OATPNONG KO TO UNKOG TV Oy®YDV.

Ap .o N OTOlo omotelel TNV omdAgLa TiEGTG N OO EMLTVYYAVETAL GTO KOTTIKO

dpo, 6tav 0 TOAPHS S1ATPNONG KIVEITAL LEGH TOV AKPOPLGIMY TOV KOTTIKOV.

To chvolo TV TapaTdve TEGE®V ATOTEAEL TV GLVOMKT TTiEoN TG AVTALNG,
Vv omoila pémel vor elval tkavi 1 avTAIo VO ATOOMGEL Y10 TNV KUKAOPOPIo TOL
peVOTOV Mote vo emtevybel o kabaplopdg g yedTpnong kot ot emBountég

cuvOnKeg ddTpnong.

Ap pump - Ap DrillBit + Ap ParasiticL 0sses + Ap Surface (19)
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6.3. YA0A0YIONOG “TTOPpUCITIKAOV” OTOAEL®OV TIEGNS GTIV YEDOTPOT).
Bijua I’

To vopavikd povtédo Ba Aappavel voyn tov (eapyNg oxedlacuds) Ta Tpia
O ONUOVIIKA PEOAOYIKA HOVTIEAM pevotdv dldtpnong ta omoia eivon Bingham
Plastic, Power Law xat Herschel-Bulkley kot yw ta omoia 6o mapovoiactovv
aVOALTIKA TO Pripato To omoiot GLVOETOVY TO VOPUVAIKO HOVTEAO Yio kdOe TOTO
PELGTOV. APOV TPAOTA YIVEL 1] KATNYOPLOTTOINGT TOL PELGTOV dATpNoNg Ue Paon Tig
PEOLOYIKEG UETPNOELS TOV TOAPOV SLATPNONG, COUPMOVO LE TO, PEOAOYIKA LOVTEAM TOL
omoio. TEPLYPAPNKAY GTO TPONYOVUEVO KEQAAQ0, HE TN YPNOTN 1EDOOUETPOV,
VTOAOYILOVHE TOL PEOAOYIKE YOPOKTNPIOTIKE OV OMOTEAOVV TIC OTNUAVIIKOTEPOVG
TOPOPETPOVG TOV PEVGTOV (TOL TO 7o, N, K, 11,) mOVL €ivar yio T0 yeviKeLUEVO pOVTELD
Herschel-Bulkley. TTapoio mov ot mapandvem GuVTEAEGTEG ATOTEAOVY YOPUKTNPLOTIKA
yw. to. Herschel-Buckley vroloyilovtar kat yio ta Bingham Plastic ka1 Power Law
pevotd. O AOYyog mov yiveton avtd €ivar OTL Ol GUVTEAECTEG OLTOL XPNGLLOTOOVVTOL
Yo TIG SpOPEG TPOCEYYIGEIS KO TAPOOOYES TIG OMOIEG YPNOLUOTOLEL TO HOVTEAO
RGU — TUC (Oyeneyin, 2006). X nepintwon vynidv Oeppokpacidv vroloyilovpe
mv emidpoon ™G Oeppokpaciog Kor g mieong omv datuntiky thon (1)
OMUOVPYDOVTOG KOVOLPLO PEOYPOUUO Kol VTOAOYILovpe Eova TIC VEEC PEOAOYIKEG

TOPAUETPOVG Y10 TO PEVGTO LLOC.
Bijua 2°

Xe outd 10 Prua vroroyilovpe ™V TOXOTNTO KLKAOQOPIKG TOL TOAPOV
oldtpnong, v TV OedoUEVN TOPOYY, HECH OTO OTPNTIKO GTEAEYN KOl GTOV
OOKTOA0 NG YEDTPNOMG, Kol €lval GuVAPTNON NG YEMUETPIOS TOV GCTEAEYDV

SLITPNOMG KOl TNG YEDTPNOTC.

Edv ta datpntikd oteléyn mepIoTpEéPovTal, 6TV ToOTNTO KUKAOPOPING TOV
pevotol, AapuPdvetar vmwoOyn 1 EMOPACT, NG TEPIGTPOP|G KOl LETOTPEMEL TNV

TOOTNTO TOV TOAPOV GE YPUUUIKT TaydTnTo. OTeg avagépnke oto 5° Kepdiaio.
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Bijua 3°

Xe ovto o Ppa B kabopicovpe Ta KPLTHPLL Yo TV ETAOYN TOL €100VG TNG
PONG TOVL PELGTOV, OVAUEGO GE GTPMOTI] PON Kot TLPPMOON Pon, YL TOV TOAPO
dudTpnong, 0tav KukAoeopel HEG GTo STPNTIKG GTEAEYT KOl GTOV OOKTOAMO TNG

YEDTPTONG.

['a tov kaBopiopd Tov €100VG TG PONG TOV TOAPOV dtdTpNong, o slodyove
po véa TapAUETpo TV Kpiowun toyvtnta Ve n omoia kabopilel o 0plo peta&d g
OTPMTNG Kol TVPPMONG PoNg Tov pevotov. Emopévmg edv n toydnTa KuKAogopiog
TOV PEVOTOV YEMTPNONG N onoia vroloyiotnke oto 4° PAua, eivar pkpdTepn amd v
kpiown Tyt Ve 1 pon gival otpot, VO av ivor peyaivtepn, ivar topPfadne. H
kpiown toyvmro Ve e&optdror amd To PEOLOYIKA YOPOUKTNPIGTIKG TOL TOAPOV
OLITPNONG KOl TO YEMUETPIKA YOPOUKTINPIOTIKE TOV OLOTPNTIKOV CTEAEXDV KOl TOV

O0KTLALOV.

To cvykekpuévo povtéro dev ypnoyonotet tov apud Reynolds (Re) ywa tov
kaBopiopd ToVg €100VC TG PONG TOL PEVLOTOV MG, KO TNG UETAPOONS TNG omd TNV
oTPOTN PoN TNV TVPP®ON, aAAd TV Kpiotun taydta Ve 1 omoia Ba wpocdiopicet

pe meprocOTEPN axpifeta To 160G TG PoNg TOL TOAPOV.
Bijua 4°

Y& awtd to Prua Bo vrodoyicovpe tov apBud Reynolds (Re). Ztnv unyovikn
TV pevotdv, o apudg Reynolds (Re) ekepaler v avoroyio peta&d tov
AOPOVEIK®Y OLVAUE®V HE TIG OLVAUELS 1EDOOVG Kot YPNOLUOTOLEITOL Yol TOV
TPOGOOPIGHUO TMOV SPOPETIKOV WMV PONG €VOG PELOTOD, OTMG 1) CTPMOTI] KOl

TUpPDONG pon.

Elvar évag amd toug mo onuovtikoVs adtdoTotong aptipods Ty UNyovVIKY
PELOTAOV KoL YPNCIHOTOLEITOL GLVNOMC Yo VO TaPEYEL EVOL KPLTNPLO Yo TOV KaBop1opo

™G SLVOUIKNG OHOLOTNTOG TNG POTG TOV PEVCTAOV.

o v pon &vdg pevotov pEGO GE COANVEG YO TOPASELYUO, TO
YOPOKTNPIOTIKO UNKOG Elval 1) SIAUETPOG TOV GCOANVO, £V OVTOG Eival KUKAIKOS, M M
VOPOVAIKY] OAUETPOG €AV AVAPEPOUACTE GE U1 KUKAMKO Topéa (SaKkTOAOC). XTpmT)

pof] Aapupdver yodpa yioo pikpovg opibpovg Reynolds (Re) (Re<2100), 6mov ot
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SLVAUELS TOV 1EDOOVG EMKPATOVY, VD TVPPDOONG pony AauPdvel ydpa o€ HEYOAOVG
apBuovg Reynolds (Re) (Re>3000), kot €mikpatodyv Ol GOPOVEINKES SUVAUELS, OL

0TO1EG TOPAYOLV TUYAIES KO AKOVOVIGTEG OIVEG.

H petdPaon and otpwt) ce topPmon porj, kabopiletoar cuvnbwg and Evav
Kkpioo apBud Reynolds (Regritica). Méoa 6€ éva GUYKEKPLUEVO EDPOG YOP® OO OVTO
T0 0p1o, VIApYEL po. meployr] Pobaiog petdafaocng, 6mov 1 pon Oev eivar ovTE
TAMPOS GTPOTY 00TE TANPWS TVPPDOONG, KOt 01 TPOPAEYELS Y10 TNV GLUTEPLPOPH TOL
PEVGTOV GE AVTN TNV TEPLOYN Lmopel va eppavilovy dvokories. O apBuog Reynolds
(Re) Ba xpnoomonbei yio tov vroroyiopd tov cvviereot tPPMg ( f) o omoiog Oa

ypnoponombel 6T EE16MGEIS VITOAOYIGOV TG TTMOGNS TECNG.
Bijua 5°

Y& avtd 10 Prua Ba vroloyicovue tov cvvtedeot TP (f) mov eivan
adldotatog apuog kot kobopiletoaw amd tov apuod Reynolds (Re) kot v
TPOYLTNTO TOV Oy®YoL 7oL OpmG Oev Aopfdvetor vedyn oty Propnyavia TOV

YEDTPT|CEMV.
Bijuo 6°

210 Pripo avtd Bo vmoloyicovpe TV TTMOOM TiEoNS Yy KAOE TUAUA NG
vedTpnong Eexwpiotd AapPavovrag vodym OAeg TG Tpoavagepbeiceg cuvinkeg Yo

Kk&Oe mepinToon.

2NV GLVEKELD, Kol EPOGOV £XEL VTOAOYIOTEL 1| TTOOT TiEoNG Yot SUKTOAMO Ko
oteAéyM Y KaOe Tunpo e yedtpnong Ba copumeptAdfovpe Kot TIG EMATAOGELS GTNV
TTOoN meong amd TV EKKEVIPOTNTA TV OTEAEYDV, OmmOg avaeépdnke oto 2°
Kepdhawo. Epocov mpaypatomombel kot ovtdG 0 HETAGYNUATIOUOS OTNV TTAOOM

mieong, otnv ovveyeio TPocHBETOLLE TIG EMUEPOVS TTAOCELS TieoNG Kot VToAoyilovpe

TIG GLVOMKEG Apf .

Ymv emopévn oeAida oto Awdypappa Pong tov poviéhov RGU — TUC
TAPOLGLALOVTOL TO. GTOLXELL EI0AYMYNG TTOV YPNGLOTOLEL Y10l TOV VIOAOYICUO TV
TOPOUETPOV TTOL Bl 001 YIGOVV GTOV VIOAOYIGUO TNG TTMOCNG TECNS OVAAOYO LLE TO

€ldog g poNg mov emkpoatel oTAL SOTPNTIKE TEAEOT Kol GTOV OOKTOAL0 NG

YEDTPNONG.
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6.4. Avdypappo pons vOPAVAIKOD povTELOVL.

Aicypoga pong 6.1: Aidypopuo porg noviéloo RGU — TUC (Dalamarinis, 2007).
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6.5. IIt®on micong 6TNG EMPUVEIOKES EYKATUCTACELS.

H mtoon wieong m omoio ONUIOLPYEITOL GTO EMPOVEIOKE UNYOVALOTO
e€aptdTon Kuplwg omd TIg W1OTNTEC TOV TOAPOV SATPNONG Kol amd TO 100G AVTMOV

TOV UNYOVNUATOV KoL TO LKOG TV EMLPAVELNKDYV COANVOGEDV.

6.6. IIT®on mieong 6T0 KOTTIKO GKPO.

H ntdon mieong n omoia dnuovpyeiton 610 KomTikd Akpo eaptdror amd 10
péyebog TV aKpoPLGIMY TOV, HEGH amd Ta OToia O1EPYETAL O TOAPOS SLATPNOTG Yio
oV KaBapiopd g yeMTPNONG Kot TNV YOEN TOV KOTTIKOV, KaOdg eniong kot and tnv
TaOTNTO KLKAOQPOPIOG TOV PEVGTOV GTO GLGTNUO NG YEDTPNONG. Ayvositanr 1
peoloyiol TOL PEVLGTOV AGY® TOV TOAD LYNADV TAYVTHTOV OV OVATTOCCOVTOL GTO

aKpOPHGLOL TOL KOTTIKOV GKPOUL.

6.7. BeAtioTomoinon emioyng KOTTIKOUY GKPOUL.

Onoc avaeépbnke Kol OTIG TPONYOVUEVEG TOPOYPAPOVS CKOTOG OLTH TNG
€PYciog NTav 0 oYEAUGUAC Kot VAOTTOINGM £vOS VOPOLAIKOD HovVTEAOL TO omoio Ha
vrohoyiler v mtdon mieong ywo kdbe Tunpo oG yeDTPNONG Katd TV OldpKelo
eKTEAEONC NG, AapPavovtog vroyn OAec eKeives TIG TOPAUETPOVS Ol OMOIES TNV
emmpedlovy Katd TV StipKeELD OVTNG NG d1adKaGiog. AvTo Elxe GOV ATOTEAEGLLO TNV
onuovpyioe vOG TPOYPAUUOTOS VTOAOYIGHOV TNG TTMOONG TIECNG OTA SOTPNTIKA
OTEAEYN, OTOV OOKTOAO TNG YEDTPNOMNG, OTO KOMTIKO (KPO KOl OTO EMUPOVELNKA
UNYOVILOTO Y10 GUYKEKPLUEVEG CLVONKEG AELTOVPYIOG TOV YEMTPOTAVOL KATH TNV

ddkacio g dtdtpnong.

e autn TV Tapdypaeo Bo mape £va Prpa mopoamépa Kol 0o TUPOVGIAGOVLE
v puébodo 1 omoia ypnoomodnke yo v PeATioTonoinon tov oyedcHol Tov
KOTLTIKOU (KPOL KOl TV OKPOPLGI®V TOL, MOTE Vo EllocTe o€ BE0T VoL EMTUYOVUE TA
embountd omoteAéopoTa otV OlayElplon TG miEoNS, EMALYOVTOG UE OLTOV TOV
TPOTO TOVG KOTAAANAOLG TOMOVG OVTAMV TOAPOV Yoo TNV €KTEAEGT, OGO TLO

OTOTEAECUATIKE KOU OLKOVOLIK(, YiveETOl NG YEMTPNONG HEC® TNG  1OOVIKNG

71|~2ehida



KUKAOQOpPLOG TOL TOAPOV d1dTpNonG (IKAVOTOMTIKOS KOOOPIGUOS TNG YEDTPNONG LE
000 TO dLVOTOV KPOTEPT KVKAOPOPio pELGTOV) GTO OOTPNTIKG GTEAEYT KOl GTOV

OOKTOALO TNG YEMTPNONG.

ZOUQOVA PE TNV HEYIOTY] IKOVOTNTA TOV AVIAI®V TOAPOV oL eivar O100€c1ES
YIVETOL 1] KOTAAANAN ETIAOYN TOV AKPOPLGI®Y TOL KOTTIKOV, GTE 1] GUVOAIKT TTTAOGCT

mieomng

Ap pump - Ap DrillBit + Ap ParasiticL o0sses + Ap Surface (20)

va unv vrepPaivel avt g avtiiog. Méow avtig g mapadoyng vroroyiloviat ot
emBuuNTéC TOPOYES TOV PELGTOV Yo KABE TUNWO TG YEDTPNONG (SoTpnTIKG GTEAEYN
Kot SoKTOAL0G) divovTag pog Ty duvatdTNTA TOL KaBopPIopHoD TOGO TOL aPBoL OGO

Kot TOv HEYEDOVE TV OKPOPLGIMY TOV KOTTIKOD AKPOL Yo TOV GYEOGUO TNG

YEDTPTONG.
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Kegalowo 7° - Movtélo vroloyiopod atdong micong teyvikng Mud Cap.
7.1. Evcaymyn.

Y10 7° kepdAowo 0o TapovClUcTEl {6ME TO MO GNUAVTIKO TUAKG GVTAC TNG
gpyoaciag, To omoio MTOV O CLVOVACUOG TOV HOVIEAOV TOV TEPLYPAPNKE Kol
oe0100TNKE 6T TPONYOVpEVO, KEQoAaia pe pio amd Tic pebddovg Managed Pressure
Drilling (MPD), mov yia v mepintoon pog 0o eivon n teyviky Mud Cap, oeg
ouvovacpo pe po véa eapuolopevn texvikn 1 onoia ovoudletar Casing Drilling,

KaOmg Ko 1 awtdvoun pekétn g texvikng Mud Cap.

Bo TopovcCTOHV Ol TEPULTEP® TPOKANGEIS OV EUEOVIGTNKAYV OO TOV
GLUVOLAGHO OVTMOV TOV TEYVIKOV KaOdS kot Ba yivel mapovsioon amoteAecudTmv To.
omoio TPoEKvYavV omd 10 poviédlo kat Oa apopodv v enintwon tov Mud Cap oto

Casing Drilling kot Tt cupnepdopoto TPOKHTTOVY OO AVTA.

Téhog mpémetl va. avapepbel 6TL Ta dedopéva KabmG Kot T0 HOVIEAO TO 0Tol0
mePLYpAPETAL, Kot to. omoio. Bo mapovoiactodv, £yovv emiPePormbel, wg mpog v
oMOTN Agttovpyia TOvg amd TO VTOAOYIGTIKA HOVTEAD, EUTOPIKE KOl VO OVATTLEN
LOVTELD GYESLOCLOD YEMTPNOEMV TETPEAAIOV Kl PLGIKOV aEgpiov pe ypron Managed
Pressure Drilling (MPD) teyvik®v mov €xel  oyedidoet kot empueAndei o emPrAénmv
KoOnyntig awtg g epyaciog Kabnynmge Babs Oyeneyin tov School of Engineering
tov Robert Gordon University g Zxotioc, dnpovpyds tov Virtual Well (Oyeneyin
et al., 2007).

7.2. AvaTpnon pe v teyvikn Mud Cap.

Onwg avagépbnke Kot 6To. TPONYOVUEVO KEPAAOD GTNV OpYN OLTNG TNG
gpyociag, n Heyolvtepn TPOKANGCT KATO TNV OLAPKEWD EKTEAEONG HOG YEDTPNONG
eTperaiov M QLOIKOV agpiov, eivar M emiteLEN OMOTEAEGUOTIKNG Olayeiplong g
meong Kol TOL TPOPIA NG OTNV YEDTPNON, BOOTE Vo omo@evyfodv opiopéva
mpoPAnpato Katd v ddpkela ektéAeons g ddtpnong, Onwg givol to "kOAAua"”
KO OTOAELDL TOV OLOTPNTIKOV GTELEXDV, To. KICKS, 1 andiela kukhopopiag pevoTtod
dtdtpnong (mud losses) kar m mpokAnon (nudcg ot mapayoyikés (dveg Tov

TOUELTAPA amd TNV Eloy®PNoN TOAPoy dtdtpnong oe avtég (formation damage).
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Avtd €xel cav amotélecpo TV peimon tov y¥poévov ddTpnons yw €va €pyo, UE
TOLTOYPOVN LEIMOT TOV KOGTOVS TOV, ATOPPOLO TG OTTOPVYNG TMV TPOUVOPEPHEVTOV

TPOoPANUATOV.

H teyvicn didtpnong Mud Cap Drilling eivon pa xatnyopia g Managed
Pressure Drilling (MPD) pef6dov, otnv omoia kOp1og 6Komdg eivar i dnuovpyia péca
GTOV OOKTUALO TG YEDMTPTONG EVOG KOTEAOL TOAPOV TAV® Omd TOV TOAPO d1dTpPMONG,
K&TL T0 omoio Ponbdel otV emiTEVEN AMOTEAEGUATIKOTEPNG dlayElploNng NG miEoNC
otov muuéva ¢ yedTPNoNg, Kabdg emiong Kot og Kabe Pabog evolapépovtog, va
dwmpeitar n wieon otabepry o010 emBuuntd €MimEdo G€ AVTA TO ONUElN UE

drapopeTikéG TEXVIKEG dtdtpnong (Balanced, Over balanced, Under balanced).

Ymv  teyvikn Mud Cap siodyetar €va de0TEPO PEVOTO SLATPNONG OTOV
OOKTUAL0, SLAPOPETIKMV PEOLOYIKMV WOOTNTOV (LEYUADTEPT TUKVOTNTA, OLLPOPETIKE
PEOAOYIKE YOPOKTNPIGTIKA) OO TOV KOVOVIKO TTOAPO TG yedtpnons. H ecaymyn
aVTOV TOV PEVCTOL Yivetal o€ éva mpokabopiopuévo Paboc, kot o omoio eEaptdtan
amd 1O TPOPIA NG Tieong 10 omoio BELOLLLE VO OMOVPYHCOVUE HEGO GTOV SOUKTOALO
Mg YEOTPNONG. ZKOTMOG AUTOD TOL OEVLTEPOVL PELGTOV €ivol Vo MEGEL TO TPMOTOL

PELGTO HEGOA GTOV OOKTUALO TNG YEDTPNONG KOt Vo, TTeLYOel 1 KOTAAANAN Ttigo.

H napondve dwudkacio €yl cov amotéAecpa TV avapeltn aut®v Tov oo
PELOTAOV HE OmOTEAECHO TNV OnMuovpyio €vOC TpiTov TOAPOL  SLOPOPETIKDOV

PEOAOYIKMV 10THTOV KO TOKVOTNTAG atd To dVO TPonyoveva pevotd (Zynua 7.1).

[No v avélvon g teyvikng Mud Cap kot tov cuvOnkdv ot omoieg
ONUIOVPYOVVTOL LEGH GTOV OOKTVALO TNG YEDTPTONG, YPNOLOTOLEITAL 1) AVOAOYi TOV

U-TUBE kot 1 omoia mapovsialetor 6to Zynuo 7.2.

Omov P; givon mieon mubuéva otov daKTOALO TG YE®TPNONG ,
P, etvon migon muBuéva péca oo d1aTpnTIKG GTEAEYN,

KoL 1 oxéon mov cuvdetl P ko P givau:
P, = P, = BHP (21)

Ko BHP givon n wigon mobpéva (Bottom hole pressure).
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2ynua 7.1: Teyviksy Mud Cap (Dalamarinis, 2007).
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Zynuo. 71.2: Hopaoraon yeartpnons wg U-TUBE.
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7.3. Movtého vTOLOYIGHOD TTAOGNG TieoNS HE pion TS TeYvikis Mud Cap.

Boowko péAnpa 6tov oxed0oHO 0VTOV TOV HOVTEAOD NTAV O VITOAOYIGUAG TNG
TTOONC TECNG GTOV OAKTVUALO TNG YEMTPMOMG Y10 ootodnmote fabog amortnOel. Ommg
TEPLYPAPNKE GTO TPOTYOVUEVO KEPAAQID TO TPOPIA TNG Tieong Kol 1 TTOOT TEOTG
Y10, OMOLOONTOTE TUAUO TNG YEMTPNONG(OTO KOUUATL TOV SaKTLAIOV) Ba eivarl To
GUVOAO TOV TOPOCITIKNG TTOONG TEONG, Kol TG VOPOCTOTIKNG TEONG TOV
TPOEPYETOL OO TO, PEVOTA UEGH 6TOV dOKTOAO TG YedTpNnong (pevotd Mud Cap, kot

apYIKO PELOTO SLATPNONG).

Yty neproyn tov Mud Cap ot 6uvOnKeg o1 omoieg emtkpatoHV SLaPEPOLY amd
OVTEG TOL EMKPATOVV GTO VATOAOTO TUNAUO TOV OOKTLAIOL NG yemtpnone. H
peoroyio TOL PELGTOVL GE AVTO TO TUNHA YIVETOL TEPIGGOTEPO TOADTAOKT), e&atiog NG
avauéng S0  SpopeTik®V  pevoT®V  (pgodoyio kot mukvotnta). [ tov
TPOGIOPIGUO TNG PEOAOYIOG TOL PELGTOV Yyivetar M Tapadoyr] OTL Ol KOVOVUPLEg
W010TNTEG TOV (PEOAOYIKA YOPOUKTINPIGTIKA, TUKVOTNTO) OTOTEAOVV GLUVOLACUO TV
WIOTATOV TOV PELVCTOV TOL ovouryvoovtor Kot o Poabudg mov emmpedlel Tig
TOPOUETPOVG VTG KABe pevatd e€aptdton amd v Tyn g mapoyng Tov (Oyeneyin,

2007).

pMudCap = f(c‘:l.'q2"0:|_'p’2) (22)

TMudCap = f(ql’qz’rl'rz) (23)

Omnov : » gtva 1 mokvotnta Toheod Mud Cap,

MudCap

7 e, EVOLT SlaTENTUC TAOM TTOAPOD Mud Cap,

£, Evol 1 TUKVOTNTO TOAPOD TTOL EIGAYETAL OLUUECHD TOV CTEAEYDV ,

P, €lvor 1 ToKVOTNTO TOAPO TTOL ELGAYETOL GTNV TEPLOYT| TOV SUKTLALOV,
q, €lvor  TopoyMN TOAPOL TOL EGAYETOL OLOUECH TMV CTEAEXDOV ,

g, €volm mopoyn TOAPOD TOL EIGAYETAL GTNV TEPLOYN TOL dAKTLAIOV,

=, glvar m daTUNTIKY TAOT TOAPOL OV EIGAYETOL OLUUECH TOV CTEAEY DV,
z_ givon 1 dtatunTiky| Téon ToAPoD OV EIGAYETAL GTNV TEPLOYT| TOV

2

OO0KTLALOV.
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"o v meproyn Tov Mud Cap 660 agopd tv KukAopopio Tov pevetod Bempolue
O0TL ex@paleton omd TNV OPopd TV Tapox®V (1 - J2 (Zymua 7.2), dniadn v

“kabapn Topoyn” (net flow) kot avt n Bedpnon yivetot yio dVo Adyovg:

Bewpeitar 6T AOY® TNG GVYKPOVOTG TOV dV0 PELGTAOV e avTifETEG KaTELOBIVOELG
T0 €i00G NG PonNg mov dnuovpyeitan dev pumopel va TPocooldcel pon and KAmTolo
HOVTEAO KO Y10L GLTOV TOV AOYO GTOVS VITOAOYIGHOVE TOV OMMOAELDV TIEGNC GTOV
daktOAo Yo TV 0AN TV TEepoyn tov Mud Cap ypnotiponotodue v mapoyn gz =
01 - 02 (Oyeneyin 2006).

Yty ovvion teyvikn Mud Cap évo uépog tov moheov mpombeitan péca og pia.
TEPLOYN TOV CYNUOATICUDV GTOVG OTMOI0VG yiveTow 1 SLITPNOY KOt 1 LITOAOWTN
TOGOTNTO TOV TOAPOV 0dNyEiTaL TPOG TV eMPavele. H mosdtnTa 1o ToApov Tov

oomyeiton TPog TV empdvela tvou n
a; — d; —q; (24).

Omov q; eivar M mapoyn €166dov 1% pevstov moL elohyetol SOUEcm® TOV
OTEAEYDV,
0z eivar n Topoyn 166800 2°° PpEVGTOD TOL EIGAYETOL GTO KOTOTOTO
Tunua 6pto tov Mud Cap mov €16ayeTal 6Tov SAKTOALO TG YEDTPNONG,

gs eivon n wopoyn e€6dov 3% pguotod oto Tufua Tov Mud Cap.

Sopeova pe avtég Tig Bswpnoelg oyedidommke to poviého Mud Cap. H
TPOGEYYION aVTN 1 omoia TePLyphonke, Tpotddnke amd tov kadnynt Oyeneyin, yuo
TOV GYEOACUO TOV HOVTEAOL, KOODC cOUQ®VO [E EKTIUNoELS Kot avaAidoelg tov Well
Design Lab tov tunpotog Mechanical Engineering tov Robert Gordon University
TPOCOUOALEl KOALTEPA amd GAAEG TPOCEYYIGES TNV TMPAYUOTIKY KATACTOON
dtdtpnong pe v texvikn Mud Cap. Epdcov tpocsdioptoBoiv ot peoloyikég 1810t teg
TOV, KO 1] GUUTEPIPOPE TNG PONG TOV TOAPOV TTOV TPOKVTTEL Amd TNV avVAUEEn TV
dvo moAe®dV Yo To TuMqua tov Mud Cap endpevo Prpa eivor o vroAoyiopdg g
TTOONG TEONS TNG LESA GTOV SOKTUALO TNG YEDTPNOMG, YPNOLOTOIMVTAG TO. Prpata
10, omoilo. meprypdonkayv oto 6° Kepdlato. Ztnv ocvvéxeld mopovclaletarl To
Adrypappo Porig Tov povtédov Mud Cap 6mov meptypapovtot o frjpota Aettovpytdg

TOV Y10l TOV VTOAOYIGHO TG TTMOONG TESTG KoL TNV EMBLUNTNA dtoryeipion Tne.
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7.4. Avdypappa porjs vépavitkov povrélov pe v texviki] Mud Cap.

Awaypogua porg 71.1: Aidypouuo Pong povédov RGU — TUC ue v teyvikrp Mud Cap (Dalamarinis, 2007).
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7.5. Teyvikn Casing Drilling.

H teyvikn Casing Drilling eivar po uébodog n omoia avamtdydnke to
televtaio Ypovia Kot SaPEPEL MG TPOog TIG GAAEG ovuPatikéc pebddove oto OTL N

SLITPN O KOl | COANVOOT] TG YEDTPNONG YIVOVTOL TAVTOYPOVOL.

AvT6 €xel GOV amOTELEG O VAL E1GAYOVTOL KOvoUpla OEG0UEVE OGOV OLPOPA TIC
pueBOOOVG eKTEAEONG IO YEDTPNONG OPOV UTOPEL VO HEUDGEL TOV YPOVO OV
amoTEITOL YO0 TNV OAOKAN PO o yedtpnong £oc kot 40% o cuvdvacud pe o
avénomn tov ko6otovg €mg 70% oe oyfomn e TIC XPNOLLOTOLOVUEVES LEYPL ONUEPH
pnebdoovg drdrpnons. ‘Eva and ta onpavtikdtepa mieovekipato avtig g pebdoov
glvor OTL emTPEMEL TNV EKUETOAAELGT] KOITOGUATOV TO OTOiol Tapovctdlovy
oNUOVTIKA TpoPAnuate Omwg avtd To omoic KOAOVLVTOL VO ADGOLV Ol TE(VIKEG

Managed Pressure Drilling (MPD).

Opmg énmg ko OAeg ot dAleg ot pEBodot d1dtpnomng £Tct Kot ot Tepovotdlet
Kkamola petovektuato. To peyokdtepo amd avtd elvar O0tL AOY® NG TOLTOYXPOVNS
EI00YMYNG KOl TNG COANVAOGCTG TG YEDTPNONG 0 dOKTOALOG TTOV ONUIOVPYEITOL HETAED
TOV TETPOUATOV KoLl TS COANVOONS £YEL TOAD UIKPT LOPOULAIKT SIAUETPO. AVTA M
LIKPT VOPOVAIKT OLAUETPOG EYEL GOV OMOTEAEGLLO TNV ONULOVPYIO VYNADY OTOAEUDV
mieong KT TV KLUKAOQOPia TOL TOAPOV SLATPNONG OO TOV dOKTVUALO TNG YEDTPNOMNG
AOY® NG TOAVG PEYAANG TOL TaOTNTOG [LE KIVOUVO TNV pOYUAT®OGON TOV TETPOUATOV.
‘Etolr n mpoxkinon eivor vo pmopEécovpe va oxeSIIGOVUE TNV EAAYLOTN ToOTNTO
KUKAOQOpPIOG TOV PELGTOV HOG, HECO GTNV YEDTPNOT, OGTE VO EMTVYXAVOVUE KOAO

KaBapIGHO e OGO TO SLVATAOV AYOTEPES UMMAELEG TLECTG.

7.6. Zvvovaopog g texvikis Mud Cap pe avti tov Casing Drilling.

Mwo and TIG peyoAOTEPEC TPOKANCELS KOTA TNV OLIPKEWL EKTEAECNG LUOG
YEDTPNONG TETPEAAiOV 1 PLGIKOV 0EPLOV, €lvar N emiteLEN KOAOD KOOOPIGUOV TG
YEDTPMNOMNG OMO TO KOUUATIOL TOV TETPOUOTOS MOV GMAEL TO KOMTIKO OKPO, OF
oLVOLACUO e OGO TO JVVATOV ALYOTEPT) OTOLTOVUEVT] EVEPYELQ, KOl OAQL OLTA LE TNV

mpovimdOeon 0Tl TO TPOPIA NG Tieong Ba Kupaivetal péoa oe embountd Opia, OOTE
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vo anoeevybovv to Kicks ko o formation damage, oe omolodnmote onueio G

YEDTPNONG.

YKkomdg oTHG Tapaypaeov givol vo peketnoel v emidpaocrn tov Mud Cap
otav ypnoponold tavtdypova Kot v teyvikny Casing Drilling. E&attiag g molv
UIKPNG VOPALMKNG OUETPOL UETAED TNG COAMVOONG Kol TOV TOWMUATOV TNG
YEDTPNONG, IOV dMpovpyeitol dtav ypnoiporold tmyv teyvikny Casing Drilling. Avtd
€xel oav emakOAov00 TNV dnovpyia evog ToAD vYNAD TPOPIA Tieon, kATl TO 0moio
YL VO TO QTOQUYOVUE EILOGTE OVOYKOGUEVOL VO, TPOYMPTCOVUE GTNV UeI®ON TNG
KUKAOQOpPIOG TOV PELGTOD SATPNONG, HETAED TNG COANVMONG KOl TOV TETPOUATOV
oe 11010 Pabud ®otE va €yovpe TNV EAAYIOTY EMTPEMOUEVT] TOYLTNTO, YL TNV
QTOTELECLLATIKY] OOUAKPLVOT TOV GOUATOIOV TV Tetpopdtov. O Kabapioprog g
yemTpMong eivarl omd to To Pacikd TPAYHATO KOTO TV EKTEAECT] LLOG YEDTPNONG KO
Yy avtd TOV AOY0 M TTAPOYN TOL PEVGTOV JATPNONG OTNV Ye®TPNo™ Oa mpémel va

elvar 1 eAdyloTn SLVATY] Y10l VAL ETTVYYAVETOL O KAOAPIGHLOG.

"o awtév 10V 0Komd 610 PoVTEAD dntovpyninKe va Ao TUAILO TO 0010
vrohoyiler v eldyion duvarn tayHTNTe Tov PELSTOY (08 KAOE TUM AL TNG
YEDTPNONG KOl GOUPOVA LE VT TO OPLOL TPOYWPD GTOV VOPAVAIKO GYESUGO DOTE
VO ETTVYYAVETOL 1] EAAYLOTT TTTAOGCT TECTG) DOTE VAL EXITVYYAVETOL OTOTEAEGLATIKOG
kaBapiopog g yeatpnons. O kabapiopog eEoptdtar amd Tig 1010TNTEG TOL
TETPOUATOG aPoV Bl TPETEL 1 TAXVTNTO TOV PELGTOV dLATPNONG VO Etvan iom 1
ueyokdtepn amd mv v (slip velocity), n onola e€optéron amd Tig 11OMTEG TOV
copatdiov (drill cuts). Mapakdto Oo TOPOVGLOHGTOVV TO ATOTEAEGLLOTO, TG
gpappoyng tov Mud Cap otav exteld didtpnon pe Casing Drilling, kot tov tpémo pe
Tov omoio ennpedlel o Vyog Tov Mud Cap péoa oty yemdtpnon, To TPoeik g
TTOONG Tigons, o€ ovykpion pe v anAn Casing Drilling teyvikn. Ta aroteléopata

Ta ool O TOPOLGLUGTOVV APOPOVV TEGTEPLS OOPOPETIKESG TEPUTTMOCELS.

12 Y4 ivtoeg (31.115 cm) diduetpog yemtpnong pe 10 % (27.305¢cm) & 11 %
ivtogg (29.845 cm) coinvoon.

8 V4 ivtoec (21.59 cm) didpetpog yedtpnong pe 7 (17.78 cm) & 7 ¥
tvtoeg(19.3675 cm) coiqvoo.
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7.7. Anoteléopara Casing Mud Cap.

12.25 in Hole with 11.75 in Casing

Helgr;tpo(tctl\)/l e Mu(?b[r)r?/r;zlt)y P1 Mugb[r)ﬁgzg P2 | 4, (gal/min) | gs (gal/min) | g, (gal/min) | Eccentricity | RPM BHP (psi)
1000 9 12 60 25 35 0 0 7182.35
2000 9 12 60 25 35 0 0 7125.58
3000 9 12 60 25 35 0 0 7054.80
4000 9 12 60 25 35 0 0 6977.70
5000 9 12 60 25 35 0 0 6900.60

ITivaxac 7.1: 12.25 in Hole with 11.75 in Casing (Dalamarinis 2007).
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BHP (psi)

7200

7150

7100

7050

7000

6950

6900

6850

Effect of Mud Cap Height on BHP

1000 2000 3000 4000 5000 6000
Mud Cap Height (ft)

Adypopua 7.1: 12.25 in Hole with 11.75 in Casing (Dalamarinis, 2007).
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Y10 Auypappo 7.1 yivetow ovtilnmtd Ot M wieon otov muluéva g
yeoTpnong pewwverol e€autiog ™ avEnong tov Hdyovg tov Mud Cap péco otov
OOKTOALO0 TNG Ye®TPNONS. ALTO 0QEiAeTOl OTIC GLVONKEG PONG Ol OTOLEG EMIKPOUTOVV
péoa oty meployn tov Mud Cap kot Topdtt owEAvovpe TV TUKVOTITO TOV TOAPOD

KOl OCUVEMMG TNV LOPOoTATIK) Tov mieon, n BHP g yedtpnong peidveron.
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12.25 in Hole with 10.75 in Casing

HEI?:I';tpO(E:tl\)/l € Mu(?b[r)r?/r;zlt)y P Mugb[r):/rézit)y P2 | g, (gal/min) | gs (gal/min) | g, (gal/min) | Eccentricity | RPM | BHP (psi)
1000 9 12 100 50 50 0 0 4458.00
2000 9 12 100 50 50 0 0 4510.20
3000 9 12 100 50 50 0 0 4557.10
4000 9 12 100 50 50 0 0 4601.66
5000 9 12 100 50 50 0 0 4646.20

ITivoxag 7.2: 12.25 in Hole with 10.75 in Casing (Dalamarinis, 2007)
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BHP (psi)

4700

4650

4600

4550

4500

4450

4400

Effect of Mud Cap Height on BHP

1000 2000 3000 4000

Mud Cap Height (ft)

5000

6000

Micypogua 7.2: 12.25 in Hole with 10.75 in Casing (Dalamarinis, 2007).
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Y10 Auypappo 7.2 yivetow ovtiinmtd Ot M wieon otov mubpéva g
yeotpnong avéavetor e€antiog ™ avénong tov vyovg tov Mud Cap péoo otov
OOKTOA0 NG YEDTPNONG. AVTO 0@eileTonl 6TO OTL ALEAVOVLUE TNV TLKVOTNTO TOV

TOAPOD KOl GUVETMG TNV VOPOCTATIKY ToL Tieor, n BHP ¢ yedtpnong av&davetot.
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8.5 in Hole with 7.625 in Casing

Helgf;i)o(itl\)/l e hglugb[r)rﬁ!%zr))/ hs:(?b[rf/ng)y d: (gal/min) gs (gal/min) | g (gal/min) | Eccentricity RPM BHP (psi)
1000 9 12 100 50 50 0 0 5543.30
2000 9 12 100 50 50 0 0 5552.90
3000 9 12 100 50 50 0 0 5554.83
4000 9 12 100 50 50 0 0 5553.30
5000 9 12 100 50 50 0 0 5551.80

ITivaxag 7.3: 8.5 in Hole with 7.625 in Casing (Dalamarinis, 2007).
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BHP (psi)
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5550
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Effect of Mud Cap Height on BHP

1000 2000 3000 4000
Mud Cap Height (ft)

5000

6000

Migypouua 7.3: 8.5 in Hole with 7.625 in Casing (Dalamarinis, 2007).
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>10 Awdypappo 7.3 mopatnpeitor 1 LeTafoAn g emidpaons e avEnong Tov
vyoug tov Mud Cap péoa otov doktOAMO NG yedTpnone. Avtd ogeiletar oTig
ouvOnKkeg pong ot Omoteg emkpoTodV pécsa oty mepoyn tov Mud Cap kot mopott
ALEAVOVUE TNV TTUKVOTNTA TOL TOAPOV KOl GUVETMG TNV LOPOCTOTIKY TOL TIECT, 1M
BHP. Zxomog avthg g HeAETNS NTOV VO, LTOPEGOVE VO SLOTICTOCOVUE HEGH TNG
avaAvong v HeTAPaoT otV EXIOPACT) TG TIECNC OTNV YEDMTPNON Y10 OLULPOPES TULES
S0KTVAIOV oTNV YedTPNoN HETAED TNG COAVMONG KOt TNG YEDTPNONG Y10 TNV TEYVIKY|

SITPNONG LUE TAVTOYPOVI] COANVOGN.
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8.5 in Hole with 7 in Casing

Helgk;i)o(fftl\)/l i€ I\Slugb?ﬁ%i;[)y '\[/)I;(? b[r)rflgzlt)y d: (gal/min) gs (gal/min) 02 (gal/min) Eccentricity RPM BHP (psi)
1000 9 12 100 50 50 0 0 4512.23
2000 9 12 100 50 50 0 0 4560.60
3000 9 12 100 50 50 0 0 4603.84
4000 9 12 100 50 50 0 0 4644.80
5000 9 12 100 50 50 0 0 4685.70

ITivaxag 7.4: 8.5 in Hole with 7in Casing (Dalamarinis, 2007).
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BHP (psi)

4700
4680
4660
4640
4620
4600
4580
4560
4540
4520
4500

Effect of Mud Cap Height on BHP

1000

2000 3000 4000
Mud Cap Height (ft)

5000

6000

Aaypopua 7.4: 8.5 in Hole with 7in Casing (Dalamarinis, 2007).
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Y10 Auypappo 7.4 yivetow ovtiinmtd O0tL M wieon otov mubpéva g
yeotpnong avéavetor e€antiog ™ avénong tov vyovg tov Mud Cap péoo otov
OOKTOA0 NG YEDTPNONG. AVTO 0@eileTonl 6TO OTL ALEAVOVLUE TNV TLKVOTNTO TOV

TOAPOD KOl GUVETMG TNV VOPOCTATIKY ToL Tieor, n BHP ¢ yedtpnong av&davetot.
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ZOYKPITIKG O1aypoppua UETAED TV OLAPOPETIKDY COLNVACEDY

BHP (psi)

8000

7000

6000

5000

4000

3000

2000

1000

Effect of Mud Cap Height on BHP for stable flow rate

——8.5 in Hole with 7 in casing

—— 8.5 in Hole with 7.625 in
- - - - - casing
h ' ' 12.25 in Hole with 10.75 in
casing
=—@®—12.25 in Hole with 11.75 in
casing
1000 2000 3000 4000 5000 6000

Mud Cap Height (ft)

Aidypogua 1.5: Zoyrproiko oidypouue uetold twv diapopetikav cwlnvocewy (Dalamarinis, 2007).
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210 Adypoppo 7.5 mopovctdloviol GLYKEVIPOTIKE TO OTOTEAEGLOTO TNG
availvong yio cvvdvooud g teyvikng Mud Cap pe v teyvikn didtpnong ue
coAfvoon. ivetar avtiinmtd 0Tt 11 GLVOMKN THEST GTOV JAKTOALO TNG YEDTPMNONG
umopet va petwbel edv cuvdvdcovpe Tig 600 AVTEG TEXVIKEG KOl YLl OPIOUEVOL LEYEDM
VOPOVAIKNG SOUETPOV. ATO TO TOPOTAVED ATOTEAEGUATO TPOKVTTOLY T 0KOAOLOW

GLUTEPACLLOTAL:

» H mieon otov mubuéva g yedtpnon katd v S1dpKelo EKTEAEOTC SIATPNONG LE
v teyvikn Casing Drilling, propei vo ehottwbel edv cuVOVAGTEL e TV TEXVIKN
Mud Cap og ocOykpion pe v un vmapén Mud Cap (edv oyediootel n dibtpnon
Y10 GUYKEKPIUEVA PEYEDT SLOTOUNG KOl COANVAOGCTG TS YEDTPNONG, KAODS KAt TO
VYOG T0V peVLETOY TV Talilel Tov poro Tov Mud Cap.

» H teyvikn Casing Drilling eppaviler peydin mrdon mieong otov doKTOAMO TG
yedTpnong e&outiog TG HIKPNG VOPAVAKNG StapéTpov, 1M omoia umopel va
ehattobel pe v gpapuoyn tov Mud Cap.

» O ovvdvoopds ovtdv TOV dV0 TEYVIKOV UTOPEl Vo EMPEPEL EAATTIMON OTNV
GUVOAIKY] TTMOT Ttieong otnVv yewtpnon e&outiog g ¥pMong pevetol To omoio va
TPOKOAEL LIKPT TTMON TECNC OTO ECOTEPIKO TV SATPNTIKAOV GTEAEXDV KOl GTO
KOTMOTATO TUNLLO TOV OAKTLAIOV TNG YEDTPNONG.

» Tlopd v mpocHnkn, otov OGOKTOAID NG YEDMTPNONG, PEVCTOD UEYOAVTEPNG
nokvomtog (Mud Cap fluid), n ovvolkrp Tt tg Bottom Hole Pressure
pewwveton e&outiog v cuVONKOV OV emkpatovy oty Teployn tov Mud Cap kot
AOY® TG TPOGEYYIONG LE TNV 0Toia avaAvONKaY TO OEOOUEVA LOGC.

» O ovvdvoopds TV S0 AVTOV HEBOS®V EMPEPEL KOADTEPT dLaEIPLOT TOL TPOPIA
g mieong.

» O ovvdLacpHOC aVTdC TV dVO TEXVIKMV UTopel va ovéNoel Ta emineda ac@aleiog
péom g peimong tov mésemv, Ponddvtag £To1 TNV EAATTOON TOL KOGTOVG Kol
TOV XPOVOL ddTPNONG.

» TIwpng a&lomoinon tov mieovektnuatov g pebodov Casing Drilling pe v
epapuoyn g texvikng Mud Cap.
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Kegalowo 8° - Isipapatikog sEomiiondc spyostnpiov Teyviknc 'sotpiocov Ko
Pgvotopunyavikic.

8.1. Ewsayoy.

Ye avtd 10 kePdrowo Oa yivel mapovsioon TV opydvov, To omoic
YPNOCLOTOMONKAV GTO EPYOCTNPLO YL TNV EKTOVNON OLTNG NG epyacioc. Oa yivel
eMioNG Mo AETTOUEPNS AVAPOPE GTOV TPOTO AELTOVPYIOS OVTAOV TOV OPYAVAOV, KOt TIC

apyég mov diEmovv TV Asttovpyia Tovg. Ta dpyava to omoio B TapovGLHGTOVY Elvar

T akOAovOa:

» Opyavo pétpnong E®S0VE Kot PEOAOYIKAOV 1O10THTMV TOV PEVCTMV.
» To cdompa pong ToL TPOGOUOIDOVEL OPILOVTLL YEDTPNON.

8.2. Opyavo pétpnong Emoovg.

Ouoaloviko iEOOUETPO TEPIGTPEPOUEVOD KDAIVOPOD.

[Ipéxertar yu éva ynowkd ovtoépoto Opyavo g Grace Instruments. To
ovykekpluévo poviélo eivar to M3500a (Ewova 8.1) ko egivar éva kAoooiko

OLOOEOVIKO KVAVIPIKO TEPLOTPOPIKO 1EMOOUETPO TOTOV Couette.

Ewcova 8.1: IEwdouerpo Grace Instrument M3500a xou empavera epyociog tov Aoyiouixod.
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Ta Bacikd TOV YopaKINPIoTIKA EivaL:

>

"Exet evpog otpoemv amd 0,02 — 600 rpm cvveydueva (ympic evoldueon mavon)

Ko Oyl pepovopéveg tTuég (m.y. 3, 6, 100, 200, 300, 600 rpm)

Dépel Oeppovopevo doyelo yo petpnioelg oe SpopeTikég Bepurokpacieg (o€

OTLOCQOLPIKT TiEDT)).

Awbéter Aoywopkd (Ewkdvo ) mov emtpénet ) pOOMON TV TOPAUETPOV TOV
nepdpatog péow H/Y, kobog kot tn dvvatdmnto eKTéAEONC TEPAUATOS OF
npoaypotikd  ypovo. To Oedopéva  cLAAEYOVTOL ©E  YNOOKN HOPON Kot

Kataypaeoviot o€ faon dedopévav otov HY , yia mepartépom enesepyasia.

Ieprotpepopevo kaioppa (rotor sleeve)

Ecotepukny owdperpog 1.450 in (36.83 mm)
YUVOMKO PKOg 3.425in (70 mm)
XopaKTNPIeTIKY 2.30in (58.4 mm) omd ™

xepoyn Pdon

Avo cepég and tpoumeg 1/8 in (3.18 mm) o€ andotaon 120
deg (2.09 rad) peta&H ToVg, OTNV TEPIPEPELD. TOV KUKAKOD
KOAOUUOTOC, OKPIP®OG KATM 0o TNV YOpayY).

Ecmtepkoc akivitoc kvivopog (Bob)
ALGUETPOS 1.358 in (34.49 mm)
M1kog KvAivopov 1.496 in (38.00 mm)

"Exet enimedn Paom, evod 1 KOPLEN TOL £YEL KOVIKN
avamTuEn, AETTaivovTog GTOOLOKAL.

ITivokog 8.1: Xopoxtnpiotikd iéwdouétpov.
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Tayvmra aeprotpoers | 0.02 — 600 rpm (cuveydpeva)

PvOpoc dratpunong 0.0027 — 3254 sec™

Ogppokpocia 10 °F - 212 °F, (-12 °C - 100 °C)
ITigon ATHOCOUPIKT
IE®oeg 0.5-5.000.000 cp
Pom 0-10z-inM 0-50z-in

A Tpn Tk Taon 1 —37.000 dyn/cm?

Axkpipera 1 0.5 % T0V GLVOAIKOD £0pOLG

Hivaxag 8.2: Edpog uetpnoewv opyavou.

Gracedaq ¥1.0 for M3500A Automatic Yiscometer

File Help
A7

177,34, 103.38 Shear Stresss Vs. Shear Rate
Zalibration Fluid

Shr. Stress Ve Shr. Rate | =

Overlap Charts Print Chart
[Right click mouse for more option]
/,./ Start Test on Stop Test on
M3500a M3500a

2
2
=
5]
=
#
@
=
%]
-
]
o
=
%]

150 200
Shear Rate (1/5)

Status 6/2/00 | 10:47:19
dhstan|| @ =2 A B || G Evploing - AL |[8 Gracedag vi.0 for M. @504 @Rz 1naran

Eiwova 8.2: Tomikn empaveio epyosiog Aoyiouixod
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Kabiepwuévy oradixacio eEyyov pevotayv yedTpiong.

To Apepwovikd Ivotitovto ITlerperaiov (API) éxer mpoteiver po oepd
OLOOIKOCLOV TEPAUATIKNG HeB0d0A0YING Y10 TOV TPOGHIOPIGUO OUPOPMV 1O10THTMV
TOV PEVCTOV YEDTPNONG, OM®G 1 TLKVOTNTO, TO 1EDOEC Kat T dOvaun yéAng (gel
strength), ™ dwAlon, ™ ynwkn avdivon k.o. (API 131, API 13D). v cvvéysia
OVOTTUGOETOL 1) TPOTEWVOUEVT HEDODOOG Y10 TOV TPOGIOPIGUO TOV 1EMOOVE KOl TNG
dvvoung véng. Ot dwadikaoieg avtég mpémetl va epappdlovior 6mov givor duvatov,
MOTE Ol LETPNGELS VO, EIVOIL TUTOTOINUEVEG KO TO. ATOTEAEGHATA VO Efvol GuYKpioLoL

ue avta mov avapépovot otn Piproypaeio (Kereoiong, 2007) .

8.2.1. Peodloyikd povtéha yio opoasoviké Kuvopiko 1EmoopeTpo.
Iéwoouetpo kot eéicwan poijg.

H yeoperpia tov Poociletor ota mpdtuoma mov €yovv opiotel amd 1O
Apepkaviko Ivotitovto Iletperaiov (API) yia v aglohdynon 6Awv TV pevceTdV
g Prounyaviag metperaiov. To pevotd mepiéyeton o€ €01Kd doyeio (cup). 'Eva
eEotepikd kdAvppa (rotor sleeve) mepiotpépeton opdkevipa YOpw oamd Evov
€0MTEPIKO cvumayn KOAwOpo (bob), o omoiog e€aptdtan and TEPIGTPOPIKO EAATIPLO
(torsional spring). To kevd peta&y TV 600 KLAIVOpwV (rotor — bob) eivar pikpo,
nepimov 1mm. 'Evag petpntg, TpocaproGUEVOS GTO EAOTIPLO, KOTAYPAPEL TNV YoOVio

TEPLETPOPNG (amdKAoNg) katd T Asttovpyia Tov opydvov (Ewkdva 20).

H doxun Tov peuotod yivetor petald tmv 600 OpOKEVIP®V KLAIVOp®V (rotor —
bob), axtivov R, kot R, ek tov omolmv o e£mTepkdC TEPIGTPEPETAL LE YOVIOKT
TayvtNTo ®. AC vToBécovpe OTL 1 Kivnon Tov pevetod AapPavel xdpa kotd enimeda
OUOKEVIP®V KOUKA®V YOp® omd tov Koo a&ova. Kabdg o eEmtepikdc kOAIVOpog
TEPIOTPEPETOL TPOKOAAEL SATUNTIKY TAON UHETOED TOV EMTEI®V TOV PELGTOV, OO TO

eEmtepkod (Ro) mpog 1o ecmtepiko (R;).

Amotédecpa avTov elval va “emdyetol”’ pomn GTOV €6MTEPIKO KOAVOPO TOV
petpaton kou eEaptdrol amd Ty ymviokn toyxvtnta facel g oxéong v Nevtovelo

PEVOTA e 1EMOES, W
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27N .
(25) xou ® = ——  (26) ,0mov N ta rpm Kot
60

0

omov S =

T _2M8°0
2pLR}?  S°-1

T =

(27)

Metpovtor to 7 (pom)) Ko @, yvopilovtog TopaAANAo Kot TIC VITOAOUTES

TOPOUETPOVG KOl GUVETADS VITOAOYILOVLLE TO L.

Mo pun Nevtovelo pevotd Exovpe ta Cevyn tucdv Ti (1 7i) kot w; (7 /) Ko pe
NV XPNON UN YPOLUIKNG ToAvOpOUNoNg TPocdlopiletal 0 THTOG TOV VEOAOYIKOV

povtélov. o Herschel-Bulkley pevotd n e&icwon mov meptypdpel 10 peOrOYIKO

povtéro giva

1=10+K;7 (12)

yio To povtého Power Law =K7y"  (10)

kat téhog Yo o Bingham Plastic povtélo etvon 7 =7, * 47 (11)

8.3. Awwokacio Metpiiceov ko Enclepyacio Agdopévov.

Xopupova pe 1ig odnyieg tov APl mov mpoavagépOnke, opiCovpe oto
Aoyiopiko tov opydvov (pécw tov H/Y mov givor cuvdedepévog pe to 1E@OOUETPO)
Kkdmol cvykekpuéva Prpata (Steps) ypovikng odpkelog 60 sec ko pe otabepn
TOOTNTO TEPLGTPOPNG TOV rotor sleeve yio kdOe Pripa. H taydtnto 610 mpodTo Prinoa
gtvor 600rpm xo opifovpe gpeig 610 Opyavo moOceG pHetprioelg BEAove va Thpel péco
610 dotnuo TV 60sec. 1o epyactnplo Aappdvovrtal €& petpnoelg og kdbe Prypa (1
avd 10 sec) eivor wovomomtikdg apBuds. Xe kabe Prina emiong opilovpe kot v
embount Oepurokpacioc Tov PeLOTOV HOC N OmMAG Kol povo TNy Bepuoxpoacio
epBAAAOVTOC otV omoio. €MBVUOVUE VO UETPNOOVUE TO 1EMOEG TOL PELGTOV.
[Mopoakdto eoivovtor ta Prjpata aAld Kot ot ToyOTNTEG TEPLOTPOPNS oV opilovpe

oLUP®VA LE TNV peBodoroyia.
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AprOpdg pripatog Ka%{:ﬁg’:{:];?rpm) Awdpkero, (sec)
Biua 1 600 60
Biuo, 2 300 60
Bijuo 3 100 60
Bijuo 4 60 60
Bfiuo 5 6 60
Brjpa 6 3 60

Ilivoxog 8.3: BRuozo, Uetprioewv opycvou.

To Opyovo petpd tovtdxpove. kot pog diver online kot otnv 086vn 0L
VTOAOYIGTH OAAG Kot 6TV S1KLd Tov 006VN, TNV SoTUNTIKN TAOT), TOL OCKEITOL GTOV
E0MTEPIKO CLUTOYT KOAWVOPO amd TO PeLGTO (HE UETATPOTH TNG OMOKAIONG TOV
ehatnpiov AOy® G pomNG oL OVATTOGGETOL OO TO KIWVOUUEVO PELGTO GTOV
E0MTEPIKO KLAWVIPO, OwG avartiydnke oty apyr Asrtovpyiog TOv 0pydvov), TV
Oeppoxpacia, 10 1EDOeg katevbeiov o KdOe ypovikn oTiypr] pETpnong Kot Tnv
oovoun véang. Toavtdypova vmoroyiler tov pvOud odSwdtunong oe kdbe Prua

. , , . ; -1
LETOTPETOVTAG TNV TEPIGTPOPIKT TOYVTNTO TOV TOV £OVUE OPICEL OE SEC .

Atvovtag emopéveg  EUELS TIG OLIQOPES TEPICTPOPIKES  TOXVTNTES OTO
TEPLOTPOPIKO KAALUUO, OMUovpYeiTal pio SOTUNTIKY TAGT 0nd TO PEVLOTO GTOV
E0MTEPIKO KOMVOPO TOL 0PYAVOL, £TGL GE OVOPOPE TOV TEAIKA LITOPOVLE VO TAPOVLE

amo To Opyovo £xovpe TéG S Yo kBe Pabuida tayvInTOg 7 .

‘Exovpe étot Cevyn Tindv 7-7 omd to omoio pmopel vo Kotaokevaotel Eva
owdypappo ko vo tomofetnBovv ta {evyn avtd tov TUOV. ATO TNV HOPPN TNG
KOUTOANG TTOL TPOSAPUOLETOL GTO SEGOUEVO, TPOKVITOLY TO. GUUTEPAGLOTA LLOG Y10l
TO PEOLOYIKO LOVTEAO GTO OMOI0 OVIKEL 1] GUUTEPLPOPE TOV PELCTOV HOG KoL OVTO

EMTVYYAVETAL LEGH TOV TPoypaupatoc “Best Fit” mov meptypdonke mapamdvo.
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8.4. Ldotnna pong epyacstnpiov.

To poviélo opilovilag yedTPNoNS TOv gpyactnpov Pevotounyoavikng kot

Teyvung I'ewtpioewv anotedeiton amd To EMUEPOVS TUNLLATOL:

A\

Ag&opevn yopntikdtntog 700 Aitpov.

A\

Movtélo opiloviiog yemtpnong amotehovpevo amd plexiglas pnixovg mévte
UETPOV.

AvTtAio KOKAOQOPTNG TOL PEVLGTOV GTO LOVTELD TG YEDTPNONG.

AV0deLTNPOG TEPIOTPEPOUEVOC.

2Hotnua pETpnong kukhoeopiog, mukvotnTas, Oeprokpaciog pevsToL.

2O0TNUO LETPTCEDV TTMOONG TECTG.

YV V. V V V

2H0TNHO KOTaypoaens LETPNOE®Y Kot e£0ywyNS 0ed0UEVOV.
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2yniua 8.1: Baocikés povadeg meipopotikod ovotiuatoc pohc (Kovtpovine — Miyelaxng, 2002).
1 — Tunua daxrviiov. 2 — Metpntino tunua. 3 — Aoyeio emeepyaoios pevarov.

4 — Avadevtipog. 5 — Avidia. 6 — [apoyouetpo tomov Coriolis. 7 — Metpntic drapopikig nicons. 8 — H/Y yia ovlioyn & emelepyacio dedouévav.
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2yiua 8.2: Movtédo opilovriag yedtpnong epyactnpiov Teyvikne Iewtpiioewv kor Pevotounyavikic (Dalamarinis, 2007).
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Aeéauevy yopytikotyrag 700 Aitpwv.

Mo v mapackev] 10V peLeTOL VILAPYEL o de&apevn yopnTikodTnTag 700
Mtpov. H de€apevn pmopet vo epodiactel pe vepd Ppoong N amovicuévo vepd amd
TNV 6TNAN amOcTaENG TTOL LVITAPYEL 6To gpyacTnplo. H de€apevn oto kdtw pépog g
elvar ovvdedepévn e v avtiio Tapoynsg Tov PeLGTOH GTO GVGTNUA THG OPLOVTIOG
yeotpnong kot givol  €podlacuévn pe ovotnpo  Wyogng yw  dwthpnomn g
Bepurokpaciog Tov pevotod Kot Tapdbupo TaPATHGELS TG OadKAGING avVALEENS TOV

PEVGTAV.

Eiwcova 8.3 Aelopevy pevarod.

Aaxtbllos Kvklopopiag peveTov.

To povtélo oplovriag yedTpnons tov epyactnpiov Pevotopnyovikng xot
Teyvikng T'eotpioewv amoteieiton amd 600 COANVES SPOPETIKNG OtapéTpov. O

eEMTEPIKOG COANVOG TOL HOVTEAOV O OTMO{0G TPOCOUOIILEL TO. TOLYMUATO TOV
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TETPOUATOV oTO. omoio, yiveTow M SdTpnomn Kot ovclooTikd mailel Tov poAO TOL
epéatog g yedtpnons. O ecmTEPIKOC GOANVOG TOV GLGTNHUATOS TPOGOUOLALEL TA
owTpnTKd oteréyn &vog yemtpOmavov kot poli pe tov emtepikd cOANVA
onuovpyovy évav daktoAo yedtpnons. H kvklogopio tov pguotol yiveton péca
G6TOV OOKTOALO TV 0T0{0 ONUIOVPYOVV AVTEG 01 0V0 COANVAOGELS. Ot O10GTAGELS TOV

COMVOCEMV elval:

» E&mtepikdg coMvog eocmtepikng dwopétpov @70 mm, emtepikng @80 mm kot
piKovg 5 m. Amoteleiton omd mWEVTE TUNUATO TOV €VOG HETPOL GUVOESEUEVOL

peta&d toug pe eAdvtieg (Ewkova 8.11) (Kovtpoving — Miyehdxng, 2002).

» Eowtepikdg colvag eEmteptkng ¢ dapétpov @40 mm, scwtepikng @30 mm,
punKovg 5 m.

H obvbeon avtov tov 000 ocwAnvoceonv dnuovpyel €va opdkevipo GOGTNUHA

VOPOUVAKNG dapéTpov dp =3 cm.

To povtého g oploviag yedTPMoNG £xEL TNV SLVATOTNTA Vo PETAPAAEL TNV
EKKEVTPOTNTA, AALALOVTAG TNV BE0T TOV ECMOTEPIKOD COANVO, HECH TMV 001 YDV TOV
Bpiokoviar otov efmteptkd SOKTOAMO Ywpic OHOG va €xel v duvaTotnTo

TEPLGTPOPTG.

To pgvotd 10 0MOi0 KIvEITOL LEGM TOL GLGTNUOTOS KO POV EXEL TEPAGEL AT TNV
TEPLOYN KATAYPOPNG TOV HETPNCEMV(TTIEONG KOl 1O10TNTMV TOAPOV) HeETAPEPETAL EQVEL

péoa otV deEOUEVT] OTTOL OVOULYVOETOL LE TO VITOAOITO PELGTO TNG OEEAUEVNC.

Ot dvvatdmteg KukAoQopiag pevotoh péso oto cvotnuo S opldvTiog
yeotpnong meplopiletal, yuoo AOYOUG OGQPAAENG TOV GUGTHUOTOS KOU OTOPULYNG

Kamolog actoyiog, o uéytot mopoyn 400 kg/min.

Avtiia KOKLOPOPIOS TOV PEVGTOV GTO HOVTELO THS PEDTPHOHG.

["a v KuKAoeopia TOL PELGTOV HEGA GTO HOVTEAOD TG OPLLOVTIOG YEDTPNONG
ypnowonoteiton pia avtiio (Ewova 8.4a) n omoia eivon cuvoedepévn 610 KAT® UEPOG

™G de&opevng moApov mov cuvdéetan pe inverter (Ewova 8.4B) ya tnv pvbuion tov

105|~2erion



GTOPMV Aertovpyiag ™G aviAiog Kot g mapoyns. Ta TeVIKd yopaKTnPIoTIKE TNG

avtiiog etvon To axoAovOa:

ANTAIA PENTAX
TYmog CM 40 — 200A
Ioyvg 7.5 KW (10 HP)

Zojvornro 2900 rpm
TEPLOTPOONS

Hivaxag 8.4 Teyvikd yopaxtnpiotikd, aviliog.

Ewcovo 8.4a: Avilio ovotiuotog. Ewcovo 8.46: Inverter poGuiong Aeitovpyiog

ovtliag.

AvadevTipag mepIoTPEPOUEVOG.

Mo v mopackKevn Tov PeLOTOL PEGH TNV JeEAEVT (P OLLOTOlEITOL EVag
avOOELTNPOS O Omoiog &ivor tomoBetnuévog péca otnv defopevn, Ko  givor

GLVOEDEUEVOG UE HOTEP KIvVNONG HECH HAVTAL.
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Ot ocvvOnkeg Asttovpyiag tov avadsvtipa kabopifovtar and £va frequency

inverter pe tov omoio pmopovpe va puOuicovpe TV GLYVOTNTU TEPIGTPOPNG TOV.

Eicova 8.5a: Zooquo avadevons moipod. Eicova 8.56: Inverter uotép avadevons

TOA@oD.

ZveTnua uétpnoins koklopopias — 1010titwy pevetov Rheonic.
Hapoyouerpo pilag.
To mapoyduetpo palag (Ewova 8.6 & 8.7) amoteAeiton omd 600 KOPLES LOVAIES:

» Tov cuoOntpa por|s.
»  Tnv nAektpovikn povada eneEepyaciog.

AwcOntipogs pons.

O awoOntpoag pong lval 1 KeVIPIK povada tng pétpnong pons. TomoBeteiton
0€ GEPA LE TIC COANVAOCELS TOL 0ONYOVV TO PEVGTO GTO JOKTUALO Tapatipnons. O
aeOnpog avtdc €xel TV dvvATOHTNTO VoL HOG Olvel oTowyEla Yo TV TOPOYN TOL
peLGTOD OV Siépyetar amd avtdv (kg/min),my mokvomta (kg/m?) kabdg kar v

Oeppokpacio tov pgvotov (°C).
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Eixéva 8.6: AioOntiipag porc kar 1010ty pevotod Rheonic.

Higxtpovikny povaoa erwelepyaciog.

Ewxova 8.7: Hlextpovikn povado. emeéepyaciog kai mopoveioons 0E00UEVMDV.
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H miextpovikn povada emeiepyaciog £xel TNV SLVATOTNTA VO LG TANPOPOPET

YO TOL TTOPOKATO oToLyElo pEcw TG 000vNG TOL:

» Tlapoyn pevotod otov dokTtOA0 TG YemTpnong (Kg/min).
> Tnv mokvoro (kg/m?), kabdg kot

> v Ogppokpacia Tov pevotov (°C).

8.5. Zvotnuo pETPNGEMV TTAOGNS TiEGNC.
MeTpyTiig drapopikijs micons epyacTypiov.

To Opyavo mov emAéybnke Yy TIC avAYKEG TOL GLOTHUOTOG Elvol €vag
niextpovikds petpnme ¢ etapiag Validyne, yia Adyovg mov  avapépoviol
napokdto (Kovtpouing — Miyeddkng, 2002). Anoteieiton and 600 Pacikd Tunpara,
TOV ooONTAPO KO T1 GLOKELY] YNOokNG £vOeEns. Xvvoéovtarl petald tovg Héco

€101KOV TOTOV KOAMITIOVL LETAPOPAS NAEKTPIKOD GNLLOTOG.

AweOntypag micons DP — 15.

[poxettat yo Eva yopaktnplotikd petaPfinto aictntipa nicong (Ewova 8.8)
oV omoTeEAEiTAL Ao €val Sappoyra LayvnTiKa dtamepatov avoteidmTov ydAvpa mov
otepedveTal  petad dvo  otafepdv  TUNUATOV  TOL  avOEEId®TOL  XGALPa.
Evoopatoverol og ka0e tunpo, pe po cepravtiva ovTtenaymyns (tnmvio) o€ mopnva
oynnotog “E”. To dBpoopo tov mmviev, mov KOADLTTETOL OO £vo. U1 HOYVNTIKO
avoEEIOMTO GTPOUA, EYEL i EMPAVELX avOeKTIKT 6T d1dfpwon. To dbppayua etvor
tomofetnpévo 6to KEVIPO Tovg, og ioeg amootdoelg (nepimov 0.005 {vioec) petald
TOV TOOOV KAOE TUPVA, Y10 VO TTOPEYEL I0EG OVTIGTACELS Y10 TIG LOyVNTIKEG O1000VG
pong kbe cepmovtivag.

Mo dtapopd mieong mov epapproleTot HEGH TOV ooONTNPOV TECT G EKTPETEL
TO SLAPPOYLLA TTPOG TV KOIAOTNTA LE TN XOUNAOTEPT) TEST], TOV PEUDVEL TO VAL YAGLLOL
Kol avEAvel GAL0. AgOOUEVOL OTL M LOYVNTIKN OVTIOTOON TOKIAAEL LE TO YAOHO KO
kaBopiler v afla avtemaywyng kdbe oepmovtivag, 1 EKTPOTN SLOPPAYLATOV

ALEAVEL TV ODTETOYMYN TNG LLIOG CEPTOVTIVAG Kot LELDOVEL TNV GAAN. O asOntipog
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DP 15 elvatl évag d1opoptkdg HETOTPOTENS TIECNC YEVIKOD GKOTOV, HE dvvaTdTNnTO
APTONG OLLPOPETIKAOV SLOPPAYUATOV, £TGL MGTE VO KAADTTEL TO €0pog petady +/- 0.08
psid xor +/- 3200 psid. Eivor o owovopukd mo amodotikdg TpoOmog va yivouv ot
UETPNOELS TECNG OTO €PYOCTNPLO, OTOL Ol OMAUTNOELS UETPNONG Tieong aAAdlovv
cuvey®s. O awoOnmpag DP15 &xet dobéopeg 23 d10popeTikég GEPEG dLOPPAYUATOV.
Eneidn 1o o1dopaypa etvar To povo KivodpEVO HEPOG, 1 AmOKPLOT GLYVOTNTAS GTOVG
moApove  mieong etvor  eEarpetikd vynAn. Ta  yevikd  YOpOKTNPIOTIKA TOV
Swephypatog eaivovior otov [ivaka 8.5 kat ta dtwepdypoata Tov oyopdodnkav yio

T1G avdykeg Tov gpyastnpiov, otov [livaka 8.6.

Ewcova 8.8: AioOntipag DP — 15 ovotiuarog porg.

Xapoaxtnprotika awocOntipa DP 15

, +0.08 psid FS — 3200 psid FS
Evpog g
(avadoya e TO J1pparyLLa)
Axpipea +0.25% FS
Yneprmicon 200 FS
Osgppoxkpacia -65° F émc +200° F

Hivaxag 8.5: Opia Aertovpyiog DP 15.
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‘ 2E1pd OL0QPPUYRATOV \

20 0.125 8.8
22 0.200 14.0
28 0.800 56.0
30 1.250 88.0
32 2.000 140.0
34 3.200 225.0
36 5.000 350.0

IHivaxag 8.6: Awappayuoza epyaoctipiov.

2ynuo. 8.3: Zynuotikn wopdotoon tov aiodytipa DP — 15.

To d1depaypo To0 0moio ¥PNGHOTOMONKE Y10 TNV EKTELECT] TOV TEPOUATOV
pétpnong nrmong mieong Nrav to ddepaypa 3 - 28 tov 56 cm HyO kot o Adyog
emAoyng tov Ba avagepbel o6tav mapovciactel M pébodog Pabuovounong tov

KaToypapikod opydvov ttwong mieong DP 15.
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2vokevn ynerakns évoelng Validyne CD23.

H ovokevn avtn (oynua 8.4) cuvoéetar pe e101Kd KaAmO10, pe Tov auctntipo
mieong, moapoAapUPAVEL TO NAEKTPIKO GNUA KOL TO UETOTPEMEL GE YNOOKY EVOELE.
AwBétel dtokdmn pHOUIoNg YaUNAoD 1 VYNAOL €0POVG, AVAAOYO LE TIG OTOLTHGELS
tov petpioswv. Dépet, emiong, motevoopetpa 10 otpopdv (0 — 1000) yio ™ pOOIoN
tov pndeviopod (ZERO) kot tng gvaioOnoiag (SPAN) tov ofupatog. O puBuctég
avtoi mapéyovv Kot avaroywkn £€odo +/- 10 VDC, avdroyn g mieong €1c6d0v. Ze

+10 VDC, avtiotoryet oto 100% g mApovg KMpoKoGC.

Xapaxtnprotikd cvokevg CD23

Yrafepotnra 0.1%FS
El)(llceﬂﬂi(l Min + 15 mV/V Yo £ 10VDC FS,
£16000V pLOLopEVo amd To SPAN

Avadoyua + 10VDC, 10 mV/V
£€000¢
B0 - 10° C & + 60° C
Oeppokpaciog

Hivaxag 8.7: Xapaxtypiotike ovoxevng CD23.

DISPLAY

K

? O 4
coz /]
/ SPAN ADJUSTMENT LOCK KO8

L JERO ADJUSTMENT LOCK KNOB

2ynuo 8.4: Xookevn yneilokig évoeiéns ovoTHUaTOS poriG.
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Ewcova 8.9: Zovdeouoloyio coaTiUoToS UETPHONG TLEOHS — TPOGOWH.

Ecova 8.10: Zvvdeouoloyio ovothuatos uétpnong nieons — miow oyy.
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Ewcovo 8.11: Zvvdeouoloyio ovotiuarog uétpnong mieons — wiow oyn kot plavi{o 6OVOEons

TUNUATOV OOKTOALO. .

ZOUQOVO e TNV LTAPYOLGO GLVOEGHOAOYIM, ivol EQIKT 1 UéTpnon Tieong
og anootacelg 90 cm kot 50 cm petaEH TOvg. LT TEPAUATA TO OTTOi0 EKTEAECTNKOV

OAEG O1 LETPNOELS MTMOTG TLESTG TPAYLLATOTO|ONKAY 6TV amdcTacn TV 90 cm.

BaBuovounon twv kartaypapikoy opyavev rmicons (Validyne DP 15).

Agdopévov 6t m €£0d0¢ e€aptdran amd ™ pHOon tov ZERO ko tov SPAN
TOV OPYAVOL, EIVOL ATOPOITNTOG O TPOGOOPICUOS TG OYEONG UETAED NG mieomg

€166000V Kol TG £VOEIENG.

H pvBuion ko Pabpovounon tov opydvov mpémet vo yiver pe KotdAAnAeg
ovokevés. [a avtdv tov AOyo Votepo omd emKowvmvior HE TNV KOTOGKELAGTPLO
gtoupeia Tov  opydavov, Votepa amd VROOEEN TOVE OYOPACTNKE TO  OPYOvVO

Babuovounong DP 140 g etarpiog Martel Electronics (Ewova 8.12).
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Ewcova 8.12: Opyavo fobuovounons DP 140.

2V GuvEKE TTEPLYPAPETaL 1 dladtkacior fabuovounong tov opydvov Kot

TEPLYPOAPT| TOV PNUATOV TOL oKOAOLOHONKAV.

» O aicOnpag tov kataypaeikod Validyne DP 15 ue v évdeién + ovvdéetan pe

T0 6pyavo Babuovounong 6mwg eaivetatl oty Ewova 8.13.

Eicova 8.13: Awadixooio fabuovounons DP 15.
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» TomobBetodue to drokdmTN VPOV ot YounAn Béon. Mndevilovue v mieon v
omola.  epapudlovpe OTO  KOTOYPOPIKO OPyavo Kol TEPIGTPEPOVUE  TO
notevoldpetpo tov ZERO, péypt n 006vn va dgi&er undév. To evpog (SPAN) €xet
pvOuotel apykd o o Toxaio Ty petad tov 400 kot tov 600. O pundeviopog
oV depdypatog 3 - 28 tov 56 cm HyO (o Adyog yia tov omoio emAEYTNKE TO
GLYKEKPLUEVO ddppaypa NTov OTL amd TNV oviAvoT TNV omoio. KAVOUE UE TO
npoypappo “Rhology” n péylotn tiuf atdong wieong mov Ho Kotoypaest pe ta.
ovykekpuéva pevotd dev Oa vrepPei ta 20 cm Hy0), emtedybnke oty pvduion

286 tov ZERO.

Ewcovo 8.14: Aicppoyua 3 — 28 56 cm H,O.

» TomoBetovpe to draxdmn €bpovg ot vyNAN Béon. Epapuodlovpe 100% dopopd
nieong (56 cm H,0) otig omheg kol mepiotpépovpe to motevolopetpo SPAN,
péypt m 006vn g cvokevng va deiEetl 56. H €vdeiEn avt Anednike pe pubucuévo
10 Totevolopetpo tov SPAN ot Tiun 374.
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Decimal Point implied

¥

jl- Least significant digits 00 through 98 marked

2ynua 8.5: Aioxomres fobBuovounons kataypapixod opyavou.

» ZImv ovvégeln Kot oeov Exovpe pvOuicet v T SPAN  apyifovpe kot
LELOVOVLE TNV TiEST) TNV oMol £YOVUE EPAPUOGEL GTO OPYOVO LLOG EVEATIGTAOVTOG
N T g mieong v omoio ePaprOlOVIE GTO KATAYPAPIKO OPYOvVO UECEH TOV
opybvov Babuovounong DP 140 va éyxet 1dio Tipn, pe v Tiun mov eueaviler n
006vn ™G CLOKELNG KOTAYPOPNG MTOONG MiEoNns. AmO avt TV OladtKacio

TPOEKLYOV TO TAPOKAT® OTOTEAEGLOTA.
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‘Evoailn | 'Evoain
T 140 DP 15
(cm H,0O) | (cm H,0)
56.0 56.0
51.9 52.0
45.6 45.7
38.4 38.4
31.4 314
25.5 25.5
20.9 20.9
13.9 13.9
10.5 10.5
7.3 7.2
3.6 3.6
0.8 0.8

Hivaxag 8.8: Tyés fabuovounans kozoypoapixod opycvou.

[Mapampodpe and tig tpég (IMivakag 8.8 & Awdypappo 8.1) o611 n
BaBpovounon tov opyavov Kot Tov SPPAYHOTOS Elval E€MITLYNG, APOL OTOlES
amokAicelg LeTa&l TG KoTaypaeeicag kot tng epappolopevng mieong eivon péoa ota

OplOL TOV EMTPEMOUEVOV GOAALATOG TOV OPYAVOV.

AoV tedetdoovpe e ™V PaBUovOouncn Tov 0pyavoLv TO GLVIEOVLE Kot TAAL
610 ovotnua pog. Otav ocvvdedel to kataypapkd dpyovo yivetor e€aépwon Tov Yo
va amopakpuvhel 0 aépog mov €yl 10€phel HEGH GTO JLAPPAYLLO, Kol EAEYYOVUE TO
onpeia oHvOEoNG TOL OPYAVOL LE TOV OOKTOALO Y10 TLYOV TAPOLGIN PLGOAIdWV aEpa

ot omoieg Bo emnPedoOVV TIC LETPNOELS.
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Kotaypagopevn Tipi wicong (cm H,0)

60

50

40

30

A
¢

AlGypOoppo HETPOVUEVOV - EQUPROLONEVOV TIECEMV

¢
W

Métpnon

14

@'Evéeién T 140
M'EvdeiEn DP 15

Awaypopo 8.1: Xoyrpion epopuolOUevwy e KOTAYPOPOUEVES TYES TIETHG.
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8.6. Zvotnpa Kataypagns HETPNGEMV Kot e£aymYNS 0£00pEVMV.

Ta dedopéva ta. omoion Koataypd@ovior amd TOV HETPNTH TiEoNg WECMH
KOA®OIOL Kol e TNV HOPON PELUOTOS UTOPOVV VO SOYXETEVTOVV GE MAEKTPOVIKO

VTOAOYIOTN.

I[Iptv avtq v JS0x€TeVoN TOV OCNUOTOC TNG OPOPIKNG TIECNG TOL
KATOYPAPETAL GTO, LETPNTIKA LOG OpYOvo TPEMEL VO LECOAUPNGEL TO KATAAANAO
Hardware to omoio Oa ynelomomoet to onpatoa. H dwadikacio ovth yivetor péocm
kaptov DAQ (Data Acquisition PCI), mov eisdyovv to onua otov H/Y kot to
hoyiopkd eneepyaciog LabView kor ayopdotnkoav amd tv etopeio National

Instruments (Ewoéva 8.15).

Eixdéva 8.15: DAQ (Data Acquisition PCI).
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Aoytouixoé LabView.

To LabView givor yA®GG0, TPOYPAUUATIOUOD TOV YPNOLUOTOIEL EIKOVES avTi
YL EVIOAEC, Yoo TN OMUIovPYiol TPOYPOUUAT®V. X& avtifeon pe TIC SLUPOTIKEG
YAOOOEG TPOYPOUUOTIGHOV, OOV ot odnyieg kabopilovtal amd TV eKTEAEST TOV
npoypaupotog, To LabView ypnoiponotet v eloaymyn cuveyodg pong dedouévav, 1

omoio Kot kabopilel TV extéAeo.

Conditioned

signals
Signal

2ynua 8.6: Xootnuo DAQ ge H/Y.

Ta dedopéva T omoia KataypdeovTol Kot avoAdovTol amd To Topundve Opyova,
napovotdlovtor pécm evog (front panel) oy emedveia epyaciag (Ewdva 8.16) tov
VTOAOYIGTH] O Omoiog €ivol oLVOEdEUEVOG HE TO OLOTNUO. XTO0 Xynuo 8.7
napovolaletar 1 ovvdesporoyia (Visual Basic) tov mpoypduppotog yio v

KOTOYpOp TOV GTUATOV.
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Eixova 8.16: Front Panel zov VI tov gpyactnpiov.

%
=)

2ynua 8.7 Aigypopa pong V1 gpyactypiov.
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Endpevo Prpa petd v xoataypoaen Tov 0edoUEVOV Eval 1 avAALGT| OVTOV.
Ta apyeio Ta omoia e&dyoviar and to LabView gnelepydloviol otnv cuvEXELo LE TO
npoypappo. Microsoft Excel. Zta dedopéva ta omoia Exovv Kataypapei vtoAoyilovpe
NV HEoT TN amd OAEG TIG LETPNOELS, KOL QLT 1] TN LT OTOTEAEL TNV HETPNOT TNG

TTOOTNC TECNG TOV HOG EVOLULPEPEL.
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Ke@alowo 9° - Awadikocio mopacKevnc ToAPdOV.
9.1. Evcayoyn.

Xe autd 10 KEQAAMO Tapovotdletar 1 pebodoroyio. cOUPOVL e TNV Omoia
TOPOCKELAGTNKAY TO, OEIYHOTO TOAPOV TOVL HEAETNONKOV, TOGO GE EPYACTNPLOKY

aALG Kot PLEYAAN KApoKa yio yprion Kot LEAETN 6TO GUGTNLO POTIC.

Amo avt Vv dwdkacio eENyOncay moAD YPNGIUN GUUTEPACUATO Y10, TV
TOPOUCKELY] PEVOTAOV JOPOPOV TPOGHET®V 68 peydin kAipoka kot Bo TapovclaoTel
eniong o péEB0S0G Yo TNV TOPAGKELT] OVTMOV GE UEYAAN KAMpOoKa, e TETOLO TPOTO
MOOTE VL EPYETOL OGO TO dLVATOV MO KOVTA LE TNV TPOTLTN O100KOGI0 TOV Yol TOL

detyparta KAipokog 500 ml.

Eniong Oa yiver mopovcioon g pebdOovL TOPACKELNG TV TOAP®OV, GTOVS
omoiovg peletnOnke m emidpaon pH wor NaCl. ‘Eva ond 1o mo ocvvnbiouévo
GLGTOTIKA TOV TOAP®OV SLATPNONG EIVAL O UTEVTOVITNG O OTOI0G YPNCULOTOIEITOL GE

OLPOPES TEPLEKTIKOTNTEG AVAAOYOL LLE TIG AVAYKEG TNG OATPNOTG.

Kotd v didpketo g S1dtpnong 1o peuctd MATpnong EpYETOL GE EMAPY LE
OlIQOPO TETPAOUATO T OTTO10 EMOPOLY 610 PH TOV PELGTOV AOY® TNG OPLKTOAOYIKNG
toug ovvBeong. Emiong oe Boidocwo mepifdiiovia 6mov oTIG TEPIOCOTEPES
TEPUTAOGELS YPNOLOTOLEITAL GOV fAcm Tov pevotol ddTpnong Boracovd vepod. Xe
QTN TNV TEPITTOON 1 OAATOTNTA TOL VEPOV EMMNPEALEL TIC PEOAOYIKES 1O1OTNTEG TOV

PEVLGTOV.

9.2. Mrevtovitg,.

Eivor Baocikd mAnpotikd vAKO TV pELGTOV YEMTPNONG KOl TOPUUEVEL YO
TOALG ¥pdVIOL G TO OEVTEPO OE TEPIEKTIKOTNTA GLOTATIKO HETA TO Popdtn o€
ToAPoVg yedtpnong. IlpootiBeton oe @péoko vepd 1N o€ MO TOPACKEVOGUEVESG

Adomeg ppéckov vepoD Yo £val 1] TEPIGCOTEPOLS OO TOVG TOPAKAT®O AOYOVG:

» Tnv avénon g avotnTog KabupiGod ToV PPENTOC
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» Tnv eldttoon tg ombnong (filtration) tov pevotod otovg dramepatong

GYNUOTIGLLOVG,.

» Tov oynuotiopd pog Aentig HEUPPAvNG pevotod GTO TOLYMUATO TOV (PENTOG

(filter cake), yapmAng dwomepatdroc.

» Tnv Bektioon g otabepdTNTOC TOV TOYOUATOV TOV PPENTOS GE U GUVEKTIKOVG

GYNUOATIGLLOVG,.
» Tnv amoguyn N avtipetdmion g andieag kKuokhoopiag (lost circulation).

To mocootd mov mpootifeton mowkider avaioyo pe TG ovvOnKeS, O0AAL Ot

TPOTEWVOUEVES TEPLEKTIKOTNTES Ppickovton otov mapakdto [Tivaka 10.18.

Dpéoro vepé Adonn @péokov

Mmnevrtovitng TpooTifépevog oe: vEPOU

(Io/bbl) | (kg/m®) | (Ib/bbl) | (kg/m®)
Kavovikég ouvOnkeg yeodTpnong 13-22 | 35-60 4-10 11-28
Y1a0gpomoinon 1oLy OPUATOV 25-35 | 70-100 | 9-18 25-50
An®drern KvkhoQopiag 30-40 | 85-110 | 10-20 28-56

. IeTpéharo

MpooTiBépevog oe: (o700 T (kgn)
Andiern kvkhoopiog (Bovropa) 400 1100

Hivaxag 9.1: Zovn0e1g TIHEC TEPLEKTIKOTNTOG AACTING YEDTPNONG GE UIEVTOVITY.

Xto mepapato To omoia ywvav oto gpyactiplo Teyvikng lewtpicemv ko
Pevotopnyavikig kol tov onoimv To amoTEAECUATO TOPOLGLAlOVTOL GE QVTH TNV

gpyaocia, o pmevrovitng eivar Wyoming QUICK GEL tn¢ etarpiag BAROID.
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IHpocTowuacia dctyudT@V TOAPOV UTEVTOVITH HIKPHS KAIHOKAG.

H oJwdwocio moapaockevne ostypdtov mpog e&étaon mpémel vo  givorn

TUTOTOMNUEVT], DOTE VO TPOKVTTOLV OEIOTIOTO KOl EXAVOANYU aroteAéopata. H

dwdkocio oy, pe Paon ta tpotumo tov APl (API 13A, 1993).

etvau m eéne.

>

Apykd oykopetpmvtar 500 ml vepovd (ppéokov N OmOVIGUEVOD avAAOYO LE TO
GKOTO TOL EPALATOG).

Zvyiletal 1 KATAAANAN TOGOTNTO UTEVTOVITN) AVAAOYO LLE TO SIAAVLLOL TTOL TTPETEL
VOl TOPOOKELAOTEL (7Y, 25 gr yuo didAvpa meplekTikdTrag 5% WIV).

To vepd tomobeteitoan 610 KATAAANAO doyeio TOL avadeLTAPO Kol EEKVAEL M
avdaogvon.

[IpootiBetar o pmevtovitng pe yopunAovs puOpovg £Tol OCTE Vo OMOPEVYETAL M
GLGCOUATOON.

avadevovpe To delypo ovapeiktn (uigep) vynAng toydttog S ETOUPELNG
Hamilton Beach otig 11000 rpm.

Metd v mpocHnKn OANG TG TOGOTNTOG TOL UTEVTOVITI, AVOOEVOVUE Yo S5 AETTA
EMITALOV Y10 VAL TETVYOVLE SLAAVOT).

KoateBalovpe to doyeio pe to petypa tov mohpot pog, kabapilovpe to ToydUaTo
Kol avadevovpe yu GAAa 15 Aemtd (cuvoAlkdg xpovog avddevong 20 min oTIC
11000 rpm).

Metd 1o mépag Tov 20 Aentdv to d1dAvpa tomobeteital oe doyeio Kol apnveETOL
TOLAAYIoTO 24 Dpeg Yia TV emiTELEN TANPOLG evvodtwong. Katd to ypovo avtd
T0 PELGTO TaipveL o popen| gel.

[Tpwv amd v Ewdoopétpnon to delypa ovadedeton Tah Yoo 5 - 10 Aentd otov

avopeiktn Hamilton Beach otic 11000 rpm.
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Eixéva 9.1: Hamilton Beach uiep.

2T OCUVEYELD PETPOLVTOL Ol PEOAOYIKEG 1O10TNTES TOL KOOE delypartog pe
YPNON TOL TEPIOTPOPIKOV 1EmdopéTpov Tomov Couette, oe Oeppokpacio dmpatiov,

oTIG TayvTNTES TEPLoTpOoPng 600, 300, 200, 100, 60, 6, kot 3 rpm.

Ta amoteléopata T@v peTpnoewv Tov 1Emdopétpov enesepyalovior pe v
Bonbeia Aoyiopkov tov gpyoaotnpiov(mpdypappo “Best Fit”), and 6mov mpokvmTovv

01 PEOAOYIKES TTOPELETPOL TOV PEVGTOV LLOG.

Hopackeon dstyudray yia ueiéty uerofoins tov pH oe molpovg urevroviry.

H enidpaon tov pH oe molpovg pmeviovitn peietnOnke xotd v Sidpkela
VTG epyaciog Ko amotedel £€vo TUNUO TNG £PELVOG 1) OTolo €YIVE TAVM GTOLG

TOAPOVC YEMTPNCEMV.
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[Ma Vv mopackevn TV SEYUATOV XPNOLOTOMONKE ATIOVIGUEVO VEPD Kot N
SldKacion yioo TNV TOPACKELY] TOL Ogiypotog eivor 01 pe v pébBodo mov
TEPLYPAPNKE GTNV TPONyoU eV TTopaypago. H dtapopd eivatl 6Tt petd v avépeén
oV TOAQPOL Yo 20 Aemtd, otnv cvvéyeln ywotav pétpnon tov pH pe v ypnon
neydpetpov Inolab. Apod petpiotav 1o pH, to detypo tomobetovtav Eava oto pikep
Kot ovadevdtay eved TapdAinia tpocbitoviay og owtd o KatdAAnio o&d 0.1 M HCI
N Béon 0.1 M NaOH (Kelessidis et al., 2007). To peiypa avadevdtav otnv cGuvexELo
v 300 AEMTA MOTE Vo, opoyevomombel kot va emidpdoet o€ avtd to 0EL M N Pdom Kot
vo petafdiel 1o pH tov oOpQOVe LE TIG OTOITACES MHOG, ONAodN Helwon e TV
mpocOnkn tov HCl kou avénom pe v mpoohnkn g Paong NaOH. Zmv cvvéyeia
petpotav Eavd to PH tov moApov kol €Gv glye @Tdoel oto emBountd eminedo
apnvotay va evudotmdel yioo TovAdyiotov 16 mpeg. Edv dev elye emtevybel 1o
emBountd pH emavaiapPavotav n mapandve dwdikacio péxpt va £pbet to pH ota

emBountd emineda.

Tnv emopévn pépa Ko epocov elxe evudatmwbel to detypo yvotav pérpnon
TOV PEOLOYIKOV TOV 1O0TATOV GOUG®MVOE HE TNV HEHOOO TOL TEPLYPAPNKE OTIS
TPOTYOVUEVEC TAPOYPAPOVE, LE TO TEPLOTPOPIKO IEMOIOUETPO TOV EPYACTNPION KOOMG

emiong kot pétpnon tov pH.

Hapackevn octyudrav ue mpocijxy NaCl e molpoic urevroviry.

YKomdg o€ aUT TNV EVOTNTA €ivon va yivel ava@opd oty Emidpocn TNg
AAOTOTNTOG OTIC PEOAOYIKES WOOTNTEG TOV PEVGTOV, YPNCLOTOLDOVTOS GOV Bdon Yo To
pELOTO ddtpnong mov, vepd pe meptektikotnta oe NaCl 0 M, 0.01 M, 0.1 M vy
TOAPOVG pmevTovitn cuykEVTp®ong 2 % W/V kot mepiektikotntog o€ NaCl 0,5 M, 1 M
Y. TOAPOVG pmevTovitn cvykévipmong 5% kot 6.42% wiv. Emiong peletibnke
enidpaon ¢ petofoing tov pH ypnoonowwvtag o&d 0.1 M HCI kot Bdon 0.1 M
NaOH yw v ernitevén g otabeponoinong tov PH tov ToApov ota embountd opa.
2KomOg Mrtav vo mopoackevdoovpe delypoata pe pH oe Tpég pkpoOTEpES Kot
peyaAvTePEG ToV PLGIKOL PH Tov gpEavilel 0 TOAPOHS TOV UIEVTOVITN KOl KLPLOUVETOL

amd 8 ém¢ 9, 10 omoio Katd TNV dladikacia ¢ dtdTpnong wropet va petafAnel Adyw
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™G EMOPAONG OPOPMOV OPLKTMV Kol HETOAA®V To omoio Ppiokovtal GTovg

GYNMOTIGHOVE GTOVG OO10VG YiveTan 1 dtdtpnon.

O1 V0 avtoi mopayovteg (PH ka1 NaCl) emnpedlovv Tig peoloyikég 1010TNTEG
tov pevotov pog (Van Olphen, 1977, Heller and Keren,2001, Gray and Darley, 1980,
Luckham and Rossi, 1999, Benna et al., 1999), 1ig tpeig mapapétpovg twv Herschel-
Bulkley pevotav (K, n, zy). Avtég ot emdpdoelg Ba mapovclactodv 6To TEAELTOLO
KOoppdTl avtng g epyocioc poall pe To VTOAOUTO TEWPOUATIKG OTOTEAEGLLOTO, TO
omoio. TPOEKLYOV Ao TNV £PELVO TAV® GTO JOTPNTIKE PEVOTA Kot TV TPOPAEYN
OTNV TTOON THEoNS OV dNUIovPYEiTaL PEGOH OTNV YEDTPNON KOl OTO SLOTPNTIKG

oTEAEYN KOTA TNV SLOPKELN TNG SLATPNONG.

o v pedétm g emidpaocng g ovykévipoong NaCl oto didivpa
pumeviovitn vepol, ypnolponombnkav ot mpoavagepBévieg pébodot, €xovtag cov
Spopd 4Tl 6 AT TNV TEPITTOON £Yve YPNON OLIADLOTOS ATLOVIGUEVOD VEPOD KOl
NaCl ovykévipoong 0.0 M, 0.01 M, 0.1 M, 0.5 M, 1 M (Kelesidis et al., 2007)
OLAPOPES GLYKEVIPMGELS UTEVIOVITN. X& QTN TNV TEPINTOOoN TV BE01 TOoL VEPOD
POV T AA0TOVY0 SIAVUATO Kot OA ToL PLOTO Yol TV TOPOCKELT] Kol LETPNON

TOV PEOAOYIKAOV 1O0TNTOV TOL UTEVTOVITN TOPEUELVAY 1d1aL.

O mpofAnuoticpudc mhveo otov omoio oTNpiyTnKe avTy 1M HEAETN NTAV Vo
umopécovpe vo. €£AYOLUE GULUTEPAGUOTA YO TNV EMOPOCN TOV 00 VIOV
noapaydviov (PH & NaCl) ota peoroyikd yapakmpiotikd (7o, K, N, up) moredv

pmevTovi.

Ilpostolacio dciyudTmV UTTEVTOVITI] Y10 XPIJGH GTO GCOOTHUA POIS - KAIUAKMOH.

Mo amd T1g peyalvtepeg iomg TPOKANGCELS Ol OTOlEg EUPOVIOTNKAY KT TNV
SLIPKELNL ALTNG TNG EPYACTING KOl TOV EMUEPOVG TUNUATOV TNG, NTOV 1 LETAPAOT amd
TNV TOPOUCKELY] TOAPOD UIKPNG TOCOTNTOS YO OVAALOT TOV PEOAOYIKMV TOV
WO0TTOV, 6€ HEYAAN KAMpoKO oTn 0eSapeV] TOV HOVTEAOL TNG YEMTPMNONG Yo TNV
puerétn tov pevotov Herschel-Bulkley, ommv mtdon micong pe ovykekpluéveg
peoroykég 1010t Teg. H peyodvtepr duckoAio o€ ovth TV Tpoomdfeia EYKELTOL GTO

OTL 1] TOPACKELT] OYKOL PELGTOV OE UEYOAVTEPN KAIpaKO €vOG pevotol pe idwo
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GLYKEVTPMOT OEV TOPOLGLALEL TIG 101EG PEOAOYIKES 1O10TNTEG pE TNV KAlpaKa Tov 500
ml (extevéotepn avaivon Oa yiver 6tav Bo TopovelooTodY o d1dPopa PEVOTE, TOV
peretnOnkav Kot ypnopomomdnkay, kot 0o TopPovclacTOHV Ol PEOAOYIKEG TOVG

O10TNTEC).

Otov mapOnke n ek andPacn yio Tig EMOLVUNTES TIUEG Y10 TOV PEOAOYIKDV
181ottov ov mpocdiopiloviar Pacer tov 10” Keparaiov tov pevetod Herschel-
Buckley 1o omoio 0a ypnoyomombei oto poviélo opildvtiag yemdTpnong EnpEne va,
peretnOel m emidpaon ¢ KAipaxoag oty peoroyia tov. o va emtevydel avto,
TOPOCKEVAGTNKE TPMTO PEVOTO Péca o€ doyeio dykov 10 Altpwv. H mapackevn Eywve
pe v 0o dadikooio mov axoAovOnOnke kot pe to SoAvpoto tov 500 ml.
Avadgvon Tov PElyHOTOC HE OVOOELTIPO TPOCAPUOGUEVO GE TEPIGTPOPIKO TPLITAVL
(Black & Decker) yio 5 Aemtd. Ztnv cvvéyeto kabapilovpe to Tol®UoTo Tov Kovpa
Kol avadgbovpe yuoo GAAa 15 Aemtd. Ztnv GLVEYEW O TOAPOS OV TOPUCKEVAGOLE
evooaTOONKE Yoo (o pHEPOL KO TNV EMOUEVI] UETPNCOUE TOL PEOAOYIKA TOL

YOPAKTNPIOTIKA pe TNV LEB0OO oV avaeEPONKE 0TI TPONYOVUEVES TTOPAYPAPOVG.

To emduevo P MTav M TAPACKELY] PELGTOV GTNV JeEAUEVT TOV HOVIEAOL
g opllOVTIOG YeEMTPNONG, Kot Le BAON TO OMOTEAEGLOTO KO GUUTEPAGLLOTA TAL OTTOT0L
glyape €&yl amd ™V PEOAOYIKT AVAAVLCT TOL PELGTOV TOV TOPUCKEVACOULE GTNV
KMpoka tov 10 Aitpov (ektevéotepm avaivon Oa yiver dtav Ba TapovslocTtodv To
Slaeopa PEVGTA TTOV PeAETHONKAV Kot ypnotpomomnkay, kot Ho TapovslacTobV ot

PEOAOYIKEG TOVG 1O1OTNTEG).

To mp®dTO PrHa Yo TNV TOPAGKELT] TOV PELGTOV GTNV JECAUEVT NTAV VO TNV
yvepiooope pe vepd péxpt £vo emBountd 6po (TG0 MGTE 0 COAVOS EMGTPOPT|G TOL
PELGTOV VO KAAVTITETOL OO TNV GTAOUT TOL PELOTOV UECH GTNV OEEALEVY] DGTE VO

amo@evyDel 1 elopoOPNoN 0P LEGH GTOV SUKTVALO TNG OPLOVTLOG YEDTPNONG).

Yy ovvéyelo mpoohétovpe TV KATAAANAN TocdTTa VAIKOD (UmevTovitn),
MOOTE VO TOPUCKEVACOVUE TOAPO GLYKEKPUYEVNG GLYKEVIP®ONG, 0 omoiog o &xet
PEOAOYIKE YOPOUKTNPLOTIKA To omoia Ba kKupaivovtol péoa og Kamoto embountd opia.
To VA6 to omoio mpootifeton péca 6to vepd g de€apevig kooKviletal pe oKomo

™mv un wpoctnkn peydA®wv cueGoOUUTORATOV To. omoio Ba peivouv adtdAvto oTo
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vEPO, EVO TOPAAANAQ LLE TNV TPOGONKN TOV VAIKOD AEITOLPYEL KO O OVOOEVTIPOS TOL

GUOTNHLOTOG Y10, TNV OVAUEIEN TOV VAIKOV KOl TNV TOPUCKELT] TOV TOAPOV.

Xe auTn TV AT TV TEPAUATOV TUPOLSIAcTNKE TO akOAovBo Tpdfinua. O
avadeLTNPOG Hog AGY® TOV OTL gV UIOPoVsE Vo EMTUYEL TOAD HeEYAAOVG pLOUOVS
neplotpoeng (<100 rpm), giye cov amOTEAEGO TNV LN 6OOTH AVAUEIEN TOL VAIKOD
nov wpocBétape (Umevtovitn) pe To vepd, EXOVTAG GOV OMOTEAEGLLO TV dNULovpyio
UEYAA®V GLGGOUATOUATOV TO OTOI0 UITOPEL VO EIGYMPOVCAV GTO OPYOVO UETPTONG

g mieong Kot B0 TPOoKOAOVLGAV TPOPANLOTH KOTA TNV SLAPKELD TV UETPTCEMV.

Mo vo avtipetoniotel ovtd 10 TPOPANUA, TOPGAANAC LE TNV ¥PNON TOL
avadeLTNPO Yoo TNV  avapeln Tov vAMKoV, ypnoipomomdnke xor mn  aviiia
KUKAOQOPIOG TOV GLGTNUATOG Yo TNV AVAUEEN Tov pevotov. H avtiia kukAopopiog
YPNOCLOTOMONKE Y10 VO KUKAOPOPNGEL TO PEVCTO PEGO GTO GUGTNHO KOl Vo Yivel
KaAOTEPN avdpeln tov, Ady®m ™G ypnyopns KukAogopiag tov pegvuotol (mapoyn
nepimov 200 — 250 kg/min) péoa oto daktOAO, Kot TG HETAPACNG TOV PELGTOD amd
mv etep®T) TG avtAiag. H dwdikacio avtn €yve agod giyov kieioet ol Pdveg mov
QITOLLOVMVOLY TO GUGTNUO LETPTONG OO TOV SAKTVALO, Y10 TNV OTOPLYT EIGYDPNONG
KOO0V GVCCOUUTOUATOS, G AT, Kot T0 onoio Oa emmpéale otV GLVEXEWD TV

Ola0IKOGI0 TOV LETPNCEDV.

H ypnon ¢ aviiiog oe ouvovaoud HE TOV OVAOELTPO KATAPEPOV VO
EMTUYOVV OVAUEIEN TOL PeLOTOD EQAUIAAN pe TOV Tpotetvopevo amd to API
avopeiktn (Higep) vynAng tayvttog g etapeiog Hamilton Beach. H ypnon g
aVTALOG KOl TOL OVAOELTIPO Y10 TV OVAUELEN TOVL peVOTOD £Yive Yo tepimov 30 pe 40
Aentd oote va emrevyfel 660 TO duvaTOv KOAOTEPN OvAUEEN, e€attiog NG Un
omapéng mpotevopevng pebodoroyiog 660 agopd Tov YPOVO OVAUEIENS Yo TOGO

LEYAAO GLGTNLATO TOAPADV GE EPYUSTNPLAKO TEPPAAAOV.

O moApdg 0 0mo10¢ TOPACKELAGTNKE TOV aPEONKe va evudatmOel Yo pa pépa
KO TNV EMOUEVT] 0QOV £YIVE OVAOELOT| LE XPNOT] TOV OVAOELTIPO KoL TNG AVTALaG Yo
névte Aemtd, okoloOOmg eAfedncav mepimov 500 ml pgvotov yio pétpnon tov
PEOAOYIK®V TOVL 1810THTOV. Ta peoloywkd yapoxktmpiotikd twv 500 ml mwoleov
OVTUTPOGMOTEVOLV KOl TO PEOAOYIKA YOPOKTINPICTIKA TOV TOAPOV oL PpiokeTon o1V

deCapevn pog aeod Beswpodpe 61t 0 TOAPOC pog eivor oe OAn Tov TV pala
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opoloyevinc. Metd v dtadikacio. OpoyEVOmoinong Tov moAPov akolovbel pétpnon

NG TTMOOMG Tieomng, pia dtodikacio Tov Bo avaivbel ota emOUEVE KEQPAANLA.

9.3. Opyavikd worvpepn tpdcOeTa.

Oocov agopd ta peuoTE YEOTPNONG, 0 OPOC OPYAVIKE TTOAVUEPT AVOPEPETOL GE
éva, TA0og ovoldv mov cuvvtibevtal and emavoiapuPavOopeva LOVOUEPT), TO OTOio
amoteAobvTal  omd  evooelg  tov  GvBpaxka.  Opyovikd  KOAAOEWN — LAKG

YPNOLOTOLOVVTOL OTIS YEWTPNGELS UE GTOYO:

» Tn peioon g dmnong.
» Tnv otafepomoinomn TV TOYY®OUATOV TOL EPENTOG.
» Tnv kpokidwon tov OpaveudToy.
» Tnv avénon mg KavoTTeg HETAPOPAS TOV PEVGTOV.
» Tnv dpdon mg MToVTIKA 1} YOAOKTOUOTOTOMTES.
Inuovtikny PeAtioon tov WOTTOV TOL PeLGTOV Toapatnpeitol amd TV

mpocOnKn evog Kor puoévo T€TOL cLoTOTIKOL. Mepikd ond to Mo cvvnOcpéva

opyavikd tpochHeta etvon ta €Ng:

» Carbopol.
» Polyanionic cellulose (PAC).
» Sodium Carboxymethylcellulose (CMC).

9.3.1. Carbopol.

To Carbopol &yel meprypogei cav éva pukpotlél (Roberts and Barnes, 2001)
Kol Aéyetar 0Tt elval pio ocvAAOYN omd vymAd avtiBeto cuvdedepéva ToALEPT
ocopatiol , to omoio aToukd cvumeprpépovion g TCeA aAAd OAa pali dpovv
QOTELECUATIKE GOV ol GUYKEVIPOUEVT] OOGTOPA OKOUO KOL OTOV 1) TPOYLLOTIKN
dwonopd eivar younAn . To eEmtepwcd TV copoTdiov elvor emKaAlLUEVO pE
elevbepa arwpnuéveg tveg amd TlEA Kot OLTEC GAANAETIOPOVV 1GYLPDS HE TO
aVTIOTOLYO TOVG LEAT TTAVM GTA UIKPO - TCEA COUOTIONW Y100 VO ODGOLY LYNAT OPLOKN

TOYOTNTA 6€ YOUNAoVS pLOLODE didtpnongc. Ot mepiocdtepot Tomot twv Carbopol eivar
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molvpuepn| peydiov poprakod PBapovg. To Carbopol to onoio ypnoyomomoape givat

tov TOmov 980 ¢ etarpeiong NOVEON.

Ilpoctowuacia deryudrwy woipod Carbopol 980 uikpic kiinarag.

Xy mepintmon mov moApog £xel udvo mpocbetd Carbopol 980 axorovbeitan
N SdIKacioe OV TEPLYPAPNKE YO TNV TOPOCKELT] TOAPOL UTEVTOVITN UE TNV
OLpopa OTL HETd TO TELOG TNG OVAGELGNC KO APOV OLPT)GOVLE TO OELYLLOL VOL T|PEUTNOEL
Yo TEPimov o dpa Kavoovpe e&ovdetépwon tov detypotoc pe NaOH cvykévipmong
18% w/v. H avaroyioo NaOH ywo v e€ovdetépmwon tov pevotov pe Carbopol 980

avtiotolyei o€ 1.8 ml ywo xéOe 1 gr Carbopol 980 oto deiypoa.

Ilpoctowuacio octyudrwv molpov Carbopol 980 yia ypijon oto cveTnua pong -

KAUAKOG].

o v mopoockevny moleod pe povo mpocbetd Carbopol 980 oce peydn
KAMpoka 1 pebodoroyia mov akolovOOnke mopapéver 101a e aVTH TG TOPUCKEVNG
TOAPOD UTEVTOVITN OV TOPOVGLAGTNKE TPONYOVUEVAOS. TNV TEPIMTMOOT TOV TOAPOG
éyel povo mpdobeto Carbopol 980 axolovBeitar 1 dwadikacio oL TEPLYPAPNKE Yio
TNV TOPOCKELT] TOAPOV UE TNV SPOPA OTL HETA TO TEAOG TNG OVAOEVONG KOl 0lPOV
OPNOOLUE TO OElYHO Vo PEUNCEL Y10 TEPITOV Lot OPa KAVOVUE EEOVOETEPMOT] TOV
detypotog pe NaOH ovykévipoong 18% wiv. H avoroyic  NaOH yu v
eovdetépmon tov pevotov pe Carbopol 980 avtiotoyel o 1.8 ml yia kébe 1 gr
Carbopol 980 cto detypo. H dopopd pe tov moA@d umevrovitn eivor 0Tt petd v
TOPOAGKELT] TOV TOAPOL OeV YPeldleTan Vo TEPUEVOLLE TO EAAYIOTO 16 Dpeg Yo TV
EVLOATMOOT TOV, OCTE VO, UETPNOOLV Ol PEOAOYIKEG TOL 1OLOTNTES, MG KOl OVTO

EMTVYYAVETOL GE TOAD UIKPOTEPO YPOVIKO dtdoTnua (Hia pe dVo MPES).

9.3.2. Sodium Carboxymethylcellulose (CMC).

[a ™ mpoocopoi®on TOV PEVGTAOV YEDMTPNONG, YPNOWOTOOVUE GTO

gpyoomplo piypata vepod kot CMC, yuo vo d0doel 610 PeVOTO TIG PEOAOYIKES
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010TNTEG OV EMBVUOVUE KO EMEWDN TO PELOTO TAPOUUEVEL OLOPAVEG, TPAYLO TOV

O1EVKOADVEL TNV OTTIKT TOPOTHPNON.

Amotedel t0 mALOV gvpelag YPNOEMSC OPYOVIKO TOAVUEPEC OE YEWTPNOELS.
[Tpdkertan yroo NUoVVOETIKO VAIKO TTov Tapackevaletal and ynukn eneepyacio g

KLTTOPIVIG TOL TTEPLEYETOL GTA PUTA.

Ao ymukng amdyemc, to CMC givar po Agvkr, dooun kot pun to&ikn okovn.
Aldvopevo, divet £var 1o yEG VOOTIKO SIAALLO AVIOVIKOV TToAvuepovs. H wkavottd
oL VTN KeBopilel KOl TIC PLOIKES TOV OLOTNTEG: TN SHALTOTNTA TOL, T PEOAOYIN
TOV Kol TN TPocpoPnTkdTNTA Tov. Tor doAdpata CMC eivor pun Nevtovewo kot
Topovctdlovy avénon Tov EaVOLEVOL 1EDMO0VG, OTOV TOPOUEVOLY aKivnTo Yo
Kdmolo ypovikd ddotnuo. Me avadevon Tov SAVUATOS, TO POVOUEVIKO 1EMOEG

LELOVETOL.

Eivor onuovtikny n emioyn tov KatdAiniov tomov CMC. Ot vymiéc edikég
W0TNTES TOV S0POPOV TUT®V TOL TPEMEL Vo Tapdyovior pe akpifelo o avotnpd

kaBopiopéveg cuvOnkeg, TOL amATOVY PHEYAAN eumelpio.

Yt mepauoto To omoio Eywvav oto gpyacstnplo Teyvikng [emtpioemv ko
Pevotopnyovikng kot twv omoimv to amoTeAEGHOTA TOPOVCIALOVTOL GE OLTH TNV

gpyooia, o CMC givon g etaupiag AKZO NOBEL.

9.3.3. Polyanionic cellulose (PAC).

Ta mpoidvta Pac ta omoio peletOnKav yio vo S10MIGTOGOVUE EAV UTOPOVV
va dnpovpyncovy moAed o onoiog Ba £xet Tig emBouunTég WO TEG v ta PAC — L,

Ta omoia TPosPEPON KV 6T Epyastiplo and v etapio M — | SWACO.

PAC - L.

To PAC — L givau éva TpOmomompévo uotkd KuTTOPIKO TOAVUEPES, TO OO0
TPOCPOEPEL EAEYYO TNG ONONONG GTOVS TEPIOTOTEPOVS TOAPOVS SLATPNONG TOL EXOVV

ocav Bdon tovg 10 vepd, ywpic va avEdvel onpavtikd to 1Endeg tovc. To PAC — L
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otav mpootedel og moApd pmevrovitn QUICK — GEL ompovpyet éva pevotod 100viko

v d1dtpnon oe appmdelg oxnuaticpovs. Emriong to PAC — L unopel va tpootebel og

QLTIKO 1 0pLKTO Aadi YioL TNV dNpovpyio TOAPOV.

Egapuoyés pevetav PAC — L.

>

YV V V V V

[Tapéyer édeyyo g dmbnong oe moApovg mov €yovv cov PAcN TOLG TO VEPO
(e@aApLPO N PPECKO).

Meidvel v andAglo pEVGTOD YWPIG SNUAVTIKT 0dENGT TOL 1EGE0VG TOL TOAPOYD.
Zoumiélel Toug GYIGTOMOOVG Y10 VO EUTOSIGEL TV TOPALOPPOGCT] TOVG.
Emtuyydverl otabepomnta tov evaicntmv 6e vepd GYNUOTIGUOV THG YEDTPNONG.
BeAtiover tov kabapiopd g yedtpnong.

Mewdver v pomn] mov eugoviletor AOYy® NG TEPIOTPOPNG TOV SUTPNTIKDV
oTeEAEY®V Kol TNV Tieon mov gpeaviletar egontiag ™G KukAoopiog Tov peveTov

HEGO GTNV YEDTPNON.

I covextijuara peverov PAC — L.

vV V V V V

Elvar anotedecpatikd oe pevotd pe faon 1o vepd(QpEcko, EpAALLPO).
Elvar anotedecpaticd oe LiKpEg TOGOTNTES Yo TOV EAEYYO TNG dOnomng.
Agv Bpaletl og younAn migon.

Etvon copfatod pe oddd tpocHeta.

Elvar avBektikd o€ “ocrinpd” meptBdArlovia Kot 6€ VAKG LOAVVGNS TOV TOAPOU.

9.3.4. IIpogtoypocio drypatv mohpod CMC kot PAC pikpig kAipokag.

Ymv mepintoon mov oo €xel mpocetd CMC v PAC axolovbeitar m

Sldkacio TOV TEPLYPAPNKE YL TNV TOPACKELT] TOAPOV UTEVTOVITN LE TNV OPOpPdL

OTL LETG TNV TOPOCKELT] TOV TOAPOV OgVv YpeldleTaol Vo TEPIUEVOVUE TO EAdIoTO 16

MPES Y10 TNV EVVOATMOGT TOV, MGTE VO LETPNOOVV 01 PEOAOYIKEG TOV 1O1OTNTES, LLOG

KoL aVTO EMTVYYAVETOL GE TOAD HKPATEPO YPOVIKO OldoTnua (Lo pe 600 dPES).
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9.3.5. IIpoetopacio derypatov morpov CMC v ypiion oto ocdotnua pong -

KMPOK®O).

v mepintoon mov moApog £xel mpocshetd CMC axolovBeiton 1 dradikacio
OV TEPLYPAPNKE Y10, TNV TOPOUCKELT] TOAPOD UTEVTOVITN UE TNV OLAPOPA OTL LETH TNV
TOPOCKELY] TOV TOAPOV Ogv YpedleTor va TEPYUEVOLLE TO EAdYIoTO 16 dpeC Yo TV
EVLOATMOT TOL, MOTE VO, UETPNBOVV Ol PEOAOYIKEG TOV 1O10TNTEG, UG KOl OLTO

EMTVYYAVETOL GE TTOAD UIKPOTEPO YPOVIKO dtdotna (ia pe 600 dpeg).

9.4.1. IIpogTopoacia derypatov morpov CMC kot prevrovitn pikpig KAipokag.

Xmv mepintowon mov moAedg €xet mpocBeto CMC ko pmevrovim
akolovBeitat 1 d1dIKAGIN TOV TEPTYPAPNKE Y10 TV TAPOUCKELT] TOAPOD UTEVTOVITN
avlAoyo LE OO GLOTATIKO TPOGTIOETAL TPMTO. XTNV GLUVEXELD KOl 0POV OLPT|GOVLE
oV TOAQO va. evodatwbei (umevtovitng 24 opeg, CMC o pe 600 dpeg) mpooHétaype
Kot T0 dgVTEPO MPAGHETO. TNV GLVEKEID APVALLE TOV TOAPO Vo EvLOATOOEL Yo pia
pépo Ko petpodoape TIC PEOAOYIKES TOL wWotnTeg. O Adyog v tov Omolo
axolovOnOnke avt 1 dwdikacio Yoo TOAPOVS pe dVO cLoTOTIKA, £ivor yloti Ogv
VIapyEl KAmola mPOTLTN dadIKaGio Tapackevns. [ Tov Adyo avtd kol yo va
eMTOHYOVUE GGO TO SLVATO KOADTEPT] EVLOATMOGN TOV TOAP®OV aKoAOVONONKE avTN 1

owdtkacio.

9.4.2. MIpogtoypacia derypdtov mworeov CMC ko pmevrovitny Yo ypnon ©to

oVoTNRO PONS - KMPAK®OGT).

o v moapackevn moAeob pmevtovitn kot CMC oe peyddn xiipoko 1
puéBodog mov ypnoyomoOnie eivar Wia pe ovtn Yo detypato pkpng KAipoakog (6co
aQopd ToV ¥pOVo EVLOATMONG Kol TPOCONKNG TWV GUGTATIKMV), EVOD Y10 TNV AVAUELEN
TOVG akoAlovONONKe 1 1010 dradikacia Yo TOAPOHS TOV TEPLEXOVY Eva LOVO TPOGHETO,

OTMOG TEPLYPAPNKE.
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Ke@alowo 10° - P£olhoyikd yopaKTNpLoTIKE TOAPDY YEATPNONG.
10.1. Evoaymyn.

Ye autd TO KEPAANIO TNG OWAMUOTIKNG €pyoacioag Oo mapovclacTovy ot
pueAéteg ol omoieg £ytvav OGO a@OPA TNV PEOAOYID TWV PEVOTOV GE TEIPUUATIKO

eMinedo Kt TNV EMIOPACT SAPOP®Y TAPAYOVTI®V.

2KomOG avTNG TG HEAETNG NTav 1 €E01KEIMOTN UE TOL d1APOoPO VAIKE (ToApot)
To. omoio. ypnoonoovvtal oty Propnyovio YEOTPNoE®V TETPEAAIOV, OLGLKOV
agplov Kol vepov, Yy v de&oywyn ¢ yedTpnong (Kabapiopds yedTpnong Kot
enitevéng emBountod mpoeik mieong otV YeOTPMOM), EYOVING GAV GKOTMO TNV
e€aymyr| CLUTEPAGUATOV, GE TPAOTN QACT, Y. TV GLUTEPLPOPH TOV SPOPOV
TOAPAOV TTOV TOPACKEVAGTNKAV, GAAG KOL Y10, TNV OTOKOUICT] OITOPOITNTOV YVOCEDY
VO 6T STPNTIKA PEVGTA, MOTE VO UTOPECEL VO, GYEOIACTEL O KATAAANAOG TOAPOS

Kot va petpnfet n ttdon migong Katd Ty por| 6Tov SUKTOALO.

Emdioén Nrav n onpovpyio €vog peuctod SATpnong GLYKEKPYEVOV
PEOAOYIKAOV 1O10THTOV, amtd T0 omoio Oa maipvape TelpapaTikd ded0UEVE GTO LOVTELOD
oplovtiog yedTpnong kot Ha ta cuykpivovpe pe ta Bewpntikd aroteAéopata and v

avAAVOT TOV TPIOV VTOAOYICTIKMOV LOVTEA®V.

"‘Evog moAd onpovtikdg mapdyovtog o onoiog fondnce ywo va £pbel o mépag
avtn M épevva. NTav M epmelpia | omoia amokopiotnke OAa ovtd T ¥povia (2005 —
2009) t6c0 amd ta mEpdpaTo To omoin £yvav 6To epyactiplo Pevotoumyovikng kot
Teyvikng I'eotpricemv, kol v BempnTikn épevva Kot gumelpio TOv amokTOnKe Katd
ToV o)edloopud Tov vdpavAkoy poviélov RGU - TUC oto Robert Gordon University

™G ZKoTiog.

10.2. IToA@oi draTpnong.

YKomdg NTav M €PEVVA Y10 TNV KOATOOKELT EVOG PELGTOL JATPNONG TO omoio Ha
TANpel KOO  OCLYKEKPIUEVO  PEOAOYIKGL KPITHPOL (DOTE VO UTOPECEL VO

ypnowonombel o6to0  poviého TG  oplovVIIG  YEDTPMNONG TOL  €PYOCTNPIOV
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Pevotounyovikng kot Texyvumg INewtpioewv. Ta tpdcbeta ta omoia peretOnkav oe

aLTH TNV €peuva oy To. aKOAovda:

Mmrevtovitng
Carbopol 980
PAC-L
CMC

YV V V VYV V

2vvovacpodg urevrovitn - CMC .

2KOmOG NTOV VO LWTOPEGOVLLE VO, TOPUCKEVAGOVUE TO KATAAANAO PEVGTO DGTE VO
avtamokpivetor oto embBountd peoAoywd Opla tor omoio elyope O€oel, aAAd Ko
cuvape vo glval olKovopkd mote va umopécel va mapoydel oe peydheg moooTNTES
wote va ypnoponombel 6to poviélo g oplloviiag yedTpnong. Avaeépetal 0Tt yo

éva meipapa omorovvrat 650 It ToApov.

10.2.1. EmOopnTta peoroyikd YopaKTNPIGTIKA TOV TOAPOY.

Ot moAgoi yewtpioewv pmopovv vo povieromoinbovv g Herschel-Bulkley
pevotd. Opmg oV TEYVIKN YEOTPNOEMV N LEYAADTEPT TPOKANGT TOPOVCLALETOL LIE
t0. pegvotd Herschel-Bulkley, yio ta omoio dev vmdpyovv emapkn LIWOAOYIGTIKG.
povtéAa Ta omoia. va vtoAoyilovv TV mT®OT Tieong o OdIKacieg ddTpnong Yo
daxtolo (Founargiotakis et al., 2006). To peyaddtepo mpoOPAnua ce ovtdv TOV
vrohoyiopd yia ta Herschel- Bulkley givat ) topBddng meproyn, kabmg to vrdpyova
VTOAOYIOTIKE  povTtéda Oev  €mapkovV Y. v TPOPAEYOLV  IKOVOTOMNTIKA  TO.
nepopoatikd oedopéva. TlapdAinia vrdpyer EAAEWYN TEPAUATIKOV OEIOUEVAOV,

witepa yroo TopPmdn pon.

‘Etor n mpoomndbeio pog emkevipobnke otnv koatoackevn evog Herschel-
Buckley pevotod 10 omoio Oo eivor opketd AemtOPELOTO OOGTE VO, UTOPEL v

y¥pNoonomBei 6To VGO LG KOl LE TO aKkOAOVOO PEOAOYIKEL YOPAKTNPLOTIKA:

» H téon dodicOnong 7, neta&d 0.2 wc 1 (Pa).
» 0O odnyog coumeprpopds e pong N 0.6 £mg 0.9.
> 0 odnyodc cuvagetog K 0.001 émg 0.1 (Pas™).
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Ta 0pla owtd mpoékvyay HeETd amd Bewpntikn avdAvorn m omoia £ytve pe To
dtapopa BempnTikd povtéda mov giyope oV O1BECoN LOG, Y10 VO, ETITUYOVUE GTPMTN
pon, TupPddN pon Kot PETAPBATIKY POT, Yo TIG GLVONKES AEITOVPYIOG TOL GUGTHOTOC

pong (mapoyn g 400 kg/min).

2KOTOC NTAV VO TAPOVIE OPKETES TEPAUOTIKEG LETPNOELS OO KAOE TEPLOYN PONG
(Zrpot, Metapatikny, TopPddng) dote va TG ovykpivovpe pe v Oewpntikn
avéivon v omoia Ba kdvoupe, yia va e€aybodv Ta didpopo coumepdouaTa Yo TNV

Aertovpyio ToL KEOE VTOAOYIGTIKOD HOVTEAOL TTOV £XOVUE GTNV d1AOECT HOg.

10.2.2. Peoloyikég 1010mTES KO TEWPapaTIKES perprioers Carbopol 980.

ApyiKd yio T0 EAEYYO TOV PEOAOYIKAOV WOI0THTOV PELGTAOV TOL TEPLEYOLV GV
ovotatikd Carbopol 980, éywav mepdupoto pe ™V TOPUOKELT] SOAVUATOV GE
KApaka 500 ml pe vepd PBpvong (emedn oe peydAn kiipoko to pevotd pog Oo
TapookeLaloTay Le vepd BPUoNG) GOUE®VA LLE TIG O10OIKOGIEG TOV TEPTYPAPNKAV GTO

Kepdiaio 9.

Ao avtd ta delypato, agov PHETPNONKAY To PEOAOYIKA TOVG YOPOKTNPLIOTIKE,
670 1EMOOUETPO TOV EPYACTNPION, KOl COUO®VA LE TNV OOIKAGI0 TOV TEPLYPAPNKE,
ta dedopéva emeepydonkav pue to poviédo “Best Fit” ywa tov mpoodiopioud tov
€ldovg 10V pevotol. Ta amoTeEAEGHATO TTOV TPOEKLYAY OO CVTY TV JLOOKAGIN Y10

ddpopa deiypato Carbopol 980 napovoidlovtotl otov mapakdtm ITivaka.
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Z”Y(')jf \\’:/;)Vmcn 7, (Pa) K (Pas") n I¥ R? {[r:3‘;;)£; Reynolds | Reynoldsciticai | Eidog Pong
0.075 0.10 01396 | 0.6993 | 0.004 rrrcd s s b Aokt o et A et o
0.075 0.10 0.0098 | 0.7386 | 0086 Attt b bl A
0.075 0.12 0.3530 | 0.5601 | 0.000 [Ariss b b o bt b b ot ol o ol b At
0.08 0.10 0.0998 | 0.7386 | 0.086 |/oidsd b il st W o ot
0.08 1.40 0.3863 | 0.5901 | 1.000 | 0.0080 3689 2609 TopBddnc
0.08 0.01 04910 | 0.5413 | 0099 [l s Wit o od i W Y’
0.09 1.59 05256 | 0.5817 | 0.999 | 0.0090 3708 2610 TopBidnc
0.09 143 06112 | 05688 | 0.999 | 0.0100 3791 2619 TopBidnc
0.09 2.89 0.8274 | 05486 | 1.000 | 0.1100 3617 2658 TopBidnc
0.10 3.77 0.9096 | 05417 | 0.999 | 0.0120 3882 2670 TopBidnc
0.10 3.02 06777 | 05828 | 0999 | 0.0115 3689 2618 TopBddnc
0.10 0.72 0.1625 | 05691 | 0.999 | 0.0045 4209 2659 TopBidnc
0.10 0.90 02093 | 0.6443 | 1000 BAAA s s s dd it o o ot ot ]
0.095 0.35 03722 | 06212 | 0999 PAA il rd rid st W
0.095 0.67 0.7677 | 05344 | 1000 PAA A At i/ s s st
0.095 0.56 0.4005 | 0.6120 | 0.000 WAAA A dd s A Attt s At /2222’/
0.085 0.44 03752 | 05865 | 1.000 (A
0.085 014 | 03757 | 08846 | 0998 Wi
0.085 1.03 0.2723 | 0.6429 | 0.000 i bbb o B b o o A o

Iivoxag 10.1: Peoloyxa yapaxtnpiotixd oeryudrawv Carbopol 980 xar extiumueves noppés porng oe S16popes Topoyes yio. to. pevoTa. Tov EUPEVIGOY TIUH T,

ueyolvrepn tov 1 Pa.
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Amo 1o amoteAéopaTo T omoion mopovoialovianr otov moparave Ilivaxo
yivetar avtiAnmto Otl 10 pevotd 10 omoio avoalntovcoue, ®ote vo givar Herschel
Bulkley pgvotd kat va £yel KAmolo GUYKEKPLUEVE, PEOAOYIKO YOPOKTNPIOTIKA, UE TNV
pom va. eivat otV TVPPMON TEPLOYN, O TAPOYES TIC OTOIES TO LOVTEAD WOG UTOPEL VoL
Aertovpynoet ue ac@dieta, sivar pevotd pe mepektikdtra oe Carbopol 980 0.1%
w/v. O xaBopiopdc Tov €id0VE TG POTG TOV PELGTOL LOC Y10 CUYKEKPIUEVES TTOPOYES
AELTOVPYIOG TOV GVOTAWOTOC PONG, EYIVE LE TNV XPHON TOL Tpoypdupatog “Rheology”

Kot to povtédo TUC.

Karackevn peverov Carbopol 980 e ueydin kiipaxa.

Metd ta ovumepdopota to. omoio eENyOMoav  amd TNV TOPACKELY] TOV
detypatov tov 500 ml aropaciotnke 1 KATOGKELT EVOG OEIYIATOC LEYAANG KAMLOKOGC
ot deapevn Tov gpyactnpiov. I'io TV KATAGKELY] TOV PELGTOV YPNCLLOTOMWONKAY

T akOA0LVOO GLOTATIKA:

» 620 It vepob Bpoonc.
» 620 gr oxovng Carbopol 980 yia v mapackevy) pevotod cvykévipoong 0.1%
w/v.

» 1116 ml NaOH yia v €£003eTépmGT TOL SEIYHATOC LETA TNV TAPACKELT TOV.

Metd v TapackeLn] Tov delypatog o peydan kAipoko £yve avtiAnmtd Ot Katd
™V KUKAOQOpia TOL PELGTOV GTO GUOTNHA, KOAANGOV TO HETPNTIKE Opyava TNG
TTOONG TieoNS £E01TIOG TOL OTL TO PELGTO LOG NTOAV TEPIGCOTEPO TAYVPEVGTO Ao OTL
NTOV avoykoio yo v KukAo@opio, TOL HEGH GTO. COANVAKLY TOV LETAPEPOVLY TO

PELOTO O TOV SOKTOALO GTO OPYAVO HETPNONG, OAAAL KOl LEGO GTO OPYAVO LETPNONG.

Yotepa and avty v e£EMEN €yve eUOOVEG OTL Y10 TO CUGTNLO LOG omoTeiTon
PELOTO YaUNAOTEPNG ovykévipwong oe Carbopol 980 oAld Aoy tov OtTL pe To
OTOTEAEGLLATO TOL OTTO10L ELYOUE OO TNV TOPACKELT] TOV OEIYUATOV LKPNG KATHOKOGS,
éva pevotd kpoOTEPNG ovykévipwong oe Carbopol 980 dev Oo mAnpovoe Tig
PEOAOYIKEG LG OTTOLTHOELS KUPIMG 0G0 apopd TNV TN TG Tdong doiicOnong z, mov
elyape B€oet, Ko Yoo vTOV TOV AdY0 amo@aciotnke va unv peietndel n mtoon micong

oe doktOMo pe ypnon pevetov Carbopol 980.
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[Mapd v un emroyn tov Carbopol 980 yia cvotatikd Tov TOAPOL pag amd Ta
TEPAUOTA TOCO OE KPN OAAG Kol UEYOAN KApoko TPoEKvyov To aKOAovLOQ

GUUTEPACLOITOL:
Octid Xvunepdouara.

» To pevotd to omoio dnuovpyeitatl givar dtopaveég kot UTopodv va. peretnfovv
OTTIKA TEPAUTEP® 1010TNTES, OTWC LETaPOpd Opavoudtev (cuttings transfer).
» To &ldog g pong mov EMTVYYAVETAL UEGA GTO Oplal AELTOVPYIOG TOL HOVTEAOV

LLOG, OVIKEL KO 0TI TPEIG TTEPLoyéc pong (otpmty|, uetapatikn, TopPmong).
Apvytika Lvunepdouara.

» Eivor moAd dvokoro vo  emitevyfel  emavoAnyludTTo  GTOL  PEOAOYIKA
YOPOKTNPLOTIKG SEIYUATOV aKkOpo. Kot TG id10¢ ovykévipmaong Carbopol 980.

» H e&ovdetépmon mov amartel to pevotod pe vyning meplektikdtrag NaOH (18%
W/V) KoO16Td TV d1081KaGI0 TOPAGKEVTG TOV ETKIVOLVY.

> YynAd owovopkd KOGTOG Yo TNV TOPaoKeL Oeiypudtov kiipokog tov 700
ATpov.

»  TIoAd may0peuoto VAKO 6TIg EMBVUNTEG CLYKEVIPAOGCELS Y0 ¥P1ION OTO GUGTNUA
LLOG Y10L CUYKEKPIULEVES PEOAOYIKES TTOPAUETPOVC.

» ADGKOLO otV TaPacKeELT TOVL peLoTd, Yiati anartet NaOH yuo v e€ovdetépmaon

oV (éleyyoc pH).

10.2.3. P£oloy1KEG 1010TNTES KOL TEWPURATIKES peTpioss pevotov CMC.

Endpevo Prpa yuoo tnv dadikacio emAoyng pevstod NTav 1 HEAETN TOAPOV
KOl 1 TOPACKELT] TOAQ®OV HE KOplo ovotatikd o CMC, kot v e€mAoynq tov ov
mnpel Tic mpodmobécelg mov eiyov tebel €&’ apyng (Herschel-Buckley pevotd pe

GLYKEKPLUEVES PEOAOYIKES 1O10TNTES).

Emeidn dev elyav Eavayivel mepdpota yio tov EAeyyo Kot TV GLUTEPLPOPA
TOV PEOLOYIKOV 110NtV pevotdv pe CMC, amopoacioctnke vo TopaoKELAGTOOV
apywd 0vo Oetypato, kot pe Pdon to amoteAéopato to omoio o TPoKLYOLV Vo

TPOYWPNGOVLE GTNV KATAGKELT LEYAANG KAMLOKAG PELGTOD.
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Apykd mapackevdotnkay deiypata CMC ocvykévipwong 0.7% kot 0.9% wiv

oe vepd PBpoong. Ta amoteléopota To omoio TPOEKLYOV amd TNV UETPNON TOV

PEOAOYIKAV WO10THTOV T®V dV0 OTMOV PEVCTMOV ovoAVONKavV pe To Tpoypapo “Best

Fit” kot édwoav ta akdAovba amotedéspato 660 aPopd T0 €100¢ TOV PEVGTOV Kot

TV peoAoYIK®V 1010tHTOV Toug (ITivakag 10.2, Pedypoppo 10.1 ko 10.2).

Tavtéotnra Pevotod , < n 2 2
(Zvykévepaon CMC) Eidoc Pgvestov | 1,(Pa) | K (Pas") n XY R XQ
CMC 0.7% wi/v 500 ml | Bingham Plastic 0.02 0.008 1.000 [ 0.994 [ 0.316
CMC 0.9% w/v 500 ml | Herschel-Bulkley 0.06 0.022 0.911 ( 0.999 | 0.085

ITivaxag 10.2: Peoloyixa yopoxtnpiotika oeryudtowv CMC 0.7% & 0.9% w/v 500 ml.
Bingham
& T T T T T Hersc:hel—EiurkI..]
8- T=0.012088+(0.0080392) g ¥ -
R® =0 90587
oL sum@) 031608 i
6l -
_sF 4
C *
= al |
3+ + |
2+ _
|_Bestofal |
1k * .
DD EDID 4150 650 S_lID 1 DIDD 1200
36

Peoypopua 10.1: CMC 0.7% w/v 500 ml.
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Herschel Burkley
12 T T T T

Herschel-§.. |

T=0 056390+ 021 02y g™ #1094

ol AP .0 1
Sum(Q) =0.084624

"

Eestof al

1000 1200

Peoypogua 10.2: CMC 0.9% w/v 500 ml.

Amo 10 TOPOTAVED PEOAOYIKA OTOTEAEGLOTO TPOEKLYE TO GLUTEPACLO OTL
TPEMEL VO KATOOKEVAGOVUE PEVOTO GE  UeYOAN  KAMpoko apyiloviag omd
ovykevipmoels CMC g tdewg 0.7% W/V Kot TGveo Kol vo HEAETHOOLUE TO.
PEOAOYIKE YOPAKTNPIGTIKA TOVG, KOl VoL EAEYEOVE €AV elvar péca ota emBountd dpla
ta. omoior €yovpe B€oel(€ld0g peLOTOD, PEOAOYIKA YOPOKTNPIOTIKA, HeTAPoon otnv
TopPoong meproyn péoa oTa OpLa AEITOVPYING TOV HOVTELOL OpPLOVTIOG YEMTPNONG

TOV gpyacTnpiov).

Apyikd Kotookevdotke o€ ueydAn kiipaka pevotd mepiektikomrag 0.7% wiv

oe CMC. ' TV KotaoKeLN PN CLOTOONKOV:

» 620 It vepov Bpvong,
» 434 gr CMC.

Metd v TopackevLn TOL OeiylaTog 68 HeYOAN KAILOKO CUUEOVE Le To BLoto
ToL OTolaL ElyaV TEPLYPAPEL GE TPONYOVUEVO KEPAAOLO £YIVE HETPNOT TOV PEOAOYIKADV
WBOTATOV TOV PELOTOV KOl 1) avdAvon tovg pe o Tpdypaupo “Best Fit” édwoe to

nmapakdto aroteréopata ([ivaxag 10.3, Pedypoppa 10.3).
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Tavtotnte Pevotov

s , n 2 2
(Zvykévipwon CMC) Eidog Pevetov | 7,(Pa) [ K (Pas") n [ ZXR" | XQ

CMC 0.7% w/v 620 It | Bingham Plastic | 0.04 0.008 1 0.998 | 0.128

IHivoxog 10.3: Peoloyika yopaxtnpiotikd pevarod CMC ovykévipwong 0.7% wiv 620 It.

Bingham
3
T T '_,+ HerschetBurid. |
Bl T=0035959+{0. 00352621 ,--'/ —
R? 20870 o Bingham
- Sumiz) =0 12728 g
2L umir) Py - Piorwes Lo
/
5l -~ A
/
5l - |
— -~
£ *+
_— s ]
ak > T
./-- ’
,_.f Bestofal
1 + 1
i 1 1 |
i 200 400 &0 B0 1000 120
-1
gis )

Peoypoyua 10.3: CMC 0.9% w/v 620 It .

Ene1dm amd v avalvon to pevotd mov mpoékvye eivor Bingham Plastic pe
HIKPN T To, OMOQAGIOTNKE ©6TO MOTM VRApPYov pevotd vo mpootebel emmiéov
nocotnta. CMC wote va pekembBel m mepimtoon adénong g TWNS T, Kot

petacynuaticpot oe Herschel-Bulkley.

H dwodwcacio pe v omoio mopackevAcTNKE TO PELOTO NTAV 1 TPOGONKT, GTO
non vmdpyov pevotd ovykévipoong 0.7% w/iv CMC, 248 gr CMC ka
YPNOLOTOIDVTOS TNV 10100 dtadtkacio avapeling Kol avolovig Yo @pipaven, LE To

apyko deiypa, mpoékvuye pevotod meplektikodtTag 1.1% wiv pe 682 gr CMC o¢ 620 It
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vepoL PBpOomnc. TNV cLVEXELD £YVE LETPNOT TOV PEOAOYIKDOV 1O10THT®V TOV PEVGTOV
Kot 1 av@Avon tovg pe to Tpdypappe “Best Fit” édmwoe to mapakdtm amoteAécpoTo

(ITivaxag 10.4, Peoypappa 10.4).

Tavtéotnra Pevotov

, . . , ,
(Svykévepoen CMC) Eidoc Psvetov | 7,(Pa) [ K (Pas") n XX R zQ

CMC 1.1% w/v 620 It | Herschel-Bulkley | 0. 34 0.030 0.911 | 0.999 | 0.163

Iivaxog 10.4: Peoloyixd yopaxtnpiotika pevotot CMC ovyrévipwong 1.1 % wiv 620 It.

Herschel Burkley
18 T T T T T

|HerscheI-B...|_

161 T=0.3425+0.020377) g F10%8 i

R =0.90623
Sum(@) =0.1€277

1 S0 .

Best of all

1000 1200

Peoypopua 10.4: CMC 1.1% wiv 620 It .

To pevotd 10 omoio TPoékvye TANPOVCE OAEG TIG TPOSLUYPOPES OV Elyope
Béoel 660 agopd TV peoroyia, aArd Oyt Ko TG petdfaong otnv TvpPmon meproym
(MOTE VO UTOPECEL VO YIVEL OVOADTIKN LEAETN TNG TTAOONG TECNG LE TO CLYKEKPIUEVO

pevotd. EEattiog avtov tov Adyov amogacictnke m mposHnkn oto Mon vmapyov
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pevotd emmAéov mocotnTag CMC dote va pedetndel av peyoddtepn cvykévipmon

CMC pmopel va pog dmoet £vo peuotd 10 omoio Oo TANPEL OAES TIC OTOLTI|OELS LOC.

[Tpootébnkav 248 gr CMC oto Mon vrdpyov pevotd CMC, cuykévipmong
1.1% wlv, ypnowomoidviog tnv ot dwadikooio avapueléne Kol avopovig Yo
wpipoavon pe To apyko delypa, Tpoékvye pevotd cuykévipmong 1.5% wiv ue 930 gr
CMC og 620 It vepold Bpdong. Ztnv ouvvéxewo £€yve PETPNON TOV PEOAOYIKOV
WOOTHTOV TOV PELOTOV KOl 1) ovdAven Tovg pe To Tpdypaupo “Best Fit” édwoe to

napokdte aroteréopota (ITivaxag 10.5, Pedypappa 10.5).

TavtétnTe Peuetov

. , ) , ,
(Zvykévipoon CMC) Eido¢ Pevotod | 7,(Pa) | K(Pas’) | n | ZXR" | ZQ

CMC 1.5% wi/v 620 It Power Law 0 0.0799 0.85 | 0.999 | 0.498

Iivoxog 10.5: Peoloyika yopaxtnpiotikd pevarod CMC evykévipwong 1.5% wiv 620 It.

Fower Law
S:I T T T T T
Herschel—BurH..]
T=0.079867 g™ 54998
ss| AP 00002 i
Surn(c) =0. 43851
ower
20 - —
T
L 15| .
—
10 - —
51 Bestofall
o 1 I 1 I 1
a 200 400 a0 200 1000 1200
-1
gis )

Peoypopua 10.5: CMC 1.5% w/v 620 It .
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To pevotd t0 omoio mpockvye amd TNV TEAELTOLN OOKAGIO NTAV PEVOTO
tomov Power Law, kdtt 1o omoio dev pHog evOloPEPEL KOt £TGL 1| XPNON PEVCTOV TO
omoio Ba €xel sav kHplo cvotatikd o CMC anoppintetar. Eniong dev emyepndnke n
TOPOCKELY] PELGTOV PEYAALTEPNS GVYKEVTPp®ONG o€ CMC eEautiag 6TL TO peVOTO HOg
oe mepektikotnTo, 1.5% W/V givarl apketd moyOpevoto Kol o, emmAEoV mTpocHnKn
VAMKOV Ba TpoKaAoVGE TOPOUOLN TPOPANUATA “KOANUATOS TOV OpYAVOV HETPNONG

TTOONG TEOT G, OTMG GLVEPT TNV TEpinT®on Tov pevotov pe Carbopol.

[Mopd v un emhoyn tov CMC yoo cvotatikd Tov TOAPOL pHoG omd Ta
TEWPAUATO TOGO C€ MKPY OAAG kol peyddn wAipoko mpoékvyav to akdAovba

GUUTEPACLOTOL:
Octika Zovunepdouata.

» To pevotd 1o omoio dnuovpyeitorl givar dopoveg Kot PTopovy va pereTnBovv
OTTIKA, TEPOLTEP® 1010TNTEG OTT™G HETAPOPA Opavoudtmv (cutting transfer).

» EbdxoAo 6NV mapaokevn) peveTto.

» H pétpnon ntoong mieong yio pevotd CMC pmopei va yivel AMyeg dpeg petd v
TOPOGKELT] TOL OPOV OEV ATOLTEL LEYAAO YPOVIKO SLAGTNLLA Y10 VO EVOIOTMOEL.

» Mmnopei va dOGEL GE SUPOPETIKES GLYKEVTPDGELG, OLOPOPETIKOD EIG0VE PEVGTAL.
Apvytika Lounepacuara.

»  Yynlo k6GTOG Yo TV Topaokevn detypdtov Kiipakag 600 Altpav.
» Tlapackevn] pevotov Herschel-Bulkley, aAld extdc tov peoroyikdv opiov Ta

omoia elyape Béoet.

Ilpoctijky Mrevrovity o€ moipo CMC.

Metd 10 mépag ¢ pehétng tov detypatov pe CMC, kor e€outiag tov 611
advvatovoav va pag dmcovv pevotd Herschel-Bulkley, yevwnfnke n 10éa va
npootebovy oto detypo ovykévipmong 1.5% w/iv CMC 620 It, pukpég mocotnTEg
UTEVTOVITY], MOOTE VO UTOPEGOVIE VO AVENGOVIE TNV TN TNG UETOPANTNG To KOl VO

HEAETNGOVHE €6V OVTO TO KOUVOUPLO HETYHO TANPEL TIG PEOAOYIKES OMOUTNGELS TIG

148 |2 ehioa



omoieg &yovpe B€oel, aALG Kol TIC ATOUTAOELS OGO OPOPE TNV POT TOV PEVGTOV TOV
UTOPOVLLE VO EMTHYOVUE GTO LOVTEAO TNG 0p1LovTiag yemTpnong. O Adyog un xpnong
UTEVTOVITN OMOKAEIOTIKA GTO GUOTNUO PONG TPOTUNONKE Katd TNV JodiKacio
EMAOYNG TOV KATAAANAOL peVGTOD, EMEWN O TOAPOG UmevTovitn dev ivar dlopaveg
pevotd ommg o CMC, Carbopol 980 kot PAC. H anaitnon yio mapackenn) S1opovonc
PEVOTOV TTPOEKVYE omd TV emBopio Y100 OTTIKY UEAETN TNG UETAPOPAS COUATIOIMV

GTO GUGTNLLO POT|G.

H mpooHnkn tov pmevtovitn éywe oto Mon vrapyov deiypua CMC, oe
nocotto 0.25% wiv, dnradn 1550 gr pmevtovitn, kot 1 avauelln Tov UeElyHOTOC
éywve pe v P€BOOO OV TEPLYPAYALE GTNV EVOTNTA TOPACKELNG TOV OEIYUATOV UE
OVOLLOVY] OGS NUEPOS ETCL MOGTE VO, EVLOATMOEL TANPMS 0 PTEVTOVITNG. XTO KOVOLPLO
PELGTO TO OTOI0 ElYOE TAPUCKEVAGEL LETPNOAUE TIG PEOAOYIKES TOV 1O1OTNTES, KO
and TV aviAlvon ToV dedopévav Tpoékuyav to akdiovba anoteléopato (ITivakag
10.6, Peoypappa 10.6). O Adyog ywoo tov omoio €ywvav 00 WETPNCES Yo TOV
TPOGOOPIGHO TOV PEOAOYIKMV OOTNTOV TOL PEVCTOL MG eivon emedn Oéhape va
OTIGTMOGOVIE €AV TO PEOAOYIKE YOPOKINPLOTIKG TOV TOAPOL TAPOLGLALOoVV
otafepdTa pe TV Tépodo tov xpovov. ['a avutd tov Adyo €ytve n TpdTN péETPNoN

LETE TNV EVOOATMGN TOV UiYHOTOG Kot 1] OEVTEPT) LETPNOT Lo LEPQL LETAL.

Tavtétnte Pevetov

- ’ n )
(Zvykévepoosy CMC) Eidoc PgvotoY | 7,(Pa) [ K(Pas’) | n | XXR

CMC 1.5% w/v & umevtovit
0.25% w/v 620 It Métpnon 1

Power Law 0 0.12 0.808 | 0.999

CMC 1.5% w/v & pmevrtovitng
0.25% w/v 620 It Métpnon 2

Power Law 0 0.10 0.824 | 0.999

ITivaxag 10.6: Peoloywxa yopoxtnpiotika pevorod CMC avyrévipwons 1.5% wiv & urevrovity
0.25% w/v 620 It.

Onwg givar epeavég mapd v TPocHNKN TOV UTEVTOVITN TO PEVCTO TAPELELVE
Power Law wg mpog 10 €idog. [lepartépm mpooHnkn pmeviovitn dev €yve yuti to
PEVOTO TO OMOl0 ElyOUE TOPACKEVACEL NTAV GTA OPLAL MGTE Vo Umopel vor petpnOei n

TTOOT TEGNG OGTO GUOTNUA HOG, eE0Tiag Tov 0TL TOo pevotd Ba YvoTov TayOPELOTO

149 |2 ehioa




o€ Pabud dote va punv givol Suvotr N OO AEITOLPYIO TOV UETPNTIKMOV GCLGTNUATOV

TTOONG TEONC.

Power Lanw
35 T T T T T

herschel-Eiurkl..]
T=0.10117-g0824%6
A2 =0.90074 .
Surnii2) =0.18331

T (Pa)

_ Best of all

|
1000 1200

)

Peéypouua 10.6: CMC ovyrévipwong 1.5% wiv & pmevtovitn 0.2 % wiv 620 It..

2ounepacuara ya roipovg CMC.

[Topon v un emBount epedvion tov {NTOOUEVOV 1010THTOV oo To.
peVoTA Ta omoia wapackevdcape, ENyONKav TOALL cvoumepdouato 06O apopd, To
pevotd CMC. To xvplotepo cuumépaco NTav OTL 1 KOTAGKELT] PELGTOV UE TNV
npocOnkn CMC, éyel cav amotéhespo v onpovpyia peuotod Power Law émg v

CLYKEVIPMOOT) TTOL LEAETNONKE, AALG Kot [LE TNV LETEMELTO TPOGONKT UTEVTOVITY.

‘Eva axoun moAd onuovtikd copmépacua to omoio e£nydn kot eivan kvpimg
KATL TO0 omoio mapatnpNOnke omd TV eumepion TNG TOPACKELNG Kol UEAETNG TWV
pevLoTOV  dldTpnong, Oilo avutd To. ¥povVia, MTav OTL TO PELSTO TO  OMOio
TAPOCKEVAGTNKE e TNV TPOGONKT Tov pnevtovitn oto pevotd CMC, ftav, 611 TG0

HOKPOOKOTIKE 0G0 KO amd Amoyn vene oAAd Kot KUKAOQOPIOG TOV PELGTMOV OVTOV
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péoa 6To GVOTNHA TNG OPLOVTIOG YEDTPNONG, OLEPEPAV OO TO LEYPL TOPO PEVCTA TA

omoia elyov peietnOet.

AVt ) TOPATNPNON GE GLVOLACUO LE TNV TOPOTHPNOT OTL KOTA TNV JldpKeELd
NG KUKAOQPOPING TOL PEVLGTOV HEGH GTO GUGTNHO TNG OpLLOVTLOG YEDTPNONG, ElXOLE
po. avénon e Oepuokpaciog (uikph petoforfy g tééeng éng 2 °C) tov peuotod
KOTL TO omoio YEvvnoe TNV TEPEPYELNL VO UEAETNOOLUE TNV EMOPOCT 1TNG

Beppokpaciog oe aLTA TO PEVOTAL.

Meléty emiopaons Oepuoxpacias oe pevera CMC, kar pevera CMC  ue

UTEVTOVITY.

o mv perdém g emidpaong g Oepupokpaciog oe avtd to PELOTA
amoocionke va pedetn0el n peTafoAn TV PEOAOYIKAOV IOI0TATOV TOV PEVCTAOV EQV
ta BepUAvOVE GTNV GLOKELT] 1EOOOUETPNONG, KOL VO OVOADCOVUE TIG PEOAOYIKEG
TOVG IKAVOTNTEG MOTE Va Pyovv Kdmola cuunepdorato, 6GO aPopa TNV ETIOPACT TNG

Oeppoxpaciog oe avtd.

O oxomdg yio Tov omoio £ywve T 1 HeALTN o€ 01bpopeg Beprokpacies, Eyve
Y. Tov Adyo OTL GE KOVOVIKEG GuvONKeS dudtpnong, Onmg avagépbnke kKol ce
TPONYOVEVO KEPAAOL0, 1 aLENVOUEVT BEPLOKPAGIN TOV YEMAOYIKMOV GYNUOTICUOV
ov Olatpovvtal, o oyxéon pe to Pabog, avéavel kol v Bepprokpacio Tov PELSTOD
oldtpnong, n omoia Le TNV CEPA TNG EMOPA OTIG PEOAOYIKES OLOTNTEG TOV PEVGTOV

dugTpnong.

2KOTOG oG NTav, Yo KAOE GUYKEKPIUEVO PEVGTO GTO OMOI0 LEAETNGOE THV
Beppokpacia, vo e£Qyovpe oTotKElD YO0 TNV PEOAOYIKT TOV GUUTEPLPOPE, Be®PDOVTOG
0Tt o1 Owdpopec BOepupokpaciec TG omoleg UEAETNOOUE OVTITPOGMOTEVOVYV TNV

Beppokpacio Tov pevetov oe ddpopa Pad.

H pétpnon tov peoloyik®dv 810 tov tov peuotodv £yve pe v pébodo n
omoio. avoeEPONKE o€ TPONYOVUEVO KEPAANLO, HE TNV O0POPA OTL TMOPO Yo VOl
avénbel m Beppoxpacia, Oepuoivope 10 pPeLOTO HOG OTO €0KO O0YEl0 TOL

Ewoopérpov M 3500, pe v pvBuon g emBountg Oepuokpacioc péca amd to
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wpdypappo EAEYyov Tov. ['a va £pbel 10 pgvotd oty Bepprokpacio v omoia elyope
opioet, {eoTovotay yia otdotnua 10 AenTdV pe TOVTOYPOVN AVAUEIEN TOV PELGTOD UE
NV XpNom 1oL KVAIVOpov tov 1E®dopETpov og TayvtnTa 3 rpm. Avti 1 dadikacio
YWOTOV KAOE POpa LETOED TMV HETPNOEMV Y10l TIG PEOAOYIKES 1O1OTNTEG TOV PEVGTOV,

Ko yio kafe Oepuoxpacio. H pedén avtn €yve yla téooepa €101 pELOTOV :

1. Tlohedc CMC ovykévipmone 0.9% wiv og khipoko 620 It .

2. IMoApoég CMC kot umevtovitn ovykévipoong 1.5% wiv kar 0.25% wlv,
avtictoyo og Khpoka 620 It.

3. TMohpdg CMC «xor umevtovitn ovykévipoong 0.5% wiv kot 1.25% wiv,
avtiotoyo o€ Khipaka 500 ml.

4. Tlodpog CMC kou umevtovitn cvykévipmong 1% wiv kot 2.5% wiv, avtictoyo

oe KAipaka 500 ml.

210 amoTEAECUATO TTOPOVCIALOVTOL TO TEPAUATIKA OEGOUEVA Yo TO KAOE peVLOTO
Kot 1 LETAPOAN TOV PEOAOYIKAOV TOVG TOPAUETP®V LE TNV adENOT TG Bepprokpaciog.
Eniong mapovsialovtar vroroyiopol Ap — Q yia to cOGTHO PONG TOV EPYAGTNPIOL
v TV k0B Beproxpacio mTov peAeTnONnKe, Le VTOAOYIGUOVS GOUPOVO LE TO

povtéda TUC kot APl 6rtwg meptypaenke oto Kepdiato 3.

10.2.4. Tlohpég CMC ovykévipoong 0.9% w/v og khipaxka 620 It e drapopeg
Ocppokpaoicg.

ATO ™V avOALoT TOV PEOLOYIKAOV 1O10THT®V TOL GUYKEKPLUEVOD PEVGTOV GE
oyéomn pe v emidpaomn g Oepprokpacioc, Kabdg Kot amd TV ¥pNon TV PEOLOYIKOV
dedopévav oto mpodypoppa “Rheology”; yuo mapoxr 0.0025 m3/sec ( = 150 kg/min)
v VToBeTIKY KVKAOQPOpPia 6TO HOVTEAD OplOVTIOG YEMTPNONG TOV gpyactnpiov (o
AOYOG Yo TOV OmOl0 EMAEYTNKE QTN 1| TOPOYN YIOTL OMOTEAEL (o EVOLAUEST TN
KUKAOQOpPIOG GE GYEON HE TO HEYIOTO EMTPETOUEVO OPLO AEITOLPYIAS TOV LOVTEAOL

pong), Tpoékvyayv Ta mapakdte aroteAéopata ([ivaxag 10.7, Pedypoppo 10.7) :
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Ozppoxpacio °C Eidog Pevoto? 1,(Pa) | K (Pas") n LT R
22.1 Herschel-Bulkley 0.35 0.0206 0.9435 | 0.999
25.0 Herschel-Bulkley 0.43 0.0168 | 0.9613 | 0.999
28.5 Herschel-Bulkley 0.45 0.0140 0.9763 | 0.999
32.9 Bingham Plastic 0.66 0.0103 | 1.0000 | 0.999
36.4 Bingham Plastic 0.67 0.0095 | 1.0000 | 0.998
39.4 Bingham Plastic 0.79 0.0086 1.0000 | 0.997
48.3 Bingham Plastic 0.91 0.0068 | 1.0000 | 0.997

ITivaxog 10.7: Peoloyika yopaxtnpiotird pevorod CMC ooyrévipwong 0.9% WiV oe didpopeg
Oepurorpaoieg.

Ytov Ilivaxa 10.7 PAémovpe 6tL pe v avénon g Bepuokpaciog To pevotd
10 omoio peietaue petotpémetar and Herschel-Bulkley oe Bingham Plastic, dniadn
&uovpe o avEnomn g mopopéTpov N (teivel otn povade) pe v avénom g
Beppokpaociag. Eniong mapatnpeitar 0Tt vtapyet ToAD KaAN TPOGEYYIoT 0G0 AvapOopd
tov Babud ovoyétione R% Evdewtikd mopovotdleron kat o Pedypappa 10.7 Tov
noApod CMC cvykévipoong 0.9% w/V oe khipaka 620 It yia Oeppoxpacia 32.9 °C.
[Mopakdto mapovoidletor 1 emintoon g avénong g Beppoxpaciog oty Tdom
dtoricOnong 7, (Awypappo 10.1), Tov 0dnyo cvvaeeiag K (Adypappa 10.2) kot tov
00MNY6 cvumepLpopds ™ pong N (Adypappoa 10.3).

A3

Pebypouua 10.7: CMC ovykévipwaong 0.9% wiv 620 It oe Oepporpacia 32.9 °C.
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Midypopuo 10.1: Metafoin mapouétpoo t,, pevorod CMC ovyrévipmonc 0.9% wiv 620 It oe didpopec Oepuoxpacisg.
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CMC ovykévipmong 0.9% wiv

y = 0,0472¢-0.042x
R?=0,9512

10 20 30 40 50
Ogppoxpaocio °C

Aiéypope 10.2: Merafolsi mopouétpov K, peverod CMC ovyrévipwone 0.9% wiv 620 It oe didpopes Oeprorpaciec.
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CMC ovykévrpmong 0.9%

y = 0,748x0.0786
- R>=0,8075
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Midypopuo 10.3: Metofoin mapouétpov n, pevorod CMC ovykévipwone 0.9% wiv 620 It o didpopes Ospuorpoaoie.
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Ao T0 TOPATAVE SLoYPAUUOTO TPOKVTTEL OTL PE avénom ¢ Oeppokpaciag 1

téom O1oAicOnong 7, avéavetar (Awdypappo 10.1), 0dnydc cuvapelog K HelOVETOL e

mv avénon g OBepuokpaciog (Awdypappo 10.2) kot 0 0dNyodG GLUTEPLPOPAS TNG

pong N av&avetar péypt va mapet v TN Eva (Adypappa 10.3) kot va petafdiet to

€ido¢ tov pevotov and Herschel-Bulkley oe Bingham Plastic.

v ovvéyela mopovctaletol n emintoon g Oeppokpaciag oty TN NG

TTOOoNG Tieong ko Tov aplfuov Reynolds yio vobetikr kKukAopopia Tov PpEVETOD GTO

ocvoTUo pong tov gpyaotnpiov, yio to. poviédo APl koaw TUC (ITivaxoag 10.8 kot

10.9) kou ot petaforég otov apOpd Reynolds kot oty wtmon wigong and v avénon

¢ Beprokpaciog tapovoidlovral ota Ataypappato 10.4 kou 10. 5 avtictorya.

Ocpoxpasia ‘C | o o i) | FEAPY | Tamr | T A | Movesso Apt
22.1 893.4 1118.21 | 21774 | 30774 STpoT
25.0 8325 12000 | 2153.0 | 3053.0 Stpo
28.5 768.1 1300.6 | 21325 | 30325 Stpo
32.9 706.7 14235 | 2100.0 | 3000.0 STpoT
36.4 664.9 1502.4 | 2100.0 | 3000.0 StpoT
39.4 641.4 1557.5 | 2100.0 | 3000.0 Stpo
48.3 568.0 1760.8 | 2100.0 | 3000.0 Stpo

Hivaxag 10.8: Yroloyiouoc mrwong wiconc pe to poviédo AP, pevatod CMC covyrévipwans

0.9% wiv 620 It oe diapopec Oepuoxpacisg.
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Ospuowpaoia °C | o B am | RETUC | T | TTUE” | Mevebo TUC
22.1 836.9 1786.9 2254.4 3154.4 Zpot
25.0 781.6 1918.0 2264.6 3164.6 Lpot
28.5 720.9 2079.4 2264.6 3164.6 Zpot
32.9 662.3 2263.6 2326.6 3226.6 Zpot
36.4 636.0 2411.0 2339.8 3239.8 | Merofarkr
39.4 619.7 2506.4 2385.1 3285.1 | Merofarkn
48.3 576.2 2867.1 2449.1 3349.1 | Merofotikn

Hivaxag 10.9: Yroloyiouog nrwons wicons pe to pwoviéio TUC, pevatod CMC ouyrévipwons

0.9% w/v 620 It e didpopec Osproxpacie.
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Aiéypope 10.4: MeraBoln aprBuod Reynolds, pevotod CMC ovyrévipwons 0.9% wiv 620 It oe didpopec Oepuorpasicg.
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Midypopuo 10.5: Metofoin wrwong mwicons , pevorod CMC ovyrévipawons 0.9% wiv 620 It oe didpopes Oepuoxpaiec.
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ATO TO TOPATAVE SLOYPAULOTO TTPOKVTTEL OTL LEe avénom g Bepproxpacioc o
apBudg Reynolds avédaveton (Atdypappo 10.4) eved n mtdon mieong yio vwobeTikn
KUKAOQOpio. 6TO HOVIEAO PONG TOL €PYACTNPIOL UEIDOVETOL pe TNV adénon g

Beppokpooiog (Awdypoppa 10.5).

10.2.5. Morhgpog CMC ovykévrpoong 1.5% w/v ko prevrovity 0.25% wiv,

avtiotovyo os Khipoka 620 It 6 dSvapopes Ocppokpociss.

Ao TV oviAVoT TOV PEOAOYIKAOV WOI0THTMOV TOL GLYKEKPLUEVOL PEVGTOV GE
oxéon pe TV emidpaon g Oeplokpaciog TPoEkvyay To TUPUKATO OTOTEAECUATO

(ITivaxag 10.10, Pedypappa 10.8) :

Os¢ppokpacio °C | Eidog Pgvucstod 7, (Pa) K (Pas") n LY R?
23 Power Law 0.00 0.1012 0.8244 | 0.999
25 Power Law 0.00 0.0948 0.8264 | 0.999
30 Herschel-Bulkley 0.15 0.0669 0.8612 | 0.999
35 Herschel-Bulkley 0.36 0.0475 0.8935 | 0.999
39 Herschel-Bulkley 0.52 0.0389 0.9049 | 0.999
45 Herschel-Bulkley 0.79 0.0247 0.9494 | 0.999
50 Herschel-Bulkley 0.82 0.0232 0.9406 | 0.999

Iivoxag 10.10: Peoloyixd, yopoxtnpiotika pevetod CMC cvykévipwons 1.5 % WIV ko

umevrovity 0.25% wiv avtiororya 620 It, e didpopec Ospuorpacisg.

And tov Ilivaka 10.10 kot 10 Awypoppo 10.6 mapoatnpodue OtL pe v
avénon g Bepuokpaciog o pevotd To omoio peAeTdue petaTpémeTol amd Power
Law oe Herschel-Bulkley, dniadn éxovpe po avénon g TopauETpov 7, UE TNV
avénon g Bepuoxpacioc. Eniong mapatnpeitar 6t vadpyel modld KaAr Tpocéyyion
060 ovaeopd tov Badid cuoyETiong R, Evoektikd TAPOLGLALETAL KOL TO PEGYPOLULLA
o0V ToAPoy CMC ocvykévipoong 1.5 % w/v kar pmevrovitm 0.25% wiv avtictoyo

620 It o& Ogppoxpacia 35 °C (Pedypappa 10.8).
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Peoypouua 10.8: CMC ovyrévipwong 1.5 % WIV kou urevrovitne 0.25% wiv
avtiororyo 620 It oe Oepuoxpacia 35 °C.

[Mapakdre mapovoidletar 1 enintwon g avénong g Bepurokpaciog otnv
téom doricOnong 7, (Awypappa 10.6), tov 0omyd cvvaesiog K (Adypoppo 10.7) ko
OV 00MY0 SLUTEPLPOPAS TG pong N (Awdypappo 10.8).
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Aidypoyua 10.6: Metoflorn mopauétpoo t,, pevorod CMC evyrévipwang 1.5% WIV ko urevrovity 0.25% wiv aviiotorya 620 It, oe didpopes Oepuorpacics.
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Aidypoyua 10.7: Metofiorn mopauétpov K, peoarod CMC evyrévipwong 1.5% WIV kou urevrovity 0.25% wiv aviiororya 620 It, oe didpopes Oepuorpaoics.
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1 Moipoc CMC ovykévipoong 1.5% w/v ko prevrovity 0.25% w/v avtictorya
0,9
y = 0,4468x0.19%6
c 08 R2=10,9702
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Ozppokpocio °C

Adypouua 10.8: Metofor wapauétpoo N, pevotod CMC ovykévipwone 1.5% WIV ko purevrovity 0.25% wiv aviiotorya 6201, oc diapopec Oepurorpooieg.
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ATO T0 TOPATAVE SLOYPAUUOTO TTPOKVTTEL OTL e avEnom g Beppokpaciog 1
tdomn doAicnong 7, avéaveton (Awdypappo 10.6). O 0dnyog cuvhpelog K peidveton
pe v avénon g Beppokpaciag (Ardypappa 10.7), evdd 0 0dNyOG GLUTEPLPOPAS TNG
pong N av&dvetat kot teivel otnv povada (Avdypappa 10.8) kot va petafdiret To £160¢

T0V pevotov og Bingham Plastic.

IV CUVEXEWL, HE TNV YPNOT TOV PEOLOYIKDOV OEGOUEVOV GTO TPOYPOLLLLLOL
“Rheology”, mapovotaieton yio mapoyn 0.0025 m¥/sec (= 150 kg/min) kot vrodetikn
KUKAOQOPio. 6TO HOVTEAO TOL WHOVTEAOL PONG TOL €PYOoTNPiov, 1 EMIMTOON NG
Beppokpociog otny TN TG TTOONG Tieons kat tov aptBpov Reynolds yio ta povtéda,
APl xon TUC. Topakdto napovcialeton ) enintoon g Oeprokpaciog 6tov aptiuo
Reynolds kot otqv T g mtdong mieong Kot yio. vrofeTiky KukAopopio, TOv
PELGTOV GTO GVGTNO PONG TOL epyactnpiov, Yo ta poviéia APl kar TUC (ITivaxog

10.11 ko 10.12, Awypdppata 10.9 ko 10.10 avtictoya).

Ocprospusia °C | oo o Pam) | FAPY | “amr | amr | Movesho Apt
23 2062.5 484.4 | 2340.6 | 3240.6 ZTpot
25 1955.3 510.9 | 23379 | 3237.9 ZTpot
30 1710.2 584.1 | 2290.1 | 3190.1 Ztpot
35 1505.1 663.7 | 22459 | 31459 Ltpot
39 1356.3 736.5 | 2230.3 | 31303 ZTpot
45 1185.9 842.4 | 2169.3 | 3069.3 LTpoT)
50 1081.8 923.4 | 21814 | 3081.0 Ztpot

Hivaxag 10.11: Yroloyiouog nrwong micong ue to puoviédo AP, pevarod CMC cvykévipwong
1.5 % WV oz umevrovizy 0.25% WIV aviiotorya 620 It, oe didpopec Ocpuorpacieg.
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oumompasa S | ettt T [ | 50e” |
23 1935.0 774.7 2302.0 3202.0 Lpot
25 1834.4 817.2 2299.7 3199.7 Zpot
30 1605.4 933.8 2278.1 3178.1 Lpot
35 1413.7 1060.4 2274.0 3174.0 Lpot
39 1274.5 1176.2 2293.1 3193.2 Ztpot
45 1113.8 1345.9 2310.0 3210.0 Lpot
50 1016.4 1474.9 2338.4 3238.4 Zpot

Iivaxag 10.12: Yroloyiouog wrwong micong ue to uoviélo TUC, pevarov CMC ovyrévipwong

1.5 % WV oz umevrovizy 0.25% WIV aviiotorya 620 It, oe didpopec Oepuoxpacicg.
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Reynolds
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Aiéypope 10.9: MetaBolni aprBuot Reynolds, peverod CMC cuyrévipwons 1.5 % WV ko urevrovity 0.25% WiV aviictoya 620 It, oe didpopes
Oepurokpaoicg.
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Aiéypoupa 10.10: Merafolsi mrcvong micong, pevorod CMC cvykévipwone 1.5 % WIV kai umevrovity 0.25% WiV avtiororya 620 It, oe Sidpopec

Oepurorpaoieg.
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ATO TO TOPATAVE SLOYPAULOTO TTPOKVTTEL OTL LEe avénom g Bepproxpacioc o
apBudg Reynolds avédaveton (Atdypappo 10.9) eved n mtdon mieong yio vobeTikn
KUKAOQOPio. 6TO HOVIEAO PONG TOL €PYACTNPIOL UEIDOVETOL pe TNV adénon g

Beppoxpoaoiog (Atdypappa 10.10).

10.2.6. Mo,pog CMC cuvykévrpoons 0.5% w/v ko prevrovity 1.25% wiv

avtiotovyo og kKhipoka 500 ml o dragopsg Ocppokpaciss.

Ao TV aviAuon TOV PEOAOYIKAOV 1O10THTMY TOV GLYKEKPILEVOL PEVGTOL GE
oxéon pe TV emidpaom g Oeprokpaciog TPoEKVYAY TA TUPUKATO OTOTEAECUATO

(ITivaxag 10.13, Peoypappa 10.9 ko 10.10) :

Ogppokpocio °C | Eidog Pguetod | 7y (Pa) | K (Pas") n ¥ R?
25.6 Power Law 0.00 0.0452 | 0.7530 | 0.996
26.3 Power Law 0.00 0.0306 | 0.8074 | 0.995
29.2 Bingham Plastic 0.31 0.0077 | 1.0000 | 0.998
32.6 Bingham Plastic 0.17 0.0074 | 1.0000 | 0.997
35.6 Power Law 0.00 0.0306 | 0.7856 | 0.995
43.2 Bingham Plastic 0.44 0.0060 | 1.0000 | 0.988
49.5 Bingham Plastic 0.52 0.0055 [ 1.0000 | 0.997

ITivaxog 10.13: Peoloyikd. yopoxtypiotixa pevotod CMC ovykévipwong 0.5% WIV ko

urevrovity 1.25% WiV avtiotorya 500 ml, oe didpopes Oepuorpacicg.

Ytov [Tivaxa 10.13 BAémovpe 6Tt pe v advénon g Beppokpaciog 10 peuoTo
10 omoio pehetdpe petatpémeror amd Power Law oe Bingham Plastic evéd otig
evdiaueoeg Oeppokpoaocieg (32.6 °C & 35.6 °C) mapotnpeitar pio avopoiio, dniadn
&ovpe por ovénom g TopapéTpov 7, pe v awvénomn g Beppokpaciag, Eved o
00MNYOG CLUTEPIPOPAS TS pong N av&avetar péypt va mhpel v T €va . Emiong
TapoTNPEital 6Tl VLAPYEL TOAD KOAN TPOGEYYIoN 0G0 ovapopd Tov Babud cuoyétiong
R% Evdeiktikd napovstalovial ta peoypdupata tov mToApod CMC  cuykévipmong
0.5% w/v ka1 pmevrovitn 1.25% wiv avtiotorya 500 ml o Bepuokpocio 32.6 & 35.6
°C (Peoypappa 10.9 kot 10.10).
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Peoypopua 10.9: CMC ovyrévipwone 0.5% WIV kot urevrovitns 1.25% wiv
avtiotorya 500 ml oe Oepuoxpacio 32.6 °C.
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Peoypopua 10.10: CMC ovyrévipwong 0.5% WIV kot urevrovitng 1.25% wiv
avtiotorya 500 ml oe Oepuoxpacio 35.6 °C.

[Mopaxdro mapovsialetar n enintoon g avénong g Beppoxpaciog otnv
téom O010AicOnong 7, (Awdypappa 10.11), tov 0dnyo cvvaeelag K (Atdypappa 10.12)
KoL Tov 00MY6 svumeprpopds g pong N (Awaypappa 10.13).
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0,6 IMoApog CMC ovykévipoong 0.5% w/v ko prevrovitn 1.25% w/v avtictoyya
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Migypogua 10.11: Metafory mapouétpov t,, pevotod CMC ovykévipwong 0.5% WIV ko urevrovity 1.25% WiV avtiotorya 500 ml, oe didpopeg Ospuokpooic.
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IMoApoc CMC ovykévrpoong 0.5% w/v kot prevrovity 1.25% w/v avrictorya.
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Micypogua 10.12: Metofory mapouétpov K, pevotod CMC ovykévipwong 0.5% WIV ko urevrovity 1.25% WiV avtiotorya 500 ml, oe didpopeg Ospuokpooic.
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Moipoc CMC ovykévrpmong 0.5% w/v kon prevrovitnl.25% w/v avtictoiyo
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Adypopua 10.13: Metafols) mapouétpov n, pevotod CMC ovykévipwons 0.5% WIV ko umevrovity 1.25% WiV avtiotorya 500 ml, oe diapopes Ospuorpacice
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Ao T0 TOPATAVE SLoYPAUUOTO TPOKVTTEL OTL PE avénom ¢ Oeppokpaciag 1
téomn doAicOnong 7, avéavetoar (Adypappo 10.11) mapovcidloviag o avouoiio
otV meploy Oeppokpacidv 32.6 °C kot 35.6 °C. O 0dnydg cuvapetag K pelGVETAL [IE
mv avénon g Bepuoxpaciog (Atdypoappo 10.12) moapovcidlovrag pio avopoiio
oV mepoyn Oeppoxpacidv 32.6 °C kar 35.6 °C, evdd 0 0dnydg coUTEPLPOPAS TNG
ponc N avéaveton ko teivel oty povdado (Awdypappa 10.13) kot va petafdiel to
€ldoc tov pevotod oe Bingham Plastic mapovoidlovtag pio avopoiio oty meployn

Oepuokpacidv 32.6 °C xon 35.6 °C.

2NV GUVEXEW, HE TNV YPNON TOV PEOAOYIKOV OEOOUEVOV GTO TPOYPOLLLOL
“Rheology”, tapovoidietar yo mapoyy 0.0025 m3/sec (= 150 kg/min) kot vroBetikn
KUKAOQOPioL 6TO HOVIEAO TOL HOVTEAOL PONG TOL gpyactnpiov, M EMMTMOON TNG
Beppokpociog otny TN TG TTOONG Tieons kat tov aptBpov Reynolds yio ta povtéia,
APl xor TUC. Topakdto mapovoidleton 1 enintoon g Oepuokpaciog otov aptuod
Reynolds kot otv ) g mtdong mieong Kot yio. vwoBeTiky kKvukAopopio, TOv
peLGTOV 6TO GVGTNIO PONS TOL gpyactnpiov, Yo ta poviéia APl kol TUC (ITivaxog

10.14 ko1 10.15, Awypappota 10.14 ko 10.15 avtictoryo).

Ocpuospasia 'C | oo o By | P AP | “amr | " AbT | Movetuo AP
25.6 615.5 1623.0 | 24384 | 3338.4 Ztpot
26.3 567.5 1760.0 | 2363.9 | 3263.9 Zrpom
29.2 505.7 2043.2 | 2100.0 | 3000.0 LTpOT
32.6 513.3 2255.6 | 2100.0 | 3000.0 | Metofatucn
35.6 501.7 1993.2 | 2393.8 | 3293.8 Zrpom
43.2 530.0 2356.2 | 2100.0 | 3000.0 | Metofatun
495 541.8 2425 | 2100.0 | 3000.0 | Metoforikn

Hivaxag 10.14: Yroloyiouog nrwong micong ue to poviélo AP, pevorod CMC ovykévipwong

0.5% WiV kau umevrovity 1.25% WiV avtiotorye 500 ml, oc diapopec Oepuorpooisg.
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Ozppokpocia Mtoon Micong Re TUC Regritical | Recritical2 Eidog Poiig
' Movtélo TUC (Pa/m) TUC TUC Movtého TUC

25.6 613.4 2595.8 2384 3284 Mertofatikn

26.3 615.2 28155 [ 23215 32215 Metofotikn

29.2 623.2 33116 | 22124 3112.4 Metofotikn

| | | TopPdng |

Iivoxog 10.15: Yroloyiouog nrrong mwicons ue to povrédo TUC, pevorod CMC ouyrévipwans

0.5% WiV kot umevrovity 1.25% WiV avtiotorye 500 ml, o¢ diapopeg Oeppokpooieg.
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Awaypopua 10.14: Metaforn apifuod Reynolds, pevorod CMC ovyrévipwans 0.5% WIV kou umevovity 1.25% wiv avtiotoryo 500 ml, e diapopes

Oepurorpaoieg.
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Migypopua 10.15: Metafoly mrwong micong, pevorod CMC ovykévipwons 0.5% WiV kar urevrovity 1.25% wiv avtiotorya 500 ml, oe diapopes Oepuorpaoicg.
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ATO TO TOPATAVE SLOYPAULOTO TTPOKVTTEL OTL LEe avénom g Bepproxpacioc o
apBudg Reynolds av&aveton (Awdypoupa 10.14) evéd 1 ntdon mieong yioo vobeTIkn
KUKAOQOpio. 6TO HOVIEAO PONG TOL €PYACTNPIOL UEIDOVETOL pe TNV adénon g
Beppokpaociog (Awdypoppo 10.15) mapovcoialovtag o avopoiio oty meploym

Oeppoxpacidv 32.6 °C ko 35.6 °C.

10.2.7. Moikpog CMC ovykévipoons 1% w/v kor pmevrovity 2.5% wiv

avtiotovyo cg kKhipoka 500 ml o drapopeg Oeppokpaciss.

Ao TV aviAVOT TOV PEOAOYIKDV O10THTMOV TOL GLYKEKPIUEVOL PEVCTOL GE
oxéon pe v emidpaom g Oepprokpaciog mposkvyay o TAPUKAT® ATOTEAECLATO

(ITivaxag 10.16, Peoypappo 10.11 won 10.12) :

Ogppoxpacio °C Eidog Pgvotod 1, (Pa) | K (Pas") n X R?
22.0 Power Law 0.00 0.4906 0.6474 0.999
24.8 Herschel-Bulkley 0.67 0.4167 0.6727 0.999
28.3 Herschel-Bulkley 0.82 0.3888 0.6761 0.999
32.4 Herschel-Bulkley 0.57 0.4037 0.6633 0.999
35.9 Herschel-Bulkley 0.78 0.3688 0.6684 0.999
38.8 Herschel-Bulkley 0.82 0.3773 0.6596 0.999
48.0 Herschel-Bulkley 1.73 0.2436 0.7065 0.999

Iivaxog 10.16: Peoloyika yopoxtypiotika pevotod CMC ovykévipwons 1% WIV ko

umevrovity 2.5% WiV avtiotorya500 ml, o¢ didpopeg Ospuoxpooicg.

2tov [Tivaxa 10.16 BAémovpe 0Tt pe v avénon g Beppokpaciog To peuoTod
10 omoio peletdue petatpénetar omd Power Law oe Herschel-Bulkley eved ortig
vynAotepec Oepuokpooiec (38.8 °C & 48 °C) mopornpeitor SmAaciacuog g
TAPOUETPOL T, , EVD O 00NYOS CLUTEPLPOPAS TNG PONG N AVEAVETAL 001 YOS GLVAPELNG
K peidveron pe v avénon g Beppokpaciog. Eniong mapammpeiton o1t vedpyet modd
KOAN TPOoGEYyIon 660 avapopd Tov Babod cuoyETiong R% Eveuctikd mopovctalovral
TO PEOYPAUUATE TOL TOAPOHL CMC cvykévipmong 1% wiv kot purevtovitny 2.5% w/v

avtictoryo 500 ml o Ogppoxpacio 38.8 & 48 °C (Pedypappa 10.11 won 10.12).
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Peoypouua 10.11: CMC ovyrévipwong 1% WIV kou umevzovitnye 2.5% WiV avtiotoryo
500 ml o¢ 38.8 °C.
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Peoypopua 10.12: CMC ovyrévipwong 1% WIV kou umevzovitns 2.5% WiV avtiotoryo
500 ml oc 48 °C.

[Mopakdto mapovoidletor 1 enintmon g avénong g Oeppokpaciog oty
tdon doiicOnong 7, (Awdypappo 10.16), tov 0dnyd cvvaeswog K (Awdypappo 10.17)
Kot Tov 001y0 cuumeppopdg g pong N (Awdypappa 10.18).
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IMoApoc CMC ovykévipoong 1% w/v kar prevrovity 2.5% w/V avtictovyo,
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Adypouua 10.16: Metafors mopouétpov t,, CMC ko umevrovity ovykévipwong 1% WiV kor 2.5% wiv 500 ml avtictorya, oc diapopec Oepurokpooieg.
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Awaypopua 10.17: Metaforn mapouétpov K, CMC kar urevrovity ovykévipwong 1% WiV ko 2.5% wiv 500 ml avtiotoryo, oe didpopeg Ospuokpaocicg.
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Adypouua 10.18: Metafols; mapouézpov n, CMC ka umevrovity ovykévipwong 1% WiV kor 2.5% wiv 500 ml aviictorya, oc diapopeg Oeprokpaoiec.
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Ao T0 TOPATAVE SLoYPAUUOTO TPOKVTTEL OTL PE avénom ¢ Oeppokpaciag 1
tdomn dodMcOnong 7, avéavetar (Awdypappa 10.16). O 0dnydg cuvaeslog K peidveTon
pe mv avénon g Beppokpaciog (Adypappo 10.17), eved o 0dnydc cuumeppopas
e pong N awEdvetan péypt v Oeppokpacio Tov 30 °C, and v neproyn tov 30 °C

éwc 40 °C pewwvetar yo va avéndet Eavé petd tovg 40 °C (Adypoppo 10.18).

IV CUVEXEWL, HE TNV YPNOT TOV PEOLOYIKDOV OEGOUEVOV GTO TPOYPOLLLLLOL
“Rheology”, mapovotaieton yio mapoyn 0.0025 m¥/sec (= 150 kg/min) kot vrodetikn
KUKAOQOPio. 6TO HOVTEAO TOL HOVIEAOL PONG TOV €PYACTNPIOV, T EMIMTOON TNG
Beppokpociog otny TN TG TTOONG Tieons kat tov aptBpov Reynolds yio ta povtéda,
APl xon TUC. Topakdto mapovcidleton 1 enintoon g Oeprokpaciog ctov aptfuod
Reynolds kot otv ) g mtdong mieong Kot yio. vwobetiky kKvkAopopio, TOv
PELGTOV GTO GVGTNO PONG TOL epyactnpiov, Yo ta poviéia APl kar TUC (ITivaxog

10.17 ko 10.18, Awypdppata 10.19 kot 10.20 avtictorya).

Ocpuowpasia ‘C | o Bl Ty | ReAP | TR | TR | ovetio ARl
22.0 3669.3 2723 | 25831 | 3483.1 TTpot
24.8 3723.9 268.3 | 25483 | 3448.3 TTpot
28.3 3579.8 279.0 | 25437 | 34437 T1pot
32.4 3412.1 292.8 | 25613 | 34613 T1pot
35.9 3170.8 3151 | 25663 | 3466.3 T1pot
38.8 3178.0 3143 | 25663 | 3466.3 T1poti
48.0 2875.4 347.4 | 25021 | 3402.1 TTpot

Iivaxog 10.17: Yroloyioudg wrawong micong ue to uoviélo AP CMC ovykévipwong 1% wiv

xou urevovity 2.5% WIV avtiororyo 500 ml, oe didpopec Oeprokpooieg.
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OcpposposiaC |\ i e amy | RO TYC | "T0E | "T0E" | Moveise TUG
22.0 34425 4355 2505.5 3405.5 ZpoTh
24.8 3501.5 428.1 2504.15 3404.15 ZpoTh
28.3 3367.9 445.1 2508.1 3408.1 ZpoT
32.4 3207.9 467.3 2512.5 34125 Ztpwm
35.9 2983.9 502.4 2528.3 3428.2 Ztpom)
38.8 2991.1 501.2 2530 3430 Ztpwm
48.0 27145 552.2 2533.6 3433.6 Ztpwm

Iivoxog 10.18: Yroloyioudg nrcdrong wicong ue to poviélo TUC, CMC ovykévipwons 1% wiv

rou urevrovity 2.5% WV avtiororyo 500 ml, oe didpopeg Oeprokpooieg.
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IMoipoc CMC ovykévrpmong 1% w/V ko prevrovitny 2.5% w/v avtictoryo
600
y = 150,15x0.3322
R>=0,9323
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Adypopua 10.19: Metafiols; apiBuot Reynolds, CMC ko urevrovity ovykévipwong 1% WV ko 2.5% wiv 500 ml aviiotorya, oe didpopec Oepuorpaoieg.
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Adypopua 10.20: Metafiols) nrdvone wicong, CMC kou umevrovity ovykévipwong 1% WiV kor 2.5% wiv 500 ml aviictorya, oc diapopeg Oeprorpaoiec.
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ATO TO TOPATAVE SLOYPAULOTO TTPOKVTTEL OTL LEe avénom g Bepproxpacioc o
apBudg Reynolds av&aveton (Awdypoupa 10.19) evéd 1 ntdon mieong yio. vwobeTIKn
KUKAOQOpio. 6TO HOVIEAO PONG TOL €PYACTNPIOL UEIDOVETOL pe TNV adénon g

Oeppokpaociog (Adypappa 10.20).

10.3. Xvprepaopota mov TPokHITOVY Y10, pevetd CMC ko prevrovity.

M and T1g Pocikdtepeg OmAITNOELS KOTA TNV OUUPKELD EKTEAEONG LILOG
YEDTPNONG Elvar 0 0G0 TO dVVATOV KaADTEPOG Kabapiopds e and ta Opadouato Tov
TETPOUATOV, TOPAAANAO LE TNV EUPAVION OGO TO dVVATOV UIKPOTEPMV TUEGEWV GTNV

YEOTPNON.

Emiong pia amd 11 mo ovG1MOELg OmOLTGELS OO TO PEVOTH YEDTPNOMNG, Elval
N euedvion omd 10 pevoTd ddtpnong Taong dloiicOnong Kavig Vo GLYKPOTACEL TO
ocopotidle mov Ppickovtar otov SakTOAO NG yedTpnong yw. 660 10 duvatdv
HEYOADTEPO YPOVIKO OACTNUA, DOOTE VO ATo@eLYDel TO KOAANUA TOV SOTPNTIKOV
OTEAEYDV OTNV YEDTPNOT, AdY® ™S kaBilnong Toug kot g evamdbeong tovg péca

GTNV TEPLOYN TNG YEDTPNONG.

Ot 300 amaTNGEIS AVTES GVVIGTOVV TOV KUPLo TTapdyovio o 0molog kabopilel Tov
VOPAVAMKO CYEOOGUO TNG YEDTPNOMNG OGO aPopd TNV emiAoyn Tov pevcotov. To
TpOPANHa Spmg 6e oVTOV TOV GYedAGUO gival OTL Yoo vo emtevyBel kTt téTO10,
TOAAEG POPEC OMOTOVVTIOL TEPIGGOTEPO TOL €VOG PELGTE Yo Vo KaAv@Oovv ot
avaykeg og kbfe Tuqpa TG yedTpnons. o mapdderypo oTo KOTOTEPO TUNLOTO TNG
YEDTPNONG Omotteital peuotd 10 omoio Ba €yl peyahdtepn Tun Tdong dltoAicOnomng
YO VO UV EMTPEYEL GTO. COUATIOWN TOV TETPOUATOV Vo Ko dvouv e Yp1yopouvs
PLOLOVE Ko VoL TPOKAAEGOVV TPOPANUOTO GTNV YEDTPNGTN, EAV Y10 OTOVONTOTE AOYO
GTOUATNOEL 1] KUKAOQOPIO TOL PEVGTOV GTNV YEMTPN O], UE OGO TO dVVATOV AydTEPT
EUPAVIOT TTAOOT TECTG AO TNV KVKAOPOPID TOL PELGTOD GTO GLYKEKPLUEVO TUTLLOL
NG YEDTPNONG. TNV TEPITTOON UG Y10 TIS PEOAOYIKES 1010TNTEG TOV KABE pELGTOV
umeviovitn kou CMC, og peyalvtepn Oepuokpacio and avt tov mepPdriovtoc,
Bewpnoope 0Tl AmOTEAOVCAV TIG PEOAOYIKES 1O1OTNTEC TOV PEVCTOV GE OLOUPOPETIKA

Babn péco oty yemdtpnon, pe Vv avénon g OBepuokpaciog vo avtioTotyel og
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avénon tov Pabovg g yedTpnons. Topuemva pe avtn v Bedpnon ko pe Paon tao

dedopéva amd TIG avVOADGELS KOl LETPNOELS TOV PEOAOYIKMV 1O10THTOV TOV PEVGTAOV,

Tpoékuyav ta akdAovba aroteléouata

>

Ta pgvuotd mov peretnONKav aALALoVV TIG PEOAOYIKEG TOVS 1O10TNTEG GE GYEoM LE

v Beppokpacia (Gpa e oyéon pe to fabog) oe peydro Padbuod.

‘Exouv v 010tta v av&dvovv v Ty g téong dodictnong (zy) tovg oe

oyxéon pe v Bepuokpacio (dpa kot pe 10 PABOC TG YEOTPNONG), OTOTPETOVTAS
¢tol v ypnyopn kabilnon tov copatdiov péca otnv yedtpnorn. Avtd €xet
enintmon Kuplwg ota Opla peTdfacns oTpmTNG — TVPPDOING poNg.

Me v avénon g Beppokpaciog n TTdOoT Tieong KATd TNV KLUKAOQOPIK TOVG
UELDVETOL.

Me v avénon g Oeppokpaciog N mapdpetpog K Tov peuoTod UEIOVETAL UE
KuptotepN cvvéneta v avénon tov apidpod Reynolds.

Me v avénon g Beppokpacioc n TapdueTpog N tov peuoTol avEdvetan (Tetvet
va yivelt Nevtmvero).

Mmnopovv va coumepipepfovv cav “€vmva peuotd” didtpnong aeol petafdiovv
TIG PEOAOYIKES TOVG 1O10TNTEG TTPOG OPEAOG NG dwdikaciog g owdtpnong (oe
cuvaptnon pe to Pabog). To epdnua OV YevdTe givor €v ot M WOOTNTA TOVG

glvon emovoinyiun.

‘Eva 1€1010 pguGTO VO OVTIKOTAGTNGEL TEPICGOTEPA. TOV €VOG PELOTA APOD OTd

UovVo Tov pmopel vor OEPEL TAL OPEAT OV TPOKOAOVV SLOPOPETIKA PEVCTA GE Y10

KdOe TUNpO TG YEOTPNOMG.

‘Eva tétotov €idovg pevotd umopel va “avtiinedel” to fabog 6to omoio Ppicketan

(e€outiog ¢ emidpaong g Oepprokpaciog 6to peLoTd) KOl Vo cuumeplpepHel
avAAOYO G TPOG TNV AVILETOMION ToL pLOUoY kabilnong tov copatdiov dtav
dtokomel 1 KuKAoPopia TOV PELGTOV GTOV BAKTOALO TNG YEDTPNOTG.

Emituyydvel copmepipopd mapopota, 1 kot KaAOTepT), ToAD akpiBotepmv peuoTdv
dldtpnong.

Eivan gvkola o¢ Tpog TV TopacKeLY| TOVG PEVCTAL.

Elvar moAd owkovopukd pegvuotd d1d4Ttpnons apov To. GLGTUTIKA TOPACKEVTG TOV

€lvoll O1KOVOLUKA.
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210 Zynuo 10.1 mapovoialetorl £va to omoio mapovotdlel Tov TPOTO UE TOV 0MOi0
EMOPOVV OTIS PEOAOYIKES TOV OIOTNTEG AVTAOV TMV PEVCTAOV KOl GTNV TTMOGCT TECNG,

Katd TNV KuKAoQPOpia Tovug, To BABog TG YedTpMoNg Kot 1 Beprokpascio.

BGx; anghveron n Beppokpaata

8P ya
R

%
E
E
2.
3
bl

Zynuo 10.1: Exidpoon s Oepuoxpacios oe peoaro CMC — Mrevrovity.
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10.4. Pevota PAC - L.

Me 10 vAiké PAC — L mopoaokevdotnKov peuotd pe TPEIC SLopOPETIKEG
ovykevipooelg oe PAC — L kot og kAipoxka 500 ml  Adyo g un vmapéng
KOTAAANANG TOCOTNTOC Y10 TOPAGKELN O HeYOAN KAIpaKo oAAd Kol AOY®m KOGTOVG.
ATO TV avAAVOT TOV PEOLOYIKADOV OEIOUEVOV TMV PELCTOV TPOEKLYAV T aKOAOVON

aroteAéopato (ITivokag 10.9) :

TavtétnTo Peucstov , . n 2
B PAG = L) Eidog Pevetov | 1,(Pa) | K (Pas") n XX R
_ 0,
Pac L 0.5% Power Law 0.000 | 00288 |0.8283| 0.998
w/v 500 ml
Pac—L 1%
500 ] Herschel-Bulkley | 0.007 | 0.0552 | 0.8894 | 0.999
_ 0,
Pac —L 1.5% Power Law 0.000 | 0.35882 | 0.7120 | 0.999
w/v 500 mi

Iivaxag 10.19: Peoloyikég i016tnteg pevorcrv PAC- L 500 ml.

A76 ta mopomdve amroteléopato yivetal epeaveg 0Tt yuo cvykévipoorn PAC —
L 1.1% wi/v, 10 pgvotd 1o onoio mpokvmtel eivan pevotd Herschel-Buckley mov eivan
10 {nTodpevo arAd pe moAd pkpd oplOpd ty. Pevotd pe peyodvtepn cvykévipoon
PAC — L dev mapaockevdotnke eEaitiog Tov 0Tt 10N T0 peLGTO pe cuykévipwon 1.5%
WV givolr moyOpevoto Yo pEAET o010 pOVTEAO opllOvVTIG YEDTPNONG TOV
gpyootplov. [a avtdv 10 Adyo amoppipdnke n ypnomn tov PAC — L yia v perém

TTOONG TECTC.

10.5. Pevota Mmevrovity.

Enopevo pevotd 1o omoio peretnOnke yio va dlomiotdcovpe €qv TANpel Ta
Kprmpla To. omoia eiyope Oéoet ftav moleol pmevtovitn cvykévipoong 2.5% w/v. H
amOQOCY] YL TNV TOPOCKEVY] PELCTMOV UMEVIOVITN TApOnke petd v advvopio
TOPOCKELY|G €VOG  PELOTOV  amd To  mpoovagepfévia vVAkd, TO omoio va
OVTOTOKPIVETOL GE GUYKEKPUUEVEG ATOLTNOELS (PEOAOYIKA XOPOKTPLOTIKA, KATAGTAOT)

poNG Tov pmopel va enttevyBel 6To GHOTNUO LLOG, TTOCT TEGNC).
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O AOY0G Y10 TOV 0TTO10 O UIEVTOVITNG EMAEXTNKE TEAELTAILOG Y10 LEAETT €lvan,
OTL TPOTAPYIKOS GTOYOG NTAV 1 TOPACKELT PEVGTOV TO omoio Ha Nrav ddpavo Yo
TepoITEP® UPEAETN kivnong couatdiov péca oe avtd. Aov ovtd dev emttevydel

TPOYWPNCALE GTNV HUEAETT) PEVGTAOV UTEVTOVITY.

Apyikd mopacKELAOTNKE TOAPOC upmevtovitny ovykévipmone 2.5% wiv pue
okomo vo eAexBel av TO GLYKEKPIUEVO PELGTO OVIOMOKPIVETOL GTIG OTOLTIOEL LLOG.

IMao v mapackevn ypnotporomonkay :

» 500 ml vepov Bpdong, kar
» 12.5 gr urevrovitn QUICK — GEL.

Amd ™V oviAluon TV PEOAOYIKOV OEOOUEVOV TOL GLYKEKPIUEVOL OelyUaTOg

npoékuyav ta akdiovba amoteléopata (ITivakag 10.20) :

Tavtétnra Peootot

’ , n 2
S T T, TS ) Eidog Pevotov | 7,(Pa) [ K (Pas") n XY R

Mmrevtovitng 2.5%

wiv 500 ml Herschel-Bulkley 2.12 0.1725 0515 | 0.996

Iivaxag 10.20: Peoloyikég 1016tnteg pevorod umevrovity 2.5 % wiv 500 ml.

AT ™V avalvon Tev peoloyik®dv dedopuévav oto mpdypoupo “Rheology”
kot to poviédo TUC damotdoape OTL TO GUYKEKPIUEVO PEVCTO TANPOVEL TIG

OTTOLTIOELG HOG, OGO QPOPA TNV PEOAOYIN KO TO £100G TNG PO TOL PEVGTOV.

Hapoyn | Eidog Porg | Recritical1 | Recritical 2

Q(m%¥s) | TUC TUC | TUuC | ReTUC
0.0020 | Stpwth 2897 3797 1105
0.0030 | Metafatikn 2870 3770 2185

ITivaxog 10.21: Arotedéouata avalvons pons urevrovity 2.5 % wiv 500 ml.
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H avdlvon £deiée 011 0 pmeviovitng oe cuykévipwon 2.5% WV givar tkavog
Vo emTOYEL LSO KLKAOPOPING 0TO HOVTEAO OP1LOVTIOG YEDTPNONG TOV EPYUCTNPIOV
Kot T Tpia €10M pong (oTpTN pon, petafotikn kot TVpPdING pory) Kot udAIGTa Yo,
TIG LEYIOTEG EMTPETOUEVES TILES KUKAOPOPING TOV PEVOTOD UAG (GTO HOVIEAD HOG), M
pon va Ppioketon “Pabid” péoa oty TopPdon meproyr], KATL TO 0TOI0 NTOV KOl TO

{nrovuevo va mapackevaotel Eva pevotd to onoio Oa eivan Herschel-Bulkley.

H& golden
g [~ -1 ——
! 5 ! HersctwiBarl
e +
T=2 1206+{D 17255 ¢° 5'5% | EETTION
® #* =099t 1 [(ogan
Sum(Q) 012072 e
| Power Law
*
6 Jd
g ;
s
&
+
at 1
* { CEaile]
s
‘
2 L L L |
0 200 20 a0 00 1000 1200
gi=’)

Peoypopua 10.13: Mrevrovitnye 2.5% wiv 500 ml.

Enopevo Prpa apod Ppébnie 1o {ntodevo peuotd NTav 1 TAPUCKELT] TOL GE
peyoAvTeEpT KAMpoKa Yo va do0pE €Gv Oa Tapapeivouy ta pOAOYIKA YOPOUKTIPLOTIKA
napopola pe avtd g kiipakog tov 500 ml. T tov Adyo ovtd TopacKELAGTNKE
PEVOTO pE meplekTkOTTa o€ umeviovitn 2.5% w/v ko kAipoxa 10 It. Ta
AmoOTEAECUATO OO TNV OVAALGN TV PEOAOYIKAOV WOOTHTOV TOV GULYKEKPLUEVOL

pevotov eivar ta akdiovba (ITivakag 10.22):

TaT)‘ro'n]w Psnc‘ron’ Eidoc Pgvotov | 1,(Pa) | K (Pas") n LY R?
(Zvykévrpoon previovitn)
1 0,
SR ) Herschel-Bulkley | 1.69 | 01081 |0.6678 | 0.999
wi/v 10 It

ITivaxog 10.22: Peoloyikéc 1010tnteg pevotod umevrovity 2.5% wiv 10 It.
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Ao TV avalvon Tov peoloyIK@V dedousveov oto mpoypappo “Rheology”

kot to poviého TUC dwmotdoape OTL TO GUYKEKPIUEVO PELOTO TANPOVEL TIG

QTOTNOELS HOG, OGO aPopd TNV PEOAOYIN KOt TO £100G TNG PONG TOV PEVGTOV.

Hapoyn | Eidog Pong | Recritical1 | Recriticalz | Re
Q(ms) |  TuC TUC TUC |TUC
0.002 2TpoT 2704 3604 923

0.003 | MetaPatikn 2666 3566 1701

Iivoxag 10.23: Arwoteléouaza avalvons pong urevrovity 2.5% wiv 10 It.

Herschal Surkiay
10 T T ad nrncie
9} Ta1.88624+0 0057 ¢ BT | Lusen)
A2 =0 9w L Bngam |
SumiQ) 0061266 L
ak U} =0 061266 - Pows Low |
+
-~ o
& ‘
- 6 - -1
’
4
3
[ Eestolm
2% il
1 . L - - :
0 20 a &0 50 1000 120
g6

Peoypopua 10.14: Mrevrovitng 2.5% wiv 10 It.

Onwg yivetar avtiinmtd, ol peOAOYIKES 1010TNTEG TV 0VO PEVCTAOV EKTANPDOVOLY

TI¢ TpovmoBéaelg mov eiyape Bécel. Emiong n eneéepyacio twv peoAoyIK®V dEd0UEVOV

oto mpoypappa “Rheology” ywa to pevatd tov 10 It £dei&e ot Yoo Topoyr peveto

me taéng 0.005 m¥/sec (79.3 gpm) m pom tov pevotod eivor Topfddne. Ao ta

194 |~ echioa



TOPOTOVE® OTOTEAEGLOTA OTOPACICTNKE VO TOPUCKEVOCTEL PELOTO UTEVIOVITN ©E
UEYAAN KAHOKO LE GUYKEVIPMOON TOPEUPEPT TV TTpoavapepBEviav detypdtov. Ta
ocvoumepacpoTo To omoio eENYONcaV amd TNV HEAETN TOV PELGTOV PIEVTOVITN €lvar To

okoAovOa

» TloAd owovoukd pevotd ®C TPOG TNV TAPOCKEVN TOV (Yo TNV TOPAUCKELN
TOAPOV umevTovitn cuykévipmong 2% W/V ce khipoko 620 It arortodvron 12400
gr umevtovitn o onotog kootilel mepinmov 10 €).

» E0KoA0 ®G TPog TNV TOPOCKELT] TOV PEVGTO.

» Tlopovcialer emavaAnynuoéTto 0G0 APOopd TIG PEOAOYIKEG TOL OLOTNTEG, Yio
SLPOPETIKA PEVLGTA 1010LG GLYKEVTPOOTG.

» To pevotd 10 0MOI0 TOPACKELAGTNKE CAV VPN OAAY KOl HOKPOCKOTIKA MTOV

AyOTEPO TTOXVPEVGTO OO TO, LVITOAOITO PEVGTA TOV TOPACKEVAGTNKOV.

10.5.1. Emidpaocn pH kot NaCl o¢ deiypara prevrovity.

Onwc avapépnke oe mponyovpevo kepdioto peletOnkay ol emmntooelg tov pH
kot  NaCl oe didpopa pevotd umevtovitn. H emidpacn tov pH peletnOnke oe

nol@ovg umevrovitn Wyoming QUICK GEL og cuykevipmoelg

> 6.42% wiv, ko
> 5% wi/v

pe v Ty tov pPH va puBuileton o Tyég petald 7.5 €wg 10.5.

H enidpoon tov mrextpoivtn  NaCl peletnOnke oe moA@ovg pmeviovit
Wyoming QUICK GEL

» ovykévipmong pumevtovitn 2% W/V, og peuotd cuykévipmong niektpordtn 0.0 M,
0.01M xor 0.1 M

» umevtovit 6.42% wiv, o pevotd ocvykévipwong niektpoivtn 0.5 M ko 1 M,
Kot

» umevtovitn 5% WiV, o€ pevotd cuykévipmong niektpoid 0.5 M kar 1 M.
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Emidépacn pH.

Ta amoteléopata mov mapovsidlovioar oto Awdypoupo 10.21 apopodv v
enidpaon g petafoing tov pH oy Ty g thong dtodicOnong z,. To copmépacua
TO OTO{0 TPOKVMTEL €ival OTL O TOAPOG UTEVTOVITN TAPOLGLALEL TNV UEYIOTN TIUN
T40mMg d1oAicinong 7y o detypata oto omoia Exel mapapeivel aperdfinto to pH tovg,
eved Tt detypoto ota omoion petafdiape to pH tovg (gite peiwomn, eite avénon)

eueavicay peimon g téong otoAictnong zo.

32
30
28 1
26
24 1
22
20 R
18 1
16
14 1
12 -
10 1 [=—5% —+—6,42%] |

8 T T T T T T
76 78 80 82 B4 86 BB S0 92 94 96 98 1001021041056

pH

Yield stress (Pa)

T L T T

Midypopua 10.21: Exidpaon PH atny mopduetpo t,, pevotod ureviovity cvykévipwons 5 &
6.42% wiv.

Ta amoteléopata mov mapovotdlovror 6to Awdypappa 10.22 apopovv v
emidopaon ¢ petafoAng tov pH oty tiun tov 0dnyov cuvaeslog K. To counépoacpa
T0 omoio TPoKLATEL €ivor OTL 0 TOAQPOC pmevtovitn mapovcotdlel avénomn g
napopétpov K 660 avéavel to pH tov modeov pog. [apdAinia tapovsialel omdtoun
avénon g g K and tyun pH 9.3 kot mdve, og oxéon pe v enidpacn amnd TYES

pH 7.7 é0c 9.2.
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Flow consistency index, K (Pa*s")
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Micypouua 10.22: Eniopoon pH oty wapaustpo K, pevotod umeviovity ovykévipwons 5 &
6.42% wiv.
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Micypopua 10.23: Exiopacn pH oy mopduetpo N, pevatod umeviovity ovyévipoons 5 &
6.42% wiv.
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Ta amoteréopata mov mapovsidlovion oto Awdypoupo 10.23 apopodv tnv
emidopaon g peTaforng Tov pH oty Tiun Tov 0dNY0H cLUTEPIPOPAS TG pong N. To
CUUTEPUGLO, TO 0010 TPOKVTTEL Eival OTL 0 TOAPOS Pmevtovitn mapovctaletl peimon
g mopopétpov N 6co ovéaver to PH tov TOAPoVy pog. Amd TO MOPATAVE

SlaypappoTo Kot To Sed0UEVO TPOKVTTOVY TOL KOAOVON GLUTEPACLOTAL

» H tyn 7, tov derypdtov peidvetol pe v petaforn tov pH mépa and v tiun 7,
TOV “TVEAOD” JEIYUOTOC UTEVTOVITN KOl Y10 TIG VO GUYKEVTIPMOGCELS Y10, TIC OTOIES
peietnOnke n enidopacn tov pH.

» H myn tov cvuvtedeom K av&avetor pe v avénon tov pH.

» H tyn tov cvvieleot) N pewmvetol pe v avénon tov pH.

Eriopaon nicktpoivry NaCl.

Ta amoteléopata mov mapovoidlovror 6to Awdypappa 10.24 apopovdv v
enidpaon ¢ UETAPOANG TOL NAEKTPOAVTN GTNV TN NG Tdong doricbnong z,. To
GUUTEPACHLO. TO OTTOI0 TPOKVTTEL Eivar OTL 0 TOAPHG UmEVTOVITN TOPOLGLALEL avEnom
™G apylkng thong dohicnone 7o pe v avénon g ovykévipoong NaCl oto
ddAvpa. Emiong yivetar avtiinmtd Ot 1 emidpoorn g ovykévipoons NaCl oty
apykn téomn dAicnong o, avEdvetar pe TV adENCN TG GLYKEVIPWOGOT WITEVTOVITN

GTO OldAL AL

35

< 0.00 M NaCt
30 4 B 0.01 M NaCi
A C10 M NaCl

Yield stress (Pa)

Bentonite concentration (% wt)

dicypoppa 10.24: Eniopacn NaCl oty mopdpetpo v, pevorod urmeviovity ovyrévipwons 2, 5
& 6.42% wiv.
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Ta amoteréopata mov mapovsidlovion oto Awdypoupo 10.25 apopodv tnv
eMOpaoN TG HETABOANG TNG CLYKEVIPMONG TOV NAEKTPOAVTN GTNV TN TOVL 001Y0D
ocvvapelog K. To ocvumépaco 10 omoio TPokOTTEL €ivarl OTL 0 TOAPOG UmEVTOVITN
napovctalel peimon Tov 0d1yol cvvagelag K pe mv avénon g cvykévipowong NacCl
o010 ddAvpo. Emiong yivetar avtiinmtd ot 1 enidpaon g ovykévipmone NaCl otov
oonyd ovvaeelag K avéavetor pe v adénon e GLYKEVIP®ON WTEVIOVITI] GTO
dwivpa. ‘Eva axopo copmépacpo to onoio e&dyetal eivol 6Tt 1 peyaAvtepn peimon
oV TWN ToL 0dNYolh cvvaeswg K mapatnpeitor v adénon TG GLYKEVTIP®ONS
niektpoAvtn amd 0.001 M oe 0.01 M, ko mepartépw avénon g odnyel otov

UNOEVIGLO TOL 001 YOV GuvapeLng K.

.
»

| —8—6.42% Wt —8—5% W —&—2% wl]

o o Qo = =
IS @ ® (= o
'S .

Flow consistency index (Pa’s")

o
N

0.0
0.001 0.010 0.100 1.000
NaCl concentration + 0.001 (M)

Adypoua 10.25: Eridpacn NaCl oty wapauetpo K, pevotod umeviovity ovyrévipwong 2,
5 & 6.42% w/v.

Ta anoteréopata mov tapovotdlovrol oto Adypappa 10.26 apopodv v
enidpaom TG LETAPOANG TNG CLYKEVTPMOOTG TOL NAEKTPOAVTN GTNV T TOV 0O Y00
ovumeppopds g pong N. To cvunépacia To 0moio TPOKVTTEL Eval OTL O TOAPOC

umevtovitn mapovotdlel avEnom e TAPAUETPOL N OGO AVEAVEL 1] GLYKEVIP®GT TOV
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NAEKTPOADTN 6T0 dtdAvpa péExpt cvykévrpmon 0.1 M, evd 1 mepartépm avéEnon

oonyel og peimon G TIUNG TOV 001 YOV GLUTEPIPOPAS TNG PONG N.

1.1
1.0
0.91
0.8 1
0.7
0.6 i
0.5
0.4 1
0.3 1
0.2
0.1 |=-642% vt —e—5% wl —A—2% th

0.0 ' '
0.001 0.010 0.100 1.000

NaCl concentration + 0.001 (M)

A

Flow behavior index

Agypopua 10.26: Emiopaon NaCl oty wopduetpo N peootod umeviovity ovykévipwons 2,5 &
6.42% wiv.

ATO TO TOPATAVE OYPAUUOTO KOU TO O0EOOUEVE, TPOKLITOVYV T aKOAOLOQ

GUUTEPAGLOTOL

»  H tun 7o tov detypdtov peidvetal pe v avénon g ovykévipoong tov NaCl.
» H tun tov ovvtereot) K avdvetan pe v avénon g ovykévipwong tov NaCl.
» H tyn tov ovvtedeoth N avéaverar yo. cuykevipmoelg NaCl émg 0.1 M, evod e

nepartépm avénon g cvykévipmong tov NaCl n tun apyilet ko petdvetar.

[leprocdtepeg mAnpopopieg Yoo TV mdpacn NG GLYKEVIPMOONG NAEKTPOADTN
NaCl kot g Tyung tov pH oe ToAPoOvG pmevtovitn mTopovslaloviol Ty epyacia

Kelessidis et al., 2007b.
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10.6. Xvprepaopota to omoio e£NyONoay amé To PEVGTA TOV PEAETONKAY.

ATO TNV HEAETT OLAPOPETIKAOV EWOMV PELCTMV, KOL TNV OVAALCT) KOl EPUNVEIN TOV

PEOAOYIKMV TOVG 1O10THTMV TPOEKLYAY OPIGLEVO, TTOAD YPNOLUN GUUTEPAGLLOTOL.

>

Pevotd ta omoio mepiéyovv cav npocbeto Carbopol 980 eivan dvokoia g mTpog
TNV TOPUCKELT OALAL KoL TNV UEAETY, EMELON Oev ep@avilovy otabepés peOAOYIKEG
1310t TES, Y101 1810 cvykéEvTpwon Carbopol 980 oto peiypo.

Pevotd ta omoia mepiéyovv CMC 1 PAC gppavifovtal otabepd o¢ mpog Tic
PEOAOYIKEG TOVGC 1O10TNTEG Kol €lvol €OKOAO OTNV HEAETN TOV PEOAOYIKAOV
WOL0TNTOV TOVC.

Pevotd 1o omola mepiéyovv mpdcBeta pmeviovitn epgaviCovv otabepdtnto g
TPOG TIG PEOAOYIKEG TOVG 1O1OTNTEG.

O ovvovaopog mpdcbetwv CMC kol pmeviovitn yuoo TOPOCKELY] PELGTOV
dugTpnongs, epeavilel EVOLOQEPOVTA YOPAKTNPIGTIKA OGO aPOopd TNV ENLOpACT TNG
Bepokpaciog oTig peOAOYIKES 1O10TNTEG TOVG,

H xMpoxo oty omoio mopackevdlovpe tor peuotd emnpedlel TIG PEOAOYIKEG
WO10TNTES KOt TO €100¢ TOVL PEOAOYIKOD LOVTELOVL TTOV TEPLYPAPEL TNV CLUTPOPOPA
tovg (Bingham Plastic, Power Law, Herschel-Bulkley). T moapdderypo
amodeiytnke Ot 660 ovfavotov 1 KAIHOKO Y TO PELOTO TR OTOld
TOPOCKELAGTNKAY, ElYe CAV GLVETELL TNV UEI®ON TNG TWNG TS OPYIKNG TAONG

dtoManong 7.
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Kegpalowo 11° - Ilsipopotikd dcdopéva Atdong misong Kol GOYKPIGN pE T

OcopnTikd povréra.
11.1. Evoaymyn.

Metd v €m0y TOV PEVCTOV OTOPAGIGAUE VO TPOYWOPNCOVUE OTHV
TOPOCKELT] TOAPOV UTEVTIOVITY), Y10 TNV KOTOYPOPY| TNG TTOONE TEGNS KOTA TNV pon
0TO0 HOVTEAD NG OopOVIIOG YEMTPNONG KOL TNV OCLYKPION TOV TEPUUATIKOV

UETPNOEWV HE TOVS BE®PNTIKOVS VITOAOYIGLOVG LE TA TPIO VTOAOYIOTIKA LOVTELQ.

11.2. BaOpovopnon kataypo@ik®v opydvev kot empefainon vmoroyicTIKOV

povTéL®V.

[Iptv Vv KatooKeLN] TOL PELGTOV KOL TNV UEAETN TNG TTMOOMG TECNG EMPETE VoL

yivouv 300 TOAD onpavTikég dladikacies.

» H pabpovounon tov kataypapik®dv opydvev ntoong wicong (Validyne DP 15)
(meprypdonke oto 8° Kepdroio).

»  Melétn g eYKVPOTNTOG TV VITOAOYICTIKAOV LOVTEAWMV.

[Moporo mov €yve 1 Babuovounon tov opydvov (8° Kepdioio), emduevo Priua
elvar o éleyyog avtng ¢ Paduovounongs. Ia va yiver avtd yepiCovpe v de€apevn
HE vePO KoL peTpape TV TTmon mieons o€ 90 cm tnv omoia mwpokaAel 1 KuKAOPOpia

TOV VEPOV GTO GLGTNUOL LLOG Y10l SAPOPES TTAPOYES KLKAOPOPLOG.

[Tpwv Eexvnoel 1 dadikacioo HETPMNONG NG MTAOGCNG TECNG KATAYPAPNKE 1|
apykn évoeln tov opydvov Validyne DP 15. Avto éywve yio vo edéyEovpe €qv
mapovctalel Kamow amokAlon amd v Tiun 0 v omola mpémer va eueavilet.
[MapatnpnOnke 6Tt n TN eixe petapinbei oe -0.1 (-0.1/56 = -0.1 % ocedAiua)
(ITivaxag 11.1). Avto eivor katt To 0moio pumopel vo oPeILETOL GTO OTL PETUKIVI|COLE
10 6pyavo Validyne DP 15 amnd tov mdyko otov omoio €ywve n Pabpovouncn oto
cvotnua pong, and pkpn KAion v omoia pmopel va epeovilel 1o cvoTnUa PONg M
amd pKpn amopvOcn tov opydvov. Iapdio avtd TpoywpNoOUE GTNV UEAETN TNG

TTOONG mieons yati avty M amdkAlon TV omoia eupdvice Ppioketolr péco oTo
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OTATIOTIKA Oplol GOAALATOS TOL OOPPAYLOTOS TOV OiVEL O KOTOOKELOGTNG TOV
opyavov (£0.25% cedaiua). Emniong kotoypdenkay ot tipég g Bepuokpaciog Kot tng
mokvottog tov pevotov ([livakag 11.1). AkoAovBmg &ywve KOTOYpPOON TTAOOMG
mieong ywo vepd o€ O1AQopeg TOPOYEG KOl TO ATOTEAECUATO TOPOVCLAlovTol GToV

[Tivaxa 11.2 kot to Avdypoppo 11.1.

11.2.1. Métpnon TTMdog TieoNg Y10 VEPO 6€ OPOKEVTPO SUKTOMO.

Apyucny 'Evosién DP 15 -0.1
Oszppokpacio Pevetov °C 22.7
Myukvétyto Pevetod (kg/m®) 1004
Mvkvétyta Pevetod® (kg/m®) 1003

Hivaxag 11.1: Oepuokpacio — Hvkvotnta pevarod kar opyixny évocién DP 15. H rokvotnta tov
vepod mov mopovaidletal otov Ivaxa diapéper omo v “mpoyuotikn” Ad0yw Tov 0TI TO VEPO
TPOEPYOTOY ATO TO GOATNUG, VOPEVONS Tov TlolvTeyveiov Kol TEPIEiye OLIAPOPO. TTEPEC TO, OTOLC
0€ GUVODOOUO UE OLGPOPA KATGAOITO. TTOV DIHPYOV TNV OEEOUEVH TOV GUGTIUOTOS EXHPEATAV

TNV TVKVOTHTA TOD.

L H 8evtepn tehuchi TukvOTTO TOV pELGTOD HETPRONKE pE Tov {uyd TukvoTTag TG etatpeioc OFITE
v emPefaimon e Tiwng v onoia Taipvape amd o O6pyavo Rheonic.
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Mapoyi (kg/min) | Mapoy (I\min) | Hapoyi (m%/sec) HT(“Z;‘IPI_II: g;ﬂlg HTO’)(‘;';}:]{)S ons
55 55.10 0.000918 0.53 52.0
95 95.17 0.001586 1.62 159.0
145 145.26 0.002421 3.52 344.8
174 174.31 0.002905 4.93 483.2
199 199.36 0.003323 6.23 610.5
222 222.40 0.003707 7.60 744.5
241 241.43 0.004024 8.73 855.0
268 268.48 0.004475 10.62 1039.6
291 291.52 0.004859 12.32 1206.7
312 312.56 0.005209 13.93 1364.4

ITivaxog 11.2: Asdouévo. kokAdopopiag vepod o€ oudkevipo doxtorio yia Oepuokpooio 22.7 °C.
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Mdypouua 11.1: [Ttddron wicons oovoptnoel tne Topoyns yio. VEPo 0€ OUOKEVTPO OOKTOALO.
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A6 10 AMOTEAEGHOTO KO TNV EPUNVELD TNG YPAPIKNG TopAcTacnS PAETOVE
OTL 1] 6Y€0M OV GLVOEEL TNV TTAPOYN UE TNV TTMOOY Tieons eivar ekOETIKN Kot Yo vol
Yivouv amodeKTéC Ol TIHEG mov Kotaypayoaue o mpémel o ekBég g e&icmong
AP =aQ "  (28) TOL GLVOEEL TNV TOPOYN| LE TNV TTOGCT Ttieong, dSnAadn N T g
petaPAntig f vo kouaivetor petaéd tov tiwov 1.7 — 1.9 (Jonsson and Sparrow,

1965), KkdtL To 07010 1GYVEL Y10 TV TEPITTM®ON HOG, 0pOV 1 T ToL givor 1.8658.

11.2.2. Métpnon nt@ong wieong pe vepo o 100% Exkkevrpo dakTOA0.

Metd 1o téA0¢ TV peTpioemv mtOong mieong pevotdv Herschel-Bulkley
(BAéme mapakdto) Kot Tov KaBopIGUE TOL GLGTHNOTOS HOS OrTd TO PEVOTO, LETPONKE
N mtwon mieong o 90 cM mov TPoKaAEl N KUKAOPOPIN VEPOL GTOV EKKEVTPO SAKTOALO
Y10 O1APOPEG TOPOYES OTO GUOTNUA UG PE OKOTO va SOVUE TNV TTMOGCN TIEONG OF
100% £€xkevipo dOKTUALO, VO YIVEL Lol GUYKPLOT LE TNV TTAGCT TIECTG G OUOKEVTPO
dokTOA0, Kot va gEetaotel Ko M Pabuovounon tov opydvov. Ilpwv Eexvnoer N
dldkacio HETPNONG TG TTMONG TEONS KOTAYPAPNKE 1 apyIkn EVOEIEN TOV 0pyavov
Validyne DP 15. Avtd £ywve yia va eléyEovpie €0V Topovotdlel KATOLo amOKAGT 0o
v T 0 v omoia mpémetl va peavilet. [lapatnpnnke 011 n Tiun eiye petafindel
oe -0.22 (-0.1/56 = -0.39% o@dApn). Emiong xataypdenkov ot TWEG NG
Oeppoxpaciag kot g mokvotnrag tov pevotol (Ilivaxoag 11.3). AxorovBwg €ywve
KOTOYpOpN TTTMOMG TIECNG YL VEPO GE OLOPOPES TOPOYES KOL TO OTOTEAEGLLOTOL

napovctdloviot otov [ivaxa 11.4 kot to Avdypappa 11.2.

Apyucn 'EvoaiEn DP 15 -0.22
Ozppokpacio Pevetot °C 21.1
Tvkvétra Pevetod (kg/m?) 1002

Hivoxog 11.3: Ogpuorpacio. — [vkvotyro pevoarod kou opyikn évoerén DP 15.
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z : 2 . , 3 IIroon Ilico Iroon Ilico
Mapoyn (kg/min) | Mapoyq (It\min) | Mapoyn (m/sec) (cmnHZO) s (ngm) s

32.8 32.73 0.000546 0.20 19.6

56.8 56.69 0.000945 0.53 52.0

81.0 80.84 0.001347 0.99 95.8

105.5 105.29 0.001755 1.57 153.6
126.0 125.75 0.002096 2.14 209.9
150.5 150.20 0.002503 2.93 286.7
177.0 176.65 0.002944 3.92 384.2
204.0 203.59 0.003393 5.03 492.3
231.0 230.54 0.003842 6.25 612.5
255.0 254.49 0.004242 7.51 735.2
275.0 274.45 0.004574 8.56 838.9
299.0 298.40 0.004973 9.93 972.7
333.0 332.34 0.005539 11.91 1165.8
368.0 367.27 0.006121 14.05 1375.9
392.0 391.22 0.006520 15.64 1532.1

ITivaxog 11.4: Asdouévo, kokdogopiag vepod o 100% éxkevipo daxtbdio yio Oepuokpacio 21.1 °C.
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Micypoya 11.2: Iecvon mieons ovvoptioel e mopoyns yio. vepo oe 100% éxrkevipo doxtdldio.
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A6 10 AMOTEAEGHOTO KO TNV EPUNVELD TNG YPAPIKNG TopAcTacnS PAETOVE
OTL 1] 6Y€0M OV GLVOEEL TNV TTAPOYN UE TNV TTMOOY Tieons eivar ekOETIKN Kot Yo vol
Yivouv amodekTéC ol TIEG mov Koataypayoue o mpémer o €kbBetng e e&icmong
AP = 30”7 TOL GUVOEEL TNV TOPOYN WUE TNV MTAOOCN TEONG, ONAASY M TN NG
petafAntng £ va kopaiveral petald tov tipav 1.7 — 1.9, kdtt o onoio 1oyveL ylo v
nepintoon pag, aeov 1M Tun tov givarl 1.7602, kot pddota woviky Tiun Bewpeiton
1.82 (Jonsson et al., 1965). Xtovg ITivakeg 11.5a ko 11.5B yiveron ovykpion Tov
UETPOVUEV®V UE TIG NUIOEOPNTIKEG TPOGEYYIGELS Y10 TTMOT TECNS OTMC TPOEKLYOLV

Ao T, AMOTEAEGHLOTO EPEVVAV TV JONSSON Kot Sparrow-1965.

2V cLVEXELN TAPOVGIALETOL SLAYPOUUN CVUYKPLIONG TTOOTG TECNG VEPOD GE
opdkevtpo kot 100% éxxevrpo daxtdoio. Eniong oto Adypappa 11.3 mapovcidleton
GUYKPLON TOV TEPALOTIKOV TILOV TTAOCNG TEoNS Yo vepd o€ opdkevtpo kot 100%
€KKEVTPO dOKTOMO pe TIG €loMOELG OV TTpoTeEivovy ot Jonsson kai Sparrow (1965)
YL TTOOCT TiEONG G€ OPOKEVTPO KOl EKKEVTIPO OOKTUALO, Vi NELTOVELL PELGTA, KoL

elvon Paciopéveg oe AETTOUEPEIG TEIPANOTIKES LETPT|CELS.

Hapoyy | Mrdon Misong | Aagpopd ’ Hapoyn Itoon Avdpopa.
(m3/sec) (Pa/m) (%) (m*/sec) | Migong (Pa/m) (%)
0.000546 13.5 -31% 0.000918 53.8 3%
0.000945 36.7 -29% 0.001586 145.4 -9%
0.001347 70.1 -282/0 0.002421 313.9 -9%
DI g P 0.002905 | 437.4 -9%

' ' 9D 0.003323 558.5 -9%
0.002503 216.5 -24% -
0.002944 290.8 ~24% U Eels i
0.003393 376.6 -24% 0.004024 7914 1%
0.003842 472.2 -23% 0.004475 960.1 -8%
0.004242 565.3 -23% 0.004859 1115.3 -8%
0.004574 648.5 -23% 0.005209 1266.1 7%
0.004973 755.2 -22%

0.005539 918.8 21% ITivaxag 11.5B: Oswpnrixi wrwron wicong

0.006121 1102.1 -20% , , ,

0.006520 1236.4 19% VEPOD T& OUOKEVTPO dOKTOALO (JONSSON &
Sparrow).

ITivaxag 11.50: Ocwpnriy mrwyon nicong
vepod oe 100% éxrevipo daxtoiio
(Jonsson & Sparrow).

2 OEWPNTIKES TLUEG—TTELPAUATIKES TLUES

HepapuaTIKES TUUES
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#Jonsson 100 % éxkxevpog daKkTOALOG

y = 1IE+07x1:82
R2=1

IMapoyn (M3/sec)

Maypopuo 11.3:20ykpirtico o16ypopio. TTwONS TIEGNS GOVOPTHOEL THS TOPOYHS Y10, VEPO o€ ouokevepo kai 100% exkevipo doxtdlio.
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Eniong mapovcialetar cOYyKplon ToV TEWPOUATOV TYLOV TTOCNG TEONG UE
vepd og opokevipo ([Mivaxag 11.6, Awdypoppa 11.4 ko 11.5) ko 100 % éxkevipo
daxtolo (IMvéxag 11.7, Awdypoappa 11.6 ko 11.7), pe ta Oswpnrikd poviéda TUC
kot APL. Tha tov petaoynuotiocpd g mtoong mieone o€ EKKEVIPO OOKTOALO
ypnowonombnke n  dwadikocio. mov  mepypdpeTon oty evotnta 11.4.3
moAlamAac1alovtog TNV BempnTiky TTdon Tieong pe Tov cuvtedeotn R mov exepdlet

™V eMidpOon TNG EKKEVIPOTNTOG.

O AOyog Yo ToV 0To10 £Yve OVTN 1 avAAvon givor Yo va eleyyOel av to dVo
avtd povtéda (TUC kot API), mopdtt égovv oyediaotel yioo un Nevtdvelo pevotd,
umopovv vo. ypnotpomombovv yw to vepd. To poviého RGU — TUC odev
YPNOLOTOMONKE YLo. QLT TV CVYKPLON EMEWN 1] TPOGEYYION TNV omoia akoAovDel
Y10 TOV DVITOAOYIGHO TOV PEOAOYIKADV WO0THTOV TOV PEVGTAOV (7,, K, N) dev evdeikvutat

Yl PEVGTE OIS TO VEPO.
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Itoon wicong

oo o) | Ao Moo S| o R | oot
0.000918 52.0 57.3 10% 65.6 26%
0.001586 159.0 148.7 -6% 170.6 7%
0.002421 344.8 312.8 -9% 357.7 4%
0.002905 483.2 431.6 -11% 492.2 2%
0.003323 610.5 547.4 -10% 622.7 2%
0.003707 744.5 664.5 -11% 754.1 1%
0.004024 855.0 768.6 -10% 870.6 2%
0.004475 1039.6 928.3 -11% 1048.4 1%
0.004859 1206.7 1074.6 -11% 1210.9 0%
0.005209 1364.4 1216.3 -11% 1367.6 0%

Hivaxag 11.6: Zoyxpion meipouotikov ue Gsmpntikes THES TIOON TECHS VEPOD G OUOKEVTPO OOKTOALO.
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1600 YOYKPLGT TTAOOTNG TLECNS GUVUPTNOEL TIG TOPOYNS YO VEPO GE OUOKEVTPO
O0OKTUAL0
1400 A
. 1200 - %
§ 1000 ’ *
5 ﬂ H TTeipopatikd opdKeVTpog daKTOALOG
=
§ 800 a : £.Jonsson opudKeVTPOG SaKTOALOG
g— 500 'y + Movtého TUC
‘§ = % Movtélo API
=
400 ! i
200 “
0 L
-1,04E-17 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008
IMapoyn (M3/sec)

Midypopuo 11.4:2vyrpitico O16ypouo TEPOUATIKNG TTWONS TLECHS CUVAPTHOEL THE TOPOXNS Y10, VEPO o€ 0uokevIpo ue Oewpnruixa uoveélo TUC, API, Jonsson.
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Aw@opa %

XOyKpron dra@opdg %o Yo vEPO 6€ OPOKEVTPO OUKTVALO
30%
25% \
\
0,
20% \ === JONSSON OLLOKEVTPOG OOKTUALOG
15% \
\ = + TUC opdkevipog SaKTOAL0G
10% \ \
. \ = == APl opdxevipog daKTOAMOG
5% \ S -- -
o e = e = - -
0 0,001\, 0,002 0,003 0,004 0,005 0,006 0,007 0,008
-5% \
-10% - - -
-15% .
IMapoyn (M3/sec)

Micypoyua 11.5: Arapopa % meipopatixkdy i@y yio. vepo ae OpUOKEVIPO aKTOALO e Bewpntinods vroloyiouois .
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[ewpapatin

IItdon wigong

Ir®on migong

o . 0
gggl;gég ntoon wicong | Movrého TUC*R Al(l_(l_l)&lgl 2 Movtého APT*R Am(zopp Ia 7t
(Pa/m) (Pa/m) (Pa/m)
0.000546 19.6 14.4 -27% 16.1 -18%
0.000945 52.0 37.1 -29% 42.5 -18%
0.001347 95.8 68.9 -29% 79.1 -18%
0.001755 153.6 109.5 -29% 125.6 -18%
0.002096 209.9 149.6 -29% 1714 -18%
0.002503 286.7 204.5 -29% 233.8 -18%
0.002944 384.2 272.4 -29% 310.5 -19%
0.003393 492.3 350.2 -29% 398.2 -19%
0.003842 612.5 436.5 -29% 494.9 -19%
0.004242 735.2 520.4 -29% 588.6 -20%
0.004574 838.9 594.9 -29% 671.5 -20%
0.004973 972.7 690.4 -29% 777.4 -20%
0.005539 1165.8 836.5 -28% 938.8 -20%
0.006121 1375.9 999.6 -27% 1118.1 -19%
0.006520 1532.1 1118.9 -27% 1248.7 -18%

IHivaxag 11.7: Oswpnuixn nroon wicong vepod oe 100% éxxevipo daxtdiio ue tov ovviedeorn R va exppaler v emiopoon e ekkevipoTnTog.
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YOYKPLON TTAOGS TIEGNS GVVAPTNGEL TS TAPOYNS YL VEPO OE
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Midypopuo 11.6:2vyrpitico o1dypouuo. Ttaons mieons oovoptiost e nopoyne yia vepo ae 100% éxrevipo ue Oecwpnuixa uovrélo TUC, API, Jonsson.
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Awgopa %
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Aicypoyua 11.7: Aiapopa % meipopotindy iuay pe Gewpntikods vmoloyiouois yio vepo oe 100% éxrcevipo daxtdlio.
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11.3. Zoykpron povréhov TUC, RGU — TUC, API e peveta Herschel-Bulkley,

pe mepopaTikd osdopéva API.

o tov ékeyyo TV TPLOV OePNTIKOV HOVIEA®V YPNOLOTOMONKOY TO
dedopéva ta, omoio divovrar amd to APl (API 13 D, 2006). Mg Bdon ta dedouéva, o
omoia. eivor OBéoyo 6TO TOPAPTNUE, EGAYOVTOL OTO OepNTIKG HOVIEAQ TO
YEOUETPIKA GTOLXEID KO TO OMOTEAEGUOTO VTOAOYIGHOD TTAOONG TiEONG TO. OTOia
TPOKLITOVV OO KAOE LOVTELO KOl GUYKPIVOVTAL LUE T “TPOTEWVOUEVA” dEOOUEVO TTOV

nmopabétel To API.

H mpocéyyion tov povtédov APl y Tov LTOAOYIGHO NG MTAOGNG TIEONC

pevotov Herschel-Bulkley givot n akoiovon.

A1oTpnTiKd oTeléym.

afpVZ2L
Ap = ——— (29
Aaxtvlioc.
p =YV a0y
P Bduya

H mpocéyyion tov poviéhov RGU —TUC  yia tov vmoAoyiopd e ntmong

nieong pevotmv Herschel-Bulkley givat og teprypdonke oto 6° Kepdiato.

H mpocéyyion tov povtéhov TUC yio 1oV vIoAOYIGHO TG TTMOGNS Tieong
pevot®v Herschel-Bulkley mopovoidleton oto  Awdypoppo porg 11.1 o

neptypaeetar avaivtikd and tovg Founargiotakis et al. (2008).
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Midypopua porg 11.1: Hopovoiaon Asrtovpyiog noviédov TUC (Founargiotakis et al., 2008).
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Ta amoteAéopata a@opodv 1660 TV MTOON Tieong UECOH OTO OLOLTPNTIKA
oTEAEYN OAAG KOl GTOV OOKTOAIO TNG YEMTPNONG, OE OPOPETIKA TUNUATO TNG
YEDTPNONG OAAG KOl Yo O1dPOpeG TaPoyES KuKAoPopiag pevotod. To pevstd Tov
omoiov pedetinke M mrtoon wieong avikel oty Katnyopia tov Herschel-Bulkley

pevotav. Ta amoteléspata avtd TapabETovVTal GTOVG TOPUKAT® TIVAKEG.

T Topoyf 420 gpm (0.154 m¥s), oe kabe THARO TS YEOTPNONG Ot TIHES TS
TTOONG TEONG TOCO OTA JATPNTIKA GTEAEYN OGO KOl GTOV SOKTUALO TNG YEDTPNONG

sivon tor axdAovOa.
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SECTION Mewpapoatikés | OepnTIKES TIREG OeOPNTIKES TIHEG @8031[;/}]:\1":2;:“1 £ Awgopd | Avegopd | Awagopd %
Tinég API (psi) | Movtéro API (psi) | Movtéro TUC (psi) RGU — TUC (psi) % APl | % TUC | RGU-TUC

1 214.0 234.4 212.0 214.6 9.5% -0.9% 0.3%

2 97.0 102.7 94.2 97.4 5.9% -2.9% 0.4%

3 553.0 598.0 545.9 558.1 8.1% -1.3% 0.9%

4 633.0 676.6 610.9 634.0 6.9% -3.5% 0.2%

5 139.0 150.0 136.8 140.3 7.9% -1.6% 0.9%

6 73.0 79.0 747 77.1 8.2% 2.3% 5.6%

Z"l‘;‘i‘;':]‘é {;‘i‘;"" 1709.0 1840.7 1674.4 17215 7% | -2.0% 0.7%

Iivaxag 11.8: 2oykpion Ocwpntikdv LOVTEAWY UE TELPOUATIKG OEOOUEVO. YIO. TV TEPLOXT TWV OLATPHTIKWDV OTEAEYDV.
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H Movtého API
E Movtého TUC
LU Movtéro TUC - RGU

Aaypoppo 11.8: Aroapopd %6 merpopotikdv 0e00UEVOY 0T0. OIATPHTIKG OTEAEYN e BewpnTiKoDS DTOAOYIGUODG.

222 | e hioa



SECTION Mewpapoatikég | Oewpnrikég Tinég OeOPNTIKES TIHEG @8031[;/}]:\1":2;:“1 £ Avw@opd Avwpopd Awgopa %
Tinég API (psi) | Movtéro API(psi) | Movtého TUC (psi) RGU — TUC (psi) % API % TUC RGU - TUC

1 8.0 8.4 6.8 0.8 5.4% -14.5% -90.5%

2 44.0 43.1 40.7 31.2 -2.0% -7.5% -29.1%

3 260.0 262.4 247.9 179.6 0.9% -4.6% -30.9%

4 292.0 284.3 267.4 187.0 -2.6% -8.4% -36.0%

S 75.0 78.9 74.5 50.5 5.2% -0.6% -32.7%

6 37.0 36.7 34.8 32.2 -0.7% -6.1% -13.0%

Zovohuaj Ilrdon 716.0 713.9 672.2 481.2 0.3% 6.1% 32.8%

Iigong (psi)

Hivaxag 11.9: Zoykpion Ocwpntikdv HOVIEAWY e TEIPOUATIG OEOOUEVO, P10, TOV OAKTOALO THG YEWTPNONG.
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Mwaypopua 11.9: Arapopd. % rweipouatindyyv 0edouévawy otov oKTOAI0 TS Ye@TPNONS Ue BewpnTikoDS DTOAOYIOUODG.
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A6 10 Ardypoppa 11.8 mpoxvmtetl 61t KaAOTEPT TPOGEYYION UE TIG LETPNOELS
nT®oNg mieong ota datpnTikd otedéyn (APl 13 D, 2006) divel to poviého RGU —
TUC, pe to poviého TUC va €xel emiong moAhd KaAn mpocéyyion. e avtibeon 1o

povtédo API divel v xepotepm mpocEyyion omd to. Tpio. LOVTELQL.

210 Adypoppa 11.9 mpokdmtel 6Tt KOAOTEPT TPOGEYYION WUE TIG LETPNOELS
nTdong mieong otov doktvAlo ¢ yedtpnong (APl 13 D, 2006) divovv ta. poviéro
TUC ot API. Xg avtifeon to poviého RGU — TUC divel v yepdtepn mpocyyion

amd To TPl LOVTEAQL.

[IpaypatoromOnkav exiong avaAdGELS 1oL TO GOVOAO TNG TTMONG TECNC GTNV
YEDTPNOT Y10 SWUPOPETIKEG TOPOYES, KO TO. OTOTEAEGLOTA TOV TPOEKLYOV OO TNV

Bewpnrtikn avédivon oe chykpilon pe ta melpopatikd dedopéva givar ta akdAova.
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Hapoyn Mepopatikés | Osopnrikég ﬂpé_g OzopnTiKég ﬂuég_ G)awﬁ::’l‘:gg;m s Aw@opd Aw&opd Aw@opa %

(gpm) Tuég API (psi) [ Movtého API (psi) | Movtého TUC (psi) RGU — TUC (psi) % API TUC RGU - TUC
300 887.0 924.3 817.6 976.6 4.2% -7.8% 10.1%
350 1248.0 1357.2 1262.5 1266.2 8.8% 1.2% 1.5%
400 1576.0 1747.4 1590.3 1585.6 10.9% 0.9% 0.6%
450 1912.0 2131.3 1939.5 1933.9 11.5% 1.4% 1.1%
500 2268.0 2535.4 2327.6 2309.5 11.8% 2.6% 1.8%

Hivaxag 11.10: Xdykpion Oecwpntikmv LoviéAwy pue meipouotine Se00UEVA VLo TO GDVOLO TV OLATPHTIKWDOV TTELEXWDV.
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Itdon wicong (psi)
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IIt®on migong Y10 T0 GVVOAO TOV OLUTPNTIKAOV CTEAEYDV

= [Iepopatiké Acdopéva
== Movtéio API

==l Movtélo TUC

= &= Movtélo RGU - TUC

300 350 400 450 500
Hapoyn (gpm)

Maypopua 11.10: ITrwon micons ota diatpntind areAéyn.
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Aw@opd % TEPURATIKAOV TIHAOV PE OEOPNTIKOVS VTOLOYIGHOVS GTO OLUTPITIKA GTEAEYT)
NG YEDTPNONG
8% - O
° = S :
5 i i
' D
1 0] -
S x O g
g - - H Mového API
S
g ® Movtého TUC
— _20, -
4 2% i Movtého RGU - TUC
7%
-12% -
Hapoyi (gpm)

Midypopue 11.11:Aiapopa Y% mepopotikoy oy we Gewpntikods vIOAOYIGUODS TTWONS TIECNS 0T OLOTPNTIKG. OTEAEYH.
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Hapoyn Hewpapotikés | Oempnrikég TINEG OeopnTIKES ﬂuég_ ?&?&1}?&5 b" fg Aw@opd | Avogopa | Aweopd %

(gpm) Tipég API (psi) | Movtého API (psi) | Movtého TUC (psi) TUC (psi) % API % TUC | RGU-TUC
300 609 621.9 584.0 372.5 2.1% -4.1% -38.8%
350 655 671.9 630.2 421.3 2.6% -3.8% -35.7%
400 699 718.7 675.1 468.6 2.8% -3.4% -33.0%
450 742 764.6 719.0 514.7 3.0% -3.1% -30.6%
500 784 809.7 761.9 559.8 3.3% -2.8% -28.6%

Hivaxag 11.11: Xbyrpion Oswpntinov povieAwy ue meipouatiKe Se00UEVO, TOD OOKTOAIOD THS YEDTPHOTG.
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IItdon micong (psi)
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el = Tleipapotikd Acdopévo
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== Movtélo RGU - TUC

-
-
e

ﬁ—"—f—————
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Aaypoyuo 11.12: Iwvon mwicons otov daxtdrio e yewpnong.
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Awa@opa Y% OspnTIKAOV YTOLOYIGU®V pIE

Hewpapatikés MeTpriosic.

10,0%

0,0%

-10,0%

-20,0%

-30,0%

-40,0%

A @opa Yo TEPORATIKOV TIHOV PE OE@PNTIKOVS VTOAOYIGHOVS Y10 TOV OUKTUALO TG
YEOTPNONG

E Movtéro API
B Movtéro TUC
EMovtého RGU - TUC

Hoepoy (gpm)

Acypoyua 11.13 :A1apopd Y% mepapaticav tiumv pe Gewpntinods VLOLOYIGUODS TTOTHS TIEGHS TTOV JAKTOAIO THS YEDTPNONG.
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Amd ta Awypapporto 11.10,11.11, 11.12 & 11.13 zmpoxdmTOLV KATOW TOAD

ONUOVTIKA GUUTEPAGLOTAL.

» Ta povtédha TUC kot API epgaviCovv mohd kodn cvoyétion dedopuévaov OG0 yio
T0. SITPNTIKA GTEAEYT OGO KO Y10, TOV SUKTOMO.

» To poviého RGU — TUC epgavilet mohd KoAn cuey£tion 6ed0UEVMDV GE GYECT] LE
o 0AAG 000 povTéAM OGO POpA T JSTPNTIKE GTEAEYN OALL AlydTEPO KOAN
GLCYETION Y10 TNV TEPLOYN TOV SOKTLAIOL.

» Kot vy to tpion poviéha 1o o@dipo to omoio epgoaviCouv oe oyéon UE To
TEPAUATIKA SEGOUEVO TTOL TPOGPEPOVTAL Y10 CVYKPLON EIVOL LEGH GTO OTTOOEKTA

opla Aettovpyiog vog BempnTikKov LTOAOYICTIKOD LOVTEAOV.

11.4. Mlewpapatikd aroteréoporo pe Herschel-Bulkley peveto oto cvostnna pong

TOV €PYAGTIPLOV.

Metd v Pobuovounon kot tov €Aeyxo TV OsmpnTIKOV HOVIEA®V,
TPOYOPNCALE OTNV TOPOCKELY] PELOTOV UTEVTOVITN GE UEYAAN KAIpoKa Yoo TNV
UEAET TNG TTAOONG Tieong 1060 6€ opokevIpo 060 Kot og 100% éxkevipo daxTOAL0.
Ta pevotd to omoia elyov mapackevaotel o€ pKpOTEPN KAMUOKO NMTOV GE
ovykévipoon 2.5% WiV, eneldn] Opmg vnpye 0 OPoc OTL TO PEVOTO CVTO UITOPEL V.
NToV TOAD TOYVLPEVOTO Kot Vo, TPOKaAovoE Ta 1dia TpoPAnuata pe to Carbopol 980
0TV TOPUCKEVACTNKE O UEYAAN KAILOKO, OTOPOCICTNKE 1 TOPOCKELT 0Py
TOAPOV pmevtovitny ovykévipoong 1.5% wiv kot vo avédvetor otadlokd M
GLUYKEVTIPWOOTN TOL PEVGTOV GE UMEVTIOVITN £mG Otov emtvyovpe Ta embBountd

PEOLOYIKA YOPOUKTNPIOTIKA.

11.4.1. Mrevrovitng cvykévipoong 1.5% w/V 6e opodkevTpo daxtOAL0.
["a v Tapackevr] awtoH TOV PELGTOL YPNCLOTOONKAY !

» 620 It vepod Bpoong, kot
» 9300 gr umevrovit.
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To pevotd mapoackevaotnke pe v HEB0dO 1M omola mEPLYpAPNKE OTA
TPONYOVLEVO KEQAANLN KOl om0 TNV oVAALON TOV PEOAOYIKMOV TOL OEGOUEVOV

npoékvyav to mapakdto arotelécpota (ITivakag 11.12 kot Pedypappa 11.1).

Herschel-Bulkley 0.47 0.0149 0.7618 | 0.999 | 0.003

Iivaxag 11.12: Peoloyikég 1016tnteg pevorod umevrovity 1.5 % wiv klinoaxag 620 It.

Amd To mopamdve dedopéva Kou TNV avAALGN TOVG GTO  TTPOYPOLLLOL
“Rheology” amodedeiybnke 0Tt T0 GLYKEKPYEVO PEVGTO IKOVOTOLEL TIG OTTALTIGELS LLOG
Kol omo@aciotnke 1 HEAETN NG MIOONG TEONS HE TO PELOTO  UTEVTOVITH
ovykévipwong 1.5% wiv. Emnv Ewova 11.1 kou 11.2 mapovoidletar kuokhopopio

TOAPOV UTEVTOVITN GTO GUGTNLLO POT|G TOV EPYACTNPLOV.

HerschelBurk ey

356
I I I I ' |H erscheI—B.._l
T=0 4757 9+(0.014345) g7 75178
sp Aomm 1
Sum(Q) =0.0033432 —

Robentsan - Stilf

2.6+ —
Casson

Cross

2 B Sisko

T Pa)

Prandtl - Eym...

CArrean

r N Best of al

| |
a 200 400 600 200 1000 1200

Peoypopua 11.1: Mrevrovityg 1.5 % wiv 620 It oe oudrevipo daxtdiio.
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Ewcova 11.1: Mrevrovitng otnv deCauevii oo 1oviéAov opiloviiag yewtpnong.

Ewcova 11.2: Kordopopio pumeviovity aro poviéAio opiloviiag yemTpons yio. thy KoToypopn

0EOOUEVV.
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Ot HETPNOELS TNG TTOONC TEGNG GTOV SOKTUALO Y10 OIAPOPES TAPOYES EOWTAV
To. aKOAOVOO TEPAUATIKA dEdOUEVA Ko TNV avTioTolyn Bempntik avdivon yio KGO
povtédo, mov mapovotdloviar otovg Ilivakeg 11.14, 11.15, 11.16. Emiong otov
[Mivaka 11.13 mapovcialovtar ot Tég g Beppokpaciog Kot Tng TLUKVOTNTAG TOV

PEVGTOV KATA TNV SLAPKELN EKTELEGNC TOL TTELPALOTOG,

Apyucny ‘Evoeién DP 15 -01
Apykn Ogppokpasio Peuetov °C 27
Telkn Ogppokpacia Pevotod °C 28

Apyuci ITvkvétnta Pevotod (kg/m®) 1012
Tehxii Mukvotyte Pevotod (kg/m®) 1011
Tl Mukvétnra Peuoton® (kg/m?) 1010

Hivaxag 11.13: Ocpuorpaoio — [orvotyto pevotod kot apyikn evoeiln DP 15.

2tov Ilivaxa 11.14 mapovcidletol cOYKPION TOV TEWPOUUATIKOV LETPICEDV
TTOONG TeoNS He TOovg BempnTikovs vroAloyiopovs amd to povrédo TUC. Emiong
mapovotdlovtal To Opro. petafaocng yu KaBe meployn pons, OTMS Kol To £100¢ NG
PONG TOL PEVOTOV HE Paon TV T tov apBuov Reynolds yio kabe mapoyn. Amo Tig
Tipég mov mapovcstalovior  otov Ilivaka 11.14 mpokdmrer 6t M petdfaorn oty
TopPadn meproyn copemva pe to poviédo TUC emruyydveton yo mopoyn 0.00219

m*/s ko N tpoPreyn g nTmdong mieong mapovotdletl THEG cOAANATOS mG 34%.

Ytov Ilivaxa 11.15 mapovoidletar GOYKPION TOV TEPAUATIKOV UETPTCEDV
TTOOoNG Tieong He Tovg BewpnTikovg LVIOAOYIoHoVS amd to povtédo APIL. Emiong
napovstalovtal ta Opo petdfoong yio kébe meproyr pons, OmwS Kol To €100G TNG
POTG TOL PEVETOV Ue PBaon TV T tov apBuov Reynolds yio kabe mapoyn. Amo Tig
Tiég mov mapovotdlovrar  otov Ilivaxa 11.15 mpoxdmter 611 M petdPfaocn otnv

TopPaddn meployn cvppwva pe to poviédo AP emrvyydveton yuo mapoyr 0.00264

¥ H 8e0tepn TEMKN TUKVOTITO TOV PEVGTOD LETPRONKE e Tov {uyd TokvoTtag e etatpeioc OFITE
v emPefaimon e Tiwng v onoia Taipvape amd o O6pyavo Rheonic.
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m?/s, OMAaodn oe peyaAvtepn mopoyn o oyéon pe to poviédo TUC, ko n mpdPieyn
™G TTMOoNG Tieong mapovotdlel TiHéG o@dApnaTog €mg 69% mov elval ¢ kot dvo

QOPES HLeyaAVTEPO amd TO GOAApN TOV gpeavilel To poviého TUC.

Ytov Ilivaxa 11.16 mapovcidletor cOYKPION TOV TEPOUATIKAOV HETPHCEDV
TTOONG Tieong pe Toug Bewpntikodg vIToAoylopovg amd 1o povtédo RGU-TUC.
Eniong mapovoialovtor ta Opla petdfoong yio kabe meployn pone, Onwg Kot 1o £100¢
NG PONG TOV pevaTol pe Paomn v T g Kpiowng tayxdmrag Ve. ATo T1g TIES oV
napovotaloviar  otov Ilivaka 11.16 mpoxvmter 6Tt M petdfaocn otnv TopPadn
mepoy ovppwva pe to poviého API  emtvyydveror yio mapoyn 0.00124 m°/s,
onAadn o pkpoOTEPN mapoym o€ oyéon pe o povtédo TUC kar APL. Avtd cupPaivet
eEautiag Tov oYedOGHOD TOL HOVTEAOV, CUUPMVO HE TOV omoio dev AauPdvertan
vt'oyv n Metafoatikny meployn pong Kot £Yovpe UHETAPacn amd TV ZTpOT Pon
katevBeiov oty TvpPoddn mepoyn. H mpdPfreyn tng nrdong mieong mapovoidlet
TIES oPaApaTOc Emg 84% mov elvan £00¢ Ko TPELG POPES LEYOADTEPO OO TO GOAALLL
nov epgoavifer to povtédo TUC, evd oe oyéon pe 1o poviého API €xer pukpdtepn
dpopd kot kKupiwg oty TupPddn meployn 6mov ekel N dLOPOPE TOV dVO HOVTEA®DY

(API kou TUC) wg mpog tnv TpdPAEYT TNG TTOGNG TEONC EIVOL OKOUOL LIKPOTEPT).

210 Awdypappo 11.14 mapovcidlovior To TEWPAUATIKA OEOUEVO TTTMOONG
nieong umevtovitn ovykévipowons 1.5% oe opdkevipo daxTOAO GTO GUOTNUO PONS
TOV EPYNCTNPLOV Y10 SIAPOPES TOPOYES, KAODS Kot 01 BewpnTikéG TPOGEYYIGELS QO TOL
tpia povtéha. Xto Adypappa 11.15 mapoveialetor o apOpog Reynolds tov pevotod
Yo KEOe po amd TIG TaPOYES OTIC OTOIES EYIVE KATAYPAPY TNG TTMOONG TESNS, KOOMG
Kot ta Opta TG Kabe meployng pone. Emiong mapovcialeral yia to povtého RGU-TUC
N TaxHTNTO KLKAOPOPING TOL PELGTOL GTO CLGTNUO Y10, KAOE pia amd TIG TAPOYES KO
N TN ¢ kpioung toyvtntog Ve mov amotedel 10 6po petdfaong amd v XTpmT)
pon ommv TvpPwdn. Térog ota Awypdppota 11.16 ko 11.17 mapovoibletor m
dtapopd % mov €xel  BewpnTiK TPOGEYYIOT| TOL KAOE LOVTEAOL LE TO TEIPAUATIK
amoteléopata pe to povieho TUC va eugavilel tnv pikpotepn dagopd o€ oyéon e

T GAAC 600 HOVTELQL.
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. g Iewpapatikn Mewpapoticn . Eidog Porig
({(I;\‘r)r? I’I(,g %3'7; £)l T TTAOGNG Ty TTAOGNG Moz;aak/(r)n}‘UC Awgopd % | Re TUC R.?_Cﬂtga'l R.?_Cdtga'z Movtého
nicong (cm H,O) | wicong (Pa/m) TUC
43 0.00071 1.39 136.7 162.6 19% 742.9 2814.8 3714.8 2TpOT
75 0.00124 1.67 164.2 204.6 25% 1795.8 2734.4 3634.4 2TpOT
104 0.00171 2.35 230.1 243.2 6% 2970.7 2682.1 3582.1 MertoBatikn
133 0.00219 3.42 335.2 330.6 -1% 4374.9 2605.2 3505.2 TopBdong
160 0.00264 4,12 403.7 462.3 15% 5826.8 2541.7 3441.7 TopBdong
182 0.00300 4.42 433.7 580.2 34% 7064.7 2508.4 3408.4 TopPhdnc
202 0.00333 5.53 542.2 695.5 28% 8230.5 2486.6 3386.6 TopBddng
218 0.00359 6.59 646.1 793.2 23% 9189.0 2472.9 3372.9 TopPdong
248 0.00408 8.54 837.4 989.5 18% 11044.1 2453.5 3353.5 TopBdong
276 0.00455 10.22 1002.7 1187.6 18% 12838.1 2440.3 3340.3 TopBdong
302 0.00497 11.64 1141.7 1384.2 21% 145535 2430.9 | 3330.9 TopBoonc
332 0.00547 13.61 1334.7 1625.7 22% 16587.7 24225 3322.5 TopPaong
360 0.00593 15.40 1509.8 1865.0 24% 18535.0 2416.3 3316.3 TopBdong

Iivoxag 11.14: Aedouéva wrwong nieons oe opokevipo ooxtolio yia pevoto urevrovity 1.5% WV — adyrpion ue to poviédo TUC.
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. . Iewpapatikn Mewpapoticn a . o
(kouminy | (nioesy |z wroons | i wedone | MOEIREE | Auigopu96 | Reapr | Mo | Foggee | [ g IO
migong (em H,O) | wigong (Pa/m)

43 0.00071 1.39 136.7 173.69 27% 463.3 2426.3 3326.3 21poOTh

75 0.00124 1.67 164.2 216.88 32% 1128.9 2426.3 3326.3 21poOTh

104 0.00171 2.35 230.1 252.27 10% 1866.4 2426.3 3326.3 STpo
133 0.00219 3.42 335.2 349.3 4% 2698.8 2426.3 3326.3 Metafartikn
160 0.00264 412 403.7 574.4 42% 3542.7 2426.3 3326.3 TopPddng
182 0.00300 4.42 433.7 732.4 69% 4272 2426.3 3326.3 TopPdong
202 0.00333 5.53 542.2 871.8 61% 4963.8 2426.3 3326.3 TopPmdong
218 0.00359 6.59 646.1 987.2 53% 5535.4 2426.3 3326.3 TopPcddng
248 0.00408 8.54 837.4 12175 45% 6646.3 2426.3 3326.3 TopBcddng
276 0.00455 10.22 1002.7 1448.7 44% 7725.5 2426.3 3326.3 TopPddng
302 0.00497 11.64 1141.7 1677.3 47% 8760.8 2426.3 3326.3 TopPmong
332 0.00547 13.61 1334.7 1957.2 47% 9991.9 2426.3 3326.3 TopPcddng
360 0.00593 15.40 1509.8 2233.6 48% 11173.4 2426.3 3326.3 TopPdong

Iivoxag 11.15: Aedouéva wrawong nieons oe opokevipo daxtvlio yia pevoto urevrovity 1.5% WIV — adyrkpion ue to poviédo API.
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a , Mewpopaticn Hewpapotuci Movtéro Eidog Poilg
(E;':r?g; gr??";:(axg)l Ty TTAOGNG Ty TTAOGNG RGU -TUC | Awgopo % R GUR-eTU C (ft/\s/ec) (\/fgégcg') Movtého

nicong (cm H,0O) | migong (Pa/m) (Pa/m) RGU -TUC

43 0.00071 1.39 136.7 80.4 -41% 1225.7 0.90 1.50 2TpOT
75 0.00124 167 164.2 180.6 10% 2420.0 156 1.50 TupBoonc
104 0.00171 2.35 230.1 312.2 36% 3609.3 2.17 1.50 TupBoonc
133 0.00219 3.42 335.2 471.4 41% 4875.8 2.77 1.50 TopBdong
160 0.00264 4,12 403.7 642.5 59% 6112.3 3.34 1.50 TopBdong
182 0.00300 4.42 433.7 797.2 84% 7155.3 3.79 150 TopBoonc
202 0.00333 553 542.2 949.4 75% 8128.2 421 1.50 TopBoonc
218 0.00359 6.59 646.1 1078.6 67% 8922.3 4.54 1.50 TopBdong
248 0.00408 8.54 837.4 1338.7 60% 10446.1 5.17 1.50 TopBddng
276 0.00455 10.22 1002.7 1601.4 60% 11905.9 5.75 1.50 TopBdong
302 0.00497 11.64 11417 1862.1 63% 132915 6.30 1.50 TopBoonc
332 0.00547 13.61 1334.7 2182.2 63% 149235 6.92 1.50 TopBoonc
360 0.00593 15.40 1509.8 2499.3 66% 16476.7 7.51 1.50 TopBdong

Iivaxag 11.16: Aedouéva wredrons micons o€ opuokevipo doxtdlio yia pevotd umevovity 1.5% WIV — abykpion ue to poviéio RGU - TUC.
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Itdon micong (Pa/m)

3000,00 IMtdon wicong paevrovity 1.5% W/V 6€ opokevTpo dakTOAL0.
2500,00
X M Tepapoatikég Metphoelg
2000,00 A
x L # Movtého TUC
A
X \ 4 :
1500,00 " . = & Movtého API
» lad “Movtého RGU - TUC
X * =
1000,00 x 4 & N
X o ™
I e "
500,00 X § m -
o« 8 °
0,00
0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007

Mapoyn (M3/sec)

Midypopa 11.14: Itcdon wicong yio pevoto umeviovity 1.5% WIV otov oudkevipo doxtoiio.
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Reynolds

Mertapoin Reynolds - Opla poijg

20000 - 8,00
18000 4 % Movtélo TUC
. - 7,00
16000 . A X & Movtéro API
* X - 6,00
14000 . y =+ <AP| Transition limit
* 500 © o
12000 . X N % ------ API Turbulent limit
¢ ’ £
@ X . i =
10000 . 9 4 4,00 ? = +TUC Transition limit
& s
8000 ‘ ® . <
. ¥ 4 - 300 3 ———TUC Turbulent limit
A
6000 X .
. P N - 200 X Movtého RGU - TUC
4000 2 __
2000 e A e — . o — 100 *  Velocity RGU - TUC
& A
0 § 4 0.00 Velocity Critical RGU - TUC
0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007

IMapoyn (M3/sec)

Aaypopua 11.15: Metafor Re — Opra porg, yio. pevoto umevrovity 1.5% WIV e oudxevipo daxtorio.

241 | eLhioa




Aw@opa % OsopnTikdv Yroroyiop®v pe Ieipopotikég

Metpiieeig

100%

80%

60%

40%

N
<
=

0%

-20%

-40%

-60%

I[Itoon wicong prevrovity 1.5% o€ opOKEVTPO SOKTOALO

Iopoyq (m3/sec)

B Movtéro TUC
& Movtéro API
L Movtého RGU - TUC

Aaypopua 11.16: Aidpopa % wewpouatindy tumv ue Gewpntikods vroloyiouots yia pevato ureviovity 1.5% WIV oe opudkevipo daxtoiio.
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AwQopa % OcopnTikdv Yroroyiopdv pe Iepopatikég
Merpijosig

100% - IITt®on micong prevrovity 1.5% o€ opdkevTpo dakTHAM0
80% -
60% -
40% -
/- - = + *Movtéio TUC

20% | - " 4 I Movtého AP
. e Movtélo RGU - TUC

0%

-20% -
Heapapatikéc MeTpijoglg

-40% -

-60% -

Awaypopua 11.17: Aidpopa % wewpopatikdy tumv ue Gewpntikods vroloyiouots yia pevato urevrovity 1.5 % WIV o¢ oudrevipo daxtilio.
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11.4.2. Mrgvrovitng svykévipoong 1.85% W/V 6g opdkevtpo daxktoAL0.

Endpevo Prua Ntav 1 mopackevn Kot evOg 0€0TEPOL PELOTOV UTEVTOVITN
UEYOADTEPTG CLYKEVIPMOONG MOTE VO, TOPAUCKEVOUCTEL £VOL PEVOTO UE UEYOADTEPT TAOT

dtoAicOnong amd avt) oL TOAPOL cuykEvTpmang 1.5% wiv.

"o tov Adyo avtd Tpocbicape enmiéov 610 VAPV deiyua tov 620 It, 3100
gr (cvvolikn mocotnto, ureviovitn 12400 gr) oote va avénbei n ovykévipmon oto 2
% w/v. To pevotd 10 0TOI0 TOPACKEVAGTNKE OUME NTOV TOYOPPEVGTO KOL Y10 QLTO
TOV AOYO TPOKAAECE TPOPANUATO HETPNCEDV (KOAANUO TOV UETPNTIKOV OPYAV®V).
o tov A0y0 avtd amo@acictnke 1 apaimotn Tov PeuoTol e THV TPOCHNKN VEPO
Bpvone. To vepd 10 omoio mpootébnke Nrav 50 It. Metd omd avth v Tpocdnkn o
noA@oc améktnoe ovykévipoon 1.85% w/v. To pegvotd avtd Ntav davikd yio v
UEAETN NG TTOONG Tigong KabmG dev TPOKAAOVGE TPOPALOTO GTO KOTAYPOUPIKO

Opyavo TTMONG Tieong.

Ao ™V avdAlouon TV PEOAOYIKAOV TOV dESOUEVOV TPOEKLYOV TO, TOPAUKATM

amoteléopata tov napovstaloviot otov [ivaka 11.17 ka to Pedypappa 11.2.

Herschel-Bulkley 1.07 0.0088 0.8798 | 0.9992 | 0.009

ITivaxog 11.17: Peoloyikég 1010tnteg pevotod urevrovity 1.85% WiV kliuoxog 670 It.

Amo To mapombve dedopéve kot TNV avdivon tovg oto mpoypauua “Rheology”
AmOOELYTNKE OTL TO GCULYKEKPLUEVO PEVGTO IKOVOTOLEL TIC OMOUTNGELS WOG Kot
OTOQOGICTNKE 1 KEAETN TNG TTMOMG MIECNC UE PELOTO UMEVIOVITN] GLYKEVIPOONG
1.85% wi/v.
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Herschel Burkley
5 T T T T #

IH erscheI-El...l

T=1.0729+(0.005235) g" E7984
R? =0.00%

Sum(Q) =0.0086961

T Fay

Best of all

|
200 1000 1200

Peoypopua 11.2: Mrevrovitne 1.85% wiv 670 It oe opdrevipo daxtoiio.

O petpnoelg g nTmdong Teons 6Tov SUKTOAO Yo SLBPOPES TOPOYES EOMGOV
Ta. akOAOVOO TTEPAATIKA OgdopUEVAL Ko TNV avtioTolyn Bewpntikn avdivon yo kébe
povtéro, mov mapovotdlovtal otovg Ilivaxeg 11.19, 11.20, 11.21. Emiong otov
[Tivaxa 11.18 mapovsialovior ot TéS g Beppokpaciog Kot tng TUKVOTNTAG TOV

PELGTOV KATA TNV S1APKELD EKTELEGTC TOV TELPANLATOG.

Apyuciy 'EvoeiEn DP 15 -0.04
Apykn Ogppokpasio Peoetov °C 25.5
Tk Ogppokpacia Pevotod °C 26

Apyij Ivkvétnta Pguoto (kg/m?) 1013
Teln Mokvétyra Pevotod (kg/m?) 1011

Hivaxag 11.18: Ocpuorpaoio — [okvotyto, pevotod kot apyikn evoeiln DP 15,
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Ytov Ilivaxa 11.19 mapovoidletor GOYKPION TOV TEWPOUATIKOV UETPTCEDV
TTOONG Tieong e Toug Bewpntikovc vworoyiopovg ond to poviého TUC. Emiong
mapovstalovtal ta Oplo petdfoong yio kdbe meproy pong, OmWG Kot to €100¢ NG
PONG TOL PEVETOV e PBaon TV T tov aptBuov Reynolds yuo kabe mapoyn. Amo Tig
Tég mov mapovotdlovtar  otov Ilivaka 11.19 mpokdmter 611 M perdPaocn oy
TopPmon meproyn covpemva pe to poviédo TUC  emrvyydveron yio mapoyn 0.0029

m*/s kon 1 TPOPAEYT TS TThONG TiEoNS TAPOVSIALel TS oQAAUATOC Ewg 16%.

Ytov Ilivaxa 11.20 moapovcidletor cOYKPION TOV TEPOUATIKOV HETPHCEDV
TTOOoNG mieong He Tovg BewpnTikovg vToAoyopovs and to povtédo APIL. Emiong
napovstalovtar ta Opo petdfoong v kébe meproyn pong, Omwg kot to €100¢ NG
PONG TOL PeVOTOV He Paon TV T tov aptBuov Reynolds yio kabs mapoyn. Amo Tig
Tipég mov mapovotaloviar  otov Ilivaka 11.20 mpokdmter 6TL M petdfoon otnv
TopPadn meployn ocvpemva pe 1o poviédo API emrvyydveton yuo mapoyn 0.00324
m?/s, onAadn oe peyardtepn mapoyr o€ oyéon pe to povrédo TUC, ko | mpdPreyn
g TTdoNG ieong mopovotdlel TEG o@aipatog émg 42% mov eivar mepimov Tpelg

QOPEC LeYaAVTEPO amd TO GOAApA OV gppavilel To poviého TUC.

2tov Ilivaxa 11.21 mopovcidletor cOYKPION TOV TEPOUATIKAOV LETPICEDV
TTOONG TieoNS He Tovg Bempntikods vmoAoyiopotvs amd 1o povrédo RGU-TUC.
Eniong mapovsialovror ta Opra petdfoaong yio kabe meployn pone, Onwg kot 1o £100¢
™G PONG TOV PEVGTOV UE PBaom v T ™G Kpiowng tayvrag Ve. ATd Tig THES OV
napovctdlovior  otov Ilivaxa 11.21 mpokdmter 611 n petdfoaon oty TvpPddn
epoyn ovpemva pe 1o povtého RGU-TUC egmituyydveton yuo mapoyn 0.00153 m/s,
dnAadn o pkpoTEPN mapoyn oe oyéon pe o povtédo TUC kar APL. Avtd ovuPaivet
eEatiog Tov GYESIGHOL TOV HOVTIEAOL, COUP®VO HE TOV omoio dev AauPdveron
vt'oywv n Metafoatikny meployn pong Kot £yovpe HeTGfacn amd TV ZTpOTH Pon
katevbeiov oty TvpPmddn meproyn. H mpoPreyn tng nrmdong micong mapovoidlet
TIEG 6QAALTOG £ 64%, Kol oe oyéon pe to povtédo API otnv TupPmddn meployn

N dtpopd TV dVo povtEAwV givon tepimov 4%.

210 Awdypappo 11.18 mapovcidlovior to TEWPOUATIKE OdedOUEVO TTTMOONG
nieong pmeviovitn cvykévipwons 1.85% oe opdkevtpo daKTOAO GTO GUGTNUO POTG

TOV EPYNCTNPLOV Y10, SIAPOPES TAPOYES, KAODG Kot 01 BewpnTiKéC TPOGEYYIGES OO TOL
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tpia. povtérla. Xto Adypappa 11.19 mapovoialetar o apbpdg Reynolds tov pevotod
Yl KGO o amd TIC TOPOYES OTIC OTOIEG £YIVE KATOYPAPT) TNG TTAOONG TiEoNS, KOOMC
Kot T OptoL TG kéBe meproyng pong. Emiong mapovsialetar yia to povtédo RGU-TUC
1 TOYOTNTO KUKAOPOPIOG TOV PEVGTOV GTO GUGTNUA Yo KAOE o 0o TIG TOPOYES KO
N T ™S kpiowne toyvnToag Ve mov amotelel To 0plo petdfacng amd v ZTpmTh
pon omv TvpPadn. Téhog ota Awypdppota 11.20 ko 11.21 mapovcidleton M
dpopd % mov £xel 1 BePNTIKY TPOGEYYIOT TOV KAOE HOVIEAOL UE TO TEPAUATIKA
amoteléopata pe to poviého TUC va eppavilel tnv pikpotepn dapopd o€ oyéon pe

T AL 50O poVTELQL.
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2 , | Iepopotikn Mewpopatikn . Eidog Pong
Hapoyn | Hapoyn . Ay Movtélo . Recriticars Recriticalz ,
: 3 T TTOONG TUY] TTAOONG Avagopa % Re TUC Movtéro
(kg\min) | (m®/sec) e | s ) TUC (Pa/m) TUC TUC TUC
42 0.00069 2.58 252.6 264.5 5% 436.5 2916.9 3816.9 21poOT
66 0.00109 2.87 281.5 305.7 9% 932.6 2844.6 3744.6 XTpo
93 0.00153 3.19 313.2 348.0 11% 1636.3 2783.7 3683.7 2Tpo
123 0.00203 3.61 354.1 392.3 11% 2523.7 2731.3 3631.3 2Tpo
144 0.00237 5.22 511.5 430.1 -16% 3228.1 2693.5 3593.5 Metafartikn
176 0.00290 7.13 699.6 586.6 -16% 4512.6 2582.6 3482.7 TopPmong
197 0.00324 8.47 830.8 734.2 -12% 5416.7 2517.5 3417.6 TopPcddng
217 0.00357 9.29 911.3 882.8 -3% 6290.9 2472.6 3372.6 TopPcddng
235 0.00387 11.19 1097.4 1023.9 -1% 7091.0 2441 .4 3341.4 TopPmong
257 0.00423 13.18 1292.5 1205.7 -1% 8086.1 2411.6 3311.6 TopPmong
273 0.00450 13.68 1341.1 1344.5 0% 8821.7 2394.1 3294.1 TopPmong
303 0.00499 16.17 1585.8 1619.5 2% 10225.7 2368.0 3268.0 TopPcddng
317 0.00522 17.44 1710.6 1754.4 3% 10891.3 2358.2 3258.2 TopBcddng
351 0.00578 19.45 1907.4 2099.3 10% 12533.2 2338.7 3238.7 TopPmong
372 0.00613 20.78 2037.4 2324.4 14% 13564.0 2329.0 3229.0 TopPmdong

ITivoaxog 11.19: Aedouéva wrarong micons oe oudkevipo daxtbdlio yio pevotd umevrovity 1.85% WIV — otvyrpion ue to povtédo TUC.,
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z , | Mewpapatuc Hewpapotuci . , o
et | foperh | o | oo | W | Avapopion | meapt | Koo | Reggon | Bonebols
migong (cm) mieong (Pa/m)

42 0.00069 2.58 252.6 297.4 18% 258.7 2264.6 3164.6 YTpot

66 0.00109 2.87 281.5 336.3 19% 565.0 2264.6 3164.6 STpo™

93 0.00153 3.19 313.2 378.8 21% 998.0 2264.6 3164.6 STpo™

123 0.00203 3.61 354.1 422.6 19% 1561.3 | 2264.6 3164.6 YTpot

144 0.00237 5.22 511.5 454.8 -11% 1996.0 | 2264.6 3164.6 YTpot
176 0.00290 7.13 699.6 695.7 -1% 2710.0 | 2264.6 3164.6 Metafatiky
197 0.00324 8.47 830.8 952.4 15% 3207.0 | 2264.6 3164.6 TopPBddng
217 0.00357 9.29 911.3 1170.4 28% 3698.4 | 2264.6 3164.6 TopPBddng
235 0.00387 11.19 1097.4 1350.7 23% 4154.1 | 2264.6 3164.6 TopPBddng
257 0.00423 13.18 1292.5 1570.1 21% 4726.6 | 2264.6 3164.6 TopPBddng
273 0.00450 13.68 1341.1 1734.6 29% 5152.7 | 2264.6 3164.6 TopPddng
303 0.00499 16.17 1585.8 2058.3 30% 5971.8 | 2264.6 3164.6 TopPBddng
317 0.00522 17.44 1710.6 2216.5 30% 6362.3 | 2264.6 3164.6 TopPaong
351 0.00578 19.45 1907.4 2620.2 37% 7330.2 | 2264.6 3164.6 TopPBddng
372 0.00613 20.78 2037.4 2883.0 42% 7940.9 | 2264.6 3164.6 TopBddng

Iivaxog 11.20: Aedouéva wrawong micone oe oudkevipo daxtdlio yia pevoto umevrovitny 1.85% WiV — adyrpion pe to uoviéio API.
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o , | HewpapaTuc HewpapaTik Movtého Eidog Pong
Hapoym HaBp oxn ﬂm": nl‘td)onigl ‘nm"]) nl‘to'mng RGU -TUC | Awgopo % A v Voritca Movtého
(kg\min) | (m®/sec) e a ) e ) (Pa/m) RGU -TUC | (ft/sec) (ft/sec) RGU -TUC

42 0.00069 2.58 252.6 92.0 -64% 1022.9 0.88 1.75 XTpot

66 0.00109 2.87 281.5 133.8 -52% 1736.0 1.38 1.75 YTpot

93 0.00153 3.19 313.2 283.7 -9% 2593.4 1.94 1.75 TopPcddng
123 0.00203 3.61 354.1 455.6 29% 3597.4 2.56 1.75 TopPcddng
144 0.00237 5.22 511.5 595.1 16% 4326.3 3.00 1.75 TopPddng
176 0.00290 7.13 699.6 836.0 19% 5471.6 3.67 1.75 TvpPddng
197 0.00324 8.47 830.8 1011.8 22% 6243.3 411 1.75 TopPcddng
217 0.00357 9.29 911.3 1191.9 31% 6991.3 4.52 1.75 TopPcddng
235 0.00387 11.19 1097.4 1364.1 24% 7674.8 4.90 1.75 TopPddng
257 0.00423 13.18 1292.5 1587.4 23% 8522.5 5.36 1.75 TopPddng
273 0.00450 13.68 13411 1758.4 31% 9146.5 5.69 1.75 TopPddng
303 0.00499 16.17 1585.8 2098.1 32% 10333.6 6.32 1.75 TopPcddng
317 0.00522 17.44 1710.6 2264.9 32% 10894.5 6.61 1.75 TopPcddng
351 0.00578 19.45 1907.4 2691.5 41% 12274.3 7.32 1.75 TopBmddng
372 0.00613 20.78 2037.4 2969.9 46% 13138.1 7.76 1.75 TopPddng

Hivokag 11.21: Acdouéva wrawong mieong oe opdkevipo doxtdlio yia pevoto urevrovity 1.85 % WIV — otoyrpion ue to poviédo RGU - TUC.
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M ITewpopaticd Aedopéva
# Movtého TUC

A Movtélo API
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0,007

Aidypopa 11.18: IHridon wicong yio pevoto umevtovity 1.85% WIV ae oudrevipo daxtbdlio
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Metapoin Reynolds - Opuwa porig

16000 - 9,00
- 8,00
14000 ) .
;‘ »
12000 . 7,00
v \/
x ¥ - 6,00
10000 L
e - - 5,00
8000 ® ~ &
. - _ = - 4,00
6000 ¢ s
" ® A - 3,00
4000 — e Xog— .o - 2,00
—-.“.—-.'.—.‘— ::%'—._—‘.'.°-—P-h—--.-
2000 N ¢ N A - 1,00
® 2
0 g s 0,00
0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007

Mapoyn (m3/sec)
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* APl Transition limit

*TUC Transition limit
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Movtélo TUC
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API Turbulent limit

Movtéro RGU - TUC

Velocity RGU - TUC
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Micypogua 11.19: Metafor Re — Opia poijg, yio. pevoto umevrovity 1.85% WIV o¢ opdrevipo doxtolio.
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Awgopa %o OempNTIKOV YTOLOYIGUOV NE

Hewpopatikéc MeTpijogig
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LU Movtého RGU - TUC

Aaypoppa 11.20: Aidpopa % meipopatikav tiudy ue Gewpntikovs vwoloyiouodvs yia pevoto umevrovity 1.85% WIV oe opdrevipo doxtilio.
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Midypopua 11.21: Aidpopo. % merpouatindy v pue Gewpntinodg vwoloyiouovs yia pevoto ureviovity 1.85% WiV ae oudrevipo daxtilio.
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11.4.3. Mrevrovitng svykévripoons 1.85% w/v 6g 1009 £kkevrpo dakTOML0.

Endpevo Prjpo Mrav va mpoypotomombodv UETPNOES TTOONG TEONS OF
€KKEVTPO 0aKTUA0. ' va emtevyBel avtd puBuicape Tov E0OTEPIKO GCOAVO TOV
povtédov pag oe 100% éxkevrpn 0€om HEG® TV 0OMYDV TOL VILAPYOVY GTO GVGTNLLO,
KoL Tpoyotomomonkay PeETpoels Kot Oempntikn avdAvon g ntoong wieons. [
TOV VTOAOYIGUO TNG MTAOONG TECNS OGO OPOPE TNV EMOPAOT TNG EKKEVTIPOTNTOGC
ypnoworombnkav ot akoilovbeg  eElomoelg, moAlamAacialoviag Tto. OsmpnrTikd
dedopéva T 0moio TPOEKVTTTAV atd TV avaAvomn pe to Tpoypappo “Rheology” yo ta
povtéda APl kar TUC yio opdkevipo S0KTOAO Kot peTacynuotilotov oe mieon o€
éxkevtpo. Avtifeta 1o poviého RGU - TUC meprhapfdver v emidpacn tng
EKKEVTPOTNTAG GTOV GYEOLOGHO TOV KOl QTY| XPNGLOTOONKE Gov T 16660V 6TO

GUYKEKPIULEVO TTPOYPOLLLLLOL.

O e€lomaoelg mov ypnoponomdnKay Yo Tov VTOAOYIGHO TG EMIOPAONS TNG

ekkevTpoTTag £ivar ot akdiovdec (Haciislamoglu et al., 1994).

fp/AL__ =R* 8P/AL_  (16)

omov AP/ AL givon n mtdon wieong 6tov opokevipo daktOAL0 (Zymua 11.1) kot o
ovvteheotC R vrodnidvel v enidpaom TG EKKEVIPOTNTAS TOV TEPLYPAPETOL ATO

115 akdAovOeg eE16DGELS.

To otpwtn poy:

R=1-0.072 (¢/n)(d, /d,)*** ~1.5e2(v/n)(d, /d,)°* ~0.96e*(\n)(d, /d )7  (31)

Kol y1o. Topfaon pon:.

R =1-0.048 (e/n)(d, /d,)*** = (2/3)e?(\/n)(d, /d,)**** —0.285¢° (Vn)(d, /d )P (32)

Omov N glvat 0 00MYOG cLUTEPLPOPES TNG PONG,
di elvaun e€mTepiKn SIAUETPOG TOV ECMTEPIKOD GOANVA (1VTOEQ),

do eivou . ecmtepikn S1ApeTpog TG yedTpnong (ivroeg), Kot

255 |Xehioa



e =100

i —d, (33)

6mov h givor n amdotaon TV KEVIPOV TV coIvav (Zyquoe 11.2).

}dilz

d./2

2ynua 11.1: Oudkevipog doxtdriog.

Emonpaiverot 6t n dvo tpocéyyion eivar kabapd eumelpikr] kobmg 1 oTpOTY|
N M TVPP®OONG pon eXTIATOL Yio OLOKEVTPO daKTOAMO, EVD 6TV epintmon tov 100%
€KKeVTPOL dokTOAMOL gifiotal va opilovtal 000 mePLOYES PONG OTOV OAKTUALO, O
@apdUg Kol 0 6TeEVHS daKkTOAOG (Zynua 11.2), kKo €govpe ddpopeg TPOGEYYICELS Yo
oTPOTN Kot TUPP®ON PO OTO QOPOL KOl OTO OTEVO TUNUO TOV OOKTLAIOV
(Guillot,1990- Cementing).
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Meproxn "papdu’
dakrtvhiou

Meproxn ['orevou”
SakTyhiou

2ynua 11.2: Exkevipog daxtddiog.

O moAQAG Yoo OVTES TIG LETPNGELG NTOV O 10106 LE TOV TOAPO TMV LETPNCEMV
ov £€ytvav o€ OpOKEVTPO OakTOA0. ‘Eywve ek véov pETPNON TV PEOAOYIKMOV TOL
dedopéVOV Kol 0md TNV OVAALGT TOV TPOEKLYOV TO TOPOKAT® OTOTEAEGLLOTO TOV

napovctalovtat otov [Mivaka 11.22 ko to Pedypappa 11.3.

Herschel-Bulkley 0.89 0.0130 0.8343 0.998 | 0.020

Iivaxag 11.22: Peoloyikég 1010tnres pevotod umevrovity 1.85 % WiV klinaxog 670 It ae 100%

EKKEVTPO OOKTOAIO.

Amd 10 mopamAve SedopéVO KOL TNV OVAALGYN TOLG OTO TPOYPOLLLLOL
“Rheology” amodeiytnke 0TL TO CUYKEKPIUEVO PEVOTO IKOVOTOLEL TIG OTOUTNOELS LOG
KOl OTOPOGIGTNKE 1) LEAET TNG TTAOGNG TEONG UE PEVOTO UTEVTOVITN CLYKEVTPMOTNG

1.85% w/v cg 100% éxkevpo doKTOALO.
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Herschel-Burkley
5.5 T T

|HerscheI—El.__|_
5I-  T-0.8367+(0.013008) g" @ ]
R? =0, 09841
45 Sum(2) =0.0193445 - = =
_—ower Nyt

0.5 | | | | |
u] 200 400 00 800 1000 1200

g

Peoypopua 11.3: Mrevrovityg 1.85 % wiv 670 It oe 100 % éxxevipo daxtdlio.

O petpnoelg g nTmdong Teons 6Tov SUKTOAO Yo SLBPOPES TOPOYES EOMGOV
Ta. akOAOVOO TTEPAATIKA OgdopUEVAL Ko TNV avtioTolyn Bewpntikn avdivon yo kébe
povtéro, mov mapovoidlovtar otovg Ilivaxeg 11.24, 11.25, 11.26. Emiong otov
[Tivaxa 11.23 mapovsialovior ot TéS g Beppokpaciog Kot tng TuKVOTNTAG TOV

PELGTOV KATA TNV S1APKELD EKTELEGTC TOV TELPANLATOG.

Apyucy 'EvoaiEn DP 15 -0.02
Apykn] Ogppokpasio Peveton °C 20.4
Tk Ogppokpacia Pevotod °C 23.1

Apyucii ITvkvétnta Pevotod (kg/m®) 1013
Tehki Mukvérnra Pgvotod (kg/m?) 1012

Hivaxag 11.23: Ocpuorpaoio — [okvotyto, pevotod kot apyikn evoeilny DP 15,
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Ytov Ilivaxa 11.24 moapovcidletor GUYKPION TOV TEWPOUATIKOV UETPTCEDV
TTOONG Tieong pe Toug BewpntikoHg VToAOYIGHOVS amd To povtédo TUC ot omoiot
éyouv upetacynpatiotel pe v mpooéyywon tov Haciislamoglu et Cartalos, 1994.
[Moapatmpeitar 6Tt 0 GUVOLAGHOG Tov BempnTikod poviédov TUC pe v mpocéyyion
tov Haciislamoglu et Cartalos, 1994, diver moAd kaAn ovoyétion petaéd TV
TMEPALATIKOV LETPNOE®V HE TS BempnTIKEC Tpoceyyicels mapovcstdloviag UEYIoTN
T oedipatog 11% pe obvnbeg ocedipo oto 5% ywoo v mieloyneia TV
petpnoemv. Amd tov Ilivaka 11.24 avtd amovoidlovv ot apiBuoi Reynolds yio to
PEVOTO Yo TOV AOYO OTL O TOTOG OV YPNGLUOMOLEL TO HOVTEAO Y10, TOV TPOGOIOPIGHO
TOV, OVTIOTOLXEL GE OPOKEVTPO SOKTOALO Kol 1) TPOPAEYT dev Bal avTATOKPIVOTOY GTOV
npoypotikd apdpo Reynolds mov yopoktnpilel Ty pon TOL PELGTOD GTOV EKKEVTIPO

OOKTOMO.

2tov Ilivaxa 11.25 mapovcidletal cOyKplon TOV TEWPAUATIKOV UETPNCEMV
TTOONG MEoNG UE TOVG BE®PNTIKOVG VIOAOYIGHOVG amd Tto poviédo API ot omoiot
éyouv petaocynpatiotel pe v mpooyywon tov Haciislamoglu et Cartalos, 1994.
[Mopatmpeitar 6Tt 0 GLVOLAGHOG ToL BempnTikoD povtédov TUC pe v mpocéyyion
tov Haciislamoglu et Cartalos, 1994, diver mold koA cvoyétion peta&d TV
TEWPOUATIKOV UETPNCE®V UE TIG BepNTIKES TPOCEYYIGES TapoLGLalovTag HEYIoT
Tiun opdipotog 34% pe odvnbeg cpdipo oto 20% vy v mAsloyneio TV
petpnoewv. To cedipa avtd sivor tepimov 600 Popég peyardtepo amd T0 GOAALN TO
onoio Tapovoldlet o cuvdvacpog TUC ue Haciislamoglu et Cartalos. And tov ITivoka
11.25 avtd amovoialovv ot apbpoi Reynolds yia to pevetd yia tov Adyo 6tt 0 THTog
OV YPNGILOTOLEL TO HOVTEAO Y10 TOV TPOGOLOPICUO TOV, OVTICTOLEL GE OUOKEVTPO
daktOAo Kot 1 TpOPAeyn dgv Ba avtamokpvotay otov Tpayuatikd apdud Reynolds

oV YopaKTNPILeEL TNV PoN TOL PEVGTOV GTOV EKKEVIPO SUKTVUALO.

Ytov Ilivaxa 11.26 mapovcidletor cOYKPION TOV TEPOUATIKOV LETPHCEDV
TTOONG Tieong He Toug Bempntikodc vroAoyiopovs amd 1o povrédo RGU-TUC.
Eniong mapovcialovror ta Opra petdfaong yio kabe meployn pone, Onwg Kot 1o £100¢
NG PONG TOL pevato pe Paomn v Tiun g Kpiowng tayxdmrag Ve. ATd T1g TIHéC mov
napovcstalovior  otov Ilivaka 11.26 mpoxvmter 6Tt M perdfacn otnv TvpPadn
TEPLOYT SOUPOVEL e TO povtého RGU-TUC emtvyydvetar yioo mapoyf 0.00166 m/s,
oMAaodn omd v PO pétpnorn mroong meons. H mpdPfrieyn e mrwong mieong

259 |Xelioa



napovotalel Tég cedipatog €mg 51%, pe ovvnbeg cedipa oto 30% vy v

TAELOYN QL0 TOV LETPNCEDV..

210 Awdypappo 11.22 mapovcidlovior To TEWPOUATIKE OedOUEVO TTMOONG
nieong pmeviovitn ovykévipoong 1.85% oce 100% £€kkevipo SOKTUALO GTO GUGTNUO
PONG TOL EPYOUCTNPLOV Y10 OAPOPES TOPOYES, KABMG Kot o1 BewpnTiKéC Tpoceyyioelg
amo ta tpia povréda. Xta Awypappata 11.23 ko 11.24 napovcidleton n dtapopd %o
mov €xel M OswpnTiK TPOGEYYIo TOL KAOE HOVIEAOL pHE TOL TEPAUOTIKG
amoteléopata pe to poviého TUC va eppavilel tnv pikpotepn dapopd o€ oyéomn He

T GAA 600 HOVTELQL.
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Mapoyn Mapoyn Mewpopotikn Tipm Mewpopotikn Tipm Movtéro TUC A Y

(kg\min) (m®/sec) ntoong wieons (cm) | wrodong wicong (Pa/m) (Pa/m) 12Qopa. 7o
101 0.00166 1.60 156.8 166.2 6%
122 0.00201 2.24 219.4 181.8 -17%
147 0.00242 3.05 299.4 283.3 -5%
173 0.00285 3.58 351.17 373.3 6%
193 0.00318 4.22 414.2 458.6 11%
213 0.00350 5.35 525.0 549.3 5%
237 0.00390 7.20 705.7 665.5 -6%
254 0.00418 7.99 784.0 752.6 -4%
273 0.00449 8.90 872.6 854.5 -2%
299 0.00492 9.59 940.7 1001.9 7%
316 0.00520 11.54 1131.6 1103.1 -3%
354 0.00582 13.29 1303.7 1343.0 3%
371 0.00610 14.62 1434.0 1456.4 2%

Iivaxag 11.24: Acdopéva nrwaong micons oe 100% éxxevipo daxtolio yia pevoto umevrovity 1.85% WiV — abyrpion e to poviélo TUC 100% éxkevipo

doxtorio dropBwuévo kard Haciislamoglu et Cartalos.

261l |~ ehioa



Hapo?('r'] Hapoyn [ewpopatikn Ty [ewpopatikn Ty Movtého API A Y
(kg\min) (m°/sec) nToong wisong (cm) | wroong wicong (Pa/m) (Pa/m) 1aQopa. 7o
101 0.00166 1.60 156.8 177.6 13%
122 0.00201 2.24 219.4 193.67 -12%
147 0.00242 3.05 299.4 213.6 -29%
173 0.00285 3.58 351.17 404.4 15%
193 0.00318 4.22 414.2 555.2 34%
213 0.00350 5.35 525.0 696.0 33%
237 0.00390 7.20 705.7 847.7 20%
254 0.00418 7.99 784.0 953.3 22%
273 0.00449 8.90 872.6 1074.5 23%
299 0.00492 9.59 940.7 1247.8 33%
316 0.00520 11.54 1131.6 1366.4 21%
354 0.00582 13.29 1303.7 1646.6 26%
371 0.00610 14.62 1434.0 1778.7 24%

Iivaxag 11.25: Agdouéva wrrons micons o 100 % éxxevipo doxtolio yio pevoto umevrovity 1.85% WiV — adyrpion ue to poviéio APl ae 100% éxkevipo

doxtorio dopBwuévo kard Haciislamoglu et Cartalos.
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a , | Hlewpapoatikn Mepapotikn . Eioog Porig
Hapoyn | Mapoyn , ., , , Movtého RGU . V Vcritical .
- 3 T TTAOGC T TTAOC Avapopa % Movtélo
(kg\min) | (m*/sec) n;‘g‘;ng (cn?)g - ;‘}E (Pa/?lf) -TUC (Pa/m) Pop (ftise) | (Usec) | meu) TuC
101 0.00166 1.60 156.8 209.1 33% 2.10 1.75 TopPBddng
122 0.00201 2.24 219.4 288.0 31% 2.54 1.75 TopPBddng
147 0.00242 3.05 299.4 394.9 32% 3.06 1.75 TopPBddng
173 0.00285 3.58 351.17 520.3 48% 3.60 1.75 TopPddng
193 0.00318 4.22 414.2 626.2 51% 4.02 1.75 TopPBddng
213 0.00350 5.35 525.0 740.1 41% 4.44 1.75 TopPBddng
237 0.00390 7.20 705.7 886.8 26% 4.94 1.75 TopPBddng
254 0.00418 7.99 784.0 997.2 27% 5.29 1.75 TopPBddng
273 0.00449 8.90 872.6 1126.8 29% 5.69 1.75 TopPBddng
299 0.00492 9.59 940.7 1314.5 40% 6.23 1.75 TopPBddng
316 0.00520 11.54 1131.6 1443.6 28% 6.58 1.75 TopPBddng
354 0.00582 13.29 1303.7 1749.7 34% 7.37 1.75 TopPBddng
371 0.00610 14.62 1434.0 1894.4 32% 7.73 1.75 TopPddng

Iivaxag 11.26: Aedopéva mrwong micons oe 100 % éxxevipo doxtdlio yio pevoro umevrovitny 1.85 % WIV — adykpion pe to povtélo RGU - TUC ge 100 %

EKKEVTPO OOKTOALO.
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Itd@on wicong (Pa/m)

2000 +
1800 -
1600 -
1400 -
1200 -
1000 -
800 -
600 -
400 -
200 -

[Mt®on nicong prevrovity 1.85% o€ 100% &xkevrpo daxkTtOA0

= X

- X

.- =
B
B ==

H [Tepapotikd Amotedéouota

# Movtého TUC Eccentric

& Movtého APl Eccentric

“ Movtého RGU - TUC Eccentric

0,000

0,001 0,002 0,003 0,004 0,005 0,006
Mopoyn (M3/sec)

0,007

Micypogua 11.22: [Ttadron wicong yio pevoto umevrovity 1.85% WiV oe 100% éxkevipo daxtirio.
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Awgopa % OspNTIKOV YTOLOYIGU®V pUE
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Micypogua 11.23: Aropopd. % weipouatikdy tumv we Oewpntikodg vmoloyiouots yia pevoto urevrovity 1.85% WiV oe 100% éxkevipo daxtoiio.
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Midypopua 11.24: Aiopopd. % merpouotidy v pe Gewpntinods vroloyiouovs yia pevoto ureviovity 1.85% wiv ae 100% éxkevipo daxtblio.
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11.4.4. Mrevrovitng ovykévrpoong 1.5% o 10090 ékkevtpo daKTOALO.

Emopevo Pripa fitav n p€Tpnon g ntmdong meong 6 EKKEVTIPO SOAKTOALO Y10,
pevoTd pmevtovitn ovykévipoong 1.5% wl/v. T'o va emtevybel ovtd yopic vo
YPEWOTEL VO TOPACKEVAGOVUE Kavovplo deiypa oagopéocape 127 It moleod
umevtovitn ovykévipmong 1.85% wiv kot mpocsbicape ion mocdmTa vepod Ppiorg

®OTE T0 TEMKO pag PEVGTO va EYEL GVYKEVTpWOT| ureviovitn 1.5% wiv.

ATO TV aVAALON TOV PEOAOYIKMY TOV OEGOUEVAOV, TPOEKVLYOV TO, TOPUKAT®

aroteAéopato mov topovctdlovion otov [livaxka 11.27 kot 1o Pedypappa 11.4.

Herschel-Bulkley
Golden

0.16 0.0223 | 0.7117 | 0.994 0.040931

ITivaxag 11.27: Peoloyikég 1010tnteg pevotod umevrovity 1.5% WiV kliuaxag 670 It oe 100%

EKKEVTPO OOKTOAIO.

And 10 mopamdve dedopéva KOl TNV aVAALGYN TOVG GTO  TPOYPOLLLLOL
“Rheology” amodeiytnke 0Tt T0O GUYKEKPIUEVO PEVOTO IKOVOTTOLEL TIG OTOUTNOELS LOG
KOl 0TOPOGIGTNKE 1) LEAET TNG TTAOGNG TEONG UE PEVGTO UTEVTOVITN CLYKEVTIPMOTNG

1.5% w/v oe 100% £xkevtpo S0KTOALO.
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Peoypopua 11.4: Mrevrovitng 1.5% wiv 670 It oe 100% éxkevipo daxtdrio.

267 |~ ehioa



Ot HETPNCELG TNG TTOOTNC TEGNG GTOV OUKTUALO Y10l O18POPES TAPOYES EdMTAY
Ta. akOAOVOO TTEPAUATIKA OedopUEVOL Ko TNV avTioTolyn Bewpntikn avdAivon yio kdbe
povtédo, mov mapovotdloviar otovg Ilivakeg 11.29, 11.30, 11.31. Emiong otov
[Tivaxa 11.28 mapovcidlovion ot THES TG Bepprokpaciag Kot Tng TUKVOTNTAG TOL

PEVGTOV KATA TNV SLAPKELN EKTELEGNC TOL TTELPALOTOG,

Apyuct} ‘Evdéeién DP 15 -0.02
Apykn] Ogppokpasio Peuetov °C 22.6
Telkn Ogppokpacia Pevotod °C 235

Apyucii ITvkvétnta Pevotod (kg/m®) 1010
Tehii MukvoTyte Peuotod (kg/m®) 1010

Hivaxag 11.28: Ocpuoxpaaoio — [Moxvotyto pevotod kot apyikn evoeiln DP 15.

2tov Ilivaxa 11.29 mapovcidletal cOyKpion TOV TEWPAUATIKOV UETPICEMV
TTOONG TieoNg e Tovg BempnTikovs voroyispovg and to povtédo TUC ot omoiot
éyouv petacynuotiotel pe v mpooéyyon twv Haciislamoglu et Cartalos, 1994.
[Mopoatmpeitar 6Tt 0 GLVOILAGHOG ToL BempnTikod poviédov TUC pe v mpocéyyion
tov Haciislamoglu et Cartalos, 1994, diver moAd koAl ovoyétion petaéd TV
TEWPAUATIKOV UETPNCEWV UE TIG Be@pNTIKES TPOCEYYIGES TapovGlalovTag HEYIoT
T opdipotog 51% pe odvmbeg ocpdipa oto 15% vyio v mieloymoeio tov
petpnoewv. Amd tov Ilivaka 11.29 avtd amovoidlovv ot apiBupoi Reynolds yia to
PELOTO Yo TOV AGYO OTL O TUTTOGC OV XPNGILOTOLEL TO HOVTELD Y10 TOV TPOGOLOPICUO
TOV, OVTIOTOLXEL GE OUOKEVTPO SAKTOALO Kol 1| TPOPAEYT OeV Bl AVTATOKPIVOTOV GTOV
npoypotikd apdpo Reynolds mov yopoktnpilel Tnv pon Tov PELGTOV GTOV EKKEVTIPO

O0KTOAL0.

Ytov Ilivaxa 11.30 mapovoidletalr GVYKPION TOV TEPAUATIKOV UETPTCEDV
TTOONG TEONG UE TOVG BE®PNTIKOVG VIOAOYIGHOVG amd Tto poviédo API ot omoiot
&youv petacynpotiotel pe v mpocéyyion tov Haciislamoglu et Cartalos, 1994.
[Mopoatnpeitar 6Tt 0 GLVEILAGHOG ToL BempnTikoD povtédov TUC pe v mpocéyyion

tov Haciislamoglu et Cartalos, 1994, diver moAd kaAn ovoyétion petald TV
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TEPALATIKOV UETPNCE®V HE TIC BepnTikéG mpooeyyioels Tapovstalovtos HEylot
T opdipatog 59% pe odvvnbeg ocopdipo oto 10% vy v mAsloynoeio tov
petprioewv. To cedAipa avtod gival Tepimov 1010 e TO GEAALO TO 0010 TOPOVGLALEL O
ovvovacpog TUC pe Haciislamoglu et Cartalos. Andé tov Ilivaka 11.30 avtd
amovoldlovv ot apiBuoi Reynolds yio 1o pevotd yio. tov Aoyo 01t 0 TOTOC TTOL
YPNOWOTOIEL TO HOVIEAO Y10l TOV TPOCOIOPIGUO TOV, OVIIGTOUXEL GE OUOKEVTPO
daktoAo Kot 1 TpoPAeyn dev Ba avtamokpvotay otov Tpaypatikd apdud Reynolds

7oV YopakTnPileL TNV pon TOL PELGTOV GTOV EKKEVIPO SOKTVUALO.

2tov Ilivaxa 11.31 mapovcidletor cOYKPION TOV TEPOUATIKOV UETPICEDV
TTOONG Tieons He Tovg Bempntikods vmoAoyiopotvs amd 1o povrédo RGU-TUC.
Eniong mapovoidlovrotl ta dpla petdfoong yio kdbe meproyn pons, 6mwe Kot to £160¢
™G PONG TOV PEVGTOV UE Paom v T ™S Kpioywng tayvntag Ve. Amd Tig THEG OV
napovctaloviar  otov Ilivaka 11.31 mpoxvmrer 6Tt M perdfacn otnv TvpPaodn
nepoyn cvppwva e to poviého RGU-TUC gmitvyydveton yuo mtapoyn 0.00129 m?/s,.
H mpoPreyn g mrdong mieong mapovotdlel TEG opaipotog £oc 36%, pe ovvndeg

o@aipa 6to 20% yio TNV TASLOYN QIO TOV LETPHCEMV..

210 Awdypappo 11.25 mapovcidlovior to TEWPOUATIKE dedOUEVO TTTMOONG
nieong umevtovitn ocvykévipoong 1.5% oe 100% £€xkkevipo dakTOAO GTO GUGTNUO
PONG TOL EPYACTNPLOV Y10 IAPOPES TOPOYES, KaBMG Kot o1 BewpnTikéc mpoceyyioelg
amo T Tpia povtéia. Zta Awaypappato 11.26 kot 11.27 mapovoidleton n drapopd %
mov €xet M BepnTK TWPOGEYYoN TOL KAOE HOVTIEAOL UE TOL TEPOUOTIKA
amoteléoparta pe to povieho TUC va epgavilel tnv pikpotepn d10popd o€ oyéon Le
T QAL OVO povTEAD Kol va akoAovBel 1o poviého API pe oyxeddv mapodpown

ovoyéTion (Be@PNTIKOV LITOAOYICU®V — TEWPUUOTIKAOV LETPTICEWDV).
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Hapoyn Hapoyn Mewpapatikn Tipn Mewpapatikn Tipn Movtéro AL6 0%
(kg\min) (m°sec) | mrdong misong (cm) | wrdong misong (Pa/m) | TUC (Pa/m) 12Qopa 7o
44 0.00073 0.42 40.8 61.6 51%

78 0.00129 1.40 136.9 85.1 -38%
112 0.00185 1.98 194.6 173.0 -11%
146 0.00241 3.17 310.9 268.0 -14%
176 0.00290 3.91 383.4 364.6 -5%
210 0.00347 5.36 526.1 487.9 -1%
250 0.00413 7.43 728.8 650.6 -11%
271 0.00447 8.70 853.4 743.4 -13%
295 0.00487 10.87 1065.6 855.6 -20%
315 0.00520 11.80 1157.5 953.9 -18%
338 0.00558 12.52 1228.2 1072.4 -13%
372 0.00614 13.65 1338.6 1257.7 -6%

Iivokag 11.29: Aedouéva mtwong mieons oe OuoKeVIpo daktdlio yia pevoto umeviovity 1.5% WiV — abyrpion ue to poviéio TUC 100% éxkevipo daxtoiio

oopbwuévo kard Haciislamoglu et Cartalos.
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Hapop'] Hapoyn | HMewpopotuci) Tipm Hepapaticn Tipm Movtéro API ALaoo0d %

(kg\min) | (m%sec) | mrdong misone (cm) | wrdong wicone (Pa/m) (Pa/m) Pop
44 0.00073 0.42 40.8 65.0 59%
78 0.00129 1.40 136.9 90.0 -34%
112 0.00185 1.98 194.6 116.1 -40%
146 0.00241 3.17 310.9 301.9 -3%
176 0.00290 3.91 383.4 428.1 12%
210 0.00347 5.36 526.1 573.5 9%
250 0.00413 7.43 728.8 762.8 5%
271 0.00447 8.70 853.4 870.4 2%
295 0.00487 10.87 1065.6 999.9 -6%
315 0.00520 11.80 1157.5 1113.3 -4%
338 0.00558 12.52 1228.2 1308.9 7%
372 0.00614 13.65 1338.6 1462.0 9%

ITivokag 11.30: Aedouéva mtawong micons oe opoKeVIpo Soktdlio yio pevoto umeviovity 1.5 % WIV — avykpion ue to poviédo APl ae 100 %

éxxevpo doxtorio dopbwuévo kard Haciislamoglu et Cartalos.
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Hopoyn | Hapoyn | Iepapatikn Ty Mewpapoticn Ty Movtého RGU AL % V Vritical Eidog Poilg Movtéro
(kg\min) | (m*/sec) | mrdong micong (cm) | wrdong micong (Pa/m) | -TUC (Pa/m) L2Qopa o (ft/sec) (ft/sec) RGU -TUC
44 0.00073 0.42 40.80 33.25 -19% 0.19 1.37 ZTpoOTH

78 0.00129 1.40 136.93 127.44 -1% 1.63 1.37 TopPddng
112 0.00185 1.98 194.61 235.96 21% 2.34 1.37 TopPddng
146 0.00241 3.17 310.87 370.57 19% 3.05 1.37 TopPmddng
176 0.00290 3.91 383.35 509.39 33% 3.68 1.37 TopPmddng
210 0.00347 5.36 526.07 688.11 31% 4.39 1.37 TopBmddng
250 0.00413 7.43 728.77 925.95 27% 5.22 1.37 TopPddng
271 0.00447 8.70 853.40 1062.25 24% 5.66 1.37 TopPmddng
295 0.00487 10.87 1065.60 1227.37 15% 6.16 1.37 TopBdong
315 0.00520 11.80 1157.53 1372.41 19% 6.58 1.37 TopPmddng
338 0.00558 12.52 1228.18 1547.37 26% 7.06 1.37 TopPddng
372 0.00614 13.65 1338.58 1821.67 36% 7.77 1.37 TopPddng

ITivaxog 11.31: Agdouéva wredrons mieons o€ opokeVIpo daxtdlio yia pevoto umevrovitn 1.5% WIV — abyrpion e to poviéio RGU - TUC ge 100% éxkevipo

oakxtolio.
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Aaypopua 11.25: I[Travon micons yia pevoro umevrovitn 1.5% WiV ae 100% éxxevipo doktolio.
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Aaypopua 11.26: Aidpopa % reypouatikdy Ty ue Gewpntikovs vroloyiouots yia pevoto ureviovity 1.5% WV o 100% éxkevipo daxtbrio.
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Aw@opd Yo OOpNTIKAOV YTOLOYICU®OV NE
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Aidypopua 11.27: Aidpopo. % meipapatixov tiudyv pe Gewpntikoig vwoloyiouois yia pevoto urevrovity 1.5% wiv oe 100% éxrevipo doxtiiio.
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11.5. Zvumepacuata 6OYKPIGHS VTOLOVIGTIKOV HOVTELWY UE TTEIPAUATIKES

HETPNOELS TTOOCHS TIEGHS.

Ao TIC TOpOmTdVe HETPGEIS KOL AVOADGELS OV TOPOVGLAGTIKOV KOl 0LPOPOVV

TTOON TieoNg MOAPOL pmevtovitn cvykévipmong 1.5% kot 1.85% oe opdkevipo kot

100% éxkevtpo O00KTOMO, GTO GUGTNUA PONG TOV €PYACTNPIOL, TPOKLATOLV TA

axoiovBo coumepdouaTa.

Movtélo TUC

>

To povtého TUC eivor avtd mov gpeavilel v KaAdTepn TPOGEYYIOT TTOGNC
nieong 1060 o€ opdKeVIpo 060 Kot o€ 100% £kkevpo daxtOA0 KoL Yo Ta dVO
PELGTA UTEVTOVITN TTOV peEAETHOMNKOY.

H mpocéyyion tov givar kadbtepn amd ta dAlo 600 povtéda yio OAa To €101 PONg
o710, 0Tola £yvaY PETPNOELS TTOoNG tieong (otpmTh, petafatikn, TopPDING).

e TopPmomn pony to povtéro TUC gpeaviletl tnv kaAvtepn Tpocéyyion.

O ovvovaouds tov poviehov TUC pe tig elomoelg mov avamtdydnkov and toug
Haciislamoglu xou Cartalos (1994), amotehobv moAd kaAd cuvovacud yuo Thv
TpOPAEYN TTMOOMG TTEONG GE EKKEVTPO OAKTOALO.

To povtého TUC eugavilel kaldtepn mpocsyyion amd ta GAAa d00 povtéda, yio
pOT PELGTOV GTNV GTPMOTN Kot LETOPOATIKN TEPLOYN.

To cpdipa mov epgavitel To poviédo TUC mapovoidlel péyiom tun €wg 30% ,
pe po péomn T oeaipatog 10 — 15% ko eldyioto opdipa 2% .

To oc@dipa o omoio mopovotdlel o poviého TUC eivorl péca oto emtpenopeva
OplL Yot VTOAOYIGTIKO HOVTEAO Kol HAAIGTO TOAD WKPOTEPO OO AVTIGTOLYO
povtéda vroloyiopov ttdong ticons (APl RGU — TUC).

INo 100% ékkevipo daxtOA0 To poviého TUC pe v mpocéyyion tov

Haciislamoglu o Cartalos (1994) diver tiuég opdipatoc 10 — 15%.

Movtélo API

>

To povtého API gpopavilel pétpla mpocéyyion ntdon mieong 1060 6€ OUOKEVTPO
000 ka1 og 100% ékkevipo daKTOALO.
To opdaipa 10 omoio mapovotdlel to povtélo QTavel o TIEG €wg Ko 65% , pe

péon T oedaipatog 35%.
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» To ocedipa tov poviéhov APl egugavifeton €mg kot 000 pe Tpelc Qopéc
UEYOAVTEPO OO TO OVTIOTOLYO GPAALL TOVL poviédov TUC.

» H mpocéyyion n omoia €xel avamtvydel and 1o APl yia tov vroAloyiopd ntmon
nieong pevotdv Herschel-Bulkley epeoviCer advvopio oe oyéon pe v
npocéyyon TUC.

» T 100% éxkevipo odaxtolo t0 poviédo APl pe v mpocéyyion twv

Haciislamoglu ko Cartalos (1994) diver tiuég opdipatog 10 — 25%.
Movtélo RGU - TUC

» To poviého RGU - TUC gupoaviler pétplo mpocsyylon TTmdON TiEoNg TOGO O
opdkevtpo 660 kot oe 100 % éxkevrpo daxtOAMO, 1 omoia akOAOLOEl TIC TIUES
TTOoNG wieong mov vroAoyilovion amd to povtélo APl mapovoidlovtog cedipa
2 -3 % peyaidtepo to API.

» To ocopdipa 10 omoio Topovoldalel T0 HOVTELO QTAVEL GE TIUES £00G Kot 65 %, e
péon T cedipatog 40 %.

» To cedipa tov poviéhov RGU - TUC gpopaviCeton £mg kot 800 pe tpeic popéc
UEYOADTEPO OO TO AVTIOTOLO GPAANA TOV poviéAov TUC, eved mapopoto cpdipo
pe to povtéro API.

» H mpocéyyion n onoia axorovdndnie otov oyedtacud tov poviédov RGU - TUC
Yo, ToV VToAoYIo o mton wieong pevotwv Herschel-Bulkley speoavilet mapdpoto
OTOTEAEGLLATO LE TNV TPOGEYYIOT TOL povtédov API.

» H pébodog m omoion ypnoyomoteiton amd 1o poviédo RGU — TUC ya tov
VIOAOYIGUO TTong mieong pevotmv Herschel-Bulkley, kot amotehel petatponn
™g pebodov yoo Power Law pevotd, epgovilel oyeddv idwo mpocsyyion pe v
aveEdpnn nébodo mov avamtdydnke and to APl yia pevotd Herschel-Bulkley.

» To povtého RGU — TUC epgavilel peydAn votépnorn 6tov VIoAOYIoHO TTOCNG
mleong ywo mEPLOYEG PONG OTNV OTPMTH Kol peTafatikn mepoyn, e&ortiog tng
TPOGEYYIoNG TNV OToia YPNCHOTOLEL Yio ToV KaBopiopd Tov €100VG TG PONG TOL
pevoToV (Veritical). AVTO €YEL VO KAVEL LLE TO OTL €V VILAPYEL LETOPATIKY TEPLOYN
pomnG Kot A0Y0 Tov OTL epeavilel vopitepa TV TUPPMOIN TEPLOYN GE GXEON LE TA
aAra 600 povtéda (APl & TUC).

» Tw 100% éxxkevipo SoktOAl0 TO povtéAo APl pe v mpocéyyion tov

Haciislamoglu o Cartalos (1994) diver tiuég opdipatog 20 — 40%.
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Kegalow 12° - T'evikd copncpdopota Kot peEALOVTIKEG TPOTAGELS Yio £PEVVA O

GLVEYELN GVTIS TG EPYaciag.
12.1. Evoaymyn.

Xe autd T0 KEPAAOO TOPOVGIALOVTOL GUYKEVTPMOTIKA TO, OTOTEAEGLOTO KO TOL
GUUTEPACHLOTO TO OTTOT0L TPOEKLY OV LECO OO QTN TNV EPELVA KL TAPOVCIUCTIKOV
OTO TPOTYOVUEVO KEPAALD, KAODS KOl TPOTACELS Y10 LEAAOVTIKY £PEVVA GE GUVEXELDL

OVTNG.

12.2. Xoprepaocpora.

Jvunepacuora mov TPOKVTTOVY A6 OcwpnTiKy aAVAAOGH TOD GVVOVAGUOD THG

reyvikns Casing Drilling ue avti oo Mud Cap.

» H mieon otov mubuéva g yedTpnon katd v S1dpKelo EKTEAEONC SIATPNONG LE
mv teyvikn Casing Drilling, pmopei va elattwbel edv cuvdvaotel pe v TeXVIKN
Mud Cap ot chykpion pe v un vrapén Mud Cap (sdv oyxediaotei ) didtpnon
Y0l GLYKEKPIUEVOL LEYEDT SLOTOUNG KOl COANVAOGTG TNG YEDTPNONGS, KaOdg Kol TO
VYOG ToL peveTtov oL Tailel Tov poAo Tov Mud Cap.

» H 1eyvuicn Casing Drilling sppaviler peydAn mtdon mieong otov S0KTOAMO ™G
yedTpnong efontiog TG HKPNG VOPAVAKNG SapéTpov, M omoia pmopel va
ehattmbel ue v epappoyn tov Mud Cap.

» O ovvOLOOUOG OVTAOV TOV dVO TEYVIKOV UTOPEL VO EMPEPEL EAATTOON GTNV
GUVOMKT] TTTMOOCN TESNG 6TV Ye®TPpNoN eEantiog TG ¥PNOoNG PEVCTOV TO OTOi0 VoL
TPOKOAEL LIKPT) TTMON TEGNG OTO ECOTEPIKO TOV JATPNTIKAV GTEAEXDV KOl GTO
KOTOTOTO TUNHO TOV OAKTLAIOL TNG YEDTPNONG.

» Tlopd ™V 7mpooHnkn oTov SUKTOA0 TNG YEDTPNONG PEVGTOD UEYOADTEPNG
nmokvomrag (Mud Cap fluid), n ocvvolwn Tty g Bottom Hole Pressure
pewwveton e&ottiog Tov cLVONK®V oV emKpatovy oty weployn Tov Mud Cap kot
AOY® TG TPOGEYYIONG LE TNV OToia avaADON KOV To SEGOUEVA LOG.

» O cuVOLOGUOG TOV dVO0 AVT®V HEBOd®V EMPEPEL KAAVLTEPT dloElpLon TOV TPOPIL

g mieong.
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>

O cLVVOLAGHOG OVTOC TV OVO TEXVIKAOV UTOPEL VO AENCEL T EMTESN ACPAAELDG
péom ¢ pelmong tov mésemv, Ponddvtag £To1 TNV EANTTOGN TOV KOGTOLG Kol
TOV YPOVOL ddTpPNONC.

O ovvdvacpog g texvikng Casing Drilling pe avtig tov Mud Cap emtpéner tnv
AP EKUETAAAELOT TOV TAEOVEKTNUATOV TOV EIGAYEL 1] TPAOTN GTNV Propnyovia

YEOTPNGEMV.

2vunepacuara ta omoio ECHyONcay amo Ty UEAETI TOV PEVGTOV.

Pevera Carbopol 980.

Ta cvunepdopata ta omoia e€fyOncav amd v perétn towv pevotdv Carbopol

980 sivar to axoAovba :

Octika Xounepdopara.

>

To pevotd 10 omoio dnpovpyeitol eivar dOPOVES Kot PUTopodV va pedetndovv
OTTIKG, TEPALTEP® GLVONKEG, OTMC pHeTapopd Opavoudtmy (cuttings transfer).
To €100¢ TG PONG OV EMTLYYAVETOL LEGA GTA OPLOL AELITOVPYING TOV GUGTHHOTOC

POTG OVIKEL KOl GTIG TPEIG TEPLOYES poNG (oTpmTH, peTaBaTiKn, TVPPMONG).

Apvytika Lounepdouara.

>

Elvar moA0d odvokolo va  emtevyBel  emavoaAnyipndtto  oTo  PEOAOYIKA
YOPOKTNPLOTIKG SEIYUAT®V aKkOpo. Kot TG id10¢ ovuykévipmong Carbopol 980.
H g&ovdetépwon mov amaitel To pevotd pe vynAng nepiektikotntoc NaOH (18%

W/V) KoO16Ta4 TNV S1001KAGI0 TOPAGKEVTG TOV U] AGQOAN.

"Exet vymAd okovopikd KOGTOG Yo TV Tapackevy| detypdtov kKAipakog tov 700

Mtpov.

Anuovpyeitor TOAD ToyHPELOTO VAIKO OTIG EMBVUNTEG GLYKEVIPDOGELS YL XPTION
GTO GUGTNUA LOG Y10 GUYKEKPIUEVEG PEOAOYIKEG TAPAUETPOVG.

Elvar dvokolo omv mopackevn tov pevoto, yiati omoutet NaOH yuoo v

e€ovdetépman tov (éAheyyog pH).
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2vunepacuara yia wroipovs CMC.

Ta cvunepdopota o omoia e&Nydnoav amd v peré tov pevotov CMC eivan

T axkoéAovOa :

Octika Xounepdouoata.

>

>

To pevotd 10 omoio Onpovpyeitor elval dOPAVES Kol UTOPOLY Vo HEAETOOVV
OTTIKA, TEPOTEP® GLVONKES OTMG uetapopd Bpavoudtwv (cutting transfer).

Eivar edkolo 1 TapacKeLY] peuesTon.

H pétpnon ntoong micong yia pevotdé CMC umopet va yivel Alyeg opeg petd v
TapaoKeLT| KaBMG 0V amantel pHeydlo ypovikd 4ot Yo v EVOOATMOEL.

Mmnopet vo 0GEL GE SLOPOPETIKES GLYKEVIPADGELS, SLOPOPETIKOD EI00VS PEVOTA.

Apvytika Lournepacuara.

>
>

YynAo KOGTOG Y10 TNV TOPACKELT dtypatov KAlpakag 600 Altpwv.
[Mapackevn pgvotov Herschel-Bulkley, aAld ektdg twv peoroyikdv opiov To

omoia glyape BEcel yio KdAvyn €Opovg GTPOTNG, LETAPATIKNG Kot TUPPMONG pOTNG.

I'svika Xounepdouara.

>

[MTapodin v un emBount) epeavion tov (NToOLEVOV 1O10TNT®V 0o TO PEVGTA TO
omoia mopackevdoape, ENXONKOV TOAALL GUUTEPAGLOTA OGO APOPL, TO. PELOTA
CMC. To xvuptotepo cvumépacpo NTav OTL 1 KOATOOKELY] PELGTOV UE TNV
npocOnkn CMC, éxel cov amotédeopo v dnuovpyia pevetov Power Law €wg
TNV GCLYKEVIP®OT 7oL HEAETNONKE, OAAG Ko HE TNV UETEMETO TPOSHNKN

pmevIovin.

‘Eva akdpun moAd onpoavtikd cvopmépacua to oroio eEnyon kot sivar kKupiog kdtt

T0 omoio mopatnpNOnke amd TNV eUmEPia. TG TAPACKELNG Kol UEAETNG TOV
PELOTAOV OldTpMoMNG, Ol OVTA TO YPOVIK, MTOV OTL TO PELOTO TO OTOIo
TAPOCKEVAGTNKE LE TNV TPOocHNKN Tov pmevtovity oto pevotd CMC, ftav 1660
LOKPOGKOTIKA OG0 Kol amd Amoyr veNG ALY Kol KUKAOQOPING O10POPETIKE Omd
T LEYPL TOPO PELGTA TOL OTtOT0L ElYV peAeTnOet.

AVTY| | TOPATNPNOT GE GLVOLAGHO LLE TNV TOPATHPNOT OTL KATA TNV SIOPKELD TNG

KUKAOQOPIOG TOL PEVGTOL PEGO GTO GUGTNUO TNG OPLLOVTLOG YEMTPNONG, ElyOLE
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o, avénon g Oeppokpaciog (uikpn petaPorn g tééemg éwg 2 °C) Tov
PEVGTOV KATL TO OTTOI0 ONUIOVPYNGE TNV TEPLEPYELD VO LEAETIICOVUE TNV ETOPAOT

g Beppokpaciog oe avTd To PELGTA.

2vunepacuata yia peveta CMC kar umevrovity ue Ty exiopaocn tys

Ocpuokpaciag.

Ta ocvunepdopoto To omoio eENYONGAV ATO TNV HEAETN TOV PEVGTAOV UTEVIOVITN

kot CMC givon Ta axoAovda. :

>

Ta pgvotd mov peretnOnKav aALALovV TIC PEOAOYIKEG TOVS 1O10TNTEG GE GYEOT e

v Bepuokpacio (dpa oe oyéon e to faBog) o peydio Padbuo.

‘Exovv v 1016tta vo. av&dvovv v i g tdong 0toAicinong (1,) toug oe

oyxéon pe v Bepuokpacio (apa kot pe o PaBog TG YEDTPNONG), OTOTPETOVTOG
£€tol v ypryopn kabilnon tov copatdiov péco otnv yedTpnomn. Avtd &xet
EMIONG EMATOOT GTA OPLAL LETAPAONS GTPMTNG — TVPPDING pONG.

Me v avénon g Bepupokpaciog n nrdon mieong Katd TNV KLKAOQOPio TOVG
UELDVETOL.

Me v avénon g Oeppokpacioc n covigela tov pevotdv (K) peidvetar pe
KuptotePN cvvéneta v avénon tov apifpod Reynolds.

Me v avénon g Bepuokpacioag o 0dnNydg cvumepipopds tg pong (N) tov
peVoTOL avEaveton (teivel va yivel Nevtdvero).

Mmopovv va cuumepipepfodv cav “eEumva pevotd” didtpnong ool petafdiovv
TIG PEOAOYIKES TOVG 1010TNTEG TTPOG OPEAOG NG dwdikaciog g dwdrpnong (oe
cuvaptnon pe 1o Paog). To epdTNUA OV Yevvatan glvan v avT) N WOTNTA

TOVG £ivor ETAVOANYIUN.

‘Eval 161010 pguotd pimopet va avTiKoTaoTNGEL TEPIGSOTEPU TOL EVOG PEVGTA OUPOV

amd HLOVO Tov UTOPEl Vo PEPEL TOL OPEAT TOV TPOKAAOVV SLUPOPETIKA PEVGTE GE

KkdOe TUNpO TG YEOTPNOMG.

"Eva tétotov €idovg pevotd umopet va “avtiinedel” to fabog oto omoio Ppioketon

(e&outiag ¢ emidpaong g Oepurokpaciog 6to pevotd) Kol Vo cvpmepLpepOel
avAAOYO G TTPOG TNV AVIETMOMIGT Tov pLOUoY Kabilnong Tov copatdiov otav

dlokomel 1 KukAo@opia Tov PELGTOH GTOV SAKTOALO TNG YEDTPNOTC.
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Emtuyydvetror copmepipopd mopopota 1 Kot KAALTEPN o’ OTL UE TNV YPNOT TOAD
axplBOTEPOV PEVGTAOV S1ATPNONG.

Eilvar gvkola pevuotd oG Tpog TNV TopacKELT] TOVG.

Eivar moAd owovopukd pevotd S14Tpnong apov To. GLGTUTIKA TOPAGKELNG TOV

glvat otkovouKd.

2oumepdouata Yo pEVeTI UTEVTOVITH.

Ta ocvunepdopota To omoia eENYONGAV AO TNV HEAETN TOV PEVGTAOV UTEVIOVITN

sivan To akoAovbo :

>

[ToAD owovopkd pevoTd MG MPOG TNV TOPUCKELY] TOL (YL TNV TOPUCKELN
TOAQOV pmeviovitn cvykévipmong 2% WiV o khipaka 620 It arortovvron 12.40
kg pmevrtovitn o omoiog kootiletl mepinmov 10 €).

Evkolo wg mpog TV mopacKeLT] TOL PELGTO.

[Topovcialel emavoaAnyMUOTNTO 0G0 OPOPE TIC PEOAOYIKEC TOVL 1OLOTNTEC, Ylo
SLPOPETIKA PEVGTA 1010LG GLYKEVTPOOTG.

To pevotd 10 0010 TAPACKEVAGTNKE NTAV GOV VPN CAAL KOl LOKPOCKOTIKA 1TV

MydTtEPO TOYVPEVGTO OO TA VTOAOUTO PEVGTE TOL TOPUCKEVAGTNKAV.

2ovunepacuara eriopacns PH kot NaCl 6¢ pevera umevrovity.

Ta cvunepdopoarta ta omoio e€nyOnoav amd ™mv perétn enidpacng pH kot NaCl

o€ peVOTA pmevrovitn givar Ta akoilovba :

Eniopacny NaCl

H 1 70 tov detypdtov Pmevtovitn HEIOVETOL e TV adENCT TNG CLYKEVIPOGONG
tov NaCl oto didivpa.

H mym tov ovvtedeot| K detypdtov pmeviovitny avéavetonr pe v avénon g
ovykévipoong tov NaCl oto didAvpa.

H tiun tov ovvieleot) N derypdtov pmeviovitn av&dvetotl Yoo GUYKEVIPMOGELS
NaCl oto ddhvua éog 0.1 M, evd pe mepartépm avénon thg GLYKEVIPMOOTS TOV

NaCl n tiun apyilet kot pewdvera.
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Emiépacny pH

» H tmyn 7 tov detypdtov prevtovitn peioveral pe v petafoin tov pH mépa and
TV TN To TOV “TLEAOV” JEIYUOTOC UTEVTOVITI KOt Y1a TIG 000 GUYKEVTPMOGCELS Y10
T1G omoieg peketOnke n enidpaom tov pH.

» H tyn tov ovvteheot) (K) detypdtov previovitn avédvetor pe v avénon tov
pH.

» H tun tov ovviekeotn (N) derypdtov umeviovitn peidvetor pe v avénon tov

pH.

2oUnEPacuaTa GUYKPIGHS DITOAOYIGTIKMDY HOVTEAWY UE TEIPOUATIKEG HETPIOCELS

TTAONS TECHS.
Movtéio TUC

» To povtého TUC eivar avtd mov gueavilel v KaAOTEPT TPOGEYYIOT TTAOGNG
nieong 1060 oe opdkevipo 660 kot e 100% £kKevTpo OOKTOALO Kot Yio To dVO
PEVOTA UEVTOVITN TOL pEAETON KA.

» H mpocéyyion tov givar kaddtepn and ta GAia dV0 HOVTELD Yo OAa Ta €I0M pong
oT0 OToiaL £yvay PLETPNOELS TTAOGN S TTieoNS (GTP®TI, LETAPATIKY], TVPPDONG).

» Xe tpPndn pon 1o povtédo TUC eppaviCel v kaAbtepn TpocEyyion).

» O ovvdvaoudg tov povtehov TUC pe tic e€lodoelg mov avamthynkay and toug
Haciislamoglu xou Cartalos (1994), amotedAobv moAd koAb cuvovacud yuo Thv
TPOPAEYN TTOONG TECNG GE EKKEVIPO OUKTUALO.

» To povtého TUC eupaviler koaddtepn mpocéyyion amd ta GAAa d0o povtéla, yio
pON PELGTOV GTNV GTPMOTY| KO LETOPATIKT TEPLOYY).

» To cpdipo mov gueaviCel to poviédo TUC mapovstalel péyiot tyun éoc 30% ,
pe po péomn T oeaipatog 10 — 15% kot eldyioto opaipa 2% .

» To oedipa 1o omoio mopovotdlel to poviédo TUC eivorl péca oto emtpenopeva
OploL Y10 DVTOAOYIOTIKO HOVTEAO KOl UOAMOTO TOAD UIKPOTEPO MO OVTIoTOLYO
povtéla vroloyiopov ttoong wieong (APl RGU — TUC).

» Tw 100% éxkevipo OSaktoAlo to poviého TUC pe v mpocéyyion TV

Haciislamoglu ko Cartalos (1994) diver tiuég opdipatoc 10 — 15%.
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Movtéio API

>

To povtého APl eppavilel pétpla mpocsyyion ntmon mieons 1060 6 OUOKEVTPO
600 kot o€ 100% £€kkevipo SakTOAL0.

To cedAipa to omoio Tapovstdlel TO HOVIELD QTAVEL GE TIHES £m¢ Ko 65% , pe
péon T oeaipatog 35%.

To o@dipa tov poviéhov APl euepavileton €mg kot 0VO UE TPElG QOpEg
UEYOADTEPO OO TO OVTIGTOLYO GOAALN TOV poviéhov TUC.

H mpocéyyion n omoia €xel avamtuybei and 10 APl yio tov vroAoyiopd ntmon
nicong pevotov Herschel-Bulkley eugaviler advvapic o€ oyéon pe v
npocéyyion TUC.

Mo 100% éxkevipo OSoktOA0 TO povtéAo APl pe v mpocéyyion tov

Haciislamoglu o Cartalos (1994) diver tiuég opdipatoc 10 — 25%.

Movtélio RGU - TUC

>

To poviého RGU - TUC epopaviler pétpia mpocéyyion ntmor mieong 1060 o€
opokevipo 660 ko oe 100 % éxkevipo daxtOA0, 1 omoio akOAoLOEl TG TUHES
TTOOoNG wieong mov vroAoyilovian and to povtélo APl mapovoidlovtag cedipa
2 -3 % peyardtepo to API.

To cedAipa to omoio mapovstdlel T0 HOVIELD OTAVEL GE TWES £m¢ Kot 65 %, e
péon Ty oeaipatog 40 %.

To cedipa Tov poviéhov RGU - TUC gppavietor £m¢ kot dvo pe tpeic gopég
UEYOADTEPO OO TO aVTIoTOLX0 GOAApA TOV poviéAov TUC, eved mapopoto codipo
pe to povtédo API.

H npocéyyion 1 onoia akoAovdndnke otov oyxediacud tov povtédov RGU - TUC
Yo, Tov vToAoylo o mtmon wieong pevotwv Herschel-Bulkley speoaviletr mapdpoto
QTOTEAECLLATOL LE TNV TPOCEYYIoN TOL poviélov API.

H pébodog m omoia ypnowomoteitan amdé to poviého RGU — TUC yuw tov
voAoyloud mrmong micong pevotdv Herschel-Bulkley, kot amoteAei petotponn
™¢ puebodov v Power Law pevotd, epgovilel oyeddv ido mpocsyyion pe v
aveEdpmn pnébodo mov avamtdydnke and to APl yia pevotd Herschel-Bulkley.
To poviého RGU — TUC gpoavilel peydin votépnon 6tov VTOAOYIoUO TTOOTG

mleong Yoo mTEPLOYES PONG OTNV OTPMOTN Kol HeTAPOTIKY meployn, e&outiog tng
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TPOGEYYIONG TNV OToia YPNCHOTOLEL Yio TOV KaBOopIopd TOL €100VE TG PONG TOL
pevoToL (Veritical). AVTO €YEL VO KAVEL LLE TO OTL dEV VTLAPYEL LETOPATIKY TEPLOYN
poTNG Kot AOYo Tov 0Tt epeavilel vopitepa TV TUPPMOIN TEPLOYN GE GXEON UE TA
dAla. 600 povtéda (APl & TUC).

[a 100% éxxevipo doktoAlo to poviédo APl pe v mpocéyyion tov

Haciislamoglu ko Cartalos (1994) diver tiuég opdipatoc 20 — 40%.

12.3. IIpotacels yro peAhovTIKN £PEVVA.

Méca amd autn TV gpyacio Kol TO OTOTEAEGLOTA TO OTTOL0 TOPOVGIACTNKOY
Kot LeAETHONKOY TPOEKLYOV OEEC Y10 TEPALTEP® EPEVVA GE O1APOPOVS TOLEIS GTO
gpyaotnplo Teyvikng lewtpricemv kot Pevotounyavikng, kot Bo mopovciastodv

TOPOKAT.

Ilpotdoeis yia ueléTy peveTov.

>

[Ipoteivetoan m meportépw pedkétn g emidopaocng ¢ Oeppoxpaciog oTig
PEOAOYIKEG 1O1OTNTEC KOl GULUTEPIPOPAS PEVGTAOV ddTpnong  (umevrovitn,
Carbopol, CMC, Pac, cuvdvaoudg autdv).

[Ipoteiveton n mepoutépm PEAETN TOAPDV Ot 0Toiol Ba TEPIEXOVV TEPIGGATEPO TOV
evog Tpocheta Yo TNV Tapackevt| Tovg (my. urevtovitn pe Carbopol, Carbopol pe
CMC, xt)L.).

[Ipoteiveton M mapackevy] TOAPOV mov o €xovv ®g Pacn 10 AddL, PLTIKO M

opvkto (Oil Based Muds), ywo perétn tov peoloyikdv Tovg 1310THTOV Kot

GLUTEPLPOPALG.

Ilpotadoceis yia pelétes 6T0 GVGTHHA PONS TOV EPYAGTIPIOD.

>

[TpoteiveTton m pedétn mtdong mieons moAe®mv mov Ba €xovv g Pdon to AL,
eutikd 1 opuvktd (Oil Based Muds) o6to cOomnua pong Kot GOYKPLON TOV
UETPNOEWMV LE TO TP VTTOAOYIGTIKG LLOVTEAQ.

Melétn g emidpaong g Oeprokpaciog oV MEWPOAUATIKY TTOONG TieoNg
pevotov Herschel-Bulkley oto cvotuoa porg, pe v mpocbfkn GLGTARATOC

BEp VoS TOV PELGTOV TPOG HEAETN GTNV OEEAIEVT TOV GUGTNOTOC.
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TomoBétnomn cvotudTmv TapoyNg aEpo GTO GUOTNUA PONG MOOTE Vo pehetnOel
TTOOoN Tigong o cvvONKeg mov Ba Tposopoidvovy didtpnon ue vromicon (Under
Balanced Drilling).

Melé trdong wieons yio SopopETIKEG EKKEVTIPOTNTEG TOL SUKTVAIOL POTC.
Enéktaon 1ov GuoTAUaTOg pong doTe Vo cuumeptAapfPdvel Ko Kdbeto Tunuo
pong oto omoio Oa peletnBolv mtdon mieong Kot petagopd Opavoudtov (cuttings
transfer port).

Tpomomoinon Tov GLOTAUOTOC MOTE VO, PTOPECEL Vo gykataotabel choTnuUa
TMEPLOTPOPNG TOL ECMTEPIKOV CWOANVA TOV OOKTLAOL Yoo TNV HEAETN 1TNG
eMIOPAONG NG TEPIOGTPOPNG TMV OOTPNTIKMOV GTEAEXDV OTINV TTMOCY| TEONG
TOPAAANAQ e TNV EMIOPAOT] TNG EKKEVTPOTNTOG,

Tpomomoinon 1oLV GLOTAUATOS YL TNV O10YETELGTN GTOV OUKTVALO, PELGTMOV
OWPOPETIKNG TLKVOTNTAG TOVTOYPOVA pHE OKOTMO va peretnBodv cuvOnkeg

ddtpnong dumAng Pabuidog pevotod (Dual Gradient) xotw Mud Cap.

IIpotdoels yia mEPAITEPD EPEVVA GTOV GYEOLAGUO VTTOLOYIGTIKDY HOVTELWV.

>

Enéktaon tov poviéhov RGU — TUC pe v mpocbnkn emmAéov TEXVIKOV
dtatpnong (my. Under Balanced Drilling, MPD) kot voloyiopd mtdong mieong,
HE TAPAAANAT LEAETN GTO GUGTNLA PONG KOl GUYKPIGT) OMOTELEGUATWV.
[TpocOnkn oto poviého TUC emidpoong exkevipomrog (my. Haciislamoglu et
Cartalos,1994) ko1 7EPOTPOPNG TOV  SATPNTIKOV GTEAEXDV, UEC®D MOM
VILOPYOVIOV EEICAOGEMV.

[TpoondBela avantuéng e€loMOoE®V Yo TNV EMOPACT] NG EKKEVIPOTNTOS UECH
TEPALATOV GE PEVGTA YEMTPNGEDV GTO GUGTNLO POT|G.

Yyedaopodg mpoypoupdatov (Casing design, Pipe design, Horizontal drilling
support) ta omoia. Bo TAGIOVOLY TA MON VIAPYOVTA HOVIEAD VTOAOYIGHOV
ntoong mieong (TUC, RGU — TUC), pe okomd v dnpuovpyio €vOc mANpovg
nakétov oyedopov yeotpnoewmv (Well Design) yuw  exmadevtikodg Kot

EPELVNTIKOVG GKOTOVG,.
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QOutline

* Introduction

 Scope of Work

« What is Mud Cap ?

 Challenges of Mud Cap

« What is Casing drilling ?

« Drilling hydraulics Package
 Analysis Casing Drilling with Mud Cap
« Conclusions

* Future Work

HELIAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI
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.8 Scope of Work

Casing drilling Combine into one

_ technique
*Mud Cap technique( MPD method )

Drilling

Hydraulics
Model

Consider : Effect of Mud Cap Height on BHP,
Pressure Profile & ECD

~— H HELIAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic Manz\gemenlAcco unting Centre
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230 Drilling Optimization

Main Aim : *Reduce time and Well cost

Do that safely

That can be achieved by avoid drill problems (Mud looses, kicks,
formation damage)

Means : e« Casing drilling
* Manage pressure drilling techniques

* Mud cap

 Dual gradient

« CBHP (Constant Bold Hold Pressure)
» Under Balanced Dirilling

* Etc

HELIJAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic ManagementAcco unting Centre
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= What is Mud Cap ?
> Deals with three different drilling liquids
Mud Cap
Drilling fluid
*Injection fluid
*Mixture fluid (Mud Cap Area fluid)
» Apply at different depths into the well
Benefits :  Efficiency manage on pressure profile

* Efficiency on very depth wells & problem well
environments

*Help us to avoid & manage Mud looses, kicks &
formation damage HELAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic ManagementAcco unting Centre
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Challenges of Mud Cap

*The fluid properties of the Mud Cap Area fluid depend from the 2 (two)
drilling fluids

*The circulation into Mud Cap Area defers from circulation at
conventional drilling

It should be design a special part at the Drilling Hydraulics Model so we
can calculate the pressure profile with Mud Cap technique

HELIAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic ManagementAcco unting Centre
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" WHEIRTS ?
Benefits : Avoid formation damage =

*Avoid Mud losses ”  Reduce time & cost

*Higher HSE criteria

Challenges
We have small well annulus 2 High pressure profile &
losses
We have to keep minimum g Efficiency cuttings transfer
fluid velocity which sets the limits for the
smallest pump rates for our
drilling fluids

V-slip depends from fluid properties and formation

properties HEL AC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic Manz\gementAcco unting Centre
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= Scope of this work
Combination of Casing drilling with Mud Cap technique
Challenges : -Dealing with drilling fluids for each area

so it provide us with minimum APf &
effective cuttings transfer

*To see how the merge of these two
methods affects the wellbore pressure
profile

*The effect of: -Mud Cap height
* RPM
*Eccentricity
*Fluids density

on total bottom hole pressure and pressure
profile and how from these properties we can

manage effective the pressure profile and HELAC

Education and Culture bring it to desired limits

Lifelong learning programme
LEONARDO DA VINCI

Hellenic Manz\gementAcco unting Centre
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) How the model works
Fluid Rheology and Density Well properties (depth, well Drilling Properties (Drill string
diameter, formation pressure &  components, RPM,
temperature profile) Eccentricity, Pump rate)

Drilling Hydraulics Package

* Pressure Profile
« ECD

~— 1 HELIJAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic ManagemenlAcco unting Centre
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e Input Parameters

Analyzed

* Viscometer readings » Rheology models (Bingham-Plastic, Power Low,

)

* Drilling Properties& ________

Consider the effect of :
Flow rate

Drill components

*Drill string rotation

e & on Pressure profile & APf

» Well properties

A 4

Consider the effect of formation pressure and
temperature profile on drilling fluid

Well bore Pressure Profile

HELIAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic ManagementAcco unting Centre
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. Analysis Casing Drilling with Mud Cap

20-in casing in 26in hole

10.75-in & 11.75-in casing in 12.25-in hole

7-in and 7.625-in casing in 8.5-in hole

~= HELMAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic MnnagementAcca unting Centre
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u 20-in Casing in 26-in hole

Effect of Mud Cap Hexght on BHP

000
hMud Cap Height (i)

~— i HELIAC

Education and Culture
Lifelong learning programme HellenicManagementAccountingCentre
LEONARDO DA VINCI
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GAY 7-in Casing in 8.5-in hole

Effect of Mud Cap Height on BHP

BHF (psi)

4500
4450

4400

HELIMAC

HellenicManagementAccountingCentre

Education and Culture
Lifelong learning programme
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10.75-in Casing in 12.25-in hole

Effect of Mud Cap Height on BHP

4700

4400 '
1 2000 4000 e000

Mud Cap Height (ft)

~— i HELIJAC

Education and Culture
Lifelong learning programme HellenicManagementAccountingCentre
LEONARDO DA VINCI
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¥ 7.625-in Casing in 8.5-in hole

Effect of Mud Cap Height on BHP

5400
Eﬂt:n

ot

BHP (psi)

P
5300

2000 4000
Mud Cap Height (ft)

~ B

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

a000

BHP (psi)

Effect of Mud Cap Height on BHP

2000 4000 &000

Mud Cap Height (ft)
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F200
F150
7100
7050
7000
G50
a3200
G50

11.75-in Casing in 12.25-in hole

Effect of Mud Cap Height on BHP

2000 4000
Mud Cap Height (ft)

=yupuln]

HELIMAC

HellenicManagementAccountingCentre




Comparison between the different casing

Effect of Mud Cap Height on BHP for stable flow rate

—— 2.5 in Hole with 7 in
casing

—=— 2.5 in Hole with 7.625
in casing

12.25in Hole with
10.75 in casing

12.25in Hole with
11.75in casing

o
n
a

u
a
I
M

—— Seriesh

—— 26 in Hole with 20 in
Casing

Education and Culture :

Lifelong learning programme HellenicManagementAccountingCentre
LEONARDO DA VINCI
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Conclusions

Pressure losses can reduced if Mud Cap combined with
Casing drilling (if we deal with specific gap sizes & Mud
Cap Height)

We can have less pressure losses if we work the small
hydraulic annulus, of Casing drilling, over a limit and if we
study the changes which caused by Mud Cup Height

The small annulus of Casing Drilling produce higher Pressure
losses which can reduced by exploiting Mud Cap

Despite we add higher mud density p2 ,overall BHP and
pressure profile can be reduced

~— & HELIAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic Manz\gementAcco unting Centre
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Using both methods we offer optimal pressure profile
management

This combination can help us to work more higher HSE
criteria by minimize total pressures, and reduce the cost
and the time of drilling operation (by help us to avoid drill
problems)

Full exploitation of Casing drilling by adding Mud Cap

HELIAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic ManagementAcco unting Centre
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Future Work

Further development of the Drilling Hydraulic model so we
can analyze laboratory data from laboratory vertical and
horizontal well models and compare them with the data

from field operations

The study of Casing drilling and with other MPD techniques

Feedback / Optimisation of pressure profile

Deal with Herschel-Buckley fluids

HELIAC

Education and Culture
Lifelong learning programme
LEONARDO DA VINCI

Hellenic ManagementAcco unting Centre
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Thanks for your attention
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Height of Mud Cap
(ft)

1000

2000

3000

4000

5000

Effect of Mud Cap Height on
BHP for stable flow rate

Mud Density ~ Mud Density  Mud Density BHP
p1 (Ibm/gal) p2(lbm/gal) p3(lbm/gal)  qi(gal/min) g2(gal/min) qg3(gal/min) (psi)
9 12 9.55 440 100 340 4294
9 12 9.55 440 100 340 4324
9 12 9.55 440 100 340 4354
9 12 9.55 440 100 340 4384
9 12 9.55 440 100 340 4415



Effect of Mud Cap Height on
BHP for stable flow rate

Height of Mud Cap  Mud Density  Mud Density  Mud Density BHP
(ft) p1 (Ibm/gal) p2(lom/gal) p3(lom/gal)  qi(gal/min) g2(gal/min) q3(gal/min) (psi)
1000 9 12 10 100 50 50 4512,23
2000 9 12 10 100 50 50 4560,6
3000 9 12 10 100 50 50 4603,84
4000 9 12 10 100 50 50 4644,8

5000 9 12 10 100 50 50 4685,7



Height of Mud Cap
(ft)

1000

2000

3000

4000

5000

Effect of Mud Cap Height on
BHP for stable flow rate

Mud Density Mud Density Mud Density
p1 (Ibm/gal) p2(lbm/gal) p3(lbm/gal) gi(gal/min)  gz2(gal/min)

& 12 10 100 50
& 12 10 100 50
9 12 10 100 50
9 12 10 100 50
9 12 10 100 50

g3(gal/min)

50

50

50

50

50

BHP
(psi)

4458

4510,2

4557,1

4601,66

4646,2



Height of Mud Cap
(ft)
1000

2000

3000

4000

5000

Mud Density
p1 (Ibm/gal)

Effect of Mud Cap Height on
BHP for stable flow rate

Mud Density Mud Density

p2(Ibm/gal) p3(lbm/gal) g1i(gal/min) g2(gal/min)
12 10 100 50
12 10 100 50
12 10 100 50
12 10 100 50
12 10 100 50

g3(gal/min)

50

50

50

50

50

BHP
(psi)

5543,3

5552,9

5554,83

5553,3

5551,8



Height of Mud Cap
(ft)

1000

2000

3000

4000

5000

Effect of Mud Cap Height on
BHP for stable flow rate

Mud Density Mud Density Mud Density
p1 (Ibm/gal) p2(lbm/gal) p3(lbm/gal) gi(gal/min)  qg2(gal/min)

9 12 10.1 60 35
) 12 10.1 60 35
9 12 10.1 60 35
9 12 10.1 60 35
9 12 10.1 60 35

g3(gal/min)

25

25

25

25

25

BHP
(psi)

7182,35

7125,58

7054,8

6977,7

6900,6



Casing Used for Drill string
Operation:

- Casing rotated

- Casing on bottom at all times
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Abstract. Casing drilling can be an effective method of reducing drilling costs and minimising
drilling problems but its uptake around the world has been slow with only a few wells drilled so far
with casing. Complex geological features like the high overburden on top of shallow unconsolidated
reservoirs characteristic of offshore West Africa can benefit from casing drilling when effectively
combined with Managed Pressure Drilling technique. For the industry to develop a managed
pressure drilling capability that will allow today’s generation of complex wells to be drilled safely
with casing, it is necessary to develop models that include the effect of eccentricity , rotation and
fluid rheology at bottom hole conditions on flow and pressure regimes, and to embed these models
within an easy to use, intuitive well design package for pre planning and as a real time tool to
monitor and provide forward simulations based on real time rig and downhole data. The paper
presents new results of the theoretical predictions of the wellbore pressure regimes incurred when
different types of drilling fluid flows in concentric and eccentric horizontal annuli. The concentric
and eccentric casing drilling results are compared with parallel predictions from conventional
drillstring results from developed analytical solutions integrated into the VisSWELL(DeskTop
Simulator) , which is used in simulating well operations.

Introduction

Well engineers face ever increasing technical challenge of drilling in complex environments and

complex geological features such as

e Drilling of high pressure/high temperature wells with very narrow pore pressure-frac pressure
window

e The rejuvenation of mature, depleted fields

e The use of extended reach drilling techniques to develop marginal and satellite fields from
existing platforms

e Drilling through massive naturally fractured stratigraphic columns like the Sirte Basin in Libya

e Drilling through a combination of complex geological features such Platen overlaid by
Zechstein with potential for alternate losses and well flows as observed in certain parts of
Southern North Sea

e Drilling through shallow unconsolidated reservoirs with very high overburden such as in Gulf of
Guinea

In many of these challenging environments the use of overbalanced drilling techniques becomes
difficult as the tolerance between formation pressure, pressure exerted by the drilling fluid and the
pressure at which the formation will fracture becomes very tight. This leads, at best to an increase in
drilling costs to loss of the well itself or in extreme cases a loss of control of the well. There is an
emerging drilling method known as “managed pressure drilling” designed to overcome the
difficulties described above and make the drilling of these complex wells both feasible and safe.
Managed Pressure Drilling simply involves carry out well construction operations within a strict
operating pressure window. Otherwise known as “’walking the line’” or “’at balance drilling *’[1],

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of the
publisher: Trans Tech Publications Ltd, Switzerland, www.ttp.net. (ID: 62.1.92.108-20/02/09,14:35:43)
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MPD involves a rigorous definition of the entire wellbore pressure profile rather than mere bottom
hole pressure analysis.

The key to effective MPD is an appreciation of the complexities of the hydraulics (pressure and
flow regime) in the wellbore and the relationship with formation pressure and formation fracture
pressure.

Example of MPD techniques include
Underbalanced Drilling .

Mud Cap Drilling

Dual Gradient [Variable Density] drilling
Back Pressure regulation

Annular pump evacuation

Circulating Friction

Issues on underbalanced drilling were covered in detail at previous MPC presentation [2].
In this paper the focus is on casing drilling with circulating friction MPD technique.

Management of pressure hot spots in complex geological features such as massive naturally
fractured stratigraphic features as in Sirte Basin in Libya, High overburden pressure conditions
coupled with shallow unconsolidated reservoirs in deep water environments offshore West Africa or
HP-HT wells with narrow pore pressure-frac pressure operating windows pose further problems of
losses, differential sticking leading to non-productive time, poor hole quality, sloughing
shales/wellbore instability, difficulty in running casing and increased drilling costs. These
problems can be minimised with coupled managed pressure drilling with casing. Well construction
time is reduced and tripping time is also massively reduced if not eliminated.

The development of appropriate strategy for the management of MPD operations including
engineered choice of which technique to use for well specific conditions required to “’realising the
limit’” is rather complex and requires an integrated approach to finding the optimum solution to
solving the problem. This requires integration of key aspects of wellbore hydraulics, casing string or
drillstring dynamics and impact on string eccentricity, string rotary speed, effect of bottom hole
conditions on rheology and pressure regimes. The integration of all these factors that allows for
effective planning, well specific MPD process and optimisation plus real-time monitoring and
diagnosis is the specific objective of the ViSWELL .

For the industry to develop a managed pressure drilling capability that will allow today’s generation
of complex wells to be drilled safely, efficiently and reduce cost and problems , it is necessary to
develop models that can be used to carry out effective planning, assess the operating window and
application of each MPD techniques as well as process optimisation and to embed these models
within an easy to use, intuitive well engineering tool that can be used for pre planning and as a real
time tool to monitor and provide “’ looking ahead’” forward simulations based on real time rig and
downhole data. This is what has been achieved with the ViSWELL.

Some of the key issues affecting successful MPD operations are:

The appropriate fit-for-purpose MPD technigue to use

How can these techniques be optimised on a well-by- well basis?

What are the operating windows for casing drilling in complex geologies?

The effect of drillpipe eccentricity on flow regime, pressure regime and hole cleaning
What is the prevailing string eccentricity?
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e The ability to analyse the causes of drillpipe eccentricity and relationship with drillstring
torque/drag conditions

e Ability to analyse the effects of transients

e The ability to define the rheological properties of multi phase drilling fluids at bottom hole
conditions

Eccentricity, coupled with drillstring rotation affect the annular velocities in the well and the
prevailing multiphase flow patterns as well as pattern profile which then has an effect on hole
cleaning and pressure regimes in the wellbore. .

The integration of all these factors that allows for effective planning, well specific MPD process
and optimisation plus real-time monitoring and diagnosis is the specific objective of the ViSWELL.

The ViSWELL is the product name for MPD applications that allows the well engineering team to
interact with virtual representation of the well and near wellbore environment. The VWE is unique
in that for the first time:

. The well engineer or team can visualise the complete wellbore and near well bore drilling
process in real-time

. Manipulate these conditions in virtual reality environment

. Perform sensitivity and parametric studies in real time.

With the ViSWELL, the individual well engineer or a team working in collaboration can, while
planning a well, perform iterative parametric studies to identify the operating boundary conditions
through simulations.

Also by linking the ViSWELL with appropriate downhole sensors, realtime display of actual
drilling process/operations can be displayed onsite and linked to company office for system
problem diagnosis and optimisation.

In preceding papers the results of various parameters on conventional drilling process and its
optimisation have been presented [3, 4]. In the follow-up research work specific models have been
developed to predict prevailing level of eccentricity in extended reach wells. These models have
been coupled with hydraulics and hole cleaning analysis models for conventional drilling operations
analysis with or without RPM.  The effects of eccentricity and RPM were developed from first
principles based on approximate solutions some highlights of which are presented below.

Why Casing Drilling?
Drilling with casing has proven to be an effective method of reducing drilling costs and solving
drilling problems.

Growing commercial activity shows that drilling with casing is gaining increasing acceptance as a
practical method of reducing drilling costs and solving drilling problems especially in challenging
environments. This activity includes both onshore applications where the entire well is drilled with
casing and offshore applications especially in the Gulf of Mexico [3].

Most Casing Drilling activity has been focused on drilling vertical intervals, but interest in drilling
with casing in directional wells is increasing as the processes for drilling straight holes become
proven, the benefits of Casing Drilling are demonstrated, and more versatile tools become available.

Vertical wells can be drilled with casing using a simple system consisting primarily of a special bit
attached to the casing that can be drilled out to run subsequent casing strings. For directional holes a
retrievable Casing Drilling system is required because of the need to recover the expensive
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directional drilling and guidance tools, the need to have the capability to replace failed equipment
before reaching casing point, and the need for quick and cost effective access to the formations
below the casing shoe.

Casing drilling system enables a well to be drilled and cased simultaneously using standard oilfield
casings as the drillstring. The casing provides hydraulic and mechanical energy to a retrievable
drilling assembly suspended from a profile nipple located near the bottom of the casing. The profile
nipple has the same drift diameter as the casing and can be used to land cementing equipment once
the drilling assembly is removed.

Typical Casing drilling BHA is as shown in Fig 1 and it is generally made up of a pilot bit, an
underreamer, MWD, NMDC, stabilizer profile nipple and DLA.

Generally, the standard drilling BHA is connected to the casing with a DLA [Drilllock] that
provides a running/retrievable interface, mechanical attachment to the casing and a hydraulic seal.

Successful directional Casing Drilling operations require more than simply having directional tools
available that can be run below the casing. BHA response may be quite different when drilling with
casing as compared to drilling with conventional systems. Torque and drag must be managed
through selecting the casing connections, stabilization, and operational practices at the well site.
Special surface handling equipment is often required to make the Casing Drilling process efficient.

Solid centralisers can be added to the casing for directional performance, casing wear management,
dogleg control and centralisation for cementing purposes. Once BHA is landed in the profile nipple,
drilling can progress in similar manner to conventional drilling. Casing drilling operation can utilise
a top drive for conventional rotary drilling or sliding can be achieved with mud motor cum steerable
system for oriented directional work.

There are now standard casing drive assemblies that easily adapt to top drives and readily provide
casing makeup thus eliminating power tongs, support casing weights thus eliminating elevators and
stabbers as well as allowing casing to be rotated to bottom.

Merits of Casing Drilling
With casing drilling a number of issues associated with conventional drilling operations using
standard drillstrings are eliminated or minimized. Examples of the merits of casing drilling include:

e Time and effort involved in tripping operations are eliminated which reduces well construction
and rig times. With attendant reduction in well construction time and cost

e Casing drilling eliminates the standard casing running or casing reaming obtained the standard
process

e Problems associated with running casing in crooked holes or tortuous extended reach wells are

eliminated

There is potential for better quality holes and increased penetration rate with casing drilling

There has been reported cases of better well control especially in Gulf of Mexico[3, 4]

The lay down of drillpipes and collars becomes irrelevant

There is potential for reduced circulation time and circulating pressures

There is potential for high annular velocities because of small casing annular clearance. This

allows for the minimum annular velocities required for effective hole cleaning being readily

achieved at lower pump rates.

e There is potential for less ECD problems and better ECD management with casing drilling
especially when coupled with MPD
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MPD Hydraulics
Consider the Basic U-Tube Analogy of Well Profile as presented in Fig 1.

Irrespective of the MPD technique, the following equations represent the overarching hydraulics
equation for a typical well. :

Pa & Pg are the bottom hole pressures at specific depths in string bore and annular section
respectively.

From the Figure below,
Pa =Ps1 + Phy + Pra-APoss.
AP oss = AP oss1 + APLoss2 + APmotTor + APgIT + APsurface ..(2)

APsyriace 1S the pressure drop in the standard rig surface facilities. The correlation for surface
facilities pressure drop is presented as :

APsyrface = C*qx * pvY (3)

PV = Drilling fluid plastic viscosity
AP oss1. 2 represent the sum of the frictional pressure drop in the bore of the drill string components

APmotor = Pressure drop in the mud motor if used

APgi; = Pressure drop across the drillbit nozzles given as :

2
*
12032*Cq *[TFA]

[p] = Drilling Fluid Density, ppg
[g] = Operational pump rate, gpm
Cq = Bit Nozzles Discharge coefficient, TFA = Bit Nozzles Total Flow Area, in’

P,
Psl
Ps D5
D1
P1 P2 D4
TD ANNULUS
BORE
D2
MOTO D3
R
BIF
OA BO

Fig 1 : U-Tube Analogy of Well Profile
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Py represent the hydrostatic pressure in the appropriate section of the hole and it is a function of the
prevailing fluid density

Pw = Hydrostatic head imposed by the drilling fluid [In field units] = 0.052 * p *TVD ..(5)
TVD is the true vertical height of specific fluid column, [ft]

P = Psz + Prz + Pug + Pus + APLossannulus ...(6)

AP ossannulus = APLoss3 + APLossa + AP osss -(7)

AP oss depend on flow regime, RPM, eccentricity, and rheology. Rheology in turn depends on the
downhole condition of pressure and temperature.

Pa = Pg = Bottom Hole Circulation Pressure = BHCP

ECD at any Depth = __BHCP ..(8)
0.052*TVD

AP\ oss represent the frictional losses in either the bore or annulus of the casing string as illustrated
in Fig 1. These losses are affected by string eccentricity in the hole, fluid rheology at prevailing
pressure and temperature conditions and string RPM

Effect of RPM

The analysis of the effect of string RPM is based on the premise that string rotation will exert a
tangential velocity [a function of angular velocity] on the fluid flow over and above the average
fluid velocity. Thus there is a vector sum velocity here defined as:

VT: \[\_/§+V§A (9)

Where vy = Fluid mean velocity
v, = Fluid tangential velocity.

These velocities impose corresponding shear rates on the drilling fluids thus generating
corresponding effective viscosities.

Depending on the fluid rheology the corresponding effective viscosities appropriate models have
been custom developed for Bingham Plastic, Power Law and Herschel-Buckley Fluids. Appropriate
corrections are also made for the effect of prevailing wellbore temperature and pressure effect on
the rheology using purposely developed HP-HT models for fluid rheology.

For pseudoplastic fluids for example, The flow regime and effective viscosities in drillstring bore
can be predicted using the following equation :

’ | 2 2
Re:p\/Md Y =4/7ax T 7tan

Hest Vo = 8Vm | 3n+1
Ly = K]/n_l ax d 3n
! or

Ytan = T
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Where Q = Angular velocity = %*RPM ...(10)

d = bore diameter of string
Vi = average fluid velocity through the string bore

Effect of Wellbore Pressure and Temperature
Effect of wellbore pressure and temperature is compensated for in terms of the effect on drilling
fluid rheology.

Thus at prevailing wellbore pressure and temperature the fluid shear stress as measured at room
temperature is corrected as follows :

1@ P, T = CF *1, (1)

1 = Fluid shear stress at defined pressure and temperature
s = Fluid shear stress at standard temperature (60°F) and standard
pressure (15psi)
CF = Correction factor which is a function of pressure and
temperature.

Effect of Eccentricity
It is recognized from outset in this programme of work that in order to accurately predict the
pressure profile in a wellbore, it is essential to predict the prevailing drillstring eccentricity.
The string eccentricity is here analysed based on the string loading and wellbore trajectory and the
corresponding pressure regimes. Appropriate models have been purposely developed and
procedures developed to establish the eccentricity profiles throughout the measured length of
wellbore trajectory.
Analysis of the effect of eccentricity is thus carried out using the following equation :

APggeent = R ™ APconc. ..(12)

R = Pressure Gradient Ratio

This R represents the eccentricity correction factor and it depends on fluid rheology and fluid flow
regime.

APconc = Pressure profile for concentric case
APeccen = Pressure profile for eccentric case.

For lamina flow of pseudoplastic fluid for example R can be computed from the following equation:
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R

d 0.1852
—15*e@—Jﬁﬂiﬁ

0.2527
4y
d,

+0.96 *el *JF*{
..(13)

=1-0.072 *

Lam

n

d,

e avg g

eavg = Average Drillstring eccentricity.

Highlights of Results

The major highlights from the simulation results for circulating friction method are presented in

Tables 1 to 4 and Figs 3 to 5.

Table 1: Casing vs Drillstring Drilling — 120 RPM[300°F]

Casing Drilling Drillstring Drilling
Concentric 50% Eccent Concentric 50% Eccent.
ECD[ppge] 13.5 12.5 9.93 9.78
Pump P, psi 2415 1998 1584 1519
Table 2: Effect of RPM & ECCENTRICITY
CONCENTRIC CASING 50%ECC CASING
ORPM 120RPM ORPM 120RPM
ECD[ppge] 13.1 13.5 12.4 12.5
Pump P, psi 2322 2415 2019 1998
Table 3: Effect of Temperature[DRILLSTRING]
120°F 300°F 400°F
ECD[ppge] 10.68 9.93 9.7
Pump P, psi 2109 1584 1420

Table 4: Effect of Temperature[CASING DRILLING]

120°F 300°F
ECD[ppge] 16 12.76
Pump P, psi 3773 2101
Conclusion

In this paper an attempt has been made to introduce the concept of Managed Pressure Drilling with

emphsasis on casding drilling.
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Results of casing drilliung versus conventional drillstring drilling technique are presented together
with the effects of RPM and eccentricity. In order to optimise the process a new engineering tool for
drilliung operations simulation — the ViSWELL has been developed.

Drilling engineers live in a data rich but information poor environment. The use of ViSWELL
visualisation techniques aids the transition to information richness through real-time downhole
operation modeling, visualisation for well management and real time problem diagnosis and process
optimisation by the supervisory team

Future developments include the ability for real-time simulation of well control as well as
torque/drag analysis.
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ECD[ppge] COMPARISON FOR CASING VS DRILLSTRING
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Fig. 3 : Effect of Casing Drilling Vs Drillstring Drilling
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Abstract

The influence of pH between 7.5 and 10.5, for 5% and 6.42% aqueous Wyoming bentonite dispersions and of NaCl for 2%, 5%
and 6.42% of Wyoming-bentonite in water for a range of salt concentrations up to 1.0 M has been investigated. The dispersions
were prepared according to American Petroleum Institute procedures and rheological data were obtained with a Couette viscometer.
Data were represented very well by the Herschel-Bulkley model for all experimental conditions.

The effect of pH and electrolyte concentration is significant, affecting the type of association of the montmorillonite particles
thus influencing the rheology, the three Herschel-Bulkley parameters and the apparent viscosity. There is a maximum of the yield
stress, flow consistency index and apparent viscosity at the natural pH of the dispersions, while there is monotonous decrease of
these parameters with increasing salt concentration. Various scenarios of particle associations are discussed and comparison with

similar data from literature is also performed.
© 2007 Elsevier B.V. All rights reserved.

Keywords: Wyoming bentonite dispersions; Effect of pH; Effect of salt; Herschel-Bulkley

1. Introduction

Aqueous bentonite dispersions are of significant
value to many industries and in particular to oil-well
drilling and waste-treatment industries. In the former,
the dispersions have normally alkaline pH ranging
between 9 and 12 (Gray and Darley, 1980) while in the
latter, pH may range from acidic to alkaline, particularly
for adsorption of toxic metals (Khan et al., 1995;
Abollino et al., 2003). Montmorillonite particles are
plate like with their faces (F) negatively charged while

* Corresponding author. Tel.: +30 28210 37621; fax: +30 28210
37874.
E-mail address: kelesidi@mred.tuc.gr (V.C. Kelessidis).

0169-1317/$ - see front matter © 2007 Elsevier B.V. All rights reserved.

doi:10.1016/j.clay.2007.01.011

their edges (E), constituting less than 5% of the total
surface area (Delgado et al., 1986; Ramos-Tejada et al.,
2001; Zhang and Yin, 2002), are conditionally charged,
positive at pH values below the isoelectric point (iep)
and negative at pH values higher than the (iep). The
(iep) is defined as the pH of the dispersion at which the
edges have zero charge (van Olphen, 1977). The value
of the (iep) is not really known (de Kretser et al., 1998)
and it may depend on bentonite type (Sohm and Tadros,
1989). Many researchers reported that the (iep) of
montmorillonite dispersions ranges between 5.0 and 8.0
(Anderson and Sposito, 1991; de Kretser et al., 1998;
Benna et al., 1999; Missana and Adell, 2000; Abend and
Lagaly, 2000; Duran et al., 2000; Ramos-Tejada et al.,
2001; Lagaly and Ziesmer, 2003; Tombacz and
Szekeres, 2004). Thus, the pH of the medium governs
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the type of montmorillonite particle association giving
its viscosity and yield stress (van Olphen, 1977; de
Kretser et al., 1998; Lagaly and Ziesmer, 2003). Hence,
the effect of pH on the rheology of these dispersions is
of prime interest and several studies have been devoted
on this subject (Brandenburg and Lagaly, 1988; Benna
et al.,, 1999; Yildiz et al., 1999; Duran et al., 2000;
Ramos-Tejada et al., 2001; Tombacz and Szekeres,
2004; Laribi et al., 2006). Complete understanding,
though, of the effect of pH on particle association and
the resulting macroscopic structure giving the rheolog-
ical behavior of these dispersions is still elusive from the
research community, particularly for concentrated
dispersions.

It is long known that the presence of inorganic salts
and in particular of NaCl destabilizes aqueous-bentonite
dispersions because the electrical double layer, which
forms around the clay mineral particles and keeps them
in dispersion, is compressed by the cations (van Olphen,
1977; Luckham and Rossi, 1999) allowing the forma-
tion of aggregates thus changing the mode of particle
association. Several studies have been performed to
assess the phenomenon, with many dealing with dilute
bentonite concentrations (Adachi et al., 1998; Abend
and Lagaly, 2000; Heller and Keren, 2001; Tombécz and
Szekeres, 2004) but some also assessing the behavior of
more concentrated bentonite dispersions (Heath and
Tadros, 1983; Ramos-Tejada et al., 2001; M’bodj et al.,
2004). The amount of NaCl used varied from very dilute
concentrations, ranging from 0.0001 M to 0.1 M (Miano
and Rabaioli, 1994; Ramos-Tejada et al., 2001;
Tombacz and Szekeres, 2004; Sakairi et al., 2005;
Laribi et al., 20006) to greater than 0.1 M NaCl solutions
(de Kretser et al., 1998; Penner and Lagaly, 2000;
Lagaly and Ziesmer, 2003; M’bodj et al., 2004).

Bentonite is added to water based drilling fluids in
quantities varying between 3 to 7 wt.% (Gray and
Darley, 1980; Bourgoyne et al., 1991) and gives
dispersions with shear thinning rheological behavior,
modeled in recent works as Herschel-Bulkley fluid
(Fordham et al., 1991; Hemphill et al., 1993; Maglione
and Ferrario, 1996; Maglione et al., 2000; Kelessidis
etal., 2005; Kelessidis et al., 2006) with the model given
by Herschel and Bulkley (1926).

=1+ K(Y)" (1)

where 7,7, are the shear stress and the yield stress
respectively, K, n are the flow consistency and flow
behavior indices and <y is the shear rate. Many times,
these dispersions have been modeled as Bingham plastic
fluids, with a linear rheogram normally observed only at

high shear rates, with the model given by Bourgoyne
et al. (1991).

T = tyn + 1y 2)

where 1y, 4, are the Bingham yield stress and plastic
viscosity, respectively.

Drilling fluids have pH ranging between 9 and 12,
while salt water drilling fluids are also used with NaCl
concentration ranging up to 1.0 M (API, 2000). Formation
waters of high salinity may also be encountered, with
NaCl equivalent values ranging between 0.05 M and
1.0 M (Gray and Darley, 1980; Argillier et al., 1999).
Similarly, in wastewater treatment, pH values of these
dispersions may range between 2 and 13 (Khan et al.,
1995; Abollino et al., 2003).

The scope of this paper is to assess the effect on
rheology of pH and NaCl concentration of aqueous
Wyoming bentonite dispersions, the bentonite most
often used in drilling fluid formulation (Gray and
Darley, 1980), at high bentonite concentrations, choos-
ing three concentrations of 2%, 5% and 6.42 wt.%. The
assessment is performed by measuring the rheological
properties of these dispersions, deriving the Herschel—
Bulkley rheological parameters and determining the
changes observed at different pH and NaCl concentra-
tions which could reveal information about the mode of
particle association at these different conditions.

2. Methods and procedures

Bentonite—water dispersions were prepared using Wyom-
ing bentonite, a natural sodium montmorillonite commercial
product used in drilling fluid formulation under the brand
name QUIK-GEL (kindly supplied by Haliburton-Cebo
Holland). The cation exchange capacity (CEC) of this
bentonite was [70.1 meq/100 g] while particle size was less
than 70 pm, with majority of particles having sizes of around
10 um. The influence of pH and of electrolyte concentration
was determined for 2%, 5% and 6.42 wt.% of Wyoming
bentonite in deionized water. The dispersions were prepared
according to American Petroleum Institute procedures (API,
1993). Viscometric data were obtained with a continuously
varying rotational speed Grace M3500 rotating viscometer,
with an inner cylinder diameter of 1.7245 cm and an outer
rotating cylinder diameter of 1.8415 cm, thus giving a
diameter ratio 6=1.06785, at a temperature of 25 °C and
speeds of 600, 300, 200, 100, 60, 6 and 3 rpm. At each shear
rate, shear stress data were recorded (electronically) every 10 s
for a total of 60 s before changing to the next, lower, shear rate.
The values of the stress obtained at each shear rate were then
averaged and associated to the particular shear rate. The
preparation and measurement protocol (API, 1993) allowed
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reproducible results to be obtained in the above mentioned
manner. The rheological parameters were determined applying
non-linear regression to the data for the Herschel-Bulkley
model and linear regression for the Bingham plastic model.
This procedure to obtain the yield stress of non-Newtonian
fluids from concentric cylinder data has been suspected of
wall-slip occurring on the solid walls (Yoshimura et al., 1988;
Alderman et al., 1991). However, because of the experimental
approach followed here, that of intensive preshearing prior to
measurements, following API procedures (API, 1993), no slip
is expected to occur. This has been further confirmed from
comparative studies in the same laboratory of similar
dispersions, using concentric cylinder and the vane geometry
(Alderman et al., 1991; Nguyen and Boger, 1992), which
showed no significant variation among the yield stresses
obtained with the two techniques (Tsamantaki et al., 2006).

The samples were adjusted to different pH values using
0.1 M NaOH and 0.1 M HCI solutions and pH values were
measured with Inolab pH meter. The effect of electrolyte
concentration (NaCl) was studied by adding bentonite in
appropriate electrolyte solution following the API mixing
procedure. Three electrolyte concentrations, the 0.0 M (deio-
nized water as the standard solution), 0.01 M and 0.1 M, were
studied before and reported elsewhere (Kelessidis et al., in
press). This work extends the previous study with measure-
ments of 2% bentonite at 0.0 M, 0.01 M and 0.1 M electrolyte
concentrations and with measurements for the 5% and 6.42%
bentonite at 0.5 M and 1.0 M NaCL

After mixing, each bentonite dispersion was poured in a
covered container and left for 16 h at room temperature for full
hydration. Prior to measurement, the sample was stirred for
5 min at high shear rate (11,000 rpm) and the final pH
measurement was performed, followed by the rheological
measurement. It is the final pH value measured that is reported
in the results. As the pH of the dispersion changes during the
hydration period, pH measurements were also performed to
determine the time evolution of pH of these aqueous-bentonite
dispersions. The final pH range covered was 7.8 to 10.5. The
procedure followed to study pH evolution started by mixing
the amount of clay into deionized water followed by addition
of the appropriate amount of the acid or the basic solution and
stirring the dispersion in a Hamilton—Beach mixer at
11000 rpm for 5 min, taking then the pH value. After the
time lapse period (20 min), the sample was stirred again in the
mixer at the high speed for 5 min and the new pH measurement
was performed. This continued until the final measurement, at
the 16 h hydration period, was taken.

3. Results
3.1. Effect of pH

The flow curves of the 5 wt.% and 6.42 wt.%
Wyoming bentonite in water at different final pH values
have all shown characteristics of yield-pseudoplastic
fluids. The rheograms for the 6.42% bentonite concen-

tration at different pH are shown in Fig. 1. From the flow
curves, the Bingham plastic and Herschel-Bulkley
model parameters have been determined using linear
and non-linear regression routines from MatLab™. The
Herschel-Bulkley rheological model fitted the data
extremely well giving correlation coefficients between
0.980 and 0.999 and very low sum of square error
values, while the Bingham plastic model gave correla-
tion coefficients varying from 0.91 to 0.96. Hence, for
all these dispersions, the Herschel-Bulkley rheological
model described much better their rheological behavior,
in accordance to findings of previous works (Kelessidis
et al., 2005; Laribi et al., 2005; Kelessidis et al., 2006).

The variation of the Herschel-Bulkley yield stress (zy)
with pH for the 5% and 6.42% bentonite concentrations is
shown in Fig. 2 while the variation of the flow consistency
index (K) and of the flow behavior index (n) with pH for
these dispersions is shown in Figs. 3 and 4 respectively,
with the error bars corresponding to the standard errors, as
estimated for each parameter from the non-linear
regression MatLab™ routines. There is a maximum of
the yield stress for the 6.42 wt.% bentonite at a pH value
of 8.7, which is slightly lower than the natural pH value of
9.1. For more alkaline dispersions but also for less
alkaline dispersions, the yield stress decreases monoto-
nously with reductions around 34% and 21%, respective-
ly. The 5 wt.% bentonite dispersion shows also a
maximum at almost the same pH value as the 6.42%
dispersion, with a maximum at a pH value between 8.6
and 8.9, very close to the natural pH of 8.9. For more
alkaline dispersions, the yield stress decreases monoto-
nously with a reduction of 39%, similar to the 6.42%
concentration. For less alkaline dispersions, however, it
exhibits different behavior than the 6.42% concentration
with a local minimum at pH of 8.3, showing an increasing
trend for less alkaline dispersions.

The flow consistency index shows an increasing
trend with increasing pH for both bentonite concentra-
tions. Local maxima, for both concentrations are also

Shear stress (Pa)
& 0,
aoom
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Shear rate (1/s)
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Fig. 1. Rheograms of 6.42% bentonite dispersion at different pH.
Natural pH 9.1.
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Fig. 2. Variation of yield stress (t,) with pH at the two bentonite
concentrations. Natural pH of 5% was 8.9 and of 6.42% was 9.1.

observed, occurring at the value of pH very close to the
natural pH for both concentrations, at pH of 8.9 for 5%
and at pH of 9.1 for the 6.42% dispersion. Very high
values of K are observed for the highest pH value of
about 10.5, with a ratio between the two extremes of pH
measurements ranging from a ratio of 4.0 for the 5%, to
about 7.0 for the 6.42%.

The flow behavior index decreases continuously
with pH, starting from a value of around 0.62 and
decreasing to values of around 0.40, for both con-
centrations. A slight variation, breaking the monoto-
nous decrease is also observed at the natural pH values
for both concentrations. Thus, the higher the pH, the
more the shear thinning behavior of these bentonite
dispersions.

Rheological models are good for prediction of
pressure losses during the flow of these dispersions in
conduits of various shapes, particularly for laminar flow.
However, the understanding of the flow behavior of the
fluid and in particular of bentonite particle association at
different environmental conditions, like pH and elec-
trolyte concentration, is very difficult through the study
of the variation of the model rheological parameters,
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Fig. 3. Variation of flow consistency index (K) with pH at the two
bentonite concentrations.
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Fig. 4. Variation of flow behavior index (n) with pH at the two
bentonite concentrations.

especially when three parameters are involved, as is the
case of Herschel-Bulkley model. While it is fairly
straight forward to assess the impact of variation of the
yield stress, this is not the case for the effect of the flow
consistency and of the flow behavior indices. On the
other hand, the apparent viscosity, 1, defined as the ratio
of the shear stress over the shear rate, =1/, which is a
function of the shear rate for these dispersions, n=n(vy),
could reveal trends and provide information related to
the particle association, as a function of the imposed
shear rate.

The apparent viscosity at different pH values and for
all tested shear rates is shown in Fig. 5 for the 5%
concentration. The results show that the apparent
viscosity presents a maximum, for all shear rates, at a
pH value very close to the natural pH of the dispersions
and a small minimum at pH of 8.2. The variation though
of the maximum from the minimum is not great. For the
6.42% bentonite dispersions, the apparent viscosity
showed less variation but a small maximum was again
observed at the natural pH.

3.2. pH evolution during hydration

The pH of bentonite dispersions changes with time
during the hydration period and measurements have
indicated that it stabilizes after the 16 h hydration
period. Addition of small amounts of HCl or NaOH
solutions after full hydration resulted in spontaneous
decrease or increase of pH, thus indicating stabilization
of pH after the hydration period.

In Fig. 6 the evolution of pH with time for a 6.42%
bentonite dispersion is shown for different starting pH
values. Full stabilization of pH depends on the pH value
and takes the full hydration period for pH less than the
natural pH, while for pH greater than the natural pH,
stabilization of pH occurs faster. Furthermore, for pH
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Fig. 5. Variation of apparent viscosity of 5.0% bentonite dispersion at
different shear rates with pH. Natural pH of the dispersion was 8.9.

greater than the natural pH, the change between the
initial and final values is very small and one observes a
slight decrease for the most alkaline values. For pH
values less than the natural pH, the difference between
initial and final pH becomes greater as the dispersion
becomes more acidic. There is, also, a small shift of pH
at the natural state of 0.3 pH units after 16 hr hydration
period.

In Fig. 7, the relationship between the pH measured
at mixing time versus the final pH after full hydration is
shown from three series of experiments, two with a
concentration of 6.42% bentonite and one with 5%
bentonite concentration. The behavior is similar for both
bentonite concentrations. Furthermore, the coincidence
of almost all measurements at the same bentonite
concentration shows the reproducibility of not only the
measuring process but also of the occurring phenome-
non. The data show the great disparity between original
and final pH values, for pH less than the natural one, and
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Fig. 6. Change of pH of a 6.42% bentonite dispersion with time during
the hydration period. The values given are the initial and final
measured values. Full hydration was accomplished after 16 h
(960 min).

the small change for pH values greater than the natural
one.

It is known that pH evolves with time during clay
mineral hydration period (Tombacz and Szekeres, 2004;
Laribi et al., 2006) but quantitative results have not been
reported except by Avenna and De Pauli (1998). The
latter authors reported that for very dilute dispersions
(0.074 wt.%) of Na-montmorillonite from Argentina
with particle size less than 2 pm, in 0.014 M NaCl
dispersion and in other electrolyte concentrations, the
increase of the original pH of 8.3 with NaOH addition
was accomplished in less than 30 s and remained
invariable with time. For pH with values between 5 to 8,
adjustment of pH with standard HCl solution was
accomplished in 10-15 min. The results presented above
show that for the much more concentrated dispersions of
5% and 6.42% Wyoming bentonite, fairly fast pH
adjustment is observed only for pH values greater than
the natural one (pH~9.0), while for smaller than the
natural one pH wvalues, full pH evolution is accom-
plished only after the full hydration period. Differences
of the raw material, of the bentonite concentration as
well as in the mixing procedures could explain the
variations observed.

3.3. Effect of electrolyte

The flow curves of the dispersions in different
electrolyte solutions, augmented with data of Kelessidis
et al. (in press), have shown typical yield-pseudoplastic
behavior, with the shear stresses increasing with
bentonite concentration. Typical rheograms for the
6.42% concentration at different salt concentrations
are shown in Fig. 8. The effect of increasing salt
concentration is to reduce the shear stresses experienced
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Fig. 7. Final pH of the dispersion versus original pH at mixing time for

5% and 6.42% bentonite dispersions.
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Fig. 8. Flow curves of 6.42 wt.% Wyoming bentonite dispersions in
electrolyte solutions.

by the fluids at the same shear rates. In fact, for the
highest salt concentrations, no shear stress is measured
for the smallest rotational speeds. The relationship
between yield stress (ty) and electrolyte (NaCl)
concentration is shown in Fig. 9 while the relationships
between flow consistency index and flow behavior
index (K,n) and electrolyte concentration are shown in
Figs. 10 and 11, respectively. There is a continuous
decrease in the yield stress with increasing salt
concentration for all three bentonite concentrations
with a sharp decrease at 0.5 M and 1.0 M to very
small values. Similar decrease is observed for the flow
consistency index, but the sharp decrease and very small
values are observed even at 0.1 M salt concentration.
The flow behavior index shows an increasing trend
toward the value of 1.0 for all three bentonite
concentrations up to a salt concentration of 0.1 M,
while it decreases again at the higher salt concentrations
for the 5% and 6.42% bentonite concentrations.

Figs. 12, 13, and 14 show the change of the Herschel—
Bulkley rheological parameters with bentonite concen-
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Fig. 9. Yield stress of Wyoming bentonite dispersions in electrolyte
solutions.
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Fig. 10. Flow consistency index of Wyoming bentonite dispersions in
electrolyte solutions.

tration at various electrolyte concentrations. The yield
stress relationship to the solid concentration exhibits
power law dependence with the weight percent
concentration of bentonite for the 0.0 M, 0.01 M
and 0.1 M salt concentrations. The lines drawn in
Fig. 12 correspond to power law curves fitting the data,
giving excellent fits, for the 0.0 M salt concentration

1, = 0.238(x)>” Pa  R? =0.9974 3)
for the 0.01 M,

7, = 0.193(x)** Pa  R? = 0.9997 (4)
and for the 0.1 M,

7, = 0.092(x)>°° Pa  R? = 1.0000 (5)

where (x) is the percent weight concentration of
bentonite. No such relationships could be found for
the higher salt concentrations as they exhibited very
small yield stress values. The scaling laws depicted by

Flow behavior index

0.11 [-8—6.42% wt ——5% wt —a—2% wt

0.0 J
0.001 0.010 0.100 1.000

NaCl concentration + 0.001 (M)

Fig. 11. Flow behavior index of Wyoming bentonite dispersions in
electrolyte solutions.
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Fig. 12. Variation of the yield stress with bentonite concentration at
different electrolyte concentrations.

Egs. (3), (4), ad (5) give all very similar exponent
values, around 2.60. This value is very close to the value
reported by Laribi et al. (2005), who found a value of
2.78 when testing Wyoming bentonite at four different
concentrations, ranging between 7 and 14%. Laribi et
al. (2005) also reported an exponent of 2.54 for a
Tynesian bentonite, while Ramos-Tejada et al. (2001)
have reported power exponents around 2.0 to 3.0 for a
Spanish bentonite, but for the Bingham plastic yield
stress.

The flow consistency index increases with bentonite
concentration at 0.0 M and 0.01 M while it remains fairly
constant at very small values for the 0.1 M salt
concentration. The dependence of K on x is very strong
for the bentonite dispersions with no salt while it
diminishes as the salt concentration increases. Presence
of'salt in the dispersion also influences the variation of the
flow behavior index with solid concentration. It presents a
maximum at 5%, giving almost Bingham plastic behavior
at 0.1 M salt concentration, it remains invariant at the low
salt concentration of 0.01 M and it shows a small
minimum for no salt in the 5% bentonite concentration.
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Fig. 13. Variation of the flow consistency index with bentonite
concentration at different electrolyte concentrations.
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Fig. 14. Variation of the flow behavior index with bentonite
concentration at different electrolyte concentrations.

The apparent viscosity of the three bentonite concen-
trations continuously decreased with increasing electro-
lyte concentration and showed a drastic decrease for NaCl
concentrations higher than 0.1 M for which it approached
the suspending medium viscosity for all shear rates. The
5% dispersion showed no variation of the apparent
viscosity with shear rate at 1.0 M indicating a break up of
the colloidal dispersion. On the contrary, the 6.42%
dispersion did not exhibit similar behavior.

4. Discussion

Montmorillonite particles are characterized by neg-
atively charged faces (F) and pH dependent charges of
the edges (E) and association of these particles can be of
three modes, EF, EE and FF (van Olphen, 1977; Lagaly
and Ziesmer, 2003, Tombacz and Szekeres, 2004; Laribi
et al., 2006). EF association is thought to occur
primarily at pH values less than the isoelectric point
(iep) giving a house of cards structure (van Olphen,
1977). At pH values greater than (iep), both edges and
faces are negatively charged and particle association
could be EF, EE and FF, with the EF and EE giving
looser structures because the area of contact between the
edges and the faces is smaller, while the FF gives the
strongest structures, because the area of contact is larger
(Benna et al., 1999; Lagaly and Ziesmer, 2003). In this
work, the effect of pH in the alkaline range, greater than
(iep), has been studied. Similarly, the effect of the
electrolyte was studied at the natural pH of the medium,
higher than the (iep). Thus, for both studies, no positive
edge to negative face contact is expected.

Few investigators have used the Herschel-Bulkley
model to describe the rheological behavior of clay
suspensions (Coussot and Piau, 1994; Coussot, 1995;
Laribi et al., 2005) but none so far has studied the effect
of pH and salt concentration on Herschel-Bulkley
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rheological parameters, as it was done in this study.
Most investigators have used in the past the high shear
rate Bingham plastic model and have attempted to
describe interparticle associations at different conditions
using the Bingham yield stress and the plastic viscosity.
To this end, the effect of pH on Bingham yield stress has
been studied by Khandal and Tadros (1988), Sohm and
Tadros (1989), Yildiz et al. (1999), Duran et al. (2000),
Ramos-Tejada et al. (2001) and Laribi et al. (2006). On
the other hand, Brandenburg and Lagaly (1988) used the
apparent viscosity at a specific shear rate (94.5 s ).
Similarly the effect of salt concentration on Bingham
yield stress has been studied by Abend and Lagaly
(2000) and Tombacz and Szekeres (2004), while M’bod;j
et al. (2004) and Sakairi et al. (2005) have used the yield
stress obtained by the vane technique (Alderman et al.,
1991). Heath and Tadros (1983) used the yield stress
derived by a similar to the vane technique, while Heller
and Keren (2001) used the apparent viscosity to study
the effect of salt.

In this study, all derived rheograms, under all
conditions, have exhibited curvature and hence, the
Herschel-Bulkley model was found most appropriate
for the data of this work. Hence, this study focused on
the wvariation of the Herschel-Bulkley rheological
parameters with pH and electrolyte concentration, and
in particular of the yield stress, in an effort to reveal
further information about montmorillonite particle
association under these conditions. A maximum on the
Herschel-Bulkley yield stress has been obtained for
both studied bentonite concentrations at the natural pH
(i.e. when no acid or alkali was added), while addition of
NaOH or HCI, to increase or decrease the pH, resulted
essentially in a decrease of the yield stress. Furthermore,
the apparent viscosities at all shear rates have shown a
maximum at the natural pH for both concentrations. In
contrast, previous investigators have reported a mini-
mum on the yield stress at neutral pH (Yildiz et al.,
1999; Benna et al., 1999) or of the apparent viscosity
(Brandenburg and Lagaly, 1988), while at alkaline pH,
an increase in the yield stress has been reported (Yildiz
et al., 1999; Benna et al., 1999). Others have reported a
continuous decrease of the yield stress when pH
changed from acidic to alkaline (Duran et al., 2000;
Ramos-Tejada et al., 2001). A maximum on the yield
stress has only been reported by Sohm and Tadros
(1989) and Laribi et al. (2006) at pH of 7.0 and 8.5,
respectively. Laribi et al. (2006) attributed this maxi-
mum to EE association between positive and negative
edges. It is questionable, however, whether any positive
edges exist in the suspension at this pH value, higher
than the (iep), especially if the spillover effect is taken

into account (Callaghan and Ottewill, 1974; de Kretser
et al., 1998).

The question is then posed about the type of particle
association in the alkaline range where faces and edges
are negatively charged, in the absence of electrolyte
which will produce different yield stresses, and in
particular at the natural pH of the dispersion where the
maximum of the yield stress has been measured.
Scanning electron microscope studies, currently under
way, are expected to reveal additional information about
particle association at different pH values. Preliminary
results are shown in Fig. 15. What is observed is that the
platelets flex and seem to associate primarily by the EF
mode and create structures resembling lenticural pores,
similar to the ones reported by van Damme et al. (1985)
and M’bodj et al. (2004), who, however, attributed them
to random aggregation of sheets rather than the EF
association appearing in Fig. 15. EF association at
alkaline pH and certain salt concentrations has been also
suggested by Permien and Lagaly (1994). However,
other investigators report and suggest band like struc-
tures resulting from FF association which gives larger
flakes and stronger gels (Norrish, 1954; Callaghan and
Ottewill, 1974; de Kretser et al., 1998; Luckham and
Rossi, 1999; Duran et al., 2000; Tombacz and Szekeres,
2004).

Salt addition to the dispersions at the natural pH, for
values up to 1.0 M, showed that the Herschel-Bulkley
yield stress and the flow consistency index, as well as
the apparent viscosity at all shear rates, decreased
monotonously with increasing NaCl concentration for
all three bentonite concentrations, while the flow
behavior index gave an increasing trend with increase
in salt concentration, showing a Bingham plastic or even
Newtonian behavior at the very high salt concentrations

Fig. 15. SEM of hydrated 6.42% Wyoming bentonite at pH of 9.1.
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studied. For salt concentrations less than 0.5 M, the
smooth decrease observed is attributed to the compres-
sion of (edl) of the bentonite particles. For salt con-
centrations greater than 0.5 M, the observed sharp
decrease in the values of all rheological parameters is
attributed to the large flocs that form from FF asso-
ciation leading to sedimentation (Abend and Lagaly,
2000). The results from this work further show that this
mechanism may be clay concentration dependent
because at the 0.5 M and 1.0 M salt concentrations,
the destabilization induced by flocculation was observed
particularly for the 5% bentonite concentration, while
the 6.42% dispersion still maintained some colloidal
stability.

Results similar to this work have been reported by
Sakairi et al. (2005) for bentonite concentrations up to
2% but very low salt concentrations (0.00001 M to
0.001 M). On the contrary, several reports have indicated
that for salt concentrations less than 0.5 M, firstly a
minimum is observed on the yield stress of the
dispersions, at very low salt concentrations, followed
by a maximum at higher salt concentrations up to the
value of around 0.5 M (Yildiz et al., 1999; Abend and
Lagaly, 2000; Heller and Keren, 2001). M’bodj et al.
(2004) reported a maximum of the yield stress while
Heath and Tadros (1983) reported increasing yield stress
with increasing salt concentration.

It may then be concluded that there are contradicting
results on the effect of pH and of electrolyte concen-
tration on the rheology of sodium montmorillonite
aqueous dispersions. Differences in the raw material
could partly explain the differences observed, as many
investigators use the material as it is commercially sold,
as it was done in this study, while others purify the raw
material. Also variations of the original raw material are
observed, as some investigators use naturally occurring
sodium montmorillonite while others use soda activated
montmorillonite. Similarly, all studies have covered
from low clay to high clay concentrations and this may
also affect the results of the effects of the different
conditions. Preparation procedures should have the most
drastic effect on the measured properties and this could
explain the differences observed, as there exists no
standard protocol. This work adhered strictly to API
preparation procedures (API, 1993) which give repro-
ducible results, but different investigators follow widely
varying mixing and preparation procedures ranging
from no hydration at all (for e.g. Sohm and Tadros,
1989) to several days hydration period (for e.g. Laribi
et al., 2006), from vigorous preshearing prior to mea-
surement (API 1993 and in this study) to minimal
preshearing (Ramos-Tejada et al., 2001). Differences of

the reporting property could also explain the discrepan-
cies, with many investigators reporting the effect of the
varying parameters on the Bingham yield stress, extra-
polated from high shear rates, or the apparent viscosity
at a specific shear rate, or the directly measured yield
stress of the fluids. In this work, it was found that the
Herschel-Bulkley rheological parameter fitted experi-
mental data very well and therefore the variation of the
three model parameters with respect to pH and salt
concentration has been reported.

5. Conclusions

The effect of pH and of electrolyte concentration on
the rheological properties of Wyoming bentonite
dispersions has been studied at two bentonite concen-
trations. The rheograms have been fitted very well by
the Herschel-Bulkley model while the Bingham plastic
model resulted in fairly poor fit. The differences to
reported results are attributed to the raw material used,
but primarily to the preparation procedures. In the study
presented here the procedures suggested by American
Petroleum Institute for drilling fluid evaluation, have
been followed.

For the range of pH values studied, between 7.7 and
10.5, a maximum on the yield stress, the flow consis-
tency index and the apparent viscosity at all shear rates
has been observed at approximately the natural pH of
both 5% and 6.42% concentrations, while at the highest
pH, the flow consistency index increased drastically. The
flow behavior index exhibited a monotonous decrease
with pH. The maximum is attributed to edge to face
particle associations, as revealed also be scanning
electron microscope images. Changes of pH of the
dispersions during the 16 h hydration period have been
also presented, with significant increase of pH when
starting from acidic values and a small decrease when
starting from alkaline values.

Addition of salt decreases the yield stress, the flow
consistency index and the apparent viscosity at all shear
rates for all three studied bentonite concentrations of
2%, 5% and 6.42%, over the range of electrolyte
concentrations from 0.0 M to 1.0 M. The flow behavior
index increases up to 0.1 M and then decreases
somewhat and fluctuates for 0.5 M and 1.0 M of salt.
For the lower than 0.5 M salt concentrations, the
decrease of the rheological parameters, is attributed to
the compression of the electric double layer which
disrupts the network structure while at the higher
concentrations, the sharper decrease is attributed to the
formation of FF associations which lead to larger flocs
causing sedimentation.

Clay Science. (2007), doi:10.1016/j.clay.2007.01.011
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INFLUENCE OF ELECTROLYTE
CONCENTRATION ON
RHEOLOGICAL PROPERTIES OF
ZENITH AND WYOMING
BENTONITE-WATER SUSPENSIONS

VASSILIOS C. KELESSIDIS,
C. TSAMANTAKI', P. DALAMARINIS',
E. REPOUSKOU', E. TOMBACZ?

ABSTRACT

The influence of electrolyte (MaCl) concentration
on the rheological properties of water-bentonite sus-
pensions has been investigated using Zenith and
Wyoming bentonites at 5.0% and 6.42 %wt concen-
trations and three electrolyte concentrations of 0.0
M, 0.01 M and 0.1 M. The rheological data was fitted
to Bingham plastic and to Herschel-Bulkley model.
The latter fitted the data extremely well for all sam-
ples tested, while the former did not provide good
correlation coefficients. Wyoming-bentonite suspen-
sions gave shear stress values which decrease with
increasing electrolyte concentration indicating
flocculation and resulted in monotonic decrease of
the yield stress and the flow consistency index with
increasing electrolyte concentration, while the flow

Introduction

Agqueous bentonite suspensions have many and
differing applications in a variety of industries such
as oil-well, geothermal and water-well drilling,
wastewater treatment, ceramics, cement, moulding
sands, paint and paper. They are also used as thixo-
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behavior index showed an increasing trend. Zenith-
bentonite suspensions gave maximum shear stress
values at 0.01 M salt concentration thus showing a
maximum on the yield stress and on the flow consist-
ency index while the flow behavior index exhibited

an opposite behavior to the flow consistency index.
An equation predicting yield stress as function of the
ionic strength of the dispersing medium and of clay
concentration has been used but solution was found
only for one salt concentration, 0.01 M, with values
giving opposite trend from measurements thus indi-
cating further research into the subject.

Keywords: bentonite suspension, rheology, effect of
salt, Zenith, Wyoming, Herschel-Bulkley, Bingham
plastic.

tropic fluids in wall and road construction, in grout-
ing and tunneling, as sealanis in landfill, as binders
for iron-pellet preparation, as adsorbing material
in hygiene sand for cat litter.

Water bentonite suspensions have sirong colloi-
dal properties and increase the viscosity of the dis-
persing medium. They behave as non-Newtonian
fluids when sheared while under certain circum-
stances have the unigue ability to gel when not
sheared. It is this property that makes bentonite
valuable to drilling industry because the suspension
can support and transfer rock cuttings from the bot-

k]



tom of the hole to the surface, In addition, bentonite
reduces water loss into permeable formations by
forming a filter cake of very low permeability on the
walls of the borehole.

Significant research has been performed in the past
to study the rheological behavior of bentonite sus-
pensions but the research community does not have
full understanding of the mechanism of viscosity and
gel generation when bentonite is added in water. Af-
ter the necessary period of hydration of bentonite
particles, the rheology of bentonite suspensions de-
pends among other things on bentonite concentra-
tion, the presence of ions and in particular electro-
Ivtes, temperature and pH of the suspension.

The transition between stable colloidal dispersions
and coagulated, or flocculated, systems is a decisive
process in practical applications of millions of tons
of bentonite used but there is still no clear under-
standing of the mechanisms of gelation of bentonite
suspensions. Gelation is a process by which indi-
vidual flocks, or aggregates, form a network trans-
forming the liguid into a gel that upon very soft
movement (very low shear) behaves like a solid
which at room temperature occurs at sodium
montmorillonite concentrations of 1 to 3% wi
{Luckham and Rossi, 1999; Abend and Lagaly,
2000). The presence of electrolytes in the suspen-
sion, particularly salts, promotes gelation. If the sus-
pension forms a gel, a certain force (shear stress) is
required to force the suspension to flow and the
stress at which this happens is called the yield stress
of the fluid.

Many researchers postulate that gelation results
from edge-to-face particle interaction, shown in Fig.
la (vanOlphen, 1977; Benna et al., 1999; Luckham
and Rossi, 1999; Duran et al., 2000). Lagaly and
Ziesmer (2003) suggest that coagulation is initiated
by negative-edge-to-negative-edge association (Fig.
1b). Others postulate band type aggregate models
as the mechanism of gelation which results from
face-to-face association, as depicted in Fig. 1c
(Norrish, 1954; Callahan and Ottewill, 1974;

L=

Luckham and Rossi, 1999), Edge-to-face or edge-
to-edge association leads to card-house like strue-
tures while face-to-face association leads to thicker
and larger flakes. There are reports that the strong-
est structures are formed when there is attraction
between positively charged edges and negatively
charged faces (Sakairi et al., 2005). It should be
noted that for drilling fluids, pH is alkaline, normally
higher than 8.0, well above the isoelectric point of
the suspensions which ranges between pH of 5.0 up
to pH of 7.0 (Benna et al., 1999; Abend and Lagaly,
2000; Duran et al., 2000) and therefore positive-
edge-to-negative-face association cannot occur,

M'bodj et al. (2004) reported that pictures of scan-
ning electron microscope (SEM) reveal a system of
lenticular pores thus not confirming any association
of edge-to-face. Similar systems of this type of pores
created by association of bentonite particles of ague-
ous suspensions have been revealed by SEM pictures
of filter cakes created with Zenith and Wyoming
bentonites with an API filter press for 6.42%
bentonite concentration in deionized water and re-
produced here in Figure 2.

Addition of salt affects rheological properties of
bentonite suspensions. Luckham and Rossi (1999)
indicate that small amounts of NaCl decrease both
the yield value and the plastic viscosity. With higher
amounts of NaCl there is a gradual increase of both
vield stress and plastic viscosity and this is attrib-
uted to electrostatic particle interaction. At very high
salt concentrations, yield stress tends to decrease
because of face-to-face association and formation
of thicker particles, i.e. aggregation, reducing the
number of links within the clay structure. Miano and
Rabaioli (1994) also found that with an increase in
electrolyte content there was transition from edge-
to-face into face-to-face association, One could
question, however, the association between nega-
tively charged particles for the suggested face-to-
face association or similarly between edge-to-face
association at alkaline pH, where the edges are
known to be negatively charged, a question also

- .’ FIGURE 1: Mades of purticle associa-
tiew in elay suspensions: a) edge-to foce
b (card-hotse), b) edge-to-edge and ¢}
a C face-to-face (adapted from Luckham
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FIGURE 2: SEM pictures of AP! filter cake of bentonite
suspensions. a) 6.42% Zenith, b} 6.42% Wyoming (from
Kelessidis et al,, 2007),

posed by Tombacz and Szekeres (2004).

Abend and Lagaly (2000) found that both plastic
viscosity and yield stress, which were determined at
high shear rates (¥ —10005™") and not from the
extension of the full flow curve, decreased to a mini-
mum at low NaCl concentrations and then increased
al salt concentrations between (.02 M o 0.1 M, with
the results showing signs of decrease at very high
salt concentrations.

M'Bodj et al. (2004) found a continuous increase
of the yield stress, measured by the vane technique
{Alderman et al., 1991), of 5% bentonite suspen-
sion of smectite with 15% illite, up to a salt (NaCl)
concentration of 0.112 M and then measured a sharp
decrease followed by a continuous decrease up to
the maximum NaCl concentration used of 0.381 M.
Sakairi et al. (2005) found a decrease in the yield
stress, measured also by the vane technique, with
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increasing salt concentration, for concentrations
varying between 10# M to 107 M NaCl using com-
mercial bentonite, for concentrations between (L6
1o 2%.

The concentration of bentonile in water suspen-
sions varies and it may range between 3 to 7% for
formulation of drilling fluids (Gray and Darley, 1980;
Bourgoyne et al., 1991). The quantities of bentonite
used in the drlling industry account for more than
15% of total amount produced worldwide, while in
US only, use of bentonite for oil-well drilling ac-
counted for 24% for 2003 (USGS, 2005). The most
significant producer worldwide is USA with Greece
coming second {SAMI, 2004}, Leading brands from
the two countries are the Wyoming bentonite from
USA, a naturally occurring Na* - montmorillonite
and the Zenith bentonite from Greece, a Ca** -
montmorillonite which is treated and converted to
Na* - montmorillonite for use in oil-well drilling flu-
ids. Bentonite clays in fresh water are very effective
drilling fluids but many times, the drilling fluids are
exposed to saline conditions in the wellbore and the
high salt concentrations encountered disrupt their
good performance. Formation water salinities have
been reported to range between 0,05 M and 1.0 M
(Gray and Darley, 1980; Argillier et al., 1999).
Hence it is imperative to study the effects of elec-
trolytes and in particular NaCl on the rheological
properties of bentonite suspensions.

It is the purpose of this work to investigate the
effect of salt (NaCl) on the rheological properties
of water - bentonite suspensions using the Wyoming
and Zenith bentonites and attempt to describe the
differences among the results obtained.

Experimental methodology

Bentonite-aqueous suspensions with or without
electrolyte were prepared using Zenith bentonite,
supplied kindly by S&B Industrial Minerals S.A. and
Wyoming bentonite, supplied kindly by Halliburton-
Cebo Holland. The particle size distribution of the
two bentonites ranged between 1 to 10 microns for
both bentonites. The influence of electrolyte (NaCl)
concentration on the rheological parameters was ex-
amined for both bentonite types at two concentra-
tions, namely, 5.0% wt. (g bentonite per 100 g wa-
ter) and 6.42% wt. in aqueous ¢lectrolyte solutions
of concentrations of 0.0 M, 0.01 M and 0.1 M. The
suspensions were prepared according to American
Petroleum Institute preparation procedures (API,
1993; API, 20000) and left for 16 hours for full hydra-
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tion. Prior to rheological measurements, the sam-
ple was stirred for 5 minutes in the high speed mixer
and the pH value of the suspension was measured
with an Inolab pH meter. The rheological proper-
ties were measured with a continuously varying ro-
tational speed Grace M3500a concentric viscometer,
with & =17.245 mm and & =19.00 mm, at 600, 300,
200, 100, 6 and 3 rpm, and room temperature. Shear-
ing at each rate lasted one minute taking six meas-
urements during this time (one measurement every
10 seconds), and averaging the measurements.

Rheological data were fitted to the Bingham plas-
tic model (Bingham, 1922).

where ¢ is the measured shear stress and 7 is the
imposed shear rate with the two rheological param-
eters, the Bingham yield stress ( t5 ) and the plastic
viscosity ( Hp). The data was also fitted to the
Herschel-Bulkley model (Herschel-Bulkley, 1926)

T =T g+ Ky)° (2)

TABLE A1: Zanih benionite

with the three rheological parameters, the Herschel-
Bulkley vield stress (1 45), the flow consistency in-
dex ( §) and the flow behavior index ( n). The
Herschel-Bulkley model has not been used widely
in the past, but it describes many real clay suspen-
sions much better than the Bingham plastic model
(Fordham et al., 1991; Hemphill et al., 1993;
Maglione et al., 2000; Kelessidis et al., 2005; Laribi
et al., 2006) and it becomes the rheological model
of choice for oil-well drilling industry (Power and
Zamora, 2003; Kelessidis et al., 2006).

Experimental Results

The flow curves of these suspensions are shown
in Figure 3 for the two concentrations. Linear re-
gression to the experimental data gave the Bingham
plastic rheological parameters while non-linear re-
gression gave the Herschel-Bulkley rheological pa-
rameters, all shown in Table Al. Also shown are
the natural pH values of the suspensions and the
two indicators of the goodness of fit, the correlation
coefficient & and the sum of square errors between

predicted and measured shear stress values, E(ﬁ' ;

a) Rheclogical paramaters of the Bingham plastic modal for 5.0% wi

Bingham Plastic
Electrol
concemtraion | pH | T,(Pa) | pP | R | T 0'(PaY
0.00 M 8.55 TE27 6.1 0.9175 24724
0.01 M 9.39 10.951 54 0.9288 1.6983
0.1 M 8.74 6.928 83 | 09651 | 1.0737 |
b) Aheclogical parametars of the Bingham plastic model for 6.42% wi
Bingham Plastie
concentration pH 7, (Pa) u, (cF) R! z.{?l (Pa®)
0.00 M 8.64 17.178 7.9 0.9143 4.2964
0.01 M 841 20421 7.0 08337 T.2886
oM B.83 15,589 8.3 0.5139 4.7772
¢} Rheological parameters of the Herschel-Bulkdey modal for 5.096 wi
Horschal-Bulkley
Electrolyte
concentration pH | T,(Pa) | K{Pa*s"™) " R; 2.9 (Pa’)
0.00 M 9.65 6.433 02278 04804 0.9873 0.0637
0.1 M 8.35 10.220 0.1015 0.5857 | 0.9810 0.4502
01M B.74 6.286 0.0744 06493 | 09986 0.0444
_d) Aheclogical paramelars of the Herschel-Bulkley model for 6.42%: wt
_ Herschel-Bulkiey
Eleciro
m“mm,, pH | 7,(Pa} | K(Pa*s™) ' R ¥ 0 (Pa®)
0.00 M 9.64 15.680 0.2805 04858 | 080927 0.3852
.01 M 9.41 26.290 11710 02890 | 09782 0.9586
0.1 M 8.83 13.940 0.2973 04958 | 05989 0.0628
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One can observe a slight decrease of pH values of
the suspensions with increasing salt concentration.
The Bingham plastic model does not fit the data well
giving low correlation coefficients and high sum of
square errors. The Herschel-Bulkley model gives a
near perfect fit for the 0.0 M and 0.1 M salt concen-
trations and a less than perfect but still very good fit
for the 0,01 M salt concentration, at both bentonite
concentrations. It is therefore evident that the
Herschel-Bulkley model exhibits a much better fit-
ting behavior than the Bingham plastic model, and
this result renters it to be considered a very good
representation of the rheology of these suspensions.

The apparent viscosity of the suspensions is de-
fined by
T
My 7 {(3)
and for non-Newtonian fluids depends on the shear
rate. The variation of the apparent viscosity with
shear rate is shown in Figure 4 for the the two con-
centrations of Zenith bentonite at different salt con-
centrations.
It is evident from the rhecgrams and the apparent
viscosity plots that all samples tested show typical
yield pseudoplastic behavior. The rheograms at 0.01

I Zenith bentonite 5.0% wt a

e 008 M |
== 0.01M HaCl | |
| e 0T MG | _

520 800 1000 1200
shear rate (1/sec)

shear stress (Pa)

Zenith bentonite 6.42% wt b
40
T — - |
a0 ..,.-""_ = . =
25 1— —
—
20
15 ~— re—
|
5 AN | el DLW MACI ||
| e OTM NaCI ||
o 200 400 800 B0 1000 1200
shear rate (1/sec)

FIGURE 3: Flow behavior of Zenith bentonite suspensions in elecirolyte solutions, a) 5.0% wi; b) 6,.42% wi.
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M NaCl concentration are situated higher than the
0.0 M concentration, while the rheograms at 0.1 M
are situated lower than the 0.0 M concentration for
both bentonite concentrations. It is very interesting
to note that in the suspensions with 0.0 M and 0.1
M, the apparent viscosity is almost the same at all
shear rates for both bentonite concentrations, This
is not observed, though, for the 0.01 M salt concen-
tration, where the apparent viscosity exhibits a maxi-
mum, with the deviation from the 0.0 M and 0.1 M

being larger for the 6.42% bentonite concentration.

The effect of salt concentration on the rheological
parameters of the Herschel-Bulkley model is shown
in Figure 5a for 7,,, Figure 5b for K and Figure 5c
forn .

The vield stress of the fluid, from Bingham plastic
or Herschel-Bulkley model, which gives an indica-
tion of the association of bentonite particles, exhib-
its a maximum at 0,01 M NaCl concentration for
both bentonite concentrations. The plastic viscos-

Zenith bentonite, 5.0%
10.00
d
| |
2 1w
5
[ i 010 _ .
&
-3
0.01
0 200 400 &0 a0 1000 1200
shaar rate [1/s)
e 5000 - Z0Uh - UM g 5.0% - 200N - D 01ME g 5.0% - Sl - 016
Zenith bentonite, 6.42%
10.00 b _l
o
£ oo [\ .
&
g omw
0.01
o 200 400 GO0 B 1000 1200
shear rate (1/s)

e BT - Foeith - (00 g AT - Fanith - CLOTM g B.02% -~ Zonith - 0,780 |

FIGURE 4: Apparent viscostty of Zenith bentonite water suspension ar varions NaCl concentrations, a) 5.0% wiy b) 6.42% we,

ia
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ity, for both bentonite concentrations, showed also
a variation but to a much less extent than the yield
stress, exhibiting a minimum at 0.01 M.

The flow consistency index (K ), which is more dif-
ficult to interpret in terms of colloidal properties
because its effect is combined with the fow behavior
index (n), exhibits different behavior at the two
bentonite concentrations studied. At 5.0%, there is
continuous decrease in K with increasing electro-
Ivte concentration while (n) shows a continuous in-
crease, with n—=1  indicating Newtonian behavior.
Hence, as the electrolyte concentration is increased,
the fluid becomes less dispersed exhibiting behavior
closer to Mewtonian, At 6.42% bentonite concen-
tration, (K ) shows a maximum at 0.01 M NaCl, while
{rr} shows a minimum at the same sall concentra-
tion, thus following an opposite trend to that of (K),
much the same behavior as for the 5.0% bentonite
concentration, but giving a different combined ef-
fect. In fact, the low value of (n) of 0.3 for 0.01 M
shows an extremely non-Newtonian behavior with
a very small variation of measured shear stress with
shear rate, This indicates more of a solid rather than
a liquid, and this is also evidenced by the very high
yvield value obtained, which is the highest among all
samples.

The ratio of 75 /u, for the Bingham plastic model
i5 an index of the quality of bentonite suspensions
for characterizing drilling fluids with low values in-
dicating stable suspensions and high values indicat-
ing Mocculation (Chilingarian et al., 1986, API, 1993).
For the suspensions of this study, this ratio ranges
between 1:1 to 2:1 {Pa/cP) for the 5.09% bentonite
concentration and between 2:1 to 3:1 for the 6.42%
bentonite concentration, giving thus small ratios and
hence stable suspensions and more importantly, the
ratio does not change drastically with salt concen-
tration. In addition, the values of the plastic viscos-
ity are relatively small, similar to the values obtained
for other bentonite suspensions from the island of
Milos (Christidis and Scott, 1996) and from Kimolos
{Christidis, 1998).

The values of the theological parameters for wa-
ter suspensions of Wyoming bentonite, for the two
rheological models, Bingham plastic and Herschel-
Bulkley, are given in Table A2 while the Mlow curves
are shown in Figure 6. From Table A2 it is evident
that, overall, the model that describes better the
rheological behavior of all Wyoming bentonite elec-
trolyte suspensions is the Herschel-Bulkley model,
giving very high correlation coefficients and low sum

DMYKTOE MADYTOZMINERAL WEALTH 14472007
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FIGURE 5: Varation of Herschel-Bulkley rheclogical pa-
ramelers of Zenith bentonite suspensions in elecirolie so-
Tutions. a) yield stress, b) flow consistency index, ¢) flow
Behaviow index,
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of square errors, with the 5.0% bentonite concen-
tration at 0.1M NaCl giving only a Bingham plastic
model.

The Bingham plastic model does not give a very
good fit for the 0.01 M suspension while it gives a
very poor fit for the 0.0 M NaCl. The natural pH
values of the Wyoming suspensions are lower than
the pH values of the Zenith suspensions probably
because the latter is treated and the crystal lattice
was dissolved partly in the more alkaline samples.

The rheograms show that the Wyoming bentonite
suspensions, for the same solid concentration as the
Zenith bentonite suspensions, give about two to
three times higher values of the shear stresses than
the Zenith suspensions. Furthermore, they behave
differently than the Zenith counterparts, in that the
rheograms give lower shear stresses as the salt con-
centration increases, contrary to the Zenith suspen-
sions where a maximum was observed at 0.01 M
NaCl. The ratios 1, /p, are about 1:1 for the 5.0%
and between 1:1 to 2:1 for the 6.42% bentonite con-
centration, thus indicating again stable suspensions.

The apparent viscosities of these suspensions are

shown for the different salt concentrations in Fig-
ure 7. The graphs in Figure 7 exhibit the yield
pseudoplastic behavior of these suspensions with the
apparent viscosity continuously decreasing with an
increase in shear rate, Furthermore, they show that
the apparent viscosity of Wyoming bentonite sus-
pensions at both concentrations decreases as the salt
concentration increases, for all shear rates,

The effect of the salt concentration on the
rheological parameters of the Herschel-Bulkley
model is shown in Figure 8a for 1, Figure 8b for
K and Figure 8¢ for n. From Table A2 it is evident
that the Bingham plastic vield stress and the plastic
viscosity decrease with an incréase in electrolyle con-
centration, showing a typical feature of non-coagu-
lated suspensions. Increasing the ionic strength of
the medium the yield stress decreases continuously
due to the secondary electroviscous effect which
causes a decrease in the thickness of the electric
double layer around the bentonite particles de-
creases. This feature has not been observed for the
Zenith bentonite suspensions probably because of
the pretreatment to convert it to sodium-

TABLE A2: Wyoming bentonita
_a) Aheologlcal paramaters of the Bingham plastic model for 5.0% wt
Bingham Plastic
Electralyte :
concentration PH T, (Pa) K, (cP) R. 20" (Pa’)
0.00 M 8.79 20.343 21.1 0.8307 24.7463
0.01 M 8.60 14,554 13.8 0.9736 3.8817
0.1 M 8.19 6.597 6.1 0.9987 6. 4285
b) Rheological parameters of the Bingham plastic mods! for 6.42% wi
Bingham Plastic |
concentration pH T, (Pa) i, (cF) R; >, Q" (Pa®)
0.00 M B.a5 32,867 338 0.9326 61.7015
0.01 M B.68 28,723 24.6 0877 13,1538
0.1 M B.14 13,183 7.8 0.85841 0.2806 |
¢} Rheclogical parameters of the Herschel-Bulidey moda for 5.0% wi
Herschel-Bulkley
Electrolyle | N 3
cnnuntrl:‘ﬂnn pH T,(Pa) | K(Pa*5™™) n R | X0'(Pa’)
0.00 M B.78 16.750 | 0.5088 | 0.5258 | 0.8987 0.4532
0.01 M B.60 13.450 | 01110 | 0O5036 | 08977 0.3328
01 M B8.13 6.587 | 0.0061 | 1.0000 | 09387 6.4258
Aneological paramaters of the Herschel-Bulkley modal for 6.42% wi
: Herschel-Bulklay
concentration pH T,(Pa) | K(Pa®s"™) T R! ¥ 0 (Pa®)
0.00 M B.95 27.270 | 0.0258 | 05300 | 06883 |  1.5300
0.01 M 8.89 24.620 | 0.2188 | 0.GBET 0.9980 0.9340
0.1 M B.14 13.000 0.0166 | 08943 | 0.9968 0.1517
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FIGURE 6: Flow behavior of Wyoming benfonite suspensions in electrolyte solutions. a) 5.0% wt, b) 6.42% w.

montmorillonite,

Similarly for the Herschel-Bulkley rheological pa-
rameters (Table A2 and Figure 8), the yield stress
and the fow consistency index decrease continuously
with increasing salt concentration while the flow
behavior index increases for both bentonite concen-
trations and at 5.0% the fluid behaves as Bingham
plastic (n=1) while at 6.42% the behavior is close
to Newtonian (n=0,89). It should be noted that the
flow consistency index decreases drastically at 0.01
M at both bentonite concentrations showing a lig-
uefying effect of the 0,01 M NaCl concentration on
the Wyoming bentonite suspension,

OFYETOL NACYTOLMINERAL WEALTH 14472007

Discussion

The effects of different inorganic salts on the
rheology of bentonite - water suspensions has been
investigated previously using Wyoming bentonite
{Abend and Lagaly, 2000; Penner and Lagaly, 2001;
Tombacz and Szekeres, 2004) and bentonite from
Milos, although not specifically the Zenith type
{Abend and Lagaly, 2000),

The continuous decrease of the values of the
rheological parameters observed with Wyoming
bentonite, both at 5.0% and 6.42% probably indi-
cate that the minimum on the yield stress, followed
by a maximum, which is normally observed when
adding salts to the suspension (Abend and Lagaly,

19



20(K}}), has not been reached at these high bentonite
concentrations and thus higher salt concentrations
are needed in order to achieve this minimum. On
the contrary, the Zenith suspensions showed maxi-
mum yield stress values at 0.01 M NaCl and no mini-
mum was observed, as was the case reported by
Abend and Lagaly for the Milos bentonite (Prassa
deposit), tested at 2% bentonite concentration. The

plastic viscosity of the Zenith bentonite suspensions
showed a minimum versus the electrolyte concen-
tration at (.01 M as observed by Abend and Lagaly
{2000).

Yildiz et al. (1999) have reported that for a 4%
Ca-bentonite from Turkey, activated by Na,CO, and
converted to sodium-bentonite, the rheological
properties decreased for up to (L005 M NaCl, then

Wyeming bentonkte, 5,0%
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increased for up to 0,085 M NaCl, It should be noted
though that their rheological parameter values were
derived only from the linear part of the rheogram
ignoring the full curve.

Krusteva et al, (1999) studied the effect of NaCl
on 6% Bulgarian bentonite - waler suspensions al
four different NaCl concentrations (2.05 M, 0.63 M,
033 M and 0.034 M) with results showing a small
effect of the electrolyte for the concentrations be-
tween 2.05 and 0.63 M on the apparent viscosity for
a range of shear rates, similar to the results obtained
in this study for the 5.0% Zenith bentonite - water
SUSPENSIONs.

Penner and Lagaly (2001) found that the appar-
ent viscosity of 2% Wyoming bentonite suspension,
evaluated though at 120 s! shear rate, showed a
minimum at NaCl of 0.016 M and a sharp increase
for NaCl greater than 0.016 M up to 02 M.

Ramos-Tejada et al. (2001) found that the yield
stress of various concentrations of Spanish
bentonite-water suspensions, ranging from 5 to 10%,
shows a maximum at (.01 M NaCl concentration, of
the three concentrations studied (0.001 M, 0.01 M
and 0.1 M) as is the case of Zenith bentonite in this
study, even though the pH of the suspension was
5.0 which is on the acidic range compared to the
study performed in this work.

Tombacz and Szekeres (2004 have postulated that
with two different Wyoming bentonites, tested at 4%
bentonite concentration, the isoelectric point of the
suspensions was at pH of 6.5. They have further
postulated that edge-to-face coagulation takes place
at acidic pH (ph=4.0) at 0,025 to (.026 M Na(l con-
centration, while edge-to-face attraction is induced
at approximately 0.05 M NaCl for pH at the
ispelectric point. At pH in the range of 8.0 to 8.5,
the overall interaction among the bentonite parti-
cles is repulsion between uniformly charged parti-
cles at dilute NaCl concentrations (less than 0.1 M).
At higher than 0.1 M NaCl concentrations, they in-
terpret their results with the formation of face-to-
face aggregates and concluded that the pH of the
suspension is a decisive factor for the way bentonites
particles interact.

Laribi et al. (2006) observed no differences on the
yield stress and the plastic viscosity at 0.1 M NaCl,
of 10% Wyoming bentonite - water suspension and
of 10% Tynisian bentonite {(containing 10% illite) -
water suspension, maybe because the tested concen-
trations were much higher than either the concen-
trations used in this study or previous work.
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The effect of the salt on the rheological param-
eters of the suspensions studied in this work is simi-
lar to results reported by some investigators and dif-
ferent to results from other investigators. The ob-
served variations among all reported data should
be a direct result of the different raw material used
but also, and maybe more importantly, on the fact
that not all studies have followed the same prepa-
ration procedures, which can affect drastically sus-
pension properties. In this work, adherence was
made to APl procedures for drilling fluids (API,
2000) which however, is not the case for most of the
reported prior work. It is evident, however, based
on the work of this study as well as earlier work,
that addition of salt influences the rheological pa-
rameters of the suspensions of both bentonite types
and at both concentrations studied. It is the magni-
tude of the effect that is different among different
studies and depends not only on the bentonite type
used bul also on the preparation procedures.

Several theoretical attempts have been reported
to relate microscopic parameters of colloid suspen-
sions of sodium montmorillonite to macroscopic
properties and more particularly to the yield stress
by relating it to particle-to-particle interaction po-
tential. Recently, Sakari et al. (2005), using Gouy-
Chapman theory to estimate the répulsion between
two plates, have proposed that the yvield stress could
be related to the volume fraction of the particles
and to the ionic strength of the medium by,

rjnﬂ-m-k-?"-'f&-exp[r&(%-l]] (6)

where

n, are the moles of electrolyte per liter of the dis-
persion medium

k is Boltzman constant, which is equal to

1381027/ K

is the thickness of the clay particle, taken as

¢ is the volume fraction of bentonite particles,
related to the mean distance d between the
particles and to the thickness of the particles
by lmm = 10% m

&

¥'=m (7)

¥ isafunction of the surface potential of the clay
particle and is given a value of 0.56, for the case

of NaCl electrolyte at 300 K
# is the reciprocal Debye length, estimated for
the case of NaCl electrolyte at 300 K to be

3.29.10° - oy o™

O=
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It should be noted that the Sakairi et al. (2005)
equation is with a typographical error with a differ-
ent sign in the exponential term given in equation
(6) above. The same error was repeated in the arli-
cle of Laxton and Breg (2006).

Obviously the suggested equation holds only for
suspensions containing electrolytes and it fails to
predict the appearance of yield stress for fresh wa-
ter suspensions (eqn. 6 gives a zero yield stress for a
null salt concentration). Never-the-less, it offers a
starting point, at least for identifying the effect of
electrolyte concentration on the yield stress of the
Suspension.

Sakairi et al. (2005) found qualitative agreement
of their predictions with measurements of the yield
stress of sodium-montmorillonite suspensions with
salt concentrations ranging from 104 M to 107 M.
However, the absolute values were grossly in error
with the differences being a function of the electro-
lyie conceniration of the medium. For salt concen-
trations greater than 104" M, the model overesti-
mated the yield value from 1 to 1000 times more,
while for salt concentrations less than 10-* M, the
model under predicted the yield stress with values
ranging from 0.1 to 1.0, thus indicating that it can
represent fairly well suspensions with electralyte
concentrations around 10~ M.

Laxton and Breg (2006) attempted to modify the
equation proposed by Sakairi et al. (2005) by ac-
counting not only electrostatic repulsion forces but
also electrostatic attractive forces and related the
yield stress to the zeta potential of the suspension,
£, that can also be measured. They used the experi-
mentally derived values of 7, and £ to adjust their
model predictions so that in the end their predic-
tions matched well their experimental results mak-
ing therefore their procedure questionable.

An attempt was made to use equation (&) to pre-
dict yield stresses and compare them to the meas-
ured values for the suspensions used in this work at
different ionic strengths. Equation (6) gives, after
taking d=1nm = 10" m and T=300 K (26.7 °C)

7, =1.4838-107" (g, ]c:p{a.zﬁr‘ﬁ[%-lﬂ (8)

Hence, values of 7, can be estimated as functions
of the volumetric bentonite concentration, & , and
of the ionic strength of the dispersing medium, n,; .

The behavier of the function given by equation
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(8) has been found to be peculiar giving meaningful
results of yield stress between 0.1 to 100 Pa, but only
over a very narrow range of @ and n,. Results of the
computations for two ionic strengths n, = 0.01 M
and n, = 0.1 M, the case considered in this work,
are shown in Figure 9 for the volumetric concentra-
tions that give meaningful r, results. It should be
noted that the form of equation (8) shows that for a
given volumetric concentration, ¢ , the yield stress
continuously increases with an increase in electro-
Iyte concentration, which is contrary to the meas-
urements for Wyoming bentonite suspensions while
the Zenith suspensions showed a maximum at 0.01
M, not exhibited by the form of equation (8).

The results show that for 0.01 M NaCl concentra-
tion, meaningful yield stress values are predicted for
an extremely narrow range of volumetric clay con-
centrations, between 0.6 to 0.75 %. For the 0.1 M
NaCl concentration, the meaningful yield stress val-
ues are obtained for a range of volumetric concen-
trations between 2% and 2.4%. A very low yield
stress of 0.042 Pa is estimated for the maximum con-
centration value of 2.4% which corresponds to ap-
proximately 6.42% weight concentration, if the den-
sity of the bentonite particles is taken as 2.625 giem?,
The yield stress of Wyoming bentonite suspension
was 13.2 Pa while that of Zenith bentonite suspen-
sion was 13.9 Pa. Hence, equation (8) predicted val-
ues which are 300 times lower than measurements
for both bentonites. This result is contrary to the

result obtained by Sakairi et al. (2005). Thus, addi-
tional theoretical work is needed in order to be able
to predict macroscopic properties of bentonite sus-
pensions (the yield stress) using microscopic prop-
erty information and appropriate theories on the
interactions among the bentonite particles.

Conclusions

The rheological properties and the effect of salt
(NaCl) concentration of Zenith and Wyoming
bentonite-water suspensions has been studied at two
solid concentrations of 50% wt. and 6.42% wt. at
the natural pH (within the range of 8.6 to 9.8) of the
suspensions. The results show that there is a mod-
erate to significant effect on the yield stress and plas-
tic viscosity, if the rheological model of Bingham
plastic is used or the yield stress and the combined
effect of the flow consistency and flow behavior in-
dices, if the Herschel-Bulkley model is used. The
Herschel-Bulkley model properly fitted all derived
data for both bentonites used and for all NaCl con-
centrations.

For Wyoming bentonite suspensions, there is a
monotonic decrease of shear stress values at all shear
rates with increasing electrolyte concentration for
both bentonite concentrations. This results in
monotonic decrease of the yield stress and of the
flow consistency index with electrolyte concentra-
tion. The flow behavior index shows the opposite
trend, with increasing tendency for increasing NaCl

1000

10

yleld stress (Pa)

!
100 —}—+ -
|
¢
\
&
\
!

0.1 == ,.
. [ = 020,01 M =l 0=0.1 M |
0,004 0,005 0,014 0,019 0024 0,028
volumetric conceniration

FIGURE 9: Predicted yield stress values at different ionic sirengths of bentonite suspensions.
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concentration, giving a more Newtonian behavior.

Zenith bentonite suspensions exhibit different
behavior and show a maximum of vield stress at 0.01
M, with lower or higher values of the yield stress for
salt concentration less than 0.01 M or larger than
0.01 M respectively. The flow consistency index
showed similar behavior to the yield stress for the
6.42% bentonite concentration while it decreased
with increasing salt concentration at 3.0%. The flow
behavior index showed the opposite trend to the
behavior of the flow consistency index.

An attempt was made to use a suggested equa-
tion which predicts the yield stress from the volu-
metric concentration of the clay and the ionic
strength of the dispersing medium, which in the past
has given the correct trends but with very big differ-
ences in absolute values, It was found that the equa-
tion provides solutions over a very narrow range of
volumetric concentration, thus not giving a solution
for 0,01 M NaCl concentration while it grossly un-
der predicted the measurements at 0.1 M NaCl, thus
necessitating additional work on the subject.
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ABSTRACT

Water-bentonite suspensions exhibit a yield
stress which is defined as the minimum applied
stress for flow. Considerable debate exists about
the yield stress being a material property, hence
different measuring methods should give similar
answers, but several investigators have demon-
strated that it is an engineering reality.

Yield stress is normally estimated indirectly
from the rheogram obtained with a viscometer
following an extrapolation to zero shear rate
(the dynamic yield stress), but the technique
may be prone to errors because of slip flow. Di-
rect measurements, not prone to such errors,
rely on an independent assessment of the yield
stress, normally carried out with the vane
method (the static yield stress).

In this paper results are presented and com-
pared regarding the yield stress of 14 different
water-bentonite suspensions measured using
both the direct and the indirect methods. In or-
der to obtain a wide range of yield stress values,
two different types and two concentrations of
bentonite at various pH were tested. Rheological
data were obtained using a rotational speed vis-
cometer and a yield stress vane measuring de-
vice. Measured vane yield stress values ranged
from 5 Pa to 83 Pa.

Rheological data collected with the rotating
viscometer were fitted using various conven-
tional techniques (interpolation, linear and non-
linear regression analysis) as well as using a
golden section yield stress search methodology
based on Herschel-Bulkley model, developed in
house. The vane instrument measures directly
the yield stress of the suspensions and requires
no further data handling.

A comparison of the measured values of the

yield stress with the direct and the indirect
method is then made for the water-bentonite
samples. Not very large differences are ob-
served among different techniques and the
variations are discussed. Similar data from lit-
erature are also analyzed and the comparison
shows that differences on the various estimation
methods are much larger than the differences
observed in this study.

1. INTRODUCTION

Water-bentonite suspensions at concentrations
more than 1% exhibit a yield stress, which is
defined as ‘the stress above which the material
flows like a viscous fluid’ (Bingham, 1922).
The true existence of the yield stress and
whether it is a material property has been de-
bated over many years (Barnes and Walters,
1985; Hartnett and Hu, 1989; Astarita, 1990;
Evans, 1992; Schurtz, 1992; Watson, 2004) but
many researchers consider it a true material
property (Nguyen and Boger, 1983; Cheng,
1986; Kelessidis et al., 2005; 2006b).

Several rheological models, which incorpo-
rate a yield stress, have been suggested and are
used extensively by industry and research per-
sonnel, like the Bingham plastic model (1922),
the Casson model (1957), the Robertson-Stiff
model (1976) and the Herschel-Bulkley model
(1926). All models have been used with success
in various applications to predict parameters of
great interest like pressure losses and velocity
profiles for the flow of these fluids in conduits
of various shapes like pipe or annulus geometry.

The successful match of predictions with
laboratory and field measurements using
rheological models with a yield stress (for e.g.
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Merlo et al., 1995; Maglione et al., 2000; Han-
sen et al., 1999; Kelessidis et al., 2006a) is a di-
rect proof that the yield stress is indeed an engi-
neering reality. Furthermore, drilling industry
relies heavily on the existence of a yield stress
of the drilling fluids for suspending weighting
solids (barite) and for transferring drill cuttings
to surface (Bourgoyne etal., 1991; Kelessidis
et al., 2005). In drilling fluid industry, bentonite
is the main ingredient used for building up the
yield stress of these fluids.

Various measuring techniques of the yield
stress have been reported in the past and exist in
practice. One distinguishes two major catego-
ries, direct measuring devices and indirect
measuring techniques.

Direct measurement techniques rely on an
independent assessment of the yield stress, nor-
mally carried out with the rotating vane method
(Nguyen and Boger, 1983; Alderman et al.,
1991; Glenn etal.,, 2000; Liddel and Boger,
1996; Stokes and Telford, 2004), a technique
used widely in soil mechanics and adapted for
use in fluids. The vane has four thin blades and
is rotated at very slow speed while immersed in
the material. The resulting torque is measured
continuously as a function of time and analysis
of the curve provides the yield stress which is
often called the static yield stress. The technique
is not prone to errors of the indirect ones be-
cause no wall slippage occurs with the material
yielding in itself and secondly, it causes less
structural disruption, which is particularly im-
portant for fluids having fragile gel structure
like water-bentonite suspensions. The vane
technique, although an established method used
with many suspensions, it has not been used
widely in the drilling fluids industry (Power and
Zamora, 2003).

With the indirect technique, the yield stress is
estimated from the rheogram obtained with a
viscometer after extrapolating the 7 —y (shear
stress-shear rate) curve, obtained with a variety
of instruments like, the rotating cylinders, the
cone and plate and the parallel plate (Govier and
Aziz, 1972) to zero shear rate. It is often called
the dynamic yield stress. This technique has
been criticized and the estimated yield stress has
not been considered a true fluid yield stress be-
cause its accuracy depends on the assumed
model, the consistency of the data as well as on
the instrument used (Nguyen and Boger, 1992).

In addition, at very low shear rates, slippage of
the fluid near the wall may occur giving false
readings. It is for these reasons that researchers
should be aware not only of these problems
(Guillot, 1990; Alderman et al., 1991; Nguyen
and Boger, 1992) but also of the methods used
to identify them if such problems occur (Yo-
shimura et al., 1988).

Using various water-bentonite suspensions
which cover a large range of yield stress values,
this work aims to compare static yield stress
values obtained with the vane method with dy-
namic yield stress values obtained with a rotat-
ing viscometer and derived utilizing four differ-
ent techniques.

2. MATERIALS AND PREPARATION

Bentonite-deionized water suspensions of 5.0%
and 6.42% were prepared using two different
commercial bentonite products used in oil-well
drilling, Zenith© bentonite, kindly supplied by
S&B Industrial Minerals S.A. and Wyoming
bentonite, kindly supplied by Halliburton-Cebo
Holland. Particle size was less than 70 pm, with
the majority of particles having sizes of around
10 um for both bentonites.

Samples were prepared according to Ameri-
can Petroleum Institute procedures (API 13A,
1993). A Hamilton Beach high speed mixer was
used for stirring the samples at 11,000 rpm for
20 minutes. Each sample was then adjusted at
the desirable pH value (using 1M NaOH and
5SM HCI solutions), the sample was agitated for
five minutes and the pH was measured with
Inolab meter. The sample was then poured in a
covered container and left undisturbed for 16
hours for full hydration at room temperature.
Prior to testing, the sample was stirred for five
minutes at 11,000 rpm and the new pH value
was recorded and it is this pH value reported in
the results, which ranged from acidic (pH of
5.29) to alkaline (pH of 11.06).

3. EQUIPMENT AND METHODS

Rheological data for yield stress determination
were obtained at 25°C using two instruments, a
continuously varying rotational speed Grace
M3500a concentric cylinder viscometer and a
Brookfield yield stress vane measuring device.
The samples were tested first with the rotating
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viscometer and immediately after with the vane
instrument.

3.1 M3500a Viscometer

This is a variable speed rotational viscometer
(Grace Instruments) with speeds of 0.01 to 600
rpm connected to a PC for data storing and
analysis. The inner cylinder diameter is
1.7245cm and the outer rotating cylinder diame-
ter is 1.8415 cm thus giving a diameter ratio of
6=1.06785. Viscometric data were obtained at
speeds of 600, 300, 200, 100, 60, 6 and 3 rpm.

A number of techniques have been proposed
by different groups to estimate the dynamic
yield stress (Power and Zamora, 2003). In this
paper, the following five techniques were ap-
plied.

1. The first method uses the Bingham plastic
model (Bourgoyne et al., 1991) but utilizing
only the high shear rate readings. According
to API 13B-1 (API, 2003), the 600 rpm and
300 rpm readings are sufficient to provide in-
formation regarding the rheological proper-
ties of the suspension. The computed pa-
rameters are the plastic viscosity (PV) and
the yield stress (or sometimes called yield

point) of the fluid (YP),
PV =00 — 50 (cP) (1
YP =0.4788* (0,5, — PV ) (Pa) 2)

where @ is the dial reading (degree of deflec-
tion) of the instrument.

2. Another choice is to calculate the low-shear
yield point (LSYP) (Power and Zamora,
2003) using only the low shear rate readings
of 6 and 3 rpm,

LSYP =0.4788* (2* 6, - 6,) ,if 6, < 6, (Pa)
3)

LSYP =0.4788* 4,, if 6,>6, (Pa) (4)

3. The rheological data obtained at all shear
rates can be fitted to the linear Bingham plas-
tic model (Bingham, 1922)

T =g+ g7 (5)

where 7 is the measured shear stress and y
is the imposed shear rate, (7;) is the yield

4. The

stress and () is the plastic viscosity.

non-linear Herschel-Bulkley model
(1926) can be used to fit the data,

r=7,5+K(7) (6)

using three rheological parameters, the
Herschel-Bulkley yield stress (7,5 ), the flow

consistency index ( K) and the flow behavior
index (n). These parameters are obtained by
non-linear regression methods from conven-
tional numerical scheme, thus the equation
(6) becomes

.\ N,num. pac.
T =Thgpumpac. T K (7) (7

5. Finally, the rheological data are fitted to the
Herschel-Bulkley model, by non-linear re-
gression method, but using the in house de-
veloped methodology of golden section
search for yield stress,

r= z-HB,goIden + K (7})“v90|den (8)

This technique yields results with similar or
sometimes better accuracy than most numeri-
cal packages. It has been developed to over-
come problems encountered when the yield
stress is less than about 2 Pa, because in
these situations it has been observed that
most standard numerical packages may give
negative yield stress values, a physical im-
possibility (Kelessidis et al., 2006b).

3.2 Vane Rheometer

Direct measurements are performed with a
Brookfield yield stress vane measuring device
(Fig. 1). It operates at very low shear rates
(7 —0) and the software of the instrument pro-
vides the yield stress value with no further data
handling. The operating principle of the vane
rheometer is to drive a vane spindle immersed
in the test suspension through a calibrated spiral
spring. The resistance of the suspension to
movement is measured by observing the in-
creasing torque as the motor rotates.

Two different four blade vane spindles were
used, one with length of 4.333 cm, diameter of
2.167 cm and a shear stress measurement range
2-20 Pa, while the second had length of
2.535 cm, diameter of 1.267 cm and a shear
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Figure 2: Data representation from Vane Rheometer.

Figure 1: Vane rtheometer from Brookfield.

to the maximum torque T, and the vane dimen-

stress measurement range of 10-100Pa. The  sions by,
minimum rate of rotation for the Brookfield vis- . 3
cometer was 0.1 rpm, and this value was used T =T vene (”D / 2)(H /D+1/ 3) (10)

for all tests. Typical data from vane meter are
represented graphically in Figure 2. The vane

where H is the height of the vane and D is the
diameter of the vane.

yield stress, = is determined as the plateau

vane ?
value of shear stress versus time curve and is
computed from,

T e = (TK* YMC* T, )/ 10 9)

4. RESULTS AND DISCUSSION
4.1 Dynamic and static measurements

The rheological data obtained with the rota-
tional viscometer were processed with the five
aforementioned techniques to get values for
yield stress and are shown in Table 1, together
with the correlation coefficient. Data from lit-
erature (Power and Zamora, 2003) with similar
type of water-based drilling fluids, covering a
range of 0.12 to 10.20 Pa were also analyzed
using the same techniques.

For all the data of Table 1, as well as for the
literature data (not shown), it was evident that
the Herschel-Bulkley model fitted the data

where, 7., 1s the yield stress of the suspension

vane
(Pa) and T, is the maximum torque (Fig. 2).

TK and YMC are the torque and the yield mul-
tiplier constants respectively, both provided by
the manufacturer. They depend on the size and
shape of the vane spindle in use.

The yield stress from the vane measurements
can be also computed theoretically, as suggested
by Nguyen and Boger (1983) and Alderman
et al. (1991) and is denoted by 7' It is related

Table 1: Drilling laboratory data.

vane *

Tus I{2 2

Sample uI;))I(-)In YP T8 R2 num. HB goTIH(fe n R HB LSYP Tvane
No. Pa Pa B ack num. Pa Pa
hydr. (Pa) (Pa) IzPa) pack (Pa) golden (Pa) (Pa)

1 7.31 8.20 6.92  0.9092 5.51 0.9993 5.45 0.9995 5.44 5.66
2 8.02 851 7.79  0.9492 7.06 0.9993 7.13 0.9991 6.84 7.54
3 9.47 10.78 9.46 0.9115 8.23 0.9908 8.09 0.9639 8.20 834
4 11.06 4693 35.34 0.8497 19.15 0.9991 20.48 0.9966 26.46 2383
5 6.93 1390 12.04 0.8454 7.91 0.9985 7.26 0.9979 8.91 1145
6 10.77 101.90 92.11 0.7625 77.53 0.9670 75.50 0.9531 80.97 8298
7 7.60 2553 23.06 0.9637 20.80 0.9984 21.79 0.9949 20.07 24.06
8 7.69 2694 23.89 0.9445 20.92 0.9977 19.90 0.9617 20.54 2395
9 8.87 1335 12.08 0.9504 10.36 0.9987 10.04 0.9991 9.94 14.71
10 10.56 4989 38.64 0.8393 21.76 0.9984 23.50 0.9949 29.65 1731
11 6.52 5091 4590 0.9509 40.85 0.9984 44.22 0.9952 39.82 43.12
12 5.29 2342 19.97 0.9733 17.09 0.9993 16.09 0.9698 16.79 22.59
13 8.98 4747 93.93 0.9364 32.95 0.9991 33.00 0.9866 33.73 37.25
14 10.41 5192 33.84 0.9248 21.34 0.9981 21.50 0.9988 22.34 3095
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much better than the Bingham plastic model, a
result similar to previous works (Fordham et al.,
1991; Hemphil et al., 1993), hence, it should be
the model of choice for these fluids (Kelessidis
et al., 2006a, 2006b).

Comparison between the two approaches to
determine the Herschel-Bulkley rheological pa-
rameters (numerical package versus golden sec-
tion search) indicates the very good fitting ob-
tained by both techniques, as the values of the
correlation coefficient are very close to unity. It
is worth mentioning that use of the conventional
numerical scheme gave meaningless negative
value of yield stress for one of the fluids from
Power and Zamora (2003) and for this case,
only the golden section search technique was
used.

Referring to the other two indirect techniques
which are based on specific viscometer read-
ings, YP gives the highest values among all
yield stress predictions, whereas LSYP results
in lower values and close enough to 7,5 values.

This should be expected since YP and LSYP
values are derived by interpolation of the high
(Bg00-0500) and low (6,,0,) shear rate readings
respectively.

Results of yield stress measurements using
the vane method (7., ) are also reported in Ta-

ble 1. In addition, 7'

puted, with the results showing that the latter
values were found to be within 3.7% of 7.,

values. This difference was observed for all
samples, indicating most probably a systematic
error, either in the instrument itself or in the
theoretical equation. The manufacturer gives an
accuracy of the instrument value of +/-2%.

has also been com-

vane >

4.2 Comparison of static and dynamic meas-
urements

The vane yield stress values were compared to
the values computed with the indirect tech-
niques. The torque curves of sample 3 and sam-
ple 10 are shown in Figures 3 and 4 respectively
and they are adequate representations of the
overall behavior of all examined samples. In
Figure 3 the direct yield stress value (7., ) lies
above the LSYP value and the ones obtained by

Herschel-Bulkley model, whereas in Figure 4
the vane seems to give the lowest of all yield

16
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Figure 3: Rheogram of sample 3.
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Figure 4: Rheogram of sample 10.

stress values.

In order to better understand the relationships
among the various yield stress values computed
by different methods (YP, LSYP, 7,

and 7y yy0en ) the ratios of these parameters over
denoted by

T HB,num. pac.

the corresponding static value 7.,

r; , have been calculated. It is evident that ratios

having values closest to unity give dynamic
yield stresses that are very close to the static
ones.

Figure 5 shows this comparison. For the ma-
jority of samples of this work, the different
techniques give similar yield stress values and
close to the directly obtained ones from static
measurements. However, for some samples,
these methods give ratios with significant distri-
bution (e.g. samples 4, 10, 14). The aforemen-
tioned observation implies that the dynamic
yield stresses may not be very similar to the
static ones with the particular conclusion de-
pending on the examined sample.

The dimensionless yield stresses have also
been plotted versus pH of the suspensions in
Figure 6. It appears that for low pH and up to
natural pH of the suspensions (pH ~ 9), the
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Figure 6: Shear stress analysis vs pH of samples.

tested methods of computing yield stress do not
present great deviations from each other. Con-
versely, at the higher pH values (pH>10), the
different methods give yield stresses which dif-
fer significantly among each other.

The degree of deviation (D) of the various

dynamic yield stresses from the static yield
stresses is introduced. This parameter helps to
capture even better the relationship as well as
the discrepancies between the two parameters. It
is given by

D= (7, -1) (11)

where 2. represents the summation for the total
number of samples used.

Figure 7 shows the statistical analysis of the
degree of deviation versus r; values obtained
with the five different techniques from data of
this work. A similar analysis has been per-
formed for the data of Power and Zamora
(2003) with the results illustrated in Figure 8.

Values closest to zero indicate that the par-
ticular indirect technique gives a value that is
closest to the value obtained by the direct vane

measurement. It is evident that the option of us-
ing the Herschel-Bulkley model seems to be the
best for approaching direct measurements of z, .
Specifically, both Figures 7 and 8 point out to
the utilization of a conventional numerical
scheme as the most suitable to determine drill-
ing fluid yield stress from standard rotational
Couette viscometer “smooth” data. This is of
course true only when the use of the numerical
package does not produce negative yield stress
values, for which cases, the golden section
search methodology (Kelessidis et al., 2006b)
should be used, giving equally good results.

Furthermore, the low-shear yield point
(LSYP) calculation proves to be an easy and
quick method because it yields results similar to
the actual measured static values. This is rea-
sonable since the method uses the low shear rate
viscometric readings of 6 and 3 rpm.

Results with large differences from the direct
measurements are obtained when yield stresses
are computed from the high shear rates compu-
tations (YP) and when experimental data are
fitted to the Bingham plastic model (zg), with

YP being the least suitable one method for yield

7.0 7 Degree of deviation
from vane measurements

B Drilling laboratory
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7 4.0~
£ 30
N
2.0 1
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Figure 7: Statistical analysis of Drill. Lab. Data.
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Figure 8: Analysis of Power and Zamora, 2003 data.
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stress determination. Of course, the Bingham
plastic model is a model of two parameters, thus
less accurate than the three-parameter Herschel-
Bulkley model and cannot really fit rheological
data of bentonite suspensions which normally
exhibit non-linear behavior for shear rates less
than about 200s™". Similarly, YP values involve
only the high shear rate readings of 600 and 300
rpm and cannot approach the lower sensitive
regime of drilling fluid yield stress at low shear
rates.

5. CONCLUSIONS

Results are presented from a study conducted to
compare and explain differences observed be-
tween directly and indirectly obtained yield
stress values. This has been achieved with
rheological data of water-bentonite suspensions
obtained using a conventional Couette viscome-
ter and a vane rheometer. The differences ob-
served were also compared with similar data
from literature. The following conclusions were
drawn:

- The yield stress estimated from the three pa-
rameter Herschel-Bulkley model approaches
better the true yield stress obtained with the
vane, compared to the two-parameter Bing-
ham plastic model and to the yield stress es-
timated from the 600 and 300 rpm rotational
speeds of the viscometer.

- The extrapolation of rheological data using
conventional numerical packages is the most
suitable alternative for determining the yield
stress of drilling fluids with the exception of
fluids with low yield stress values for which
it may give negative yield stresses.

- The yield stress obtained with the golden sec-
tion search methodology developed in house
results also in very good estimations and at
the same time prevents potential errors of de-
riving negative and meaningless yield stress
values.

- Low-shear yield point (LSYP) is an easy and
quick method for yield stress estimation be-
cause it yields similar results to the actual
vane yield stress values.

- Application of Bingham plastic model on all
shear rate data and yield point computation
from the high shear rate data give noticeable
deviations from the direct vane yield stress

value because both approaches cannot fit the
sensitive non-linear low shear rate readings.

- Higher discrepancies for all employed yield
stress methods towards the vane yield stress
were observed for samples with high alkaline
pH values.

- Similar conclusions can be derived about dif-
ferences between static and dynamic yield
stresses from literature, although, the differ-
ences are quite much larger ranging from
about 50:1 between literature and this work
results for the good techniques (Herschel-
Bulkley yield stress and LSYP) to about
800:1 for the bad techniques (yield point and
Bingham yield stress).
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Influence of pH and Electrolyte Concentration on Herschel — Bulkley Rheological
Parameters for Wyoming Bentonite — Water Suspensions
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INTRODUCTION : Water — bentonite suspensions are essential elements in drilling industry. They must possess
superb rheological properties to perform several functions. The presence of salts or the pH of the environment
influence significantly these properties. As of today no conclusive evidence exists on the mechanisms involved in
inflicting these changes. The scope of this work is to provide data for determining these mechanisms.
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v/ Maximum 7, has been observed at natural pH for both bentonite concentrations.

v Significant increase in K at alkaline pH.

v" Continuous decrease in # from 0.63 to 0.4 when pH increases from 7.7 to 10.48.
v Decrease of 7, (2.5:1) and drastic decrease in K (100:1) with salt concentration.
v Increase in n from 0.5 towards Newtonian behavior with salt concentration.

v' The observed effects are similar in trends to the trends reputed in literature, but different in magnitude.
which is primarily attributed to preparation procedures of water — bentonite suspensions.
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ABSTRACT

Drilling for mineral resources can be one of the most expensive processes in the
exploration and production. Hence, drilling industry has been striving since its inception
for developing drilling techniques which allow for fast drilling rates but ensuring the
safety of the well and of the workers. Parameters affecting the drilling process can be
cast in two major categories, rig and bit related parameters and formation parameters.
The first category includes weight on bit, torque, rotational speed, and hydraulic
parameters like flow rate, density and rheology of the drilling fluid. The second
category includes local stresses, rock compaction, mineralogy, abrasivity of formation,
formation fluids. The drilling parameters can be controlled while formation parameters
have to be dealt with. To achieve faster drilling rates, drilling industry has developed
and uses a multitude of sensors which monitor the above parameters while at the same
time allow for estimation of formation parameters. This information must then be
analyzed, either in-situ or post-drilling for the design of new wells and appropriate
software packages have been developed which perform these tasks to a certain extend
but has been accepted widely, maybe because of the great complexity of the drilling
process. In this paper we review such available packages and address the issues of the
capability of a particular software package, Payzone, to be used and tuned, with
monitored drilling data, so that one can design future wells using information provided
from an existing well. Bibliographic drilling data are used from various drilling wells,
the data monitoring is analyzed with the view of having the best available data and
future designs are proposed which would allow for faster drilling rates.

Keywords: drilling optimization, drilling rates, data monitoring, drillability

INTRODUCTION

Drilling may be the most expensive process during the exploration campaign and the
ability to predict penetration rates under given subsurface conditions with the various
drilling rigs is very essential for the safe design and the accurate cost prediction before
the start of the drilling campaign. Prior experimental and field evidence has already
demonstrated that penetration rate depends on two groups of parameters, formation
properties and drilling parameters. In the first group, these involve local stresses, rock
compaction, mineralogical content, and fluid pore pressure. The most significant
drilling parameters are applied weight on bit and torque, rotary speed and hydraulic
parameters (flow rate, density and rheology of drilling fluid). Bit condition is equally
important because there is blunting while drilling progresses, which depends on the
formation being drilled. Drilling tools have evolved significantly over the years but
modelling of the drilling process and the interaction of bit — formation rock has yet to be
modelled adequately, which would allow for better penetration rate prediction.
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Improvements in bit design and on operating procedures could offer, especially in deep
wells, improvements in rate of penetration (ROP), with numbers indicated in the range
of +25% which could translate to significant savings [1]. While drill bit design is at the
hands of capable drill bit companies, operating procedures can only be applied by the
operator and availability of such models or simulators could allow for better operating
procedures, especially in a long drilling campaign in the same field. For e.g. when using
PDC bits, one is never sure whether to increase weight on bit (WOB) or revolutions per
minute (RPM). In a field study [2] it was shown through testing that doubling the bit
RPM in 6,000-psi rock while keeping WOB constant resulted in 70% increase in ROP,
however, doubling WOB, with RPM constant, resulted in 300% increase in ROP.
Availability of a good rock-bit interaction model via a well tuned simulator, such as the
one that will be analyzed below, could alleviate necessity for such lengthy and
expensive experiments. Of course, besides the simulator, one needs the real data from
previous similar wells, hence the monitoring of almost everything that is moving is
more than essential for such successful application of the simulator. Drilling data are
then essential, gathered from the sensors installed on the rig, for running the simulator
and as such the following data is needed, surface weight-on-bit, torque, rotary speed,
pump pressure, flow rate, nozzle configuration, detailed bit grading.

Use of a software program in combination with real time monitoring of drilling
parameters together with the availability of a drillability model allows one to calculate
optimum weight-on-bit, pump pressures and rotary speeds [3]. Use of simulators to
predict effects of changing parameters has been attempted in the past [4,5,6] but
requirements are such that in order to model the process with fair degree of accuracy, a
large number of parameters is needed, making them fairly complex, expensive and not
very flexible in terms of simulating various encountered conditions, thus, they have not
been accepted widely. Another approach is to produce a simple simulator but based on
phenomenological modeling; having thus the basic parameters in place and the proper
model, using then real data from previously run conditions, to tune the simulator, one
can produce similar results to the real world. Then, the simulator can be used to predict
conditions for the operating parameters in a new drilling campaign in the same field.
Such a drilling simulator, under the name of Payzone, has been developed in recent
years [7,8,9]. Recent developments allow for a slightly different approach to drilling
simulator allowing the prediction of rock mechanical strength, based on the input of the
monitoring parameters, giving input to the formation change and alarming the operator
of any changes [10,11,12].

The Payzone simulator allows for defining different lithologies along the wellbore, in
terms the rock type, strength, and abrasivity. Rock-type data are usually available in a
typical LAS file, strength data are sometimes given, sometimes not, and in these cases,
estimation is made, either from databases for similar rocks or they are estimated from
sonic data, although these are fairly crude estimates. This parameter will be further
explored later. When all the data is loaded, the simulator is adjusted to reproduce the
drilling performance observed in the offset or reference well. Then any well can be re-
drilled to see if a better set of operating conditions can be specified. In the same way, a
new well can be “drilled” and its drilling performance optimized [7-9].
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MAIN FEATURES OF SIMULATOR

The Payzone drilling is developed for teaching and research purposes [7,8] and it is
fairly flexible and simple to use. Besides the capabilities, although not so advanced,
which give a picture of the well drilled and present also the Lithology and drill time log,
the main feature is the prediction of drilling rate, using Eqn. (1),

ROP = (flow _ factor )(C)(aggressivi ty)(RPM )(tooth _ length )(G) @
where
r curv —|
G=1—exp|—(WOB] ( 12 J| 2
| \ucs D?° €.4*tooth _length |

where, RPM is rotary speed, tooth_length is the average length of the bit teeth, UCS is
unconfined compressed stress of the rock, D is bit diameter, WOB is applied weight on
bit; the following modifiable by the user constants are used: C is a constant;
(aggressivity) is a formation and bit characteristic constant ranging between 20% and
100% and normally is given the value of 35%; (curv) is a formation — WOB interaction
constant and it is usually given the value of 1.5; (flow_factor) is a constant, ranging
between 50% and 100% and defines the capability of the system to adequately clean the
bit front by the cuttings [9].

A similar rock-bit interaction model, with adjustable parameters, is the one that has
been presented by Teale [13] who introduced the concept of specific energy, the energy
required by the rig to drill a unit volume of rock. The model has been used by many
researchers and practitioners in the years that followed [14,15] and is given as,

_ € (rrM ) GD 0B / Abit
UCS _ WOB
eff  Abit

ROP

(3)

where, (Abit) is the bit diameter, (u) is the coefficient of friction between drill string
and formation, converting applied WOB to torque, and (eff) is the efficiency of
transmitting the rock destruction power of the drilling rig to the rock.

One can show that the two models could give similar results when simulating
experimental data. For e.g., using the above equations and experimental data used by
Abouzeid and Cooper [9], the results of Fig. 1 were derived, which show that both
models, when properly adjusting the constants, could reflect reality. In this simulation,
the Payzone model was used with the following parameters (aggressivity=25, curv=1.5,
Tlen=0.5667), while for Teale’s model the parameter values used were (eff=0.20) and
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for the coefficient of friction (u=0.25). Of course, Payzone has full capabilities for
simulating a real drilling process, as it is presented below.

12
4 measured M Payzone O Teale
10
9 Bit Diam=8.5 in; UCS = 15000 psi, anhydrite
< v
£ 6 . L 4
£y o
S
z 2
0
0 20 40 60 80
Weight-on-Bit (klb_f)

Fig. 1. Simulation of experimental data for anhydrite, with Payzone and Teale’s
equation.

ANALYSIS OF CASE STUDIES

Several case studies have been analyzed and experience so far has indicated that
Payzone simulator could be used effectively to predict new well designs and
parameters, after tuning it to the real experimental data. We have used available
publicly data, primarily from North sea in last decades. For this presentation we will be
presenting one such case, well 31/3-3 for which a well completion report was available
[16]. As indicated above, the first steps were to input all available data, especially
lithologies and drill bit records. Estimation of UCS was made from external sources,
based on the information of Lithology. We have then tried to re-construct the drill time
log, i.e. re-drill the well, by adjusting the main bit parameters, using the options
available on the simulator window. We have focused on one depth interval, between
1917 and 2414 m, which was simulated with 18 formation intervals with four main
lithologies, soft sand, hard sand, coal and shale. Drilling base case was by applying 85
to 190 kN, 50 to 180 RPM and approximately 2400 Ipm flow rate. The actual drilling
process was simulated well as the data in Fig. 2 indicate where the reported real drilling
time is given versus the re-drilled time given by Payzone.

Having simulated the data well, we wanted to see what would be the effect if operating
parameters were changed, for e.g the weight-on-bit, the rotary speed and the flow rate,
each one individually and all at the same time. In Fig. 3, we show the results of the
simulations with all other parameters constant, applying extra weight on bit of 44.5 kN
(4.5 tons) which represents an increase between 25 and 50%, and extra 50 RPM, which
represents an increase of 50 to 63%.
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Fig. 2. Simulation of real drilling data, well 31/3-3, from 1917-2414 m.

The results show the beneficial effect of increasing the WOB, giving increased
performance by 28-35%, of RPM, giving an increase of 14 to 28%, for the given
conditions, with WOB of course having more significant effect. An increase of the flow
rate has given a slightly smalle effect than the increase in RPM. Applying all increases
at the same time, i.e. plus 4.5 tons, plus 50 RPM and plus 200 Ipm, the results of Fig. 4
are obtained, which show reductions of the order of 35 to 50%, depending on the
particular section.
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Fig. 3. Normall drilling curve [1], drilling Fig. 4. Base drilling time plot [1] and
curve with RPM+50 rpm [2] and drilling simulated drilling time plot [2] by having

curve with WOB+45 kN [3]. extra 4.5 tons, extra 50 RPM and extra
200 Ipm.

One of the main parameters affecting the drillability of any formation and of course
dictating drilling efficiency is the compressive strength of the rock, as it is also evident
from equations (2) and (3) above. It is a parameter that still intrigues researchers and
practitioners because it is not definite how should it be used in order to predict rock
drillability [17,18]. Furthermore, the accuracy of the values of this parameter is still
questionable [19]. The simulator can thus be used to determine the effect of the errors
made in estimating UCS for the various rocks encountered in the drilling of a well on
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the prediction of rate of penetration. In Fig. 5, we present the results for such a
simulation, for the same sections as above, by increasing UCS by 50% for the different
rocks encountered, as this type of error is not uncommon [19]. The results show that an
error in UCS by 50% could have significant effect on the prediction of drilling time for
given formation which, depending on the conditions, may range between 58 and 96%,
giving an overall increase in total drilling time for the sections chosen for the simulation
of 82%.
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Fig. 5. Normal drilling time plot [2] and simulated drilling time plot [1] when UCS for
all formations encountered is estimated as increased by 50%.

CONCLUSIONS

Prediction of rate of penetration is among the most sought after parameters in a drilling
campaign for oil and gas exploration as it allows for optimization of drilling parameters
to decrease drilling costs and enhance drilling process safety. There have been attempts
to have available such simulators but none has been widely accepted because of the
severe requirements for running them.

Recent advances made available simulators which could be used onsite having been
adjusted with real time drilling data so that they can be used in future campaigns in
similar fields. In order for this to be successful, real time drilling monitoring is essential
with the main parameters at hand such as weight on bit, torque, rotary speed, flow rate.
We have been testing one such simulator, Payzone, to verify its capabilities and
determine how different drilling parameters affect drilling process, using publicly
reported data. For the case on hand, data from the North Sea were used.

The simulator uses a drilling advance model with a few adjustable parameters that can
be fine-tuned with available drilling monitoring data. Our analysis has shown that the
drilling rate model is similar to the equation proposed by Teale, in terms of specific
energy, which contains two adjustable parameters. Fine tuning this model as well use of
the Payzone simulator, similar results can be obtained. However, the latter allows for
simulation of full drilling activity with several enhancements.

Re-engineering the well and re-drilling it is possible with no major difficulties. The key-
parameters to fine tune the simulator are overall drilling time and rate of penetration, for
the sections to be analyzed. For the case on hand, an almost perfect 1:1 correspondence
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between simulated and real drilling time has been achieved. Increasing WOB, RPM and
flow rate had all beneficial effect, i.e. a god reduction in drilling time, for the situation
analyzed, with WOB having the most significant effect. Application of all
enhancements at the same time shows that overall decrease in the drilling time can be of
the order of 30 to 50% on the average, thus bringing significant savings for drilling new
wells.

An assessment was also made on the effect of errors on estimation of rock strength, one
of the main parameters affecting rate of penetration, because recent analysis shows that
significant errors occur currently. Full simulation showed that increasing UCS by 50%,
can have a dramatic effect on reduction of rate of penetration, giving overall increases
in drilling time by up to 82%, thus sending the message for better techniques and
methodologies to estimate rock strength.
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