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[Mpdta amd 6Aa Ba MBela vo guyaploTom amd kapdidg tov k. Kedeoion yu v
VTOoTNPEN, TIG CLUPOVALC, TIG YVADGELG TOV OV PETESMOE KOBMG Kot Yo TNV Katavonon

KOl TNV VOOV TOL KB OAN TNV O18pKELD TG OIMAMUOTIKNG OV EPYACTOG.

Eniong 0o fBera va evyapiotiom v Xat{notduov Boactiikhy yu tv moAdtiun
BonBetd g katd v Sadikacio ToV TEWPAUATOV Kot Yoo TNV oTpEn g KoTd TNV

OLIPKELNL TNG CLYYPAPNG TNG OUTAMUATIKNG EPYACLOG.

EmumAéov Ba nBeha va gvyapiotiom tov kKadnynt K. Xpnotion og emPrénova kot

tov Ap. Moptvakn yio TV GUUUETOYN TOL GTNV EEETACTIKY] EXLTPOTT).

Axépo ooBdvopar TV avAaykKn Vo €UYOPIOTIC® TNV TOAD KOAY LoV  ¢iAn
Aookordkn Koatepiva yio v Ponbeio mov pov €xel mpooeépel avtd to ypdvio TV

GTOVOMV LLOV.

[dwitepa Ba Bk va gvyaploTio® TOVG ayamnuévovg Hov yoveig I'pnyopn ko
TpravtapuAiid kabdg Kot v adepen pov Mapiva yio v apépiotn Nk Kot VAKN
oG VooTNPEN KB’ OAN T ddpkeln TV omovd®v pov. H otpién mov pov mapeiyov
Olo aVTA oL YPOVIE NTOV KOOOPLoTIKY Yo TV mopeior otn (N KOV, GTIG GTOVOES OV

aALG Kot ooV AvOpmTog.
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21 mopoboo SmAoUATIKY epyocio peletnoapue v enidpaocn tov PHPA (Partially
Hydrolyzed Polyacrylamide) o€ oyéomn pe tov umevtovitn. To PHPA gival éva moAvpepég
TO OmOl0 YPNOLUOTOLEITOL G TPOCHETO GTOV UMEVIOVITN KOl TOPEYEL KOAVTEPM
otafeponoinon  TOV  TOWOUATOV NG  YEDTPNOTG. Ym mpoomdbel  owTN
TPOyLOTOTOMONKOY TTEWPAUOTE PE TO omoio elyape ¢ okomd vo Ppodue KOTAAANAESG
OLYKEVTPOGELS TOV moAvpEPoVg PHPA, tov pmevtovity kabdc kot tov KCI (yAwprodyo
KAAL0), OCTE VO YPTCLLOTOLOVVTAL GE TOAPOVS LLE YEMTPNOELS VOPOYOVAVOPAKMV.

O 1pdmog eKTIUNONG TOV KATOAANA®V GLYKEVIPMOGEMY €IVOl HEGH TNG HEAETNG TNG
peoloyiog twv pevotdv Odtpnonc. 'Etor Aowmdv Ba mapovcioctovv  mivokes kot
Staypéupoata Tov peoroyikdv mapopétpov: K (0dnydc cuvagelog oe Pa*s"), n (odnydg
ocvumeppopds porg) kabmg kot Ty (tdon SwiicOnong oe Pa). Ta omoteAéopata TtV
LETPCEMY TOV PEOAOYIKAOV TOPOUETPOV TO KATAYPAPOVUE 0O TO 1E®OOUETPO o8 excel
ko to, emeepyalopoote pe v Pordsia Aoyiopkov (matlab) dote va @tdcovv oty TEMK)
popen. Ta peoloyikd dedopévo UTOPOLY Vo TPOGOUOI®OOVV HE To PEOAOYIKA LOVTEAQL
Hersckel Bulkley, Bingham Plastic ka1 Power Low.

H dumhopotikn aroteleiton amd Oe@pntikd Kot TEWPARATIKO LEPOG.

210 Bewpntikd pépoc tapovoidlovro:

e Ta &ldn tov pevotov (Idavikd pevotd, Nevtdvela, Mn Nevtovela).

e Ta pevotd yewTpnoemy.

o  O11310TNTEG TOV PEVCTAOV.

e Ta peoroyikd povtéia.

o  Xpnoeig Kot dopN| TOV UTEVTOVITY).

o Tu givan xon oe 11 ypnowevel 1o PHPA «abd¢ kot mov ypnolomoteitor on
Blropnyavia yewtprioemv vopoyovavlplKmy.

e O tpodmoc delaymyns tov mepapdtov kabmg Kot ovaeopd GTo EPYUCTNPLUKA

OpyavaL TOL YPNCLLOTOONKaY.

210 mEWouoTiko népoc tapovotdlovol:

o [lepdpoata pe ovykevipwoelg umeviovitn (0%, 2%, 3%, 4% ko 5% wiv ).
[Ipocsbnkn PHPA, ne cvykevipmwoeig (0%, 0.05%, 0.1%, 0.2%, 0.3%, 0.5%, 0.7%).
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Eniong mpocOrikn 3% wiv KCI + 5% w/v prevrovitn koaw PHPA og cuykevipdoelg
(0.2%, 0.5% ka1 0.7%).

e Ta mepdauoata ektedécOnkav oto epyaoctiplo g Teyvikne leotpnoewv ot
Pevotopnyovikhg tov tunpatog Mnyavikov Opvktadv [Mopwv tov TTodvteyveiov
Kpnmg. Apopodoay 6Ty TopAGKELT TOAP®OV UTEVTOVIT, TOAPOV UTEVTOVITN KOl
PHPA xot moleov pmevtovitn pe PHPA kaw KCI. TTapovoidotnkoyv ot Hetpioels
OEYLATOV 6TO 1EMOOUETPO TOV EpyacTnpiov kal 1 enelepyacio TV OEOOUEVMOV TOV
TPOEKVLTITAY amd TO EMOOUETPO pe Aoylopukd mpoypappa. Ilpocdiopictnke t0
PEOAOYIKO HOVTELD OV TEPLYPAPEL TOV TOAPO KOl KATOOKEVAGTNKOV GLYKPITIKA
Swypaupoto Ko mivakeg. TELOC TOPOLGIAICTNKOV OMOTEAEGUOTO LETPCEDV LE
delypato.  mov  vmoPAnOnkov  ce  peTpnoelg  dmONTIKOV  TOPapETPOV  GE
QIATPOTPEGG O YOUNANG TTiEoNG TOV S100€TEL TO EPYOTTNPIO.

e Tw 10 mewpduata ypnoworomdnke pmevrovitng Wyoming (Halliburton- Cebo
Holland) kabd¢ ko PHPA and thv Baker Hughes (Newdrill Plus).

Amd 10 OmMOTEAEGUOTA TOV TAPOTAVE TEWPAUATOV TPOKLTTEL OTL 1 TPOGHNKN
TOAVUEPOVG OTO OElYHOTOL TOVL pmevtovitny TpokoAel oavénon tov 1Emdéovg. Avtd
ONUOIVEL TG OEV £YOVUE YPNYOPT POT| EMOUEVMG TPOKVTTEL £VOG KUAG EVVOOTMOUEVOC
TOAPOG 0 omoiog Ba TPOAAUPAVEL TNV GLGCOPELON TOV TPUUATOV GTOV TLOUEVA TOV
mnyadlov yewtpnons. Emiong ot kol pukpr] mocdtnto mOALUEPOVS GTO. dEtypato
TpokdAece peimorn Tov dmOMUaTog. Apo OC ATOTEAEGUN EAOYICTOMOLEITOL 1 ATMOAELD

PELOTAOV T YEDTPNOM).

H
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Abstract

Drilling fluids with bentonite can often cause major problems such as flocculation, loss of
rheology control and excessive friction due to high clay concentration. Polymers can
mitigate such problems, but all these come with much higher costs. Partially hydrolyzed
polyacrylamide (PHPA) polymers are used as additives to bentonite water based fluids to
stabilize shales and in HTHP applications because of better thermal stability (PHPA). It
also acts as coating on cuttings preventing agglomeration minimizing fluid loss and aiding
cuttings transport. There is not much published information about PHPA optimum
concentration and its mode of action and we aim to identifying these and we attempt to

explain the effectiveness for achieving better design of drilling fluids.

Four bentonite (2%, 3%, 4%, 5%) and five polymer (PHPA) concentrations (0.05%, 0.1%,
0.3%. 0.5%, 0.7%) were used. The rheological behavior was described very well by the
Herschel-Bulkley model. PHPA addition resulted in increase of apparent viscosity, large
decrease of the yield stress and in great reduction of the fluid loss and models are presented

for such behavior. The morphology of the filter cakes was investigated using Scanning
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Electron Microscopy in order to understand the adsorption of the polymer onto the clay
particles. We try to explain the effectiveness of polymer addition and its mode of action,

which further enhances our understanding of the polymer-clay interaction.

This work aims at formulating better water-based fluids for such applications using optimal
polymer concentrations. Better understanding of the mode of interaction of the PHPA
additive with clay particles in drilling fluids has been achieved by in-depth analysis of the
effect of various concentrations on rheological and filtration properties of drilling fluids.

This allows industry to work with optimal PHPA concentrations for more efficient drilling.
1.0 Introduction

Drilling fluids are the blood of the well and perform a multitude of functions like, carrying
the solids to the surface, providing lubrication to the drill pipe and the bit, supporting the
cuttings when circulation is stopped and aiding the cutting process by imparting high
impact energy to the bit in order to cut more easily the formation. Drilling fluids may be
water or oil based (diesel or synthetic oils) although the latter are more expensive and there
is more and more search for environmentally friendly water-based fluids which should
contain several additives which could give the required properties and the properties of oil-
based fluids while protecting more the environment.

Polymers have become very popular for their use in drilling muds due to their ability to
modify rheological properties of bentonite suspensions and their low impact on
environment [Dolz et al., 2007]. Several types of polymers have been used like Carboxyl-
methyl-cellulose (CMC), polyanionic cellulose (PAC), Xanthan gum (Benchabane and
Bekkour, 2006; Iscan and Kok, 2007) while quantification of the effects of CMC on

rheological properties has been given recently by Kelessidis et al. (2011).

A series of such polymers are the PHPA polymers, or else, partially hydrolyzed poly-
acrylamide polymers. PHPA polymers are drilling fluid additives that help stabilize shales

in the wellbore, they are used as clay extenders, flocculants and for encapsulating colloids
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(Caenn and Chillingar, 1996). The polymer molecules act as shale stabilizers, cuttings
stabilizers, and wellbore stabilizers. By bonding on site these polymers “inhibit" dispersion
of formation solids into the drilling fluid system and also bond on the wellbore formation
thus providing gauge hole and achieving borehole stability (Liao et al., 1990). Field
applications of PHPA drilling fluids have been described in few publications in the past,
like for e.g. Kadaster et al. (1992) who provided a set of guidelines for incorporating PHPA

into field muds.

Partially Hydrolyzed Poly Acrylamide is a polymer made from acrylonitrile after
polymerization to form polyacrylonitrile which afterwards is partially hydrolyzed to for
acrylamide and acrylic acid groups along the polymer chain (Figure 1, from source reported
in Kelessidis et al., 2012). It is normally used in field applications with concentrations
ranging between 0.2 to 1.5% and it is thought to act to stabilie colloidal systems via steric

and electrostatic stabilization (Kadaster et al., 1992).

Hydrolysis
nCH,= CH-C = N—+|CH,; - CH~ | ————
C=NIn alkali
Acrylonitrile
(Monomer) Polyacrylonitrile (Polymer)

CH, /cn2 /cn2 /Cﬂ, /CH: /cuz 2
¥YYYYYY I
CO; CO; CONH, COj CO; CONH, CO;
Na* Na* Na- Na* Na*

PHPA Polymer

Figure 1. PHPA structure (from source reported in Kelessidis et al., 2012)

Our work has extended into the assessment of the improvement or loss one mayget when
using different amounts of PHPA and because of the costs involved, one may be interested
if there is an optimum of polymer conentration that may be used to minimize costs. This is

the objective of this study. We did this by utilizing thre bentonite concentration in water,
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mimicking water based fluids, and studying the changes in rheological and fluid loss

behavior of these samples after adding different quantities of PHPA.
2.0 MATERIALS AND METHODS

The bentonite used for the present work was Wyoming bentonite (Halliburton- Cebo
Holland) while PHPA was from Baker Hughes (Newdrill Plus). The preparation of the
samples followed the API 13A standard procedures. Firstly bentonite was added to
deionized water and was mixed for 5 minutes using Hamilton Beach high speed mixer. The
PHPA was added slowly and mixing continued for 20 more minutes. The suspensions were
then sealed and left for 16 hours at room temperature to hydrate. Prior to the rheological
measurements the samples were sheared intensively for 5 minutes again with a high speed
mixer. (APl 13D). After the measurement of the rheological properties, filtration properties

were carried out.

The viscometric data was acquired using a Fann type Couette viscometer (Grace
Instruments, USA). They were obtained at fixed speeds of 600, 300, 200, 100, 6, 3 rpm.
The rheological model used for data fitting was the Herschel-Bulkley model (Kelessidis et
al., 2006, Kelessidis and Maglione, 2008)

t=7,+Ky' (1)
where 7,7,,K,y,n are the shear stress, yield stress, flow consistency, shear rate and flow

behavior index respectively.

A low pressure—low temperature (LPLT) API filter press was used in order to measure the
filtration properties of the samples which showed yield stress. Some samples were chosen
to be further analysed using Scanning Electron Microscope (SEM). These photos gave a

better picture of the connection between the polymer and the bentonite. Concentrations of
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PHPA tested were 0.05%, 0.3%, 0.5% and 0.7% w/V in water-bentonite concentrations of
2,3, 4, and 5% w/V.

3.0 RHEOLOGICAL RESULTS
The HB rheological parameters for all the samples tested are shown in tables 1, 2 and 3.
Together with the correlation coefficient and the sum of square errors while the variation of

the parameters are depicted in Figures 2, 3 and 4.

3% Bentonite | Ty (Pa) K (Pa*sec) | n R’ Sum(Q)
0% PHPA 3,9424 0,1794 0,5762

0,05% PHPA | 1,0031 0,2046 0,5646 0,9990 0,0693
0,1% PHPA 0,0951 0,3665 0,5400 0,9992 0,1234
0,3% PHPA | 0,0000 0,6188 0,5091 0,9994 0,1897
0,5% PHPA | 0,0000 1,3460 0,4675 0,9997 0,1923
0,7% PHPA 0,0000 2,2896 0,4297

Table 1: Rheological parameters of 3 % bentonite

4% Bentonite | T, (Pa) K (Pa*sec”) | n R’ Sum(Q)
0% PHPA 13,0110 0,8520 0,4050 0,9996 0,0373
0,05% PHPA | 6,6804 0,3805 0,5614 0,9979 0,4910
0,1% PHPA 3,9314 0,4929 0,5390 0,9987 0,3576
0,2% PHPA 0,55064 0,6504 0,52727 0,9997 0,1284
0,3% PHPA 0,0053 0,9533 0,5058 0,9999 0,0629
0,5% PHPA 0,4325 0,9608 0,5289 0,9999 0,0449
0,7% PHPA 0,0000 2,8778 0,4184 0,9999 0,2615

Table 2: Rheological parameters of 4 % bentonite




AHMOZXIEYZEIX

5% Bentonite | T, (Pa) K (Pa*sec™) | n R’ Sum(Q)
0% PHPA 20,6321 0,5842 0,49432 0,9993 0,2145
0,05% PHPA | 13,0348 0,8023 0,50713 0,9976 1,1504
0,1% PHPA 8,9761 0,90978 0,50675 0,9981 1,1591
0,2% PHPA | 3,1621 1,1582 0,49348 0,9993 0,5852
0,3% PHPA | 2,5998 1,5083 0,48328 0,9994 0,7033
0,5% PHPA 1,2411 1,4632 0,50897 0,9999 0,197/8
0,7% PHPA | 0,45756 2,5937 0,45387 0,9999 0,2017

Table 3: Rheological parameters of 5 % bentonite

The results in Figure 2 show that the addition of PHPA has as a result a decrease in the
yield stress of the suspensions for all the bentonite concentrations. The values follow a
power trend. At high concentrations of PHPA vyield stress decreases dramatically while at
low concentrations of bentonite it even becomes zero and the samples are described by
Power Law model. PHPA acts as a coating and this is shown later. The grains of bentonite
are prevented from forming gel structures which are responsible for the yield stress and this
explains the decrease described before.
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Figure 2: Comparison of the yield stress values
The flow consistency index (Figure 3) shows an increase as the concentration of both

bentonite and PHPA increases. On the contrary there is no strong dependence of flow

behavior index. The values of flow behaviro index (Figure 4) range between 0.4 and 0.5.

3,5

N
o1
He)»>

2 W 3% bentonite
22,0
(7]

©15 | Py A 4% bentonite
D- H]

<10 4 ® A @ 5% bentonite
0,5

0,0 T T
0 0,2 0,4 0,6 0,8

PHPA (% m/V)

Figure 3. Comparison of flow consistency values
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Figure 4. Comparison of flow behavior index values
4.0 FILTRATION RESULTS

The filtration results for all the different samples tested are shown in Tables 4, 5 and 6 and
in Figure 5. The values of the fluid loss for the free PHPA samples are higher than the 15
ml which are suggested by API. It is observed that the 30 min fluid loss values of the
suspensions which contain PHPA are lower than the suspensions which are free of PHPA.
Even a small quantity of PHPA can cause big differences of the values. These differences
tend to be smaller at higher concentrations of the polymer. This may mean that the
bentonite becomes saturated and further addition of PHPA doesn’t cause significant
changes. The sample which is composed of 5% bentonite and 0.7 % PHPA developed the
lowest fluid loss. It is worth mentioning that the trend of the fluid loss values is identical to

the trend of yield stress values.



%
PHPA % | Fluid Loss (ml) | Decrease
0 22
0,05 11,8 -46,4
0,1 10 -54,5
0,3 6 -72,7

Table 4. Fluid loss for 3 % bentonite

PHPA %

% Fluid Loss (ml) | Decrease
0 18,4

0,05 10,1 -45,1
0,1 9 -51,1

0,2 7,5 -59,2

Table 5. Fluid loss for 4% bentonite

PHPA Fluid Loss | %

% (ml) Decrease
0 16 -

0,1 7,4 -53,7

0,2 6,8 -57,5

0,3 6 -62,5

0,5 4,6 -71,2

0,7 4.4 -712,5

Table 6. Fluid loss for 5% bentonite
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Figure 5. Decrease in fluid loss vlues with PHPA addition

It is very interesting to note that above 0,2% PHPA, no significant difference is seen on

fluid loss values. Thus, for the bentonite concentrations studied, it ppears that 0,2% is the
optimal PHPA value.

5.0 SEM PICTURES

The Pictures that follow present the Scanning Electron Microscope (SEM) pictures of mud
cakes of two samples with 3% bentonite and 3% bentonite with 0.5% PHPA. It should be
noted that in in the second SEM picture the net structure is easily identifiable on the surface

of the grains, which probably indicates the excess of polymer addition.

The morphology of the filter cake with bentonite only is shown in Picture while Picture
shows the morphology of the sample of bentonite with the addition of PHPA. PHPA has a
typical arachnoid (spider-net like) structure, indicated in Picture 2 with the circle, and this

structure probably contributes to the compaction of the filter cake and the closing of any
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fluid channels resulting in the reduction of the fluid loss compared to bentonite only

samples.

6.0 CONCLUSIONS

A thourough study was made on the effect of a series of concentrations of PHPA, with
concentrations ranging between 0,05% and 0,7%, on rheological and fluid loss properties of
bentonite suspensions. Three different bentonite concentrations were used (3%, 4% and
5%).

All fluid samples exhibited Herschel-Bulkley rheological behavior. Significant reduction
has been observed int he yield stress which follows an exponential behavior. At 3%
bentonite concentration, addition of as little as 0,1% PHPA results in a diminishing yiled
stress and giving power law type rheologicla behavior. A similar exponential type increase
in the flow consistency index has been observed with increasing PHPA concentration for
all bentonite suspensions. The flow behavior index does not really change much, hovering

around 0,5 for all bentonite concentrations and all PHPA concentrations.

PHPA addition improved considerably fluid loss values of all three bentonite suspensions
and fluid loss values measured were very low. An optimum of 0,2% PHPA is obtained for
all bentonite concentrations, after which no further reduction is seen in the low anyway (~
5ml) fluid loss values, after whihc no significant reductions is attained. SEM pictures of
filter cakes taken with and without PHPA addition revealed an arachnoid like structure of
PHPA covering bentonite particles which plausibly contributes to the drastic reduction of

the fluid loss values.
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Picture 2: Scanning Electron Microscope picture of filter cake with 3% bentonite and 0.5%
PHPA
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ABSTRACT

Water based drilling fluids depend primarily on bentonite to provide appropriate
rheological and filtration properties. In many instances, however, other additives such as
natural or synthetic polymers have been utilized to impart for e.g. shale stabilization,
wellbore stabilization, control of flocculation or deflocculation of bentonite dispersions
while at the same time they reduce excessive friction and increased torque and also have
low environmental impact. Such polymers include Carboxymethylcellulose (CMC), starch,
guar gum, polyanionic cellulose (PAC), partially hydrolyzed polyacrylamide (PHPA)
which can be used alone or in combination between them or as additives to bentonite
dispersions.

There have been several studies publishing results on the effect of CMC, of PAC and the
other polymers on the extension of rheological properties of water bentonite dispersions,
but there are not much published data on the effect of PHPA polymer. PHPA polymer is
believed to interact with bentonite particles, when added in water-bentonite dispersions and
to facilitate linking of the bentonite particles thus improving rheological properties of the
suspension. Furthermore, due to the unique morphology of the PHPA polymer and the
coating it offers to bentonite particles, it can reduce substantially fluid loss. In this work we
present results from a study on the improvement in rheological and filtration properties of
dilute water-bentonite dispersions after the addition of different concentrations of PHPA,
critically evaluate the results, compare them with similar results gathered using one of the
most common used polymers, CMC, and propose optimal concentrations of PHPA for

better efficiency of the drilling fluid.
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1.0 INTRODUCTION

Drilling fluids are the blood of the well and perform a multitude of functions like, carrying
the solids to the surface, providing lubrication to the drill pipe and the bit, supporting the
cuttings when circulation is stopped and aiding the cutting process by imparting high
impact energy to the bit in order to cut more easily the formation. Drilling fluids may be
water or oil based (diesel or synthetic oils) although the latter are more expensive and there
is more and more search for environmentally friendly water-based fluids which should
contain several additives which could give the required properties and the properties of oil-
based fluids while protecting more the environment.

Polymers have become very popular for their use in drilling muds due to their ability to
modify rheological properties of bentonite suspensions and their low impact on
environment [Dolz et al., 2007]. Several types of polymers have been used like Carboxyl-
methyl-cellulose (CMC), polyanionic cellulose (PAC), Xanthan gum (Benchabane and
Bekkour, 2006; Iscan and Kok, 2007) while quantification of the effects of CMC on
rheological properties has been given recently by Kelessidis et al. (2011).

A series of such polymers are the PHPA polymers, or else, partially hydrolyzed poly-
acrylamide polymers. PHPA polymers are drilling fluid additives that help stabilize shales
in the wellbore, they are used as clay extenders, flocculants and for encapsulating colloids
(Caenn and Chillingar, 1996). The polymer molecules act as shale stabilizers, cuttings
stabilizers, and wellbore stabilizers. By bonding on site these polymers “inhibit" dispersion
of formation solids into the drilling fluid system and also bond on the wellbore formation
thus providing gauge hole and achieving borehole stability (Liao et al., 1990).

Partially Hydrolyzed Poly Acrylamide is a polymer made from acrylonitrile after
polymerization to form polyacrylonitrile which afterwards is partially hydrolyzed to for
acrylamide and acrylic acid groups along the polymer chain (Figure 1). It is normally used

in field applications with concentrations ranging between 0.2 to 1.5%.
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Figure 1. PHPA structure
Despite their extended use by drilling fluid industry, quantitative assessment of the
alteration of rheological and filtration properties of water-based bentonite dispersions is not
readily available, while also information regarding their optimum concentration is not

available to be used in field applications. This is the objective of this study.

2.0 MATERIALS AND METHODS

Dilute water-bentonite suspensions were used in which various quantities of PHPA were
added. The bentonite used for the present work was Wyoming bentonite (Halliburton- Cebo
Holland) while PHPA was from Baker Hughes (Newdrill Plus). The preparation of the
suspensions was carried out following American Petroleum Institute standard (APl 13D).
Firstly bentonite was added to deionized water and was mixed for 5 minutes using
Hamilton Beach high speed mixer. The PHPA was added slowly and mixing continued for
20 more minutes. The suspensions were then sealed and left for 16 hours at room
temperature to hydrate. After hydration, the suspensions were mixed for 5 minutes and the
rheological measurements were performed followed by the fluid loss measurements, all
done at room temperature. The viscometric data was acquired using a Fann type Couette
viscometer (Grace Instruments, USA) at fixed speeds of 600, 300, 200, 100, 6, 3 rpm. The
rheological model used for data fitting was the Herschel-Bulkley model (Kelessidis et al.
2006)

T=17,+Ky" Q)
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where 7,z ,K,y,n are the shear stress, yield stress, flow consistency, shear rate and flow

behavior index respectively.

The filtration properties of the suspensions were measured using a low pressure—low
temperature (LPLT) API filter press. For some of the tests cuttings (shales) were added to
study the effect of cuttings on the rheological and filtration properties (which is part of
another publication) and in some of these tests pictures of filter cakes were taken and
analyzed visually as well as in a Scanning Electron Microscope (SEM) in order to get better
insight into the ways the polymer attaches to the shale cuttings.

Concentrations of PHPA tested were 0.3%, 0.5% and 0.7% w/w in water-bentonite

concentrations of 2 and 3% w/w.
3.0 Results and Discussion
3.1 Rheological measurements

The rheograms for these bentonite suspensions with and without PHPA are shown in

Figures 2 and 3.

2% Water-bentonite suspensions
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Figure 2. Rheograms of various concentrations (0.3%, 0.5% and 0.7%) PHPA in the 2%

water-bentonite suspension.
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3% Water - bentonite suspensions
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Figure 3. Rheograms of various concentrations (0.3%, 0.5% and 0.7%) PHPA in the 3%
water-bentonite suspension.

The Herschel-Bulkley rheological parameters are shown in Table 1 for all samples that
were analyzed, together with the correlation coefficient and the sum of square errors
(SUMQ). The variation of the HB parameters with the PHPA concentrations for the two
bentonite concentrations is depicted in Figures 4 and 5 for the 2% and 3% water-bentonite
suspensions. The PHPA free suspensions exhibit very good Herschel-Bulkley rheological
behaviour with good correlation coefficients and small sum of square errors, having yield
stresses of 0.34 Pa and 2.94 PA for the 2% and 3% bentonite respectively.




AHMOZXIEYZEIX

- n
Sample ry[EIPesT) igpast | nl=l- | RZ | sUMQ (Pa?)
0,0%
PHPA 0.3398 0.4806 0.3501 0.985 0.231
0,3%
o0 PHPA 0 0.3115 0.5533 0.997 0.1595
0
bentonite 0,5%
SHPA 0 0.9473 0.4592 | 0.9988 0.3856
0,7%
PHPA 0 1.7255 0.43296 | 0.9987 1.0057
0,0%
SHPA 3.9424 0.1794 0.5762 | 0.9993 0.0471
0,3%
2 PHPA 0 0.6188 0.5091 | 0.9993 0.1896
0
bentonite 0,5%
BHPA 0 1.3460 0.4675 | 0.9996 0.1923
0,7%
PHPA 0 2.2896 0.4297 | 0.9994 0.7649

Table 1. Rheological parameters for the base fluids
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Figure 4. Variation of HB rheological parameters with PHPA concentration for 2% (m/V)
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Addition of PHPA at all concentrations changes the rheological behavior of the fluids from
Herschel-Bulkley to power law, possibly because of the coating that PHPA molecules offer
to bentonite particles, as it will be demonstrated below, which prevents bentonite particles
to form gel structures which are responsible for the yield stress. It would be interesting to
investigate up to what concentration of bentonite we see the diminution of the yield stress
with the addition of even the smallest amounts of PHPA, and this is part of another study.
The flow consistency index K presents also a minimum, as did with the CMC addition for
the 2% bentonite, while there is a smooth increase in K with PHPA concentration for the
2% bentonite suspension. The values of the flow behavior ndex n change a little for the 3%
bentonite suspension while there is gradual decrease for n for the 3% bentonite

concentration.

It is interesting to compare the performance of PHPA with respect to the addition of CMC,
which is one of the most common additives used for modifying rheological and filtration
properties of water-bentonite dispersions. The variation of the HB parameters for water-
bentonite-CMC solutions is shown in Figure 6. Comparing the results of Figures 5 and 6,
which have the samples with the same bentonite concentration of 3%, one can see that
addition of CMC reduces the yield stress of the bentonite suspension but does not diminish
it, as did the PHPA additive, at almost similar concentrations. It only presents a minimum
in yield stress with respect to the CMC concentration. The trends in the K and n values is
very similar for CMC and PHPA suspensions, with the difference that K values in the
PHPA fluids increased by a factor of 4 for both 2% and 3% bentonite concentrations, while

CMC addition just doubled the K values for the maximum concentration studied.



AHMOZXIEYZEIX

4.0 3% water-bentonite suspension 1,0
T VY == K =N
? B 0,8
L3,0 -
o
~ e ———
N ——A
S - 0,6
< <
22,0 e
|_>
- 0,4
——
1,0 T
- 0,2
O’o T T T T T T o’o
0,0 0,2 0,4 0,6 0,8 1,0 1,2
CMC (%, w/w)

Figure 6. Variation of Herschel-Bulkley rheological parameters with the CMC
concentration (data from Kelessidis et al., 2011).

3.2 Fluid loss measurements

The API 30 min fluid loss values for all samples tested are given in Table 2. The 30 min
fluid loss values for the PHPA free suspensions were much higher than the API suggested
maximum of 15ml, with the 2% bentonite showing 33.6 ml and the 3% bentonite showing
22.6 ml fluid loss in 30 min. The fluid loss for the suspensions with the PHPA at all
concentrations studied were very good, with a very small decrease in the values both with
the increase in PHPA concentration and with the increase in bentonite concentration.
Analyzing the values of the fluid loss for the 2% bentonite concentration and observing that
it is approximately constant for all PHPA concentrations one can say that apparently there
is saturation of the bentonite particles with PHPA at about 0.5% PHPA and no further
decrease in the fluid loss is observed with the 0.7% PHPA. For the 3% bentonite
suspension, even at 0.7% there is not full saturation of bentonite particles and there is room
for further reduction in the fluid loss values, even though the values are very small. The
time evolution of the 30 min fluid loss values for all samples is depicted in Figure 7 where

it is evident that for all samples, the curve obeys the square root law.
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Sample +PHPA Fluid Loss
(ml)
0.0% 33.6
0.3% 8.8
2% 0.5% 8.2
bentonite 0.7% 8.1
0.0% 22.6
3% bentonite|0.3% 7.4
0.5% 7.2
0.7% 5.6
Table 2. Fluid loss for base muds
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Figure 7. Development of fluid loss versus time

In addition to the fluid loss values, we have studied the surface morphology of the filter
cake of the water bentonite suspension with PHPA but also with the shale cuttings added to
the base fluid. The morphology of the filter cake with bentonite only is shown in Figure 8

while Figure 9 shows the morphology of the sample of bentonite with the addition of
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PHPA. PHPA has a typical arachnoid (spider-net like) structure, indicated in Figure 9 with
the circle, and this structure probably contributes to the compaction of the filter cake and
the closing of any fluid channels resulting in the strong reduction of the fluid loss compared
to bentonite only samples (compare value of 22.6 ml for 3% bentonite with 7.2 ml for 3%

bentonite with 0.5% PHPA).

&
-

Figure 9: Scanning Electron Microscope picture of filter cake with 3% bentonite and
0.5% PHPA

XXXV



AHMOZXIEYZEIX

We have performed some experiments on fluid loss of bentonite with PHPA additive with
the addition of shale cuttings and took SEM pictures of the filter cake, which is shown in
Figure 10. Itis very interesting to see the attachment of PHPA on the shale cuttings which
would then result in the inhibition of shale swelling and thus shows the reasons why PHPA

is considered a very good inhibitor.

| 300um I
Figure 10: Scanning Electron Microscope picture of filter cake with 3% bentonite and 0.5%
PHPA and shale cuttings of size 200-500 pum

Liao et al. (1990) concluded after an extensive study that PHPA molecules inhibit shale
degradation by coating the cuttings and wellbore formation through ionic attraction and
hydrogen bonding. The SEM pictures derived in this work show clearly the bonding of the
polymer on the shale surface which has immediate result in the very good performance of
the additive in terms of fluid loss control.

4.0 CONCLUSIONS

Addition of different amounts of PHPA to of 2% and 3% bentonite suspensions has proven
very effective in reducing fluid loss. For the 2% bentonite the reduction was from 33.6 ml
to 8.8 ml for 0.3%, 8.2 ml for 0.5% and 8.1 ml for the 0.7% PHPA. For the fluid loss of 3%

XXXV
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bentonite the reduction was from 22.6 ml at 0% PHPA to 7.4 ml at 0.3%, 7.2 ml at 0.5%
PHPA and 5.6ml for 0.7% PHPA.

PHPA modified the rheological properties by increasing considerably the flow consistency
index while keeping the flow behaviour index essentially the same. The yield stress of the
bentonite only suspensions was modified and the bentonite suspensions from a yield-
pseudoplastic fluids became power law fluids for all PHPA concentrations.

SEM pictures revealed very clearly that PHPA spreads onto bentonite particles but also the
added shale cuttings as an arachnoid-structure which then prevents any further swelling of
the particles thus providing the inhibitive behaviour.

PHPA is very easy to mix with the bentonite suspension, especially compared to many

other polymers like CMC.
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KE®AAAIO 1: EIZAT'QI'H

1.1 PEYXTA

Me tov 6po pevotd yapaktnpilovial ot ovcieg mov mapovslalovv pon. TEtoleg ovoieg
glval Ta VYPA KoL TA OEPLOL. ZVVETMOS 0 OPOS PELGTA YaPAKTNPILEL GLVOTTTIKA T LYPE Ko TOL
aéplo. TOV Omoi®mV Ol OLVAUES GLVOYNG &lvarl yolapés pe ocvvémew M palo Tovg va
oMcBOaivel ehevBepa (mepimtwon vypdv) N va petotomiletor aveEdptnta (mepintmon
aepiov) £tol ®ote va AapPdvel kdbe popd TO GO TOV YDPOL TOL KOTAAAUPBAVOLY 1] TOV
HEGOL 010 TOV OTTOIOVL KIVOUVTOL.
Awkpivovton oTig Tpelg akOAovOeg Kot yopies:

[davikd pevotd 1 téleta pevotd: Xapaktmpilovior vrobetikd pevoTd to omoia ivat

tereing aocvumieota. Katd mv kivion tov pevotov avamticcovior Suvauels tpipng
petalh Tov popiov toug (ecmtepikn TPIPN) aAAG Kot petalld TV HopimV TOVG Kol TV
TOYOUATOV TOL COANVO HEcO oTOV Oomoio mpaypoatomoteiton 1 kivnon (Suvapelg
ocuvaelag). Av ot OUVAUELS TOL TPOAVOPEPALE VTEPPOVV KATOWO OpPlO0 TO PEVCTO
onuovpyet katd ™ pon Tov diveg Ko 1 pon Adyetar TupPddne N otpoPfrddne. H perém
pog térotag kivnong etvon moAvmiokn. Epeilg o meplopiotodpe otn pHeAETn e pong evog
PELGTOV OV OEV MOPOVGLALEL EGMTEPIKES TPIPES Ko TPIPEC e T TOLYDUATE TOL GOANVA
péca otov omoio péet Kot emmAéov givar acvuniecto. 'Eva tétolo pevotd yapaktnpileton
OG WAVIKO. AVTA Ta PELOTA AMOTEAOVV VTOBETIKY BewpNTIKY Katdotaon Kot udvo, Tov
Aoppavetor vwOY”M OTIG £PEVVES KO LEAETEG TV NOU®OV TOV PELGTMOV SEVKOADIVOVTOG £TGL
KOTA TOAD TNV €E0Y®YN| CLUTEPUCUATOV HE OVTIOTOLYOLS LTOAOYIGHoVS. [Tapd Tavta
OPIOUEVE PUGIKE PEVOTA HE TOAD YopNAS 1EMOES Kol pikpn Beprukn ayoypudmra ivot
SVVATOV VL AVTILETOMIGTOVV, PEPata KOTA TPOGEYYIoN, MG WaviKd pevotd (T.y aépla o€
ouvOnkeg mepPdAiovtog).

Nevtaovewo pevotd: Xapoaktnpilovior 6Go LTOKOHOVYV OLCLACTIKA TOLG VOLOVG TOL

Nevtova. Aniadn ovtd Tov omoimv 1 dSwTuntikny Tdon &ivar avdioyn tov pubpov
petafoing g tayxdtmrag Omwg mY. TO  vePO, VOATIKA SoAVpOTO,  Oplopévol

VOOTIKOT SIHADTEG, TO OPOLE CLOPLLOTO KO YOAUKTOUOTO, KOODS Kot OA0 To 0EPLOL.

Mn Nevtovewn pevotd: Xapokmnpilovror cuvnbwg vypd mov 10 1EDdEC ToLg £ivan

GLVAPTNON NG OWTUNTIKNG TAoNG Tov epapuoletor. AkOua eivar avTd To PEVGTA TOL
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apovcstalovy apykd vVynAod 1EDdec kot dtav vroPdAlovior o€ avadevorn yivoviot
TEPLGGOTEPO AEMTOPPELGTO, OTWS, YO TOPAOELY LW, TO TUTOYPUPIKO UEAAVL, Ol OLAPOPES
Bagéc (eEhaoypouata k.Am.). Exiong oe avt 1 Katnyopio vdyoviot To TUKVE dlmpniUoTo
KaBd¢ kot ta d1dpopa TuKvA yorloktdpoto. Mn Nevtovela peuotd yopaxtnpilovton kot to

PEVOTA YEMTPNGEMV TOL OTTOT0L EIVaL KOl OVTIKEILEVO TNG TOPOVONG EPYOGTOG.

1.2 PEYXTA TEQTPHXEQN

[ToApodg yedtpnong (drilling mud) eivor cuvibmg éva vVOOTIKO PN TNAOD Kot
GAL®V VAIKOV, oVOUALOUEVO KOl TOAPOG YEDTPNONG 1N AACTY. ZUYKEKPIUEVO AVOPEPETOL
TOC NTovy mboveg po Apepikovikr] avakdiovyrn. H mepiotpogikry owdvoln oe o
yemtpnon eixe epapuootel and g apyés tov 1821 and tov P.Phanor Prudhomme yio
duavoién oG yedtpnong otig Beppovdec. I'a moAld ypovia To GUGTNUA XPTCLULOTOLOVVTOY
vy T S1avolén myoadimv vepov oto pécso TG dekoetiog oty Apepikavikn Hrewpo ko
otV okt Tov KoArov tov Me€kov ( Gulf Coast ) kat 1o pevotd mov kKukhogopohoe NTav
navta to vepd. Amd to 1887 (R.J.Forbes ko tov D.R.O’Bernie ,1890-1940,The technical
development of the royal dutch/shell) ftav moAd ypnown n wpocHnkn otepedv GTOLG
TOAPOVG.

H npaotn ypnon g Adonng and mnid oe yewtpnoelg vepoL otic HITA ypovoroyeitan
a6 1o 1888 1 1889. H mpd™ emruyng ypnon moieov ot Prounyovia merpeiaiov
mpaypatonomOnke to 1901, mopdio mov ta  dTpnTiKd pevotd giyav ypnoonom el
vopitepa. H dSudvoiEn pog yedtpnong Mrav ovckoro omnv apyn. O Lucas ,évog
UETOAAELOAOYOG UNYOVIKOG amd TNV AvoTpio Kot 01 GUVEPYATEG TOV OVTILETOTICAV TO, 1010
TpoPANUaTe OV ElYOV AVTILETOMIGEL TOAAOT GAAOL YEMTPLTOVIGTES KOTO UNKOG TNG
napaktiog nedadag tov TéEag ot mepoyn Spindletop tov Hvopévov Tolteidv otig 10
Iavovapiov tov 1901. O €181kOG dAVOIENG EPEVLVNTIKNG YEDMTPTONG TETPEAAIOL EMPETE VL
OlTpNoEl PHECH OPKETMOV EKATOVIAOMV UETPOV AUUOV, TO OMO10 Kot €Kave TNV Tphma
emppen o OdPpwon. ['a va fondncst oy enilvon avToL TOV TPOPANUATOG, EVOS 0T
ToUG yewtpumaviotés tov Lucas, o Curt Hamill, xotéAnge oe o Adom mov frov
EMOVOCTOTIKN Y10 EKEIVN TNV €MOYN). Avti yuo glomieon vepoL KAT® omd TNV YEDTPTON
v vo xoBapiotodhv to Opodopoata mov wapdyovior omd T OpAcT TOL TPLTAVIOD,

ypNoonoince Adomn. Avtd amodeiydnke O6tL Ponbnoe Oy pwévo otV avdkimon twv
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Opavopdtov, aAld e&icov damotdbnke O6TL 1| AAGTN KOALOVGE GTNV E0MOTEPIKN TAELPA
TOV TOYOUATOV TNG YEDTPNONG UE OMOTEAEGUO VO, AOTPEYEL TNV €voeyouevn kabilnon
TOVG. ZUUTEPACUOTIKG OOmeTOONKAV TEPIGTOTEPA OPEAT Oamd OTL avapevotay, TG amd
toTE N AAOTN YPNOLOTOIEITOL OYEOOV o€ KADE YedTPNON GE OO TOV KOGLO.

Méypt t0 1960 ot véatkoi morpoi pnevtovitn (Water Based Muds, WBM) ntov
Kuplapyol oTic YewTPNoels. Me v avénon dume tov Babovg d1dTpnong TapovcidoTnKay
0. TPOTO TPOPANUOTA, TOV OQEilOVIOV oIV aoTABE TOV TOAPOV OTIC LYNAEG
Oepurokpocieg KOOMG KOl GTNV HKPN MTOVTIKY] KOVOTNTO TOV TPOCEPEPNY, EWOIKE GE
KeEKMUEVEG YemTpNoEl. Me v eméktaorn oe OA0 kot Pabitepa @pedto pe LYNAOTEPES
Oepuokpocieg ko méoelg, n Pounyavia avéntuée eEedikevpéva Tpocheto yMukd yo
GUYKEKPLUEVES XPNOELC.

Ooco peyodlvtepn ywotav 1 fefordtnta ™ GVUPOANG TOL TOAPOV GTNV OGPAAESTE-
PN, YPNYOPOTEPN KOl O OIKOVOWIKY dldTpnor, T060 7o pebodikn NTov 1 €pguva ot

Mud ovvheon TV TP TIKAOV PEVOTOV.

ATOTEAEGHOL TOV  EPELVOV  OVTOV MNTOV 1

ONUOVTIKY]  ovVOKAALYT, TOG 1 KOAAOEWNG
GUUTEPIPOPE. TV TOAPOV MTOV TPOTOPYIKNG
Drillstring
onpociog yo Tov KaBopiopo g woldTnTog ToL.
Mud + Méoa omv enduevrn dekoeTion HETA TNV
Cuttings
EI00YMYN TOV VAKAOV o0ENoNG TG TUKVOTNTOG
Mudcake o | TOL  WOAPOV,  ovomTOyOnke M ypnom
B Shale  gumlovTiopEVOV KOMOEWOV Ttpdcbetov péca
il OTOV TOAQO, dfvovtag £Tol TN dLVOTOTNTA Yo
Sandstone  mepautép® PeATion TG TOWOTNTOG KO TNG
Drill ,
Bit amOd00TG TOV.

 Shale

Ymv  mepotpopikry  Odvoin, 1
KUKAOQOPioL TOL SATPNTIKOL PEVCTOD EYEL MG
e&nc (Ewodva 1). To Komtikd GKpo EPYETOL GE EMOPT LE TO GYNUOTIGHO TOV TEPIGTPEPETAL

péow g owatpntikng otAng (drillpipe). To datpntikd pevotd @Tavel uéow NG

Ewoéva 1: Kvkhogopia Torpov otn
TEPIGTPOPIKY] dravorin
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SLTPNTIKNAG GTAANG OTO KOTTIKO GKpo Kot Eavayupilel 6TV EMQAVELL LEG® TOV SOKTVAIOV
oL OMovPYEitaLl HETAED TOV TOLYOUATOV TNG YEDTPNONG KOl TNG SLOTPNTIKNG GTHANG.

To 1pippote TOV  TETPOUATOV  HETOPEPOVTIOL OTNV  EMPAVEWD OO  OTOV
SwywpiCovion amd 10 dotpnTikd pevotd. To daTpnTiKd PeVoTd TEPVA amd Eva KOGKIVO
amd Omov YiveTol 0 doy®PIoUOG amd To OpovGUOTE Kol GT GLVEXEW OONYEiTOL GE o
oe&apevn. Tédog pe ) PBondeto pog avtAiog To pELOTO EMOVOKVKAOPOPEL GTN SLOTPNTIKY
OTNAN Kot ETAVOLAUPAVETOL 1] TAPOTAVE® O1UOTKAGTL.

INuepa avapecso otovg KOPLovg otdovg Tov BETOVV Ol PNYavIKol TOV JTPNTIKOV
PELGTOV, EIvOl 0 EAEYYOG TOL TEPLEYOUEVOL TOV KOAALOEW®MV Kol Tov Babuod dtacmopdg
oG 6tov oAPO. H emtuyia ¢' avtdv tov topéa oaivetar Eekdbapa pe cOyKpion Tmv
YEOTPNCE®V OV Yivovtay TP omd OEK0, OEKAMEVIE Kol €1KOOL ¥povia HE OVTEG TTOL
yivovtol onpepa, 6cov agopd Kopla 6to PdBog Tov TNYado0 Kol 6T SIGUETPO TNG OTNG
TOV.

O1 KVPLOTEPES YPNOEIG TV TOAPOV YEMTPNoE®V givar o1 Tapakdatm (Keleoiong 2012):

1. Noa xoBapifovv Ta Bpadopato TOV TETPOUATOV KATO omd TO KOTTIKO GKpo Kot Vo
TOL LETAPEPOVY GTNV ETLPAVELNL

2. No aoko0V DOPOCTATIKY TEST GTA TOYYDOUOTO TOV PPENTOC DGTE VO OTOTPETOVY
TNV E1GPOT PEVOTMOV TETPOUATMOV GTO QPEAP.

3. Na dwtnpodv 10 ppéap kabopd £mg OToL Yivel N EMEVIVLON LLE COANVOL.

4. Noa yoyovv Kot vo Moivouv TV SoTpnTiKn GTHAN Kot TO KOTTIKO dKpo.

5. No punv €gouvv 1810TTEC MOV VO OMOTPETOVY 1] VA OLGKOAELOVY TNV EPUPLOYT

TEXVIKOV Y10, TNV OTOTIUN GO TOV TETPOUATOV.

6. Noa unv mpokaAovv TpofANUaTe U AVOSTPEYLLN GTO TETPMUOTO TOL EPYOVTOL GE

EMOLQT).

7. No punv tpoxariovv dafpwon g STpNTIKNAG CTAANG.

O unyavikdg Adomng elvar vrevBovvog Yoo TV €MAOYN Kol TNV GLVTHPNCN TOV
KOAADTEPOL OLVOTOL PELGTOV YedTPNOoNG. Ta mepocdTEPA TPOPAUOTO OTIC YEMTPNOELS
elvarl ouvdedepéva e To PeEVoTO YeMTPNoNG. To pevotd YedTPNONG TPEMEL VoL dlatnpeiTat
OTNV KOADTEPN OLVOTH KOTACTOON KOl 6TO YounAdtEPOo dvvord koéctoc. Ta pevotd

yemTpMoNng umopel va eivan gite a€pag, eite vepo, gite vepd e mpodcheta, gite appoc.
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O1 kVP1OTEPOL TAPAYOVTEG TOL TPOGIOPILOVY TNV EMAOYN TOL PEVLGTOD YEMTPNONG
glvo:
1. Ta &idn tov metpopdtov Tov B amavinfovv 6to epéop
2. To gVpog TV Beppokpacidv, SomEPUTOTNTAS, TECEMY PEVCTOV TETPOUATOV,
oKANPOTNTO TETPOUATOV.
3. H pebBodoroyio amotiunong tov Tetpopndtov (Storypapieg).
4. H mowdtra tov d1béciov vepo.

5. Oworoywol kat meptpariovucol Adyot.

1.3 TIAIOTHTEX PEYXTQN
Ot Baotkég 1010TNTEG TOV PEVLGTAOV KATIYOPLOTOLOVVTAL GE TPELG PLEYOAES KaTNYOPlES:

1) v AvkvoTnTOo

2) TIC PEOLOYIKES 10T TES

3) ko 10 QuiTpapioua (S1bnon)

1.3.1 HOYKNOTHTA

[Tukvomta eivor n pdlo tov pevoTod avd povadoa oykov. Zvvnbwg exepaletar og
glem® evéd 1 ayylocaovikh povada g Propmyavioe yemtpioemv opileton wc lbm / gal
(ppg). H mokvétnro tov vepoo oe 4° C eivan 1 g/cm® = 8.33 ppg.

H mokvomta tov pevotod yedtpnomng pubuiletor ®OTE vo TOPEYETOL  KOVY|
VOPOCTATIKY TieoN Yo €EIGOPPOTNGN TG TEGNS TOV PEVCTAOV TV TETPOUATOV OAAL Kot
va unv givar ToAd vymAn dote va tpokaiel Bpavon tov metpopdtov. OnolodmoTe LAMKO
€xel peyaAvTePO €100 Papoc amd to vepO Kot deV EMOPE apvnTIKE OTIG AAAEG 1O10TNTES
TOV PeLOTOD YeDTPNONG Umopel vo ypnowyomonbel g mpdchHeto Y avénomn g
mokvottoc. To vAkd ovtd eite SoAdovior €ite 01@POVVIOL GTO PELGTO YEDMTPNOMG.
Dvokd To KOGTOG Elval ONUAVTIKOG TOPAYOVTOG Y10 TV TEAKT ETIAOYT TOL VAKOV, dAAG
VILAPYOLV Kol GAAOL TaPApETPOL TOV AapPdvoviol VITOYN TEPAV amd TO0 KOGTOG.

O Papimg (opuktd amaviopevo og BaSO,) eivar to tumikd mpdcheto yro adénon g
ToKVOTNTOG AdY® YounAod kO6oTOovg , LYMAOL €Wwoly Pdapove , KabBapodTNTOS KoL
0VLOETEPOTNTAC OTO VYPA TTOL ypnotporoovvrol. Exer cuvnon oyetikny mokvomta (Adyog

TOKVOTNTAC TPOG TNV TLKVOTHTA TOL vEPoL otovg 4°C) ion pe 4,30. O pmevrovitng eniong
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YPNOLOTOIEITOL Kol Yoo oOENGN TNG TLUKVOTNTOS TOL TOAPOV, WE GYETIKN TLKVOTNTO

nepinov 2.50.

1.3.2 PEOAOI'IKEY IAIOTHTEX

Peoloyia elvar pa evpeia £vvolo Tov 0VGIACTIKA HEG® AVTNS LTOAOYILOVLE TIG TEGELS
ot yewtpnon. To 1Emdeg Tov pevotov eivar  WOTTA avticTaong 6e pon N 6€ Kivnon.
Pevotd vynlot 1Eddovg ekppaloviar ®¢g moxhppevota Kot youniod 1EDGdovg ®g
Aemtoppevota. To emBountd 1E®Oeg yioo pevotd yedTpNong e&optdtor amd TOAAOVG
TOPAYOVTEG OMMG 1 TUKVOTNTA PEVGTOV, OIIUETPOS QPEATOC, TAPOYN PEVGTOV, PLOUOG
OLITPNONG, AMALTNGEL TEGEWV, KATAGTAOT] TOLY®UATOV OPEATOG.

To 1Emdeg TOv PEVOTOL YeDTPNONG O UETPNON EDOOVG £vOg onueiov (évag puOudc
dtTpnong, Ommg yio. Tapdderypa to yovi Marsh) givor cuvaptnon TplidV TapayoVI®V, TOV
EMOOVG NG GLVEYOLG GAoNG, TOL HeEYEBOLG, NG HOPENG KOL TOGOTNTOS OTEPEDV
COUOTIOV KOl TOV AVATTUGGOUEVOV duvlpuemv petald tov copatidiov. To 1Endeg g
ouveyolhg eaong emmpealetal amd v Bepuokpacio. Peuotd yemtpnong pe cuykekpluévo
T0G00TO kAT Papoc peydhov peyéBovg otepedv mopovcldlel HKpOTEPO 1EMOEG omd
pevotd He 1010 TOGOoTO oTEPE®V OAAG pIKpOTEPOL peyéBovc. Avtd oeesiheton o©TO
HEYOADTEPO aPOUO OTEPEDV COUATIOIOV KO GTNV UEYUAVTEPT) EMPAVELD TOV TPEMEL VO
oaPpayet.

Ta Kup1dTEPA VAKA TTOV ¥PNGLUOTOOVVTAL Yio TNV avENCT Tov 1EDO0VS givorl dpytiot
LE TEPICCOTEPO YPNOLLOTOLOVUEVO TOV UTEVTOVITI), TOV VOl GAOLUIVIOTTVPLTION)O VATPLO
N aoPéotio. Emiong ypnoiponoovvtal cemoAitng (£vudpo mupitiovyo HOYVAGL0) Kot
atomovAyitng (évudpo muprtiovyo aAiovuwvo-payviow). H  eldttoon tov 1E®mOovg
emruyydverol €ite pe TV €AATTOGCN TOL TOGOGTOL TWV GTEPEDV (T.Y. UE apoimon N Ue
pnyovikd péoa) gite pe Vv adpavomoinor TV EAKTIKGOV duvapemv pe TV mpocOnkm
ANUKDV.

O umevtovitng (ovopdoOnke oamd TNV TEPLOYN TOV TPAOTO EVIOMIGTNKE EUTOPIKE
ekpetaAlevouo koitaoua — Fort Benton, Wyoming, HITA) arotelel to mAéov dadedouévo
opuKTO Yo pOOUIoN TOL 1EDSOVG TV TOAPDOV YemTpNoewV. Amoteleitatl amd copatiol
pikpod  peyébovg  mov  mepiEyovv  meprocoOTEPo  amd 85 %  povipoptAdovity
(montmorillonite). Xapaktnpiletar 6 w¢ pmeviovitng vatpiov 1 acPfeotiov avaroya omd

TO KOTIOV OVTOAAOYNG TTOV LREPIGYVEL, LE TOV VOTPLOVYO UTEVIOVITN va Topovctalel ta
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KOAOTEPO YOPAKTNPIOTIKA ©O¢ TPdsheTov Yo v Propmyovia yeotpriioewv. O umeviovitng
Wyoming, mov mopdyetar oty moiteion Wyoming (HITA), eivar @uoikdg vatplodyog
umevtovitng Kot amoteAdel iowg Evav amd Tovg KAAVTEPOVS UTEVIOVITEG GTNV Oyopd. TNV
EMGda (MnAo) mapdyetor ©¢ @UOIKOS O 0aGPECTOLYOC UMEVTOVITNG KOl UETA TNV
eneEepyacia Tov pe 66da aviikadiotatal 10 acPEoTio He VATPLO Kot €YEl £T01 KAADTEPO
YOPAKTNPIOTIKA Od OTL 0 PLOIKOG acPectovyog purevtovitng. Ot moApol pmeviovitn Exovv
TOALG TAEOVEKTNLOTOL GE GYECT LE TNV XPNON VEPOD 1 AEPO. OC PELGTOV YEDTPNONG.

O pmevrovitng mpootifetar o€ mMOAPSO vepol Yo advénon woavotnTog Kabapiopoh
epéatog, eAdttoon pvduod OSmMbnong oe SlamEPUTE OTPMOUATO, ONUIOVPYIR AETTOV
VIOGTPMOUOTOS GTO TOLYDUOTA TOV QPENTOS, PeATimon TG 6TafepdTNTOS TOV TETPOUATOV
KOl 07roQLYT] M emavakopyn omd doeuyn peydiov oykov pevotod ota metpdpata (lost
circulation).

To PociKOTEPO HEIOVEKTNUO TOV TOAP®OV UTEVIOVITN E€lval OTIS YEMTPNOELS
vopoyovavlpdkwv vyning Oeppoxpacioag. Adym tov 611 dev mapovotdlovv Beppukm
otafepdmra pe amotélecua oe VYNAEG Bepprokpacies vo OMpovpyolv GLGCOUATOUATO
Kot £T61 Vo XAvouv TiG KaAEg peoroyikég 1010t teg. BéPata vdpyovv kot dgvutepevovia
LELOVEKTI LT OT®G 1) SLGKOAIN GTNV AmOPPIYT| TOVG LETH TO TEPUS TNG YEDTPNONG.

To mococtd pmevtovitn mov mPooTifetor TOKIAEL AVAAOYO HE TS GULYKEKPLUEVES
ocuvOnkec. Ilpotewvdpeveg mePlEKTIKOTNTEG TOAP®OV UTEVTIOVITN mOpoLGLAlovTal GToV

nopakdto [Mivake 1 (Aakapopivng, 2009).

MNOA®OX PPEXKOY
NEPOY

MIIENTONITHX ®PEXKO NEPO

MPOXTIOEMENOX XE: (kg/m?®) 2
(kg/m°)

Kavovikéc yeotpntikég 35-60

ovvOnKeS

X1a0gpomoinc
- e 70-100 25-50

TOYONATOV

AndAero KvkhoQopiag 85-110 28-56

IMivaxog 1: Avaroyieg prevrovitn 6€ TOAPO

H
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1.3.3 ®IATPAPIEMA

Otav yiveton 01dTpnon 6€ TOPMOOVS GYNUOTICUOVS TOAAES QOPES, AOY® BETIKNG
Spoptkng mieong and v yeodtpnon (P1) otov oynuotiopd (P2), oniadn (P1-P2>0),
VILAPYEL ATADAELD PEVGTOV TTPOG T TETPOUATO. Elvar embBountd va ehayiotomombet avt n
QTOAELD Y10 VoL UMV ‘LOALVOEL 7 0 GYNUATICHOG Kot KAEIGOUV Ol TTOPOL LE OMOTEAEGLLOL VO
unv €ivol IKavoTomTikn 1 mopoymynq. Avti 1 aTOAEL VYPOL ATO TO PEVGTO YEMTPNONG
pvOuieton pe o vuévio Adomnng (filter cake) mov dnpovpyeiton amd ta 6TEPER TOL PELGTOV
YEDTPNONG OTA TOLYOMOTA TNG YedTpnons. Kotd v yedtpnon ta oteped evamotiBevtan
OTO TOLYDOUATO TOL QPENTOG KOl TO VYPO domepvd To dNUIOVPYNOEV LUEVIO Kot EIGEPYETOL
GTOVG TOPOVG TOV TETPOUATOV. AVTO TO PavOUEVO TPENEL v TePLoptobel 6To A IoTO.
o v enitevén tov okomoH OVTOL JSOUOPPAOVETAL TETOO PEVCTO YEMTPNONG TOL O
onuovpynosl €va Aemtd VITOGTPOUO OTO TOYMUOTO TOL OPEOTOS HE TOAD  UIKPY
dwmepatdHTNTO TOL dev Ba emTpémel v dSMONoN Kot SPLYN LYPOV GTOVG TOPOLS TV
TETPOUATOV.

Ta VA mov Tpootifevtanl 6TOVG TOAPOVS £Vl EVAOGELS TOL dNULOVPYOLV EVO DUEVIO
e TOAD LIKPY] SOMEPATOTNTO OMMG O WTEVIOVITNG, OLVOETIKA TOAVLUEPY, OUVAOVYES
evooelc, vtk (thinners), avti-kpokidwtikd (deflocculants). H pvBuion enttuyydveton
pe tpeic tpomovs: o) EvamotiBetar ota TOtYGUOTO TOV GPENTOS £V VTOGTPOUN OO OVTL-
KPOKIWOMOTIKA VAIKE Kot dnpovpyel éva Aemtd, Aydtepo damepatd GTPAOLN VAIKOL TOL Opal
oG ovTl- KpoKWOTIKO. B) O pvOudg dmbnong erattdvetor v 10 1EDIEC TOL dNONUOTOG
glval VYNAO, CLVETMOG VAIKA 1OV aVEAVOLY TO 1EMOEG TOV PEVGTOV (TNG GLVEYOVS PACTG)
vroPfonBovv. Tétola VA eivar ta moAvpepr| oyetkd vymiov Moplakold Bapovg. v) Me
NV ONUoLvPYic GLUTIEGTOD VIOGTPAOUATOG TOV GLUTLECETAL KOt £TG1 KAEIVEL TOVG TOPOVG
TV meETpopdtov. KoAloedn Onwg o UmevToviTng Kot HEPIKE OCQOATIKO Topdymyo

vroPfonBodv mpog avtr v KateHOvvon.
1.4 PEOAOI'TKA MONTEAA

Ta peoroyikd pLovTéLD TOV TEPTYPAPOLY TNV GLUTEPLPOPA TOV PEVCTOV Y®PILovTol G

o000 peydieg katnyopieg, Ta Nevtovela ko too un Nevtovelo. H cuvrpurtikr mAsioymeia
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TOV PELOTOV YEOTPNGEMV AKOAOLOOVV TOVS VOHOLG TV un Nevtovelwv pevotmv. Ta mo

Bookd peoroyikd poviéla ivar: Bingham Plastic, Power Law kot Herschel —Bulkley.

Movtého Bingham Plastic

[Ipokeiton yioo pevLGTA TOL OMOIOL AMOLTOVV MO OPYIKT] TACT (OGTE Vo, opyicouv va
Kivoovtol. AkKoAoVBmG vIapyel Yotk oyxéon petald g Pabuidog toydtntog Kot g
dwTpntikng taonc. H téon n onoia Ba mpémetl vo epaploctel apykd 6To pEVGTO MOTE Vol
Eexwvnoet M pon ovoudletan tdon doiicOnong. H e&icwon 1 mov meprypdoet to poviédo

avtd etvou n €€ng :

Eicwon 1

Omov:
e 1= dloTunTikn taon (Pa)
e T,=T00m d10AicOnong (Pa)
* u,= mhacTikO 1EMAEG (Pa*s)

o  y=Pobuida toyvnTag N puOUdS ddTunong (S'l)

Movtého Power Law
210, pELGTA TOL AKOAOLOOVV TO HOVTEAO OVTO, 1) OOTUNTIKY TAGT OV GLVOEETOL
ypoppkd pe v Pabupido toydTog Ko 0gv ypetdleTal apylkn Téon MoTE va apyicel N

pon. H e&lowon 2 mov meptypdpet to povtéro awto givor 1 €ENG:
v
E&iocwon 2

Omov:
e 1= dtunTikn taon (Pa)
o K =0dnyo6g cuvdpelog (Pa*s)
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® N=001MYOC GLUTEPLPOPAS POTG
o  y=Bobuida toyvnTag 1 pLOUGS dSbTUNONG (S'l)

Otov n=1 710 povtéro givar Nevtovelo, eved 0tav n<l to povtélo givol yevdomAacTiko.
Oco pkpdtepo givar 1o (n) 1660 mo Aemtdppevoto givar to pevotd. H e&icwon avty
TEPLYPAPEL TO MO ATAO YEVOOTANGTIKO, aAAG meplopileton o€ pion pikpn meployn pvoOUdV
oatunone. Ot otaBepéc (K) ko (n) e€aptovror amd Toug puOuovg ddTunong avEdvovtog

v Beppokpoaoia, peiwveton to K. (Chhabra, 2007).

Movtéro Herchel Bulkley

Amotedel  yevikevomn Tov poviélov mhootikd Bingham. Xto povtélo avtd,
YPORKY €£dpTnon Tov pubuov didtunong avtikabictatol and cvurepipopd Power Law.
"ET1o1 TpoK)nTEL £var LOVTEAO TPIOV TAPUUETPMOV Y10 OTAT SATUNTIKE POT| TOV TEPLYPAPETOL
ano v E&lcwon 3:

T=19+Ky" ‘

E&iocmwon 3

Omov:

® 1,1 100n doAicbnong (Pa) yo pevotod Herchel Bulkley

e K =0d1y6¢ cuvagetog (Pa*s")

®  N= 001YOC GLUTEPLPOPAS PONG

e  y=Bobuida toyvnTag 1 puOudg drdTunong (S'l)

Ortav 10 1, €ivon {00 pe to undév meprypdoetar n cvuneprpopd Power Law Otav o
exBétng n elvan icog pe v povado To poviéAo mov meprypdoet n elowon sivor To
Bingham Plastic, eve 6tav 1o T, £ivol ico pe to undév kat Tavtodypovae o kbETNG n icog pe
TN Hovada to Hovtédo ivar Nevtdvelo.

To povtého Herchel Bulkley givor mo yevikevpévo og oyéon pe Ta VITOAOUTO KO Yo

TOV AOY0 OVTO TEPLYPAQEL TEWPOPATIKG dedopéva dapdpmv cuvinkdv (Chhabra, 2007).

XopoknploTikd mopadeiypota amotelohv mTOAPOlL YEMTPNOEOV Kol MO GUYKEKPLUEVA,
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OLOPNUOTO  UTEVIOVITOV KOl OLOPNUATO  UTEVIOVITOV HE TNV TPOCSHNKN AlyviT®OV

(Kelessidis et al., 2007A, Kelessidis et al. 2007C).

1.5 MIIENTONITHZ

O pmevtovitng fTav apyikd YvmoTOg MG KUETOAMKA GOTOVVL » 1| « GOTOVVL TNAO » .O
Wilbur C. Knight, évac mpmtondpoc yewhdyoc o omoiog Npbe otnv meproyr; Wyoming to
1897 kot 0 0moiog VANPETNCE OC KPOTIKOS YEMAOYOS, YPNOUOTOINCE Y10 TPMOTN POPA TO
ovopo TeEAopitng Yoo avtd 1o VAIKO og éva apbBpo otnv epnuepido ‘Engineering and
Mining’ (1897). To 6vopa mponibe amd tov William Taylor Tov Rock Creek, o 1diokting
evoc Kovtivov Aatopeio oto Albany County. O Taylor €kave Tl mp®OTEG EUTOPIKEG
amoctorég Tov apyidov to 1888. H kodvtepn modtta pumevrovitn Wyoming Bpébnke oe

NEUOTEIOKES TEQPPES NAIKiG Avidtepov Kpntidwkov (Wayne M. Sutherland, 2014).

O pmevrovitng mpoépyetar amd v eE0ALOION TG NPOLGTELOKNG TEPPAS OAAL 0 OPOG
YEVIKA ypnoomoteitat yo vo meptypdyet o dpytho 1 onoio mePLEyel Katd KOPLo AOYO
povtpoptlhovitn. (Xpnotiong, 2005). Xvvbwg ta kottdouato purevtovitn epeaviovrol pe
™MV Hope QoK®V Kot €ovv mayos AMywmv pétpov (Clem and Doehler, 1961). H
EKUETAAAEVON TOV KOTAGUAT®V TOV YiveTon pe e£0puén avoktg exokaens. [pwv and v
eE6puén, 1M oKwypdonon TOL KOWACHATOG Tpaypotomoleitol pe  Odtpnomn Kot
detypatonyio. To kdAivppo Tov prevrovitn npénet vo apoipedel TpooekTiKd, OGTE Vo UnV
poAvvOel To Koitacua and ta vrepkeipeva otpopata. Eniong peydAn npocoyn npénet va
000l 010 amoywpopd Tov amd to oteipa Yoo va Anebel 660 10 dvvaTOV pPEYOADTEPN
ToGOTNTO.

O g&opuypévog pmevrovitng €xel vypacio mov etavel mepimov 10 30%. Metd and v
eEO6pLEN 10 VAIKS Agtotpifeiton kau evepyomoteiton pe v tpoctnkn NaCOs. X1 cuvéyeia
Enpaiveral, Yo vo OTAGEL N TEPLEKTIKOTNTA G€ vypoacio mepimov 15%. Avdioya pe v
TEAIKN TOL EQOPLOYTN, O UTEVTOVITNG gite Kookivileton gite aAébetar.

INo ewdwég epappoyéc o umeviovitng kabapiletal pe TV aaipeon TV GHVOPOL®Y
opLKT®V M TPocsParietor pe o&€a yia va mapoaydel OEVOC EveEPYOTOMUEVOC UTEVTOVITNG N

enefepydletan pe opyavikég ovoieg (apiveg) yia va mapayfovv opyavoeiieg apytlot.
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1.5.1 AOMH MIIENTONITH

Ta KOp1o OPLKTOAOYIKG GLOTATIKA TOV UTEVIOVITOV givar ol opektitec. [Ipokeitan
YL 0PYIAKG 0pLKTA T OTTol0 amoTEAOVVTOL OO KPLOTAAAITES TO HéEYEBOC TV omoiwv givat
pikpoteEPO  amd 2um ot peYoADTEPN dlAoTACN. AVAKOLV OV  KOTNyopio TV
QULALOTILPITIKOV OPLKTAOV KOl OTOTEAOVVTOL OO [l OKTOEOPIKN Kol OV0 TETPOESPIKEG
oT01PAdEC, Ol OTOiEG CLYKPOTOLVTAL HETAED TOVG UE EVOLIUESH KATIOVTO KOl LOPLo VEPOD.
Ot teTpoedpikég otolfadeg amotelovvion amd 16vto TuPLTiov Tov KATUAAUPAvVOLY TO
KEVIPO TOV TETPUESPAOV, EVA TA APVNTIKA POPTIGUEVA 1OVTa 0EVYOVOL, KaTaAaUPdvouy T1g
KopLeég Toug. Ot oktaedpikéc otoladec amotelobvior amd Oetikd @opticuéva 1dvia
apytAov, apvnTiKd 16vta 0EVYOVOL Kot VIPOELAL.

2mv Ewodva 2 mapakdtom gaivetor n doUr TV CUEKTITMV:

O Ofuyova g YSpofida @ Apyllo, ZiSnpoc, Mayviow

® Mupito
Ewova 2: Aopn Xpektity

1.6 XPHXZEIX MIIENTONITH
Ot pmevrtoviteg ypnoylorotovviot o€ Eva evpl eacpo epoppoydv. H eumopuen agio

TOV UTEVTOVITI), TPOKVATEL OO TIC OPVKTOAOYKES TOV O1OTNTEC, GO TNV LOVIOEVOAAAKTIKN
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TOV KOVOTNTO OAAL KOl OO TIG TPOSPOPNTIKEG Tov W1dtNTeg. Katd v a&loddynon tov

apyKoH VAKOD, YivovTol EAEYY0l COUPOVA LE TNV TPOGOOKMUEVT] TEAKT XPNON.

Ievikd o1 kuprdtepeg ypnoelg tov givat:
1. Tlolpoi yemtpricemv
[TAnpotikd vVAIKAE 6T Propmyovia yopTion
Appot vytevng
[Mopaymyn cdnpov
Blopnyavia ypopdtov
Doppoakevtikd £10m, KOAAVTIKA, 10 TPIKES EQUPLOYEG

‘Epya moAttikod pnyavikob

O N o a A~ w D

Xvtpu

1.6.1 MNMOA®OITEQTPHXEQN

Amo 10 1929 m wopw ypnon TOov pmeviovitn €ivor Ol TOAPOL YEMTPNGEWV.
XpNoUOTOLEITOL OTIG YEWTPNOELS TETPEAAIOV, PLGIKOV aepiov, AALAL Kol 0TI YEMOEPIKES
veotpnoeis. (Gray et Darley, 1980). Katd kopto Adyo o pmeviovitng dpa oG MTOVTIKO 6Ta.
YEOTPOTOVO, KOl GTEYOVOTOLEL TOL TOWYMUATO TNG YEDTPNONG ONUIOLPYDOVTOS €V AETTO
otpoue.  Adomng kKo puOuiler o EMOEC TV TOAPOV. Metapépel Ta Bpavopato oTnv
empdvewn. Emiong, Adym g hotpomiag tov, ypnoipomoteitor 6Tov KoOAPIGUO TOV
Toyyopdtev avtov. (Kelessidis et al., 2007 C)

Ocov agopd TV mOOTNTA TOV UTEVTOVITN, KOANG TodTNTOG YU OLTHV TNV YPNon,
Bewpeiton ekeivog mov mePLEYEL LYNAL TOCOGTA HOVIHOPIAAOVITY. Xe TANPT OloTOpd
oymuatiCel Aemtd otpdpata méyovg 10-100 A kar empdvetag mepimov 100—-1000 A? 6tav
avaperyBel pe vepd. v TPAyHaTIKOTNTA OUMG O UTEVIOVITNG GLYVA TEPLEYEL KOl GALD
0pPLKTA OTTMOC YAmPitng, KaoAwvitng adrd ko yarolio, cvototikd mov dev Pondav pe v
TOPOVGia TOLG TNV AVENCT TOV 1EDAOVG. TNV TEPITTMOOTN VTN YPNCLLOTOIOVVTOL SLAPOPOL

TpocheTa OTwS moAvpepn, Tov fonfodv GTNV KAALTEPELGT TOV WOLOTHTOV TOV.
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1.6.2 BIOMHXANIA XAPTIOY

Apylhor oL  oamotEAOVVIOL Oomd  KooAwvitn kol AydteEpO  UmEVTOViTh,
YPNOOTOOVVTOL MG TANPOTIKE OAAG Kot emkaAvmTikd VAkd. Ymootnpiletar Ot
mpocOnkn 1% pmeviovitn 6Tov YapTOTOATO TEVEL VUL OTOTPEYEL THV CLGCMOPEVCT AETTAOV
popiwv g mooag Kot Tov prTivodyov LAIKOD TOL TPOKOAOVV ATEAEEG GTO GUAAO TOL
yoptov. Emiong vmoompiletar 011 10 mOCOGTO OQVTO TOL UTEVTOVITN, EVIGYVEL TNV
OpOlOpHOPPio. TNEG SLOVOUNG TNG YPWOTIKNG OVGIOG GE OAN TNV EKTACT] TOVL YOPTIOV. X€
CLVOLOCUO HE TO ToAvuepn  umopel va cupPdrier ot Peitioon g GLVOYNG TOV
GLGTATIKOV TOL TOAPOV Kol GTOV KOOAPIGUO TOV KUKADUATOG TOL vepov. O umevtovitng Oa
UTOPOVGE e TNV KATAAANAN enelepyacio vo PEATIOGEL TNV TOWOTNTA TOL YAPTIOV KOt VO

HELWGEL TO KOGTOG GTNV TOPOY®YT) TOL YOPTLOV.

1.6.3 AMMOI YT'IEINHX

Koékkot apyidov peyéBovg 10-30 mesh ypnoyomotovvtor o¢ Gppot vyewng, yio
owootta (ma. H apythog ypnoyonoleitor ¢ mpospopnTng Kol ¢ OPApETIKO TG OGUNG.
Ot dpythor Beppaivovion og Beppokpoacies mave amd 100°C kot kdtw ond 1000°C yo vo
avomTOEOVY TPOGPOPNTIKES KOVOTNTES Kot Yoo vo mapoydel évo vAkd, To omoio de
dwondtal oe HiKpOTEPO KOoppdtio ite ypnoponoteitoan ENpo gite evudatwuévo. IMolhol
umevtoviteg €govv PBpebel woavomomtikol yU' avtiv v ypnon. Mdiota to teElevtoia
YPOVIL O UTEVTOVITNG YApMN OTIS €EAPETIKEG TOL 1O10TNTEG KaToAauPdvel OAo kot
LEYOADTEPO UEPIDIO TNG AYOPAC, OVTIKOOIGTAOVTOS TPOSPOPNTIKG VAIKA OTe¢ 0 cemidAbog,
O1 o ovyva ypnotpomolodevot dupot givar ot scoopable kot clumping omd Tovg omoiovg
0l 0g0TEPOL YPNCUOTOIOVVTAL TEPIGCOTEPO AOY® TNG WOIOTNTOS TOV VO SOUOPPDOVOLY
ovumayeig aupovg. Télog dbpopa ynuikd pumopodv va ypnoipomonbodv otovg Enpotg
KOKKOLG NG apyilov ®ote va puBuUIcTEl 0 €AeyY0G TG OGUNG Kot Vo EE00POAGTOVV Ol

QTOAVLLOVTIKES KoL EVIOLOAT®ONTIKES 1010TNTES.

1.6.4 MAPAI'QI'H XIAHPOY
O umevrovitng amoteAel KUPLO GLVOETIKO DAMKO Yo TNV KOTAUGKELT GPOIPLOimV
ownpopetorievpatov (pellets). Ot puoikoi varplovyol purevtoviteg, oAAG Kol eKeivol pe
AVTOALAELO 1OV TO VATPLO, EIVOL OTOTEAEGLOTIKOL GTNV TTAPAY®YY] GOOIPOimVY, e DYNAN

UNYOVIKT ovTOY OALGL Kot KOAT) GUUTEPLPOPA € BEPLIKN KATATOVNON.
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Emeidn to Aemtd S1apepiopévo HETAAAED O TOV GLONPOL LETE OO TOV EUTAOVTIGHO
€xel vypacio, o pmeviovitng oOecpevel 10 mieovdlov vepd. o 10 okomd avtd
YPNOUOTOLOVVTOL UmEVTOVITEG pe VYNAES TiéG Eslin (uétpo yio v amoppoé@non tov
vepo¥ antd tov pumevtovitn) (Kmwotdakng, 2003).

To cudnpopetdirevpo Katd v cpoiponoinon o mpémel va eivan € popen KOVeEwg
MOTE VO, UTOPOVV Vo, S0y ®PLoTOVV 01 TPocpiEels amd tov 6idnpo. To telkd mpoidv elval

KOTAAANAO VAKO TPOPOOO0GIOG VYIKOUIVOV Y10 TNV TApoymYT| paBomy G1o1pov.

1.6.5 BIOMHXANIA XPQMATQN

Mmrevtoviteg mov éyovv evepyomomBel pe opyavikés EVAGELS, XPTOLLOTOLOVVTOL MG
TPocheTikd o€ PTOYEG. AdY® TV OEOTPOTIKAOV TOLG WIOTHTOV Ol UTEVTOVITEG KOl
YEVIKOTEPOL Ol GPYLAOL YPNGULOTOOVVIOL Yo TNV TOKVAOGT TOL VAKOD OTO Omoio
mpootifevtan ko eumodilovv to katakdOicpa. Avtd cvppaivetl yloti 6tav ol opyavOeiAoL
UTEVTOVITEG £PYOVTOL GE EMAPY| LE OPYAVIKA OLOADUATO SLOYKMOVOVTOL LUE OTOTEAEGHO VAL
avéaveral to 1EDSeC kot M i&otpomia Tovg. H mpocstnin 0,5-2% opyavoeiiov pmevtovit
Bedtidvel TV €0oTAOELD TG CVLGTACTG KOL TNV IKOVOTNTA VAMK®V OT¢ TO Uivio 1 1 oKOV)

YeLOaPYLPOL TTOL £ival BaPLES YPOGTIKEG OVGIES, VA dINULOVPYOVV EMAAEIYELS.

1.6.6 ®APMAKEYTIKA EIAH, KAAAYNTIKA KAI IATPIKEX
E®APMOTI'EX

O umeviovitng xpNOWOTOLEITOL G VAIKO TANPMOONG GTO PUPLOKELTIKE €101 Ko

AMOY® TV 110TNTOV TPOsPOPNONG-0TOopPOPNONG, EMTPEMEL TOV GYNUOTICUO TOAPOV.

Bpiokovtag €161 €Qoappoyn € TPOCTATELTIKEG KPEPES, AOCLOV KOl OVTIOEYEPTIKA Y10l

exlénata. Emiong, mpoidvta mpocomikig @povtidng Onwe KpEUEG Kot HACKES TPOCHTOV
UTOPEL VO TEPLEYOLY UTEVTOVITT.

Souewvo pe toug Grim kot Guven (1978), o Noveli emonuave 6t 0 umeviovitng

OTNV WIPIKY, umopel va dpdoel ov ovtidoto dnAntnpiacns amd Popld péTaAlo Kot ovoieg

omwg M popeivn kot kokaivn. Téhoc cvuPdrer ommv Peitioon Tov WBLOTTOV TOV

alwpnudTev Beukov dlotog Bapiov Tov ¥pNoIoTOlEiTAL GE PAdIOAOYIKES EEETAGELS.

1.6.7 EPI'A NOAITIKOY MHXANIKOY
O umevtovitng ypnolUoTOlEiTOl G €PY0 TOAMTIKOD UNYXOVIKOV, G NEOTPOmIKO

mpdce0eTo, VWOGTNPIKTIKO KOl ATOVTIKO HECO O OPPOYUOTIKO TOWMUATO KOl
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DepeMdoelg, oe onpayyes, oe Ye®TPNOES opllovilog KatevBvvong kot oe ddvolén
pikpoonpdyywv pe ™ uéhodo tpodOnong cwARVV.

Eniong, cuvictdtolr wg vAIKO 6TEYavOmoinong 6TV KATOOKEVT Kl TOKATAGTAO
TOV YOPOV TOPNG ATOPPIUUATOV, d10c@aAilovTag LakpoypdVIo TPOGTAGIN TV VIOYEIDV
VotV and puvmaivovceg ovoieg. O pmevtovitng YPNOWOTOEITOL ¢ VAKO YOUNANG
SlOmEPATOTNTOG Yl TN OTEYOVOTOINo™ G PAong Kot g EMKAALYNG TOV YOUUTEPDV,
koOmg emiong kol Yoo TNV KOTOOKELT TEPLPEPENKAOV, KAOETOV TOYMUATOV TOL
Agrtovpyovv g dtoppdypato (Www.ima-na .org). EmmAéov Ady® tng amoppoenTikng -
TPOCPOPNTIKNG TOL IKOVOTNTOG YPNOWOTOEITaL Yoo Tov Kobapiopud Tov vepol omd
amopAnta. Téhog o pmeviovitng AOYy® g MAACTIKOTNTAG TOV, YPNCUYLOTOEITAL GOV

TpOceTo 68 TOG00TO MEPiMOL 3% Gav TPOGHETO GTO GKLPOSEUQL.

1.6.8 XYTHPIA

210 YLTHPL XPNOLUOTOOVVTOL d1hPopeS HEHOdOL YUTELONG TV LETAAA®V BAGEL TOVL
TOTOL TOV KPAUATOS Kol Tov peYEBovg TV yvtdv. O pmeviovitng ypnoonoleitol e
HElYHOTO TPOTOVTWV OV TTEPLEXOLY avOpaKIKA VAIKAE Kot GAla Tpdcoheta otn pnéBodo g
dppov kKorovmmv yupiov. [T cvykekpléva, YPNOYLOTOLEITOL G GLVOETIKO VAIKO NG
GOV YO TNV KOTAGKELT] TOV KOAOLTTIDV.

Ta mepiocdTEpO mPOidVTOL TV YLINPiwV Tpoopilovion Y TOV KAAOO NG
avtokwnrofrounyaviog, Kabmg emiong Kot yio TV mopaywyn Popnyavikav Kol YEOPYIKOV

pnyovnudtoy.

1.7 MOA®OI TEQTPHIEQN ME IOAYMEPEX PHPA (Partially Hydrolyzed
Polyacrylamide)

Ta ovotquata AGOTNG TOL TEPLEYOLV  UEPIKADS VOPOAVUEVO  TOALOKPLAUIOIO
molvpepovg (PHPA) ypnowomolovviow oe OAo tov KOGHO Kou £xovv  amodetyDel
OTOTEAECUATIKE KOL EVEMKTO (OCTE VO GULUBAAOVY GTINV OVOCTOAN TNG OMuovpyiog
TPOPANUATIKOD GYNUOTIGHOV GYLOTOAIB0V KaTh TIS YEWTPNGELS VOpOoyovavOpdKkmy. 'Eyouv
YIvel ONUOVTIKEG aALOYEG YEVIKA OTIC GLVOEGELS TOV GLVIGTMOVTOL Y10 TOL GUGTHUATO OVLTA
Kol €xel avamtuyfel HoL GLGTNUOTIKY] TPOGEYYIST Yoo TNV €Qapuoyn tovs. Ot mo

ONUOVTIKEG oAAayég eivor 1 cvveyng dwatpnon g 1,0 Ibm /bbl [2,9 kg/m3] PHPA
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(evepy0) ot Pdon TV VAIKAOV 160ppomiag Kol T GVUTANp®patiky tpocdnkn PHPA ®ote
VO OVTITPOCMTEVEL TNV OMMOAEW KOt TNV VROPAOOTN TOv, TNV amOAVTO EAEYYOUEVT
ATOAELD VYPOV KoL TNV EMAEKTIKN ¥pron tov Baiacotvod vepod kot NaCl yio avacToln

(Kadaster et al,1992).

1.7.1 TENIKA
Ta yvooTd TAEOVEKTAUATO TOV TOAP®OV LE TOAVUEPT] O YOUNAN TEPLEKTIKOTNTA
neplappdvoov toydtepovug pubuovg dieicdvong (tov ROP), pkpodtepn katacTtpogn
KOTITIKOV AKPOV, KOl TOPEUTOSION O10YK®MONG Tov o)loToAiBov. Ta mAcovektiuota avtd
TPOKOTTTOVV amd To YapunAd pH kot v Tpoopdenon Tov ToAvEPOLS ot BpavcuaTa Kot
6T TOYMUATO TG Yedtpnons. H peyoddtepn 1otopikt| epoppoyn e AAoTNG moAVUEPOVG
éxel tebel og meployég 6oL 1 ddTpnon givar dvokoAn 6Tmg ta Bpaymon Opn tov Kavadd
Kol 6TIG E0TEPIKES ToMTElEG TV HITA.
O1 Baocucég 1010t teg Torpav pe PHPA etvat o e€ng:
e IIpoiapPdavouv TV GLGCAOPEVOT TPIUUATOV GTO TATO TG YEDTPNOTG.
¢  EAoylotomolovy v andAelo pELGTOV OO TO TOYYDOUOTO TNG YEDTPNONG.
e  Ymofonfodv otV HETOPOPE TV TPIUUATOV OO TOV TATO TNG YEDTPNONG, OTNV
€€000 C.
e  EmwoAdnTOUV TIG £YKOMEG KO TO, GMOGIHOTA TOL UTOpel vo onpovpyndodv

Katd ™ dadtkacio g ddtpnong.

To PHPA givar éva molvpepés kataokevaopévo amd akpvrovitpivio. Metd tov
TOAVUEPIGUO TOV GE TOAVOKPVAOVITPIVIO, VOPOAVETAL LEPIKADS GE AKPLAAUIOI0 KOl OUAOES
aKPLAKOD 0&E0C KATA PUNKOG TNG TOAVUEPOVS OAVLGIdAG. ZuvnOmg ypMoiomolEiTal GTOV
Topén TNG Propnyaviog TETPEANIOV OE GVYKEVTPMGELG TOL Kupaivovtot arnd 0.2 — 1.5 % wiv
Kot dpa €10l O0Te v otafePOTOUOoEL KOAAOEWDN CLOTNUATO HECH OTEPIKNG Kot
NAEKTPOGTATIKNG oTafepomOinomg.

H @OAaén touv molvpepoig eivar moAd onuovtikny. H motdmra g okdvng morvpepong
dlatnpeitan Pe TO VoL UnV £PYETOL GE ETAPN LE TOV ATUOCPUPIKO aépa, O10TL 1| 6KOVT| lval
VYPOCKOTIKY KOl TPEMEL VO OMOONKEVETAL [UE TTPOGOYN OE KAEGTO UEPOG. L& MEPIMTMON)
éxBeoneg Tov molvpepovg ce vypacio to amotélecpo Bo elvar apkeT vypacio vo

amoppoPnOel pe ATOTELEG L VOL VTTAPYOVY GOAALOTA GTT) GLYKEVTPMOT).
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1.7.2 XPHXEIX TOY PHPA

To 1973 exdoOnke 1o dimhopa evpeotteyviog otov R. Scheuerman oystikd pe to
ocvotuo Adonng dlato/PHPA (Mody, 1993). To dimhmpa gvpeciteyviog TEPEYPUPE EVa
ovotua dAatog/PHPA mov eixe ypnowwonombei ektevdg oto KoAno tov Mekikov, og
Aopovg Tov Kavadd, ota vepd g AAdokag, otn Bopela ®dhacoo kot aArlov. Avtd to
ocvotnuo Adomne eixe Bewpnbel yo oapketd Koupd ot Popnyovin ©g TO WO
QOTELECUATIKO PEVCTO YEDTPNONG OTO EUTOPLO YO GYNUOTIOHOVG oyloTtoAibwv. To
CUUTEPUGO. OVTO TPOEKVYE OO TOPOTNPNOELS OTO E£PYAOTNPLO KOOMOG emiong Kot omd
TApOTNPNCES oTov Y®po TG Prounyaviag. Evtovtolg, péoa ot Propnyovia oidpopeg
AMOYELS EMKPATOLV MG TPOG Katd mOGOV 10 cvotnue otabepomnolel dueco 10 Opéap
YEDTPNONG.

Inuavtikn wovotnta tov PHPA eivan n otabepomoinon towv oyotoMbov otig
vewtpnoels. Evtovtolg, o unyoviopog otabepomoinong cvyvad de yivetor koatavontoc.
[ToAlol epeuynTég MGTEVOVY OTL TPOKLATEL OMO TO EVVOOTMUEVO TOAVUEPT LOPLO. TTOV
OAAMNAETIOPOVY UE TIG EMPAVELEG VEPOL KOl OYLOTOAOOL (HEGO OTN YEDTPNOMN) UE Ui
dwdkacio Tpoopdenonc. H mpocpognon sivatl éva cuvieTo empavelokd QatvOuEVo.

EmumAéov, moAAég dnpocievoelg voypoppitovv mv a&toloyn amdoocn mTov £XOvV To
peLGTA YedTpNnong pe v npocsOnkn tov PHPA. Ocwpeitar 611 to apyxd d@erog yuo TV
ocwot ypnon g Adonng pe PHPA eivor va mpaypoatonomBei po fondntikn yedtpnon yo
TIC TPMTEG PETPNOELG 1 KATOL YEDTPNOT KOVTE GTNV KVUPLL Y10 TIC OVTIGTOUYES LETPTOELG.
Avt6 Oo Bondnoet oto va enttevydei otabepotnTo ot yedTpNon yopic Aabn (Liao, 1990).

Xapaktnpiotikd to drag (NaCl) kot 1o PHPA ypnoiomotodvral o avtd 1o choThp
ywo. T otadepomoinon twv oyiotoAMbwy. Ztov KoAno tov Meluov, ypnoylonoteital ite to
vepd g Bdlaooag, gite vepd mov cvopminpodvetor pe drog (NaCl) ya vo Betiodel n
0100epOTNTO TOV TOY®UATOVY TOV YewTpioemv (Mody, 1993).

Ta molvpepn| mapackevdloviol pe cuyKkevipmoels amd 0.25-0.5% kot apordvovtat péca

6T0V TOAPO TPV amd TNV XPHoN TOvG TNV Yemtpnon (Jennings, 1977).
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MOA®OYX 'EQTPHXEQN

['sotpioelg metpedaiov Kot QUOIKOD aepiov 00MyoOV TAVTO GTNV EVOOUATOON TNG
apyilov g yedtpnong pe to ovotua Adonng. [epimov 60% v inudtov oe Taykdco
KAlpaxo amoteleitor and oxloTOTNAOVG (GYNUATICHOT LLE DYNAN TEPLEKTIKOTNTA GE APYIAO
OV TOPAYOVTOL OTTO GUUTHKVMOT] Kol 0pLOATMOT TOV AETTOKOKK®OV Inuatwv). Katd v
O1avolEn yedtpnong o€ oxloToMBoVg N AdoTn GEPEL TAL YAUNANG PapOTNTOG OTEPER TELA IO
TOV GYLOTOTNA®V TTOL Pyaivouv amd T YEDTPNOT, T 0moia £Y0VV TOAD UiKpO péyebog yio
va apopefovy amd Tov E0MMGUE EAEYYOL KOl GLGCOPEHOVTOL GTN AAGTY|, CLEAVOVTOS TV
TEPLEKTIKOTNTA TNG GE GAPYIAO.

To 1E®MOeG Kat TOL YOPUKTNPIOTIKA TNG KOAALOEWDOVS OVVOUNG TOV AACTIAV [LE UTEVTOVITY
(koAAog1dT] givar eKeiva TO. GLOTHUATA SLOGTOPAC GTA OO0 TOL CMOUOTIOWN EXOVV SLOCTOPEL
oe €vo opoyevég pHéco pe péyebog pkpdtepo oamd to poto wov UmopovV  va
amopakpLvOoHV amnd o Kowvd QIATpo Kot HEYOADTEPO amd Ta HIKPE HOPLOL) EMTUYYAVETOL
pe aAANAemdpaoelg g apyilov kot Tv popiov. Ot KpOHoTaArot TG apyilov 6TV LOATIKY
(QACT TPOGEAKDOVY TO £va TO GALO KOl SNUIOVPYOLV pio Sopun Tov Tapdyst To 1Eddec. Ta
OWAVTIKG AGOTNG 7OV YPNOLUOTOOVVTOL GLVNOMG lval HIKPE, apVNTIKG QOPTIGUEVOL
popua (uKpd o€ oYEoM HE To LYNAOD HOPLOKOD BAPOVE TOAVUEPT]) TOV TPOGPOPOVVTOL GE
cOpaTidw apyiAov MGTE VO 0VENGOVY TNV EMPAVELD POPTIONG, 1| OTTOT0L LEUDVEL TIG EAEELG
petald tov popimv. Avtd ovopdaletor nAektpoostatikn otabeponoinon. To vynio pH eivan
€VOL ONUOVTIKO YOPOKTNPIOTIKO OVTOV TOV doTopuéveov cvotnuatov. H vynin
OLYKEVIP®OOTN VIPOEEWimY gvepyomolel ta Ko OloAvTIKG (To Kablotd TeplocoOTEPO
aAPYNTIKA), OAAG Ko 68 PEYOADTEPT S1oTOPa (S1A6TOOT CLGCOUATOUATOV apYilov) TOGO
TOV TPIUUATOV OGO Kol TOV GYNUATIGHOD TNG YEMTPNONS ALEAVOVTS TO apVNTIKO GOPTIo
otV em@dveln TG apyihov. Q¢ ovvéneln g ATOoNG AOY® OpPVNTIKOV QOPTI®MV, Ol
ovuPatikég AACTEG e VYNAN CLYKEVTPMOT] GTEPEDV YOUNA0D Bdpovg Kot AACTES LYNANG
TUKVOTNTOG £EKOA0VOOVV VO £X0VV OTOOEKTA YAUNAO 1EDOES.

To pelovéKTNUO TOV JEGTOPUEVOV apYidmV AAoTNg etvat OTL 0 YNUICHOS TTOL TPOKAAEL
peydAn avtoyn, tovg kabiotd emiong evOpavotovg kotd T Swtpnon. To Tpipporta
ondlovv oe Aemtd woppdtio kabmg aveBaivouv omn yewtpnTiky] otqAn. Tavtdypova

Gpythol amd To TOYMUOTO TNG YEDTPNONG OLGTMOVTAL, SIELPVVOVTAS £TGL TN OLAUETPO TNG
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yeodtpnong. EmmAéov, m Adomn €xel vynAng mePLEKTIKOTNTOG O KOAAOEWN oOTEPED
TPOKAAOVTOG £APTNOT TOL 1EMAOVG € PEYAAO PaBUd amd KOwoUg Tapdyovieg LOAVVOTG.
H peoloyikn cvuneprpopd twv Aactomv pe PHPA eAéyyeton o peydho Pabud amd v
eMidpaom oV 1EMOOVE TOL SIHAVUEVOD TOAVOKPVLAAULIIKOD TOAVUEPOVS UEYAAOV LLOPLOKOD
Bapovg. To khewi yw ) ocvvtipnon tov Aacndv PHPA eivar va eEacealiotel 0tL M)
dpytog kKot o PBapdtng mpootifevior oTadloKd ot AAoT). ALTO EMTLYYOVETOL UE TN
OlTNPNON NG MEPLEKTIKOTNTOG GE APYILO GE GLUYKEKPIUEVO €0POG £TCL MOTE VO, VILAPYEL

TEPIOOELD TOV TOAVUEPOVS TPOG ATOPVYNV TNG KPOKIS®ONG.

1.74 E®APMOI'H TOY PHPA

To PHPA ¢£yet ypnowomomBel emruy®dg ywo wove omd €lkoot £y vo
otabepomomaoel Tovg GYIGTOMOOVE TOL NTOV TPOPANUATIKOL YlOL YEDTPNON UE TOAPO UE
npocOnkn KCI ka1 NaCl. To PHPA npoc@épet £vo vynko mpoidv dpactnplottog o€ Eva
Yoo 1Emdec, evkoro otn ypnon. Xpnowonolgitar cvyva pe mpocsbnkn KCI to omoio
glval n myn VIOV KEAOL OGTE Vo VITEPYEL AVTOALAYT KATIOVTOV LE TOVS apYiAovg Kot
£T01 VO, LELOVETOL 1] EVUOATMOOT] Kal 1] S10YKMGT TOV TOAPOV.

[TheovekTRuoTOo:

e AdYy® tov KOMOEW®OV popimv tov, n tpochnkn tov PHPA cg pevotd yedtpnong
€Xel ©G OMOTEAEGUO TNV KOADTEPN EMIGTPMON TNG AGCTNG OTIS POYUES TOL
o1oToAiBov KaTd TNV dradikacio g dtdTpnong.

¢ Emiong mporapfavel TNV cuGGOPELON TOV TPIUUATOV GTOV TLOUEVA TNG YEDTPNONG
TO 0010 Kot €ival £va ord TOL TO CNUAVTIKG TPOPANHATO TOL TAPOVSIALoVTaL KATH
™V JTpNon.

e Bonfa ot perapopd tov TpUpdTev and Tov muhuéva g ye®TPNoNng HEXPL TV
EMPAVELD.

e Floyotomolel v mhoavdtto Om®AEWG PEVOTAOV OO TNV YEDTPNON NPOG TO
VIESAPOC N TNV EGPOT| AAL®Y PEVCTAOV TPOG TA TOLYDLOTA TG YEDTPTONG.

e Bonba omv xoaidtepn yoén tov komtwkov. ‘Etotl dwotnpeiton Ko mepocoTEPO

YPOVIKO SLAGTN LA,

Ta pevotd oatpnoewv pe Pdon 10 vepd mov mepiEyovv PHPA ypnoiomolovvion

Taykoomg kuping oe yemTproels oe Pabdid vepd. Aev modovy vo VITAPYOVV Kol KATOEG
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eMMAOKEC OV pmopel vo mapovstalovral katd T ypnon tov PHPA. Mepwd ond to
mpofAquata Tov moApwv pe PHPA amd v eumepio tov Propnyovikod topéo eivor ta
axoAovba:

e  X®OPOUOS TOV VEPOD amd Tn AAGTN HETA amd TNV TPOGHNKN TOV TOAVUEPDV
coudtov PHPA.

o AmdAsl AGOTNG omO TO OTEPED EEOMAICUO EAEYYOL, 1OOITEPO. KATA TNV
dlatpnon tov oy1oTdéA00VL.

e ['pryopn GLYKEVTIP®OON TOV TPIUUAT®V, TO OTOI0 KOl TPOKAAOHY OLGKOAN GTNV
KukAopopio Adomng ko peiwon g dvtAnong tng.

e  Apyn dwomopd TV TOAVUEPOV COUAT®V TOV ONUOLPYEL TO TaPOodKd, LYNAD
QOVOEVO 1EDOEG TOV PEVGTOV O1ATPNOTC.

e Avyvedoun Lopmotd appmviag 6mov He o vITEPPacn TG KAVGTIKNG 0vGiog 1
POTOVGYN TOV TGIUEVTOV UTOPEL VO TPOKAAECEL €KTEVH] VOPOAVLOT TMOV
moAvpep®v tov PHPA.

o 'Elewym efomhiopod doxkumv kot pebodoroyiog, m omoion umopel  va

xpnowonomBel yia va eAéyEet m ovykévipoon tov PHPA ctov modgd.

[ToAAég dmpocievoelg mpoteivouy OTL 1 autiot aVTOV TV TPoPAnudtov o propovoe va
opeileton o€ KAmolov amd TOVg TOPAKAT® AGYOLG:
o  Kpokidmon mov gppaviletarl otn yeOTPNON KATA TNV TPOSHNKT T®V TOAVUEPDV
PHPA.
e  Yymiq ovykévipwon tov PHPA ot Adonn emiotpoeng, HEIDVOVTOS KOTA
GUVETELD TNV OMOJOTIKOTITO TOV YEWTPVTAVOL VO, XEPIOTEL TOL YapUNAd oTEPEd
Bapvntog.

e Avemopkng avadevuom mov umodilel T SOCTOPE TOV TOAVUEPDV COUATOV.

1.7.5. TIMH IQAHXHX TOY PHPA

Mo v Bértiom Asttovpyio TOV PELGTOV YEDTPNONG YPTOILOTOOVVTAL TPOGHETL
oL £YO0VV GNUOVTIKO KOGTOG 0veEBALOVTaG TO KOGTOG TOV PEVGTOV YEMTPNONG GE OEKAOES
ek. US $ (Kelessidis , 2007). 'Eva amd avtd ta mpoécheto Aowmdv givar kou to PHPA, pe

nepinov otabepn Ty todAnong. o v avalnmon tov Tindv BprKape TAnpopopies yio
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mpounBevtég amd 6Ao tov kocpo (Notw Aepikn, Tovpkia, Kiva, Aupepikn, Avotpaiio

KAm.). H Ewova 3 moapovoidler éva vyning mowdtntag avioviké APAM/PHPA e

high purity anionic APAM/Polyacrylamide

FOB Price US §1,650-1,840/ Ton | Get Latest Price
ntity: 10 Metric Ton/Metric Tons

Supply Ability 100 Metric Ton/Metric Tons per Day

Port tianjin

Payment Terms: L/C,D/A D/P,T/T,Western Union MoneyGram

& sanoer  \JAddtoinquiyCart W Add to My Favorites

zoom
Q, See larger image
Product Details Company Profile Report Suspicious Activity
Quick Details
Classification: Chemical Auxiliary Agent CAS No 9003-05-8 Other Names: Polyacrylamide
MF: (C3H5NOIN EINECS No.: PAM Purity: 100%
Place of Origin:  Henan China (Mainland) Type: water treatment chemical Usage: ‘Water Treatment Chemicals,industrial
Brand Name: Hongtai Model Number: HT-P059 color white
Model name: polyacrylamide apperence: powder Granule: 20-100 mesh

Solid content:  88% minimum

Ewoéva 3: Typg PHPA tomov Hongtai, Kivag
Packaging Detail: 25Kg per double woven Dag with PE Tilm insige
npoélevon to Henan g Kivac. H tun tov xvpaiveror and 1650$ -1840%/ ton. Ttnv
Ewova 4 mapovoidletor €vo TOALAKPLAQUISO Yoo v Popnyavie  meTpeAaiov, e

npoélevon to Henan tng Kivag pe tipn tov kvpaivetar amd 1800$- 2350%/ ton.

polyacrylamide for oil drilling

4 VEKEN

FOB Price US $1,800-2,350/ Ton | Get Latest Price

1 Ton/Tons

2000 Ton/Tons per Month
Tianjin

baba’com Payment Terms: L/C,T/T,Western Union

Leave Messages

& swarOrder  \T7AddtoInquiryCart W Add to My Favorites

y-chemical.com

ZOooM
Q_ See larger image
Product Details Company Profile Report Suspicious Activity
Product Description
Quick Details
Classification: ~ Chemical Auxiliary Agent CAS No.: 9003-05-8 Other Names: PAM
EINECS No 231-6730 Purity. 88% Min Place of Origin: Hebei China (Mainland)
Type petrochemical additive Usage: Petroleum Additives,drilling mud chemical Brand Name: VEKEN

Model Number: CY-PAM

Packaging & Delivery

Packaging Detail: 25kg net kraft paper bag with PE bag inner The capacity of 20’ container:18 tons with pallet,20 tons without pallet

Ewova 4: Ty PHPA tomov Veken, Kivog

22
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Partially hydrolyzed polyacrylamide (PHPA)

FOB

US $1,800 - 2,400 / Metric Ton | Get Latest Price

5 Metric Ton/Metric Tons

2000 Metric Ton/Metric Tons per Month

Por Qingdao Port

erms ueTT

Leave Messages

y.en alib:

=7 Add to Inquiry Cart & Add to My Fay

O, See larger image

Product Details Company Profile Report Suspicious Activity

Quick Details

CAS No 9003-05-8 Other Names:  PHPA MF PAM

EINECSNo.:  260-073-1 Place of Origin: Shandong China (Mainland) Type: Synthetic polymer
Brand Name: Oceanview Model Number: Anionic PAM Purity:  100%
Packaging & Delivery

Packaging Detail: packed in 25kg/50 Lbs (22.68 Kg) Sacks. Private Labeling and customized packaging is also available on request
Delivery Detail: Within two weeks after receiving deposit

Ewova 5: Tyuiy PHPA g tomov Oceanview

APAM PHPA

US $2,250-2,280/ Ton | Get Latest Price

Min.Order Quantity 1 Ton/Tons Anionic Polyacrylamide flocculant PAM

10000 Ton/Tons per Year Anionic Polyacrylamide

Port Shanghai

veTT

Leave Messages

hiwater.en.alibab®.con & swarorder  \=7 Add to Inquiry Cart

P 150 <f, @

Q, See larger image

Details c Profile Report Suspicious Activity
Product Description Packaging & Shipping Company Information Advantages
Quick Details
Classification Chemical Auxiliary Agent CAS No. 9003-05-8 Other Names: PAM
MF: (C3H5NO)n EINECS No. 2011737 Purity: 90% Min
Place of Origin Jiangsu China (Mainland) Type: Flocculant Usage Coating Auxiliary Agents Electronics...
Brand Name: TIANSHI Model Number: KWTS/A color: white-Anionic Polyacrylamide

Anionic Polyacrylamide: Anionic Polyacrylamide flocculant P... sample time: 3-5 Days-Anionic Polyacrylamide

Ewévo 6 : Ty PHPA tomov TIANSHI

23
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Ymv Ewoéva 5 eaivetar évo molvakpvlopioo pe npoéhevon tnv Shandong Kiva

Ko k6otog 1800$- 2400$ / ton. H d1d0eom tov PHPA yivetar o€ cakovreg tov 25 Kg kot
ocuvnBmg mwAeitor avd tévo. Oleg ot Tnég mov mpoavapéptnkoay oyvovv yo to 2014,
Eniong otv Ewodva 6 gppavifetor dtopopetikn tiun 1 omoio gtavel amd 2250 $-2280 $/
ton. XvvnBwg dev vmapyovv peydieg dtakvudvoelg oty Tl oand ypdvo oe ypdvo.
EmnmAéov ommv Ewdva 7 éyovpe v T Kou T1g Aemtopépeleg yioo 1o PHPA amd v
etoupio TNV omoia €ytve mpoundeia Tov moAvaKpLAALidO TG Tapovoag epyaciog. Télog

omv Ewova 8 paivetar 1o okevog tov PHPA 6mwg ypnoiponombnke 6to epyactmpio.

NEW-DRILL PLUS, 14 Lb Pail, Pallet Of 48 Pails ($53/PAIL)

NEW-DRILL PLUS, 14 Ib pail, Pallet of 48 pails ($53/PAIL)
Item No: 10145150

$2,542.08

Time to Ship: 5 days

=

NEW-DRILL PLUS™ is a dry powder designed to provide shale
stability, friction reduction, and viscosity in water-based drilling
fluids. NEW-DRILL PLUS is a high-molecular weight,
partiallyhydrolyzed polyacrylamide (PHPA). NEW-DRILL PLUS is an
ideal additive for HDD, Mining, or Water Well applications for
increased viscosity, borehole stability, and torque and drag

E=E reduction. This anionic polymer readily encapsulated drilled solids
b for enhanced removal efficiency. NEW-DRILL PLUS aids in filtration
— control and lubricity by coating and reducing the permeability of the
filter cake. 20 pallets to a truckload
Download the MSDS sheet here

Download the Product bulletin here

Non-toxic
Non-fermenting
Flocculant at low dosage
Fast drilling rate

Shear thinning

Stiffens foam

Prices for the products purchased from this website do not include
any technical support or field services. Products will only be
delivered at buyer's cost to the shipping address provided by buyer
during checkout. Buyer is responsible arranging, and paying for, the
transportation of the products to the buyer's work location.

If you require technical support or field services with any Drilling
Fluids product please contact us.

Ewéva 7: Asnropéperes ko Ty yro. to PHPA mov ypnopomon|dnke oto £pyastiipro
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Ewoéva 8: To okgvog Tov PHPA 6mtog ypnoiporoniOnke oto epyactiipro
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KE®AAAIO 2: IEIPAMATA KAI MEOOAOAOTI'TA

To xkepdroo avTO ava@EPETOL GTNV SOdIKAGIN TOV TEWPAUATOV OV £Yvav GTo
TAoiol TG JIMAMUATIKNAG, TO EPYOCTNPLOKAE Opyove TTov ypnoyorodnkay kabmg Kot
AETTOUEPELES Y10 TNV AELTOVPYIO TOVG,.

o to mewpdauata ypnowomomdnke pmevrovitng Wyoming (Halliburton- Cebo
Holland) kabd¢ ko PHPA g etoupiog Baker Hughes (Newdrill Plus).

2.1 IIPOETOIMAZXIA AEII'MATQN

Mo ™ pétpnon v peoroyiK®V W0THTOV KOl TOV TPOGOIOPICUO TOV PEOAOYIKMOV

YOPOKTNPICTIKOV TOV TOAP®OV YEOTPNCEDV YPNCULOTOMONKE CLYKEKPIUEVN dldIKAGTN

TPOETOLUAGTIOG Kot mpipaveng tov detypdtov coppova pe to APl 13A (V.Kelessidis, et al.
2013).

Xmv Ewova 9 ta 6vo
doxelo  pe  dpavny  vypd
(aprotepd) eivar TOAPOl vePOL g
PHPA kot am6 dimha (de&1d) Ao
dvo doyela pe TOAPOVG pmevtovity
kot PHPA. Xmv Ewova 10
eoivetor  to  piep vymiav
Toyuttov Hamilton Beach pe to

omoio  mpaypotomom ke n

aVAOEVOT TV TOAPDV.
Xpnoonombnkay mwoApol
Ewoéva 9 : Asiypata PHPA- prevrovity , , ,
UTEVTOVITN OE TEVTE OLOPOPETIKES
ovykevipwoels (0% , 2%, 3%, 4% xar 5% wiv). MehetiOnkav deiypata pe tn mpocdHnkn
PHPA tavtoypova, 10 omoio eivar kot to mpog peAétn ototyeio. Ot ovykevipmoelg PHPA
nov peretnOnkav givar (0%, 0.05%, 0.1%, 0.2%, 0.3%, 0.5%, 0.7% wi/v).
Apyikd o1 omonTOVIEVEG TOCOTNTEG UTEVTOVITN TPOGSTEOMKAV GE OmIOVIGUEVO VEPD KOl

avopeiydnkav yo 5 Aentd ypnoporoldvtag pikep vynAov tayvtitov Hamilton Beach. To
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PHPA mpooténke oty cuvéyela kot n avaueiEn cvveyiotke yuoo 20 Aemtd axopo. Ta
delypato okemdotnkov kot a@édnkov yioo evuddtwon v 16 dpec oe Oegpuokpacio
neplpdAloviog @ote va evodatwBovv mAnpwc. Ilpwv omnd ) pértpnon ta dsiypota
avopeiydnkav kot Tt yio S Aentd otov avadevtiypa Hamilton Beach.

210 onueio avtd mPEMEL VO EMONUAVOVLE
0Tt ot ovykévipworn Ttov 5% umevrovitn
npocbécape ka1 3% KCI g ovykevipmoelg
0.2% , 0.5% a1t 0.7% tov PHPA. To KCI
yYpPMNOoTOMONKE ¢ TPAGHETO S10TL GVUE®VA
ue v Pproypoaeioc cvvovacpog PHPA kot
KCI ypnowonoteitor og yemTpnTikoHg TOAPOVS
OV YPNCLOTOVVIOL O  OYLOTOAMBIKOVG
GYNMUOTIGHOVC.

O AOY0G Yo TOV OTOIOV OTOPAGIOTNKE 1)

UEAETT] OLTOV TOV GLYKEVIPAOGEWMV KOl Y10l TOV

umeviovitny kot ywoo 1o PHPA  givar  yu

Ewéva 10: Migep vynriav ToyvTiTOV , , ,
Hamilton Beach. emPepfaioon TV Bewpnrik®V TPOcEYYicEMV

TTOONG TEONG KOU Yoo TNV  €0PESN  TNG
KAADTEPNG GLYKEVIPMONG Y10l KOWT| XPNOT TV 000 GLGTATIKAOV. XTOV TivaKa 2 GTOV 0moio

TaPoLGLALETAL O GLVOVACUOG TOV GUYKEVIPDOGEWDY TMV TPOS LEAETN TOAPOV.

2VYKVTIPOGCELS 0% 2% 3% 4% 5%
PHPA Bentonite  Bentonite  Bentonite = Bentonite  Bentonite

0% PHPA - v v v v
0,05% PHPA v v v v v
0,1% PHPA v v v v v
0,2% PHPA v v 4 v 4
0,3% PHPA v v v v v
0,5% PHPA 4 v v v 4
0,7% PHPA v v v v v

IMivaxag 2: Xvykevrpooelis PHPA-MIIENTONITH
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2.2 OMOAZONIKO KYAINAPIKO IZEQAOMETPO

To &6 peTPO OV YPNGLOTOONKE NTOV TO YNELoKd avtdpato opyovo g Grace
Instruments. Eivat évo KkA0GG1KO OLOOEOVIKO KVAVOPIKO TTEPIGTPOPIKO 1EMIOUETPO TOITOV
Couette kot o ovykekpéva to povtédo M3500a (Ewova 11).

To 1Ewddpetpo avtd O6mmg kol Ola ta mepiotpoeikd tomov Couette (Fann) mov
y¥PNOoTOovVTOL 0T Propmyovio. yeoTpnoewv, ivar Opyova TEPIGTPOPIKOD TOLTOL T
omoia. tpoodotohvtar eite yepoxkivnta &ite niextpovikd (cvyypova). To aidpnua
KatolopPavel Tov daKTLALOEWN YOpo petalh 000 KLAivopwv. H mepiotpepodpevn kivnon
oV e€mTEPIKOD KaAvupotog (rotor sleeve), dtav o dakTOAIOG TEPLEYEL PELOTO, QIOKEL PO
OTOV E6MTEPIKO KLALVOPO, 0 omoiog kaAeitan ’Bob”’. "Eva élatiplo otpéymc avtiotéketal
ot dvvaun mov teivel va meplotpéyel tov Bob. To dpyavo petpdel thy petatdmion tov
Bob (yovia otpoeng). Iapakdtm otov ITivaka 3 mapovoidlovrar to facikd otorygio Tov

E@OOUETPOVL.

Ewova 11 : Opoogoviké koivdpiké Emdépetpo Tomov Couette
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IMivaxag 3: Evpog petpriicewv opydvov
0,02-600 rpm
0,0027-3254 sec™
10 °F - 212 °F, (-12°C - 100 °C)
OTLOGQOLPIKN
0,5 - 5.000.000 cp
0-10z-inn 0-5o0z-in

1 —37.000 dyn/cm?

+ 0,5 % T0V GLVOAIKOD £HpPOVG

Hopaxdrm oty Ewéva 12 ntapovsidloviat ta Bacikd ototyeio Tov 1E@OOUETPOV.

Avtd etvon T €06

Ewova 12 : Mépn mov amwotedovv T0 0poaEoviko KuAvOpKo 1E®OONETPO
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e Aoygio TomoBétnong tov kuméAov (CUp) pe €181k O7KN Yo TNV ToMobETNON TOV
aloOnpa Beprokpaciog Kot LOVOTIKA TOLYOUOTO Yl S10THPNoN TNG
Beppokpaociag, a

e Potopag (bob), b

o Efmtepkd kdloppa (rotor sleeve), ¢, 1o onoio meplotpépetan

e Kamdxt yia tpootacio amd tv okovn (dust shield), d

e Aoygio tomoBétnong moApov (cup), e
2.3 KAGOPIXMOX PEOAOI'TIKQN MONTEAQN PEYXTQN

2.3.1 'ENIKA
[No tov xaBopiopd Tov PeOrOYIKOD HOVIEAOL Ypnotpomoteiton Tpdypappo Best

Fitting mov avantiydnke oto epyactplo Teyvikng ['eotprioewv (Aaiapapivng, 2009).

2.3.2 OAHI'IEX XPHXHX ITPOT'PAMMATOZX “’Fitting Model”’

To mpoypappa Fitting Model elvar oyediacuévo dote va Ppiokel v PEATIOT
TPOGEYYION TOV YVOOTMOV PEOLOYIKOV HOVIEA®V 0€ TEPAUOTIKE dedopéva taong T (Pa)
GLVOPTNGEL TOV PLOULOY ddTUnoNg (sh) (A1d6hoc, 2007). H epappoyn €xel kataokevaotel
oe mepiailov Matlab evd 1 1é60d0g TV eAayioTOV TETPAYOVAOV YPNGLLOTOLEITOL Y0 TV
enthivon tov mpoPAnparoc. Ewdwotepa Exet ypnotpomomOet ) evodn optimization toolbox
tov Matlab yio v eloyioTtomoincn Tov GOAALTOG.

Mo mv gykoatdotaon Tov TPOYPAUUOTOS OTOLTEITOL KAT opyNV VO OpiCOVUE TOV
(QAKEAO TOV
TPOYPAUHOTOS MG TpEYwV @dkeho ( current directory) tov Matlab. Xt ocuvvéyelia n

(X3

EYKATAOTOON TOL TPOYPAUUOTOS YIVETOL HE TNV EVIOAN setup best fitting”’ oto
command window tov Mantlab. Katdmv, yio tqv ektédon tov mpoypdupatog dideton M
evioM] “‘my run’’. Zmmv Ewodvo 13 mopoxdro ¢@aivetor to kevipikd mapdbupo Tov
npoypappatoc. H xpion tov mpoypdppatog amoteleitor and t€coepa OLaKpLTikd Brpoto:

e Ewaywyn dedopévov

e Emoyn peoroyk®dv poviérmv

e Extéleomn vmoloyiop®V — EMiAVOT

e  AvAyvoon OmOoTEAEGUATOV
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A Fitting Model |:1@| E]

| Insert Data or File |

— Models Best Fitting and Run
[] Herschel - Bulidey [ ] Best Fitting of Selected
[[] H-B Goiden
[] Bingam

|:| Porvwar Lanw

[] Robentson - Stitf
[ Cas=on

[] cro==s

[ ] Sisko

[ Prancit! - Evynug
|:| Carramu

[ Cloza Figure

[ Select Al ]

Ewévo 13 : Fitting Model

2.3.3 EIZAT'QI'H AEAOMENQN

IMa v sloaymyn tov Telpopatikdy doedopévay emiéyetal n eviodn “ Insert Data
or File >’ ko to mpoypappa epeavilet to Topdbupo sicaymyng dedopévov (Ewdva 14). To
TPOypappo diver v dvvatdTNTa Vo glcayBovv T dedopéva pe TPElG O10POPETIKOVG
tpomovg . O mTpdTog TPOTOC ivan v TAnkTpoAoynBovv ancvbeiog oto mapdbuvpo elcaymyng
LE TN TPATY GTNAT VO OTOTEAEL TV CLYVOTNTO TEPIGTPOPNC KOL TNV OEVTEPT) GTNAT LE TNV
dwTuntikn téon. Eniong etvan anapaimro va gicaybel kot Eva dvopa yia to apyeio mov Ha

onuovpynOet oto medio *“ Sample’s name .



KED®AAAIO 20 [NEIPAMATA KAI MEOQOAOAOI'TA

} Sample's Data

File Read from excel

Murmnber of ] T ~,
measwem. | [1/zec] [Fa] Sample's name: |

00 =~ O N = 0|y —

b |k |k | |k |
0= o0 M| W= O W0

—
(o]
—

Save and Clogs I

()
=

]
3
o

Cancel |

7
2

Ewova 14: TlapaBupo eioaymyng 6eoopévov

O debtepog TPOTOG E16AYMYNG dedOUEVMV givor eMAEYovVTOS Ta Léca omd Eva apyeio
Excel. Xto mapabupo emiéyeton n evroAn ‘‘Read from excel’” kot to mpdypappo avoiyet
éva 01ahoyo emroyng tov apyeiov excel (Ewodvo 15). Mali pe to apysio Excel 1o
TPOYPOLLLO aVOTYEL TALTOYPOVO Kot €va VEO TapdBupo d1oAdyoL emA&yovTal To OEOOUEV
kot katomy méletanr 1o mAkTpo OK. T v emdoyn tov dedopévev ot GTHAEG TNg
oLYVOTNTOG TEPIGTPOPNG KOt TNG STUNTIKNG Tdong Ba mpémet va etvon dimha —dimha (m
EMAOYY] T®V GTNAGV HE TNV xpnomn Tov ctrl dev Aettovpyel). Emiong Ba mpémel va onueimOel
0Tl Oheg ot alAayég mov yivovtar oto Excel pe okomd otr othlec g ovyvottog
TEPIOTPOPNG KOl TNG STUNTIKNG Tdong va £pBovv dimia- dimha dev amobnkevovtal KoTd
10 KAglowo tov Excel. Molg emheyobv ta dedopéva, ektedeitor m eviody OK oto

nmapaBvpo ordyov (Ewkova ) pe v omoia kAieivel to apyeio Excel kot emotpépovpe oto
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Matlab. Eziong, 0nmg ka1 otov mponyovpevo tpdmo loaymyns dedouévov o mpémet va
d00el éva dvopa apyeiov oto medio ‘‘Sample’s name’’.

O 1pitog TPOTOC €100YWYNG OEOOUEVOV  €lval OVLCIICTIKA TO GVOLYHO €VOC
ToAoOTEPOL Opyeiov dedouévav pe evtodn ‘‘File -> Open’’ 6mov emAéyetor 10 apyeio
tomov .mat wov emBvpovpe. TéLOG Kol GTOVS TPEIC TPOTOVG E1IGAYMYNG OEOOUEVOV GTO
téhog Ba Tpémet va ypnopomoindet to mAnktpo ‘‘Save and Close’” yio va amofdnkevtodv Ta

0ed0UEVOL KO KATOTTLY YIVETOL ETIGTPOPT] GTO KEVIPIKO TapABLPO TOL TPOYPEUUATOC.

20 MO AADELDI-NTCE4D
21 |RPM gamma (1/s) tau (Pa) tau-Bes

2 600 1021.32 3420327 3489442
300 51066 3267178 31.46039

200 340.44 296088 2961778

100 170,22 26.545821 26.72653

B 10,21 17.356883 17.74094

3 511  16.33589 16.07138

/ Data Selection Dialogue E“:'@

Select data reqgion in Excel work sheet.
Click 0K to continue in MATLAB

84 (8|5 B 58|28 |8 BN B kR B

Ewova 15 : Emloyn dgdopévov amo to Excel

3.4 EINIIAOT'H MONTEAQN POHX

Metd Vv €160y®YY| TOV TEPAUATIKOV OEOOUEVOV OTOLTEITOL 1) ETAOYY] TOV 1) TOV
PEOLOYIKADV HOVTEA®V oL emtBupeitan va emAvBodv. Avtd yivetanr onpelwvovtog (check)
TO OVTIOTOLYO KOVTL OPLoTEPE OO TO GVoUo TOV KAOE HOVTEAOL pong Omwg GaiveTal otV
Ewova 15 oapiotepd mapakdto. Me v eviodn ““Set’” mov PBpioketar de&id and to dGvopo
oV KaBe poviélov gppavifetor Eva véo mapdbupo dtoarkdyov (mapdbvpo ‘Bounds’ Eucova
16 de&utr). 1o mopdbvpo aVTO AVOYPAPETOL TO OVOLO TOV PEOAOYIKOD LOVTEAOL KOOMG Kot

n e&icmwon mov ypNooTotEiTal Yo TNV Tpocéyyion. v Ewova mov Bpioketol 6to kdtm
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pUéPOg Tov TopabHpov divovtar ot apyKEG TYWEG TV TApaUETpv TG e€icmong Kabmg Kot

TO QV® Kol TO KAt Oplo péoa oto omoia. avtég kivovvtat. OAeg ot Tég tov mivaxo

— Models

Hersched - Buldey
[ H-B Galden

ER

nesed

— Best Filing and Run

[ Best Fitling of Selected

Bounds
Modal rame:

Model Equaton:

Herschel - Buldey

Tatysk*ghn

Lo bound

(]

Parametars  Start pomnt
Iy 0
k 0
0

[ Binghaen

[ Povver Lavw

[] Robertzon - Stif
[ cassan
[()cros=s

[ ik ! [ Run ]
[ Pranckl - Eyrug
[ Carresu

Up, Boured

Modify & Close

[ Wiew cutpu |

| Cloze Figure |

[ Select Al |

UTOPOLV VoL TPOToTolnfovv KatdAAnia omd Tov xpno.

Ewoéva 16: Emloyi Tov povtéhov ponig Kot 0ptopog TS apyikig TIUNAS KOl TOV 0piev TapapiTpmv

(X3

To mapdBvpo © Bounds’ wheiver pe v evrodn ° Modify & Close’” kot pe tov
TPOTO OVTO AmOONKEVOVTAL Ol TPOMOMOMUEVEG TIUEG YlOL Tr OCULYKEKPIUEVN €miAvon.
IMélovtag To mAnktpo *“ Select All”’ mov Bpioketol 610 KAT® OPLGTEPO HEPOG TOV PactKOD
Tapadvopv doAdyov emAéyovion OAd To SLOOECIUO PEOAOYIKA LOVTEAN EVED ETIAEYOTVOG

(X3

Kot TO Best Fitting of Selected’’” mov Ppioketon move oe€id, petd v emilvon
EMONUOIVETAL TO PEOAOYIKO HOVTELD (0md doa. Exovv emideyel) mov mpooeyyilel kKaAvTEPQ

ta dedopéva mov Exovv gloayDel.

2.3.5 EMO®ANIXH ATIOTEAEXMATQN PEOAOTI'TKQN MONTEAQN

H avayvoon amoteheoudtov emilvong yivetor emidéyovtog v eviodn ‘‘View
Output’ and to Baocikd mapdabvpo daidyov tov mpoypappatoc. Etot, speaviletatl Eva véo

TapdBupo d1aAdYOL 6To AV PEPOG TOL OMOioV QaivovTol TO. OTOTEAECUATO GE LOPON
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mivako ywoo kabe €vo amd T peoAoyikd povtéla mov Eyovv emdeyel pE OAEG TIG
TOPAUETPOVS TNG TPOGEYYIONG. XTO KOT® UEPOG EUGUVICETOL 1 YPAPIKY] OTEWKOVICT TNG
TPOGEYYIONG MOV TEPIEXEL TO TEPAUATIKO Ogdopéva (UE TN HOPEN ONUEI®V) Kol TNV

KOpUTOAN TPOGEYYIONG (GVVENG YPOUUNG).

[Tave oto ypdonua eoaivovton ewiong:

= H egéicmon Tov peoloylKoy LOVTEAOL

= To>Q’(Pa?)

y . 2 __ 2
Onmov: z:Q =X (ypsokoyucﬁg ggiocwong ~ yn81p(xuatu<é)

» O Bodudc cusyétionc R? (Residual Error)

Ag&ld g ypaikng mapactaong, Ewdva 17, eppaviCetar pe €viova ypaupoto to
EVEPYO PEOAOYIKO LOVTEAO, EVD TPOKEUEVOL VO, ELPAVICTOVV TO OTOTEAEGLOTO, KOTOLOU
GALOV PeOAOYIKOD HOVTEAOL EMAEYETOL TO aVTIGTOLO TANKTPO ota ded. Téhog, pe v
evtoln *° Best of All’” gppavileton 1 ypapiky ameikdvion Tov peoroytkol HovtéLov (oo

oca £yovv emleyBel) mov Tpooeyyilel KahdTepa Ta TEWPOUATIKG dedopévaL.

Harschal-Burkley

%5 T T

T=-0.091656+(1. 1358 o 43944 o H8 gelden
R? =0.99548 e .
20 Sumi(Q)=1.3335 o - _

> Sisko
in P A Frandtl - Eyn..

* CATESU

T (Pa)

Best ot il

1 1
0 200 400 500 an0 1000 1200
gis")

Ewéva 17: I'pagukn] awetkévion Tpocéyyiong
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2.4 AIHOHZXH - ®IATPOIIPEXXA

2.4.1 TENIKA

Ambnon (eiitpdpiopa) eivor pio péBodog (depyacio) SoymPIGHOD TOV GTEPEDV
mov Ppiokovtol cov adpnua oe Eva peuotd (VYPO M A€PLO) HE TN YPNON KATAAANANG
dtemdvetag, n onoio ovopdetor SONTIKO HEGO 1 GIATPO N SLAPPAYLLO KOl EIVOL TOPMOES
Kot dtamepoty and to pevotd (Stodvtn). H dempdvelo avt cuykpotel opiopéva amd to
GUOTOTIKG TOV CLOPNUOTOC N SIOADIOTOS (). TO GTEPEA), EVOD EMITPENEL 6TO “Kabapd’’
pevotd va mepdoet. [a va mpaypatomomBet 1 diepyasio avtr) Bo mpénet va epappootel
OPIoUEVT] KIvTHPLOL SOV 6T AKPOL TNG OLEMPAVELNG, TOL Uopel va ivat: 1 fapvnta,
mieomn , N ELYOKEVTPIKN dHVAUN, 1 TO KEVO.

I'evikd, ot TOpot Tov dmONTIKoL PHEGOL glval pia TPOGOUOIMGT TOV TEPPAALOVTOG
TETPOUOTOG NG YewTpnons. Ta oteped mov moapapévovv TAVE® OGNV ETPAVELD TOV
dmontikov @iltpov oynuatifovv éva otpdpa Adomng, to Aeyouevo filter cake .To filter
cake peyolmvel katd tn ddpkea g dmbnong, yiveton "moydtepo", 5101l GLGGMPEVETAL
COUOTIONNKO VAIKO. Me v adénon tov Tdyovg oTpmong avEaveTat 1 avticTasn pong Tov
QiATpov. Metd amd €vo oplopévo xpovo ¥pPNoNG Tov GIATPOL T KEK TPEMEL VoL apapeDet
and 1o eiktpo, m.y. and v amomivon (Iritani, 2003).

H 6mOnon eivon pia woAd onpavtikn dokiun yro tov topéa Tov Mnyoavikov Adonng
00Tl péow avthg PAEMOVUE YOPAKTNPLOTIKE TOV givol kpiotua Yoo TV Seoywyn Hog
vedtpnong. ITo cuykexpéva péow g ombnong PAérovpe m6Go ypryopa 1 apyd (puOudc
omdnong) Pyaivetr o vepd amd v Adonr. Avtd capdg oyeTileTan e TO TL GLYKEVIPADGCELS
umevtovitn kot GAA®V TpocBétwv Exovue ypnopomomoetl. Eriong o GAAN onuoavtikn
pétpnon kotd v omonon eival to Aeyouevo filter cake to omoio ko e€nynoaue oty
ponyovueEVN Topdypago. Xmpic to cake owtd Kotd T d1odtKaoio e YEDTPNoNG 1 oKOuo
kot pe pn xoatddinio filter cake, n to toydpota g yedTpnong Ba vroywpodcoav Kot
Opavopato Bo €1GEPYOVIOV GTO €0MTEPIKO TNG HUE OMOTEAEGUO TNV KOTAGTPOPY TNG

YEDTPMOMG 1N TNV SVCAEITOVPYIO TN N KOl TNV EMUOAVVOT| TOV TOPAYOYIKOV CYNUATICUDV.
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2.4.2. IEIPAMATIKH AIAAIKAXIA AITHOHXHX

Ta dmONTIKG YOPAKTNPIOTIKA TOV TOAPOV peAeTOnKay e v Bondeta TS mpecog
dmdnong XapnAng Iieong — Xauning Ospuokpaciog (Low Pressure — Low Temperature,
LPLT) xatd API 13B. IlpaypatoromOnke otatikn dmdnon..

Katd v extéleon tov mepdpatog pe v euktponpeca APl (Ewodva 18) petpribnkov
T €ENG:
1) o pvOuog d1BNoNG dor LEGOV KavoviKoD YapTion dtyinong

2) To mayog tov filter cake oo yopti d11ONoNG KAT® 0Td KOVOVIKEC GUVOTKES.

Ewova 18 : dutponpesca oujOnong LPLT

[T avaivtikd yio v Ewkdva 19 éyovpe ta e€ng dpyava:
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Ewoéva 19: Opyavo AnjOnong

[NEIPAMATA KAI MEOQOAOAOI'TA

s Kolvdpikod doyeio dmbnong (Ewova 20) to onoio ammoteieiton oo ta e&NG:

>

>
>
>
>

a. Aaotyévia pAavtCa (1 omoia BpickeTor 1O EVOOUATOUEVT))
b. Kéokvo

c. AmOntikod yopti

d. Aaotiévia rdvtio

e. Kviwdpikd doyeio
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Top Cap

Rubber Gasket

e. Cell Body

d.Rubber Gaske_t C. Filter Paper

D.Screen
a. Rubber Gasket

Base Cap with Filtrate Tube

Ewéva 20: Kvivopiko doysio Anjdnong

s ®19\n do&ediov tov vOpaxa (Ewkova 21).

Me avtn yiveton n elomieon aépa 6to doyelo.

>ty Ewova 22 tapovcialovton to. filter cakes moApmv pe
4% pmevrovitn kot 0,2% PHPA ot10 emdveo pépog 1ng
QOTOYpaPiog Kot 6T0 KAT® HEPOS NG Exovpe 4% pUmeviovitn Kot
0,1% PHPA. Zmv Ewdéva 23 @aivetal mo kovtivi) dmoyn evog

filter cake.

Ewéva 21: Drdin swoéerdiov
TOV GvOpaKa
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Ewéva 22: Filter cake Ewova 23 : Filter cake

H po1j tov dmBnpatoc dwo pésov tov filter cake dideton amd to vopo Darcy (E&iowon 4) :

dVy _ kAdp
dt

“hme
Eicwon 4: Nopog Darcy

Omnov:

o dVi/dt= o pubuoc dugbnong, cm’ /s, [L3/ T]

o Vi= OYKOG TOL PEVGTOL TTOV dNONHONKE, dyKog SO LaTOC, cm® [L3]
o k= 1 PLOIKT StamepaTdTTA TOL LEviov, darcies (= 1070 cm?) [L?]
o = 1 emedvewn Tov xaptiod dmemeng, cm?, [L?]

e Ap= n Tron miconc St pEsov Tov vpeviov, dynes/cm? [M / L-T?]
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e u= 10 1EDdEG Tov dinbnuatog, poise (g/cm-s) [M / L-T]

o Ny = TO YOG TOL VpEeviov, cm. [L]

Ewoévo 24: MMayopetpo Bepviépov

H am6doon g dmbnong oe po yedtpnon kpivetal omd v kobopiopév
dwdkacio dmdnong katd APL Ztn dokiun avtr, 0 TOAPAIC VIOKELTOL GE GTATIKY dOnon
pécm dmONTKov ¥aptiov yia 30 Aemtd kot peTpdVIOL 0 GYKOG TOL dMONTOC, TO YOG
KO 1] GLVOYN TOL VUEVIOV TTOL dNpIoLPYEiTOL KAT® and dlapopd migong 100 psi (690 kPa)
v 30 Aemtd. To mhyog Tov vueviov dnong petpiétar oto mAnoiéotepo 1/32" (0,8 mm)
pe moyouetpo (Ewdva 24). H mocotnto ToU SNOAUOTOC TOV SEPYETOL GTOV YEMAOYIKO
oynuoticpd mpémer vo givor 66o to dvvatd pikpotepn. To Apepikdviko Ivotitodrto
[Tetperaiov (API), oto eyyepidoo 13A (APL 13A, 1993), emonuaiver 6Tt n péylom
EMUTPENTY anmOAELD OONUaTog og dokiun omnong pe npéoa LPLT yuo tov moAgod Péong

(umevtovitng 6,42% «.0. + vepd) givar 15 ml.

Edo ypetdleton va avapepBel g apyikd yvotov 1 TPOETOWOGio TOV TOAPOV
o€ GLYKEKPUEVT cuykévtpwon (my. 25 gr unevtovitn kou 2 gr PHPA), éneita petpovoaype
10 1EDOeg Ko v dmOnomn. Aev €xel onuacio v avTéG 01 LETPNGELS Yivouv TavtdYpOva
elte Oy1. O dev £xel onuocio 1 GEPE TOV HETPNCEMV, APKEL VO VITAPYEL APKETOG TOAPHG
wote va mpaypatonomBovv oA ta mepdpatoa. H cepd tov mepapdtov  (1E®deg M
ombnon) eivor onuovtikn poévo eqv dev vmhpyel opketd Odelypo kol TPEMEL Vo
mpaypoatoromBovy Vo mEWPAUOTO LE TO 1010 Ogtypa. Av m pétpnomn Emdovg yivel og
avéavopevn Oeppokpacio, tote pETA TV péTpnon To deiyua Bo kotaocTpapsl, Ady®

peyahov Beppokpacidv kol dgv Ba pumopécovpe va to ypnopomomcovpe Eova. Ovte Ha
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UTOPOVGOLE VO TPOYUATOTO|GOVIE TPMTO. TO TEIpap TG OMOnong Kol £melta Tov Mg
pETPNONG 1EMOOVE, AOY® TS PIATPOTPESTHS Oa lyape andAEL PELGTOV £TGL TO Oetyol deV
Ba pmopovoe va Eovoypnotporonet.

AIAAIKAZIA METPHXHZ ME ®IATPO-IIPEXZA

Ed® mapabétovpe v dtodikacio OTmG akpidg YvoTay 6To EpYUCTHPLO:

Ewévo 25:Koivdpiké doygio
duiBnong

To kvhvdpkd doyeio dMbnong 6mwg eaivetar oty Ewkdva 25 sivon £Totpo yio S non
&xel TomobetnOel TOo KamdKt TOv Kol HaAloTo givar KAEloTo e v Bave mov to mélel amd

névo. [Tapaxdto teprypdeovtol To BrLato ovaAivTikd:

1. Tlaipvovpe ) Baon tov HETOAAIKOD KOMVIPIKOV d0Yelov dwg PAETOVIE BTNV

mapokave Ewova 26 ko dlovpe amd kdTm Tpog to Thvo:
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Top Cap

Rubber Gasket

€. Cell Body

d.Rubber Gasket C. Filter Paper

.Screen
a. Rubber Gasket

Base Cap with Filtrate Tube

Ewova 26: Kvlivopuko doyeio

2. TIpocBétovpe moApo — epocov £xetl evudatmbel , petd amd avauén 10Aentmv-

3. TomoBetovpe 10 doyeio e T0 TOAPS GTN GLGKELT KAt GTN GLVEXELL (APOD
eléyEovpe OTL LAPYEL 1| AaoTrévia EAGVTLa 6TO KAmAKL) KpaTdue oTabepd T0
KKl IOV 010 doyeio kat frddvovue PEXPL VoL AGOUAITEL TANPOC

4. Tlpocéyovpe 6t 10 KOTAKL £ivon KOAL 0CQAAMGUEVO

5. TomoBetobdpe ToV TAAGTIKO 0YKOUETPIKO KOAVOPO KATm 0o To doyeio (Ewdva 27)

Ewkova 27: OykopeTpikog c@Mvag

6. Dopdpe yvohd aceoreiog

43
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7.

10.

11.

12.
13.
14.
15.

EAéyyovpe 6Tt elvan kAetot] M fava ekTOVOONS (KOKKIVN) - OTOV dEl)YVEL TPOC TO
UEPOG HOG Elvar avoryTY|

EXéyyovpe 611 10 chotnua eivar kKAewoto ( ParPida 1 mpémet va elvan téppa
aprotepd kot  Parfida mapoyng ,TNG KOKKIVNG OLIANG, Tépua de&id)

Avoiyovpe ™ BarBida mapoyns £mc 6tov To pavouetpo va deiel 50atm (Ewova
28)

Buwavovpe ™ BarPida 2 péypig 6tov to 6e0TEPO LAVOUETPO VO PTacEL oTOL 15-
20atm

Budvovpe ™ BarBida 1 wpog ta de&1d péypig 6TOL TO LOVOUETPO OO TAVE® TNG VO
dgiel 7atm

Metd amo 30 Aentd kKheivovpe de&ooTpoa ) ParPida Tapoyng

Eefowvovpe ) BorPida 2

Eefdavovpe (mpog ta aplotepd) tn ParPida 1

Avotyovpe t BorPida ektOVOONG

Ewéva 28: Tvokevn] dujdnong pe 6pyava Kot okgvn Sminong KadMOg Ko TG pmrovKaieg
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16. I'a va undeviotolv ot evOeiEelg ota LavOUETPa -KPAT®VTOG avoyth T forPida

extévmons- pvbuilovpe TapdAinia ™ ParPida 1 kabmdg kot ™ PaiPida 2
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KE®AAAIO 3: AHOTEAEEMATA METPHXEQN PEOAOI'TAX

v evoTNTa OVTH YIVETOL 1] TOPOLGINGTN KOl O GYOMOGHOS TOL GLVOAOL T®V

TEPAUATOV TOV £YIVOV GTO TAAIGLO TNG TOPOVGAG SITAMUOTIKNG.

210 mepduato e peoroyiog ypnolwomomdnke umevrovitng oe ovykevipwoelg 0%,
2%, 3%, 4%, 5% w/v ka1 PHPA og cuykevipmoelg mov kvpaivoviov omd 0.05% émg 0.7%
w/v. To povtéha mov YPNCILOTONONKAV Y10, TNV EPUNVEIN TOV OTOTEAEGUATOV, HTAV TO
Hershel Bulkey yia ta dsiypata mov topovsiolov tdon dtohicOnong kot to Power Law yio
Ta Ogtypota wov elyav undevikn tdon doiicOnong. Kot ta 6o povtéha mapovcioacoyv mord
KOAEG GLOYETIOELS, OTMG PaiveTal 6Tovg Tivakeg mov akoiovBovv. Ta apyud dedopéva,
peoypdupartoa, mapovsialovior oto I[apdptnuo, pali pe v eElowon TV PEOAOYIKOV

LOVTEAW®V TTOL TPOEKLY AV atd TN (PN TOL AOYIGUIKOV.

PHPA + 0% bentonite suspensions

40,000
35,000 9
30,000
© @
£ 25,000
2 @
£ 20,000 ° 9
$ 15,000 i
S @ @
10,000 & “ @ o
5,000 L s ® g
@
0,000 g 3
0 200 400 600 800 1000 1200

Shear Rate (1/s)

@0,05% PHPA @0,1%PHPA @0,3%PHPA @0,5%PHPA @0,7%PHPA

Awdypoppa 1: Peoypoppo aropnpatov ye 0% pmrevrovitn Kol GUYKEVIPAOGELS
PHPA

46
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0% w/v bentonite

. 1,(Pa)  k(Pa*s") n R? Sum(Q?) (Pa?)
0,05% PHPA 0,000 0,034 0,6701 0,9959 0,0376
0,1% PHPA 0,000 1,558 0,3650 0,9995 0,1064
0,29% PHPA 0,000 0,166 0,5417 0,99805 0,0666
0,3% PHPA 0,188 1,462 0,3731 0,9995 0,0996
0,5% PHPA 0,981 1,154 0,4045 0,9999 0,0113
0,7% PHPA 7,971 0,699 0,5316 0,9996 0,1955

Iivaxog 4: Xvykevipooeig PHPA+ 0% prevrovitng

210 Auwypappa 1 mapovcudlovioan ta peoypduparta. Enelepyasio tov dedopévov
é0woe ta amotedéspota pag. [Hapatnpodue, 0TL og yaunAég cvykevipwoelc, 1o PHPA dgv
napovctdlel thom oOoAicOnong. Ev cuveyela avédvovtag Op®G TV GLYKEVIPMOOT TOL
PHPA mapoatnpodpe O6tt avt| 1 cvuneptoopd oAAALEL Kot QTAVOVTIOS GE GLYKEVIPMON)

0.7% wiv n Taomn dtoAicOnong QTavel o 7.9 Pa.

40,000 2% Water-bentonite suspensions
35,000 @
30,000
= 25,000 @
g v o
2 20,000
; “ @
% 15,000 ° ®
10,000 v o
- 3
5,000 & g ® ’ e
0,000 a
0 200 400 600 800 1000 1200

Shear rate (1/s)

@0% PHPA  @0.05% PHPA @0.1% PHPA @0.3% PHPA @0,5% PHPA @0,7% PHPA

Avdypoppa 2: Peoypoppo aropnpuatoy yio 2% pmevrovitn Kot yio. o1aQopeg
ovykevipooeglg PHPA
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2%whv bentonite ~~_____ sum(@)
. Ty (Pa) k (Pa*s") n R Pa)

0% PHPA 0,339 0,480 0,3501 0,9875 0,5632
0,05% PHPA 0,265 0,078 0,6369 0,9983 0,0484
0,1% PHPA 0,000 0,964 0,6303 0,9970 0,1170
0,3% PHPA 0,000 0,311 0,5533 0,9975 0,3661
0,5% PHPA 0,000 0,947 0,4592 0,9989 0,3856
0,7% PHPA 0,000 1,725 0,4330 0,9976 0,4567

IMivaxag 5:Peoroyikég mapapetpor yro pmevrovitny 2% pe nposOnkn PHPA o¢
OLLPOPES CLYKEVTPMOOELS
Ta otoyeia yio to Awdypappa 2 ta fAémovpe otov Iivaka 5. Iapatnpodpe 6t evd
apykd o pmevrovitng mopovotdler pwe taom OwAicOnong, pe v mpocHNKn Tov
TOAVUEPOVG 1M TAOCY SOAICONONG HEUDVETOL KOl GE HEYOAES GLYKEVTIPMOELS UndevileTon
(Abypappa 2). Avtictorya mapovsialetor pio adénon tov cuvieheot cvvdoetag K pe my
avénon G CLYKEVIP®OT TOV TOALUEPOVG. O GUVTEAESTNG POIKNG CLUTEPIPOPAS

napovctalet pio ehaepd peiwon pe v NG T0L TOAVUEPOVG,.

50,000
45,000 @
40,000
35,000
30,000
25,000
20,000 @ L
15,000
10,000

5,000 a
0,000
0

Shear Stress (Pa)
«aw ©
e © C
o0 ©

200 400 600 800 1000 1200

Shear Rate (1/sec)
@0%PHPA @0.05% PHPA @0,1%PHPA @0,3% PHPA @0,5%PHPA @0,7% PHPA

Awaypappo 3 : Peoypoppo owopnuatov ywee 3% pmevrovitn og d1GQopEg
ovykevipooels PHPA
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3% wiv sum(Q?)
_ 1, (Pa) k (Pa*s") n R? ,
bentonite + (Pa%)
0% PHPA 3,942 0,179 0,5762 0,9987 0,1234
0,05% PHPA 1,003 0,204 0,5646 0,9990 0,0693
0,19% PHPA 0,095 0,366 0,5400 0,9992 0,1234
0,3% PHPA 0,000 0,618 0,5091 0,9994 0,1897
0,5% PHPA 0,000 1,346 0,4675 0,9997 0,1923
0,7% PHPA 0,000 2,289 0,4297 0,99934 0,6754

Ilivaxog 6: Peoroywkéc mapapetpor yro prevrovitny 3% pe npoodnnkn PHPA og
OLLQPOPES CLYKEVTPMOOELS
Ytov Ilivako 6 pmopodue va Ppovdue to. 0€O0UEVO, TOL YPNOLUOTOMONKAY GTO
Awdypappa 3. Kat og ooty v mepintoon (Awdypappa 3) tapatnpeiton peimon g tdong
doAicOnonc. ITo cvykekpipéva evd o pmevrovitng apykd €xet pio tdomn otoAicOnong

nepinov 4 Pa petd oand v mpooOnkn PHPA oe ovykévipoorn 0.3% oAAd koi oe

UEYAAVTEPES GUYKEVTPAOGCELG undeviletat.
60,0000 4% Water - bentonite suspensions
50,0000 L
% 40,0000 ® a
% 30,0000 L )
g o : v
“ 20,0000 @ o ;)
o s B
10,0000
0,0000 a
0 200 400 600 800 1000 1200

Shear rate (1/s)

@0% PHPA @0.05% PHPA @0.1%PHPA @0.3% PHPA @0.5% PHPA @0,7%PHPA @0,2% PHPA

Adypoppo 4 : Peoypoppo oawopnpuiatov Y 4% previovitn o€ O1GQopES
ovykevrpooelg PHPA




KE®AAAIO 30

AIIOTEAEZMATA TIEIPAMATQN

4% wiv Sum(Q?
_ 1, (Pa) k (Pa*s") n R? ,
bentonite + (Pa%)
0% PHPA 13,011 0,852 0,4050 0,9997 0,0374
0,05% PHPA 6,680 0,381 0,5614 0,9979 0,4910
0,1% PHPA 3,931 0,493 0,5390 0,9987 0,3576
0,2% PHPA 0,5506 0,650 0,5273 0,9997 0,1284
0,3% PHPA 0,005 0,953 0,5058 0,9999 0,0629
0,5% PHPA 0,432 0,961 0,5289 0,9999 0,0449
0,7% PHPA 0,000 2,878 0,4184 0,9999 0,2615

Iivaxag 7: Peoroywkéc mapapetpor o pmevrovitny 4% pe apoocdikn PHPA og

OLLPOPES CLYKEVTPMOOELS

Onwg kot ota mponyovueva detypata £1ot K €dm (Awdypoppa 4, Ta dedopéva givar

and tov Ilivaxa 7) akolovBeitoaw 1 01 ovumepipopd. Emiong eivon eugavég ott 1

npooOnkn tov PHPA mpoxodel peiwon g thong OSwoiicOnong avédvovtag v

GLYKEVTPMOOT] TOL QVEAVETOL KOl O GUVTEAEGTNG GLVAPELNG.

45,0000
40,0000
35,0000
30,0000
25,0000
20,0000
15,0000
10,0000

5,0000

0,0000

Shear stress (Pa)
¢ o¢

o

Awbypappa  5:

200

@0,05% PHPA

Pedypoppo oawopnpdtrov ywe 5%

ovykevipmoels PHPA

400

600

Shear rate (1/s)

800 1000
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S%wivbentonitt o sum(@Q)

. 1, (Pa) k (Pa*s") n R? Pa?)
0,05% PHPA 13,035 0,802 0,5071 0,9976 1,1504
0,1% PHPA 8,976 0,910 0,5068 0,9981 1,1591
0,2% PHPA 3,162 1,158 0,4935 0,9993 0,5852
0,3% PHPA 2,600 1,508 0,4833 0,9994 0,7033
0,5% PHPA 1,241 1,463 0,5090 0,9999 0,1978
0,7% PHPA 0,458 2,594 0,4539 0,9999 0,2017

ITivaxog 8 : Peoroyikéc mapapetpor yio prevrovitny 5% pe npoodnkn PHPA og
OLAQPOPES CLYKEVTPOOELS.

Ta detypota 6mov ypnopomombnke 5% pmevrovitng (IMivakag 8 kot avtictorya
Atdypoppo 5) elvar gokolo va  ovuykplBodhv aeod akoAovBodv To 110 pOVTEAO.
[Mopatmpovpe Aowmdv 61t evd yio 0.05% PHPA n téomn dworicOnong eivan ion pe 13 Pa
nepinov oto delypa mov mepiéyel PHPA o cvykévipwon 0.7% 1 tdon droricOnong eivon
puoag 0.4 Pa. AvtiBeta n mposOnkn PHPA mpoxoaliel kKot og oty Vv mepintmon peiowon
™G taong doricOnone. 'Etot evod yuo ovykévipmon 0.05 % PHPA to K toovton pe 0.802
(Pa*sec”) yio cuykévipmon 0.7% mepimov tpumhaciéleton (2,594 Pa*sec” ). IMopoatnpovpe

emiong peiwon tov odnyov cvvdeslag (K) kabmg kot avénon tov 0dNyod GLUTEPIPOPAS

porig (n).
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Shear rate (1/s)
@0.2% PHPA @0.5% PHPA @0.7 % PHPA

Awaypappa 6 : Peoypoppo cxopnpatov yro 5% previovitn o€ o1dQopeg
ovykevrpaoelg PHPA kot 3% KCI



KE®AAAIO 30 AIIOTEAEZMATA TIEIPAMATQN

5% bentonite

, Sum(Q?)
w/v + 3% KCI ty (Pa) k (Pa*s") n R )
(Pa’)
wiv +
0,2 % PHPA 0,000 0,057 0,6936 0,9954 0,14918
0,5 % PHPA 0,000 0,296 0,5556 0,9995 0,05936
0,7 % PHPA 0,000 0,573 0,5174 0,9993 0,21238

IMivaxog 9: Peoroykéc mapapetpor yro prevrovitny 5% pe npoodikn PHPA og

daopes ovykevrpdoels ko 3% KCI.

YVyKpivovTog avTicToleg ovykevipaoels tov 5% upmevtovitn + (0.2, 0.5, 0.7) %
PHPA (ITivokac 8) oe oyéon pe 5% upmevtovitn + (0.2, 0.5, 0.7)% PHPA+ 3% KCI
(ITivakag 9) mopatnpode TOG EYOVUE UNOEVIGUO TNG TAONG dl0AicONoNG e TNV TPOsONKN
tov miextporvtn KCI, emiong peidveton o deiktng ovvagelog. To poviého mov
YPNOCLOTOIEITOL Yo TNV EpUNVEIN TOV OMOTEAEGLATOV Eivat TO povtédo Power Law.

AkoAoVBOHV CULYKPITIKA SLOYPAUUATO TOV PEOAOYIK®OV TAPUUETPOV PACEL TNG
GLYKEVTPMOOTNG TOV UTEVTOVITN KOl TNG CLYKEVIPMOTG TOV TOAVUEPOVC.
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PHPA (%)
@2% bentonite  @3% bentonite  @4% bentonite  @5% bentonite
Avaypappe 7 : Ty — PHPA (%)
To Awdypappa 7 emPefarmvel Tig mponyodueveg mapatnpnoels pog. [T avorvtikd
N aENON TNG CLYKEVIPMONG TOL UTEVTOVITN £YEl MG OMOTEAEGHO TNV adénon ™S Taong

oloMofnonc. AvtiBeta n TposHnKn moAvuePOVS GTal detypata, TpoKaAel peimon ¢ Taong
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dtoricOnonc. Avtd éxel MG amOTEAEGHO OE UIKPEG GUYKEVIPMGELS UTEVTOVITN, N TPOGOKN

PHPA va pundevilet v tdon dtoricOnonc.

Chart Title
2,5000
)
2,0000
&
— 1,5000 ]
i @
o @
~ 1,0000
o o © v v
@
0,5000 z ¢
e @
® ©
0,0000 0
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

PHPA %

@2% @3% @4% @5%

Avaypappa 8: K (Pass") — PHPA (%)

Oocov apopd 10 1D ToL TEPLYphpeTar Eupeca amd v mapduetpo K (Atdypoppo
8) av&avetar t6co pe v avénon tov pmevrovitn 66o kat pe Ty Tpocbnkn tov PHPA.
2uykpivovtog Aowmdv TG GLYKEVIPAGELS TOv pumevtovitn ot 2%, 3% kot 4% 7y Tig
OLAPOPES GLYKEVIPDOGELS TOL TOAVUEPOVS, ALTO eivon gRPAVES, a@oy kot ta 4 dstypota
€0KA 08 VYNAEG CLYKEVIPMOELS 0KOAoVOOVV 10 1010 povtéro. To 1010 cvpPaivel Ko ota
delypata mov mepéyovv 5% pmevtovitn. AmAd ta delypota ovtd dev eivor dueca

cvykpicipa apod akolovBodv dAL0 peoAoyKd HOVTELO.
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Variation of flow index (n) with PHPA %
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Awdypappa 9: n — PHPA
To n 6nwg @aivetar oto Adypappa 9 mapopével oyeddv otabepd Yo T O1POPES
GLYKEVIPAOGELS TOV UTEVTOVITI, VA TAPOLGIALEL Lot LUKPY| Helwon He TV TPOocONnKN Tov

TOAVULEPOVG.
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KE®AAAIO 4: AHOTEAEXMATA AIHOHXHX

AIIOTEAEEMATA AIHOHXHX

Amnotedéopata Tov mepapdtov dmonong mapovcstdlovior otov Ilivaka 10 ko oto

Awypappotoa 10 mapovosidletor cOYKPIoTn OmMONUATOG G GYEOT LLE TNV GLYKEVIPMOOT] TOV

TOAVLEPOVG Y10 TIG SIUPOPETIKEG CLYKEVIPMOOCELS TOV UTEVTOVITY.

PHPA/Mnevto 3% 4% 5% 5% Mmrevrovitng
vitng Mmnevrovitng | Mnevrovitng | Mrevrovitng +3% KCI
0% PHPA 22,0 ml 18,4 ml 16,0 ml

0,05% PHPA 11,8 ml 10,1 ml

0,10% PHPA 10,0 ml 9,0 ml 7,4 ml

0,20% PHPA 7,5ml 6,8 ml 26,8 ml
0,30% PHPA 6,0 ml 6,0 ml

0,50% PHPA 4,6 ml 11,2 ml
0,70% PHPA 4,8 ml 4,4 ml 8,0 ml

IMivaxag 10: Oykog dmOfqpatoc o€ 6YE6M PE TNV GUYKEVIPOGT] TOV UTEVTOVITN KOl TOV

25

20

15

1

AIHOHMA (ml)
o

€]

0

TOAVPLEPOVGS TTOV Y PN GLUOTOUONKE

22
0 0,1

H 5% Bentonite

H 4% Bentonite

i 3% Bentonite
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i I i ﬂ i
0,2 0,3 0,5 0,7

% PHPA
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Awgypappa 10 : Zoykpron omONpotog € 6)£61 HE TNV GVYKEVTPOGT] TOV TOAVUEPOVS

Y0 TIG OLUPOPETIKES GUYKEVTPAGELS TOV PUTEVTOVITY.

Xoppova pe 1o APl 0nwg avapépbnke 6to BempnTiKd KOUUATL, 0 EMTPENTOS OYKOG
dmofuatoc givar 15ml. Onwg paivetar oto Adypappo 10 yopig ™ npocHnkn morlvpepovs
Kot To Tpia deiypata moapovotdlovv peyoldtepo dyko dmbnuotoc. AvtiBeta n éotm Kot

pikpn TpocsOnkn tov PHPA Bonbdet oty peimon tov dykov tov dindnuatog.

O molpog KCI-PHPA pe Baon 10 vepd oe GUVOIAOUO TOPEYEL OIMOTEAEGLOTIKY|

TOPEUTODIGT AVATTVENG POYUADV GTO TOLYDUATO YEDTPNONG LEG® SVO UNYAVIGUAOV:

» To yhwprovyo kario (KCI) mapéyet o anyn 10viev Kakiov, to onoia givol apkeTd,
pikpd @ote va evamoteBodv petald tov popiov tov umevtovitn yopig Vv
POYUATOOCT TOL GYNUATIGHOV Tov. To KaAMo elvarl avtaAAdEipo 1OV Kol avTaAAdcEL
TO VATPLO, £TCL TPOGPOPATOL GTOV EVOOSTPMUATIKO YMPO KOl £YEL UIKPT EVEPYELQ

EVLOATOOTC.

» To PHPA avtictotya sivar £va molvpepég ompo vynAov poptakod Pépouvg o omoio
TPOGPOPATAL EMAVE OTIS EMPAVEIEC TOV UTEVIOVITN YL VO HOVAOOEL TIG
POYUATAGELS OTN YEDTPNOT KAODS Kot vo avéNomn 10 1EMOEG Tov TOAPOV. AvTO
€XEL OG OMOTEAEGUO VO OMOTPEMEL TNV EMAPT TOV vEPOD He TA TEPPAAAOVTA

TETPDOLLOTAL.

Yyetkd pe v mpocstnkn tov niektpoivtn KCl mopatnpodue emione, oe cvykpion
nhvto pe v avtiotoyyn ocvykeévipmon 5% umevtovitn (Iivakag 10), 611 To omOnua £xet
avéndel. Zto Awdypoppo 11 @aivetor koAvtepa M peYAAn Slo@opd TOL VIAPYEL OTOV

npocBétovpe ko KCI atov Todeo poc.
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@5% Bentonite  @4% Bentonite  @3% Bentonite @ 5% Bentonite+ 3% KCL

Avaypappa 11: Zdykpron omOqpatog o€ 6£on e TNV GLYKEVTPMOT] TOL TOAVUEPOVS

Y0 TIG OLAPOPETIKES GUYKEVTPAGELS TOV PUTEVTOVIT).

O mopamdve tpdémOG mapovciacng TV omotelecpdtov (Adypappo 11) pog
00N YNGE GTO GLUTEPAGHA OTL | pelmor tov dmdNuatog umopet vor axolovbel exbetikn
tdon oe oyéon pe v mepektikommra tov PHPA. 'Etot Aowtdv 10 poviého mov
YPNOLOTOMONKE Y10l TNV GLGYETIOT TOV OMONUATOS LE TNV CLYKEVIPMOT TOV TOAVUEPOVG

glvan To exBetikd kot diveton omd v E&lowon 5:

Eicowon 5
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Ot TopAUeETPOL TOL LIOAOYICTNKOV Yio TNV KAOE CLYKEVIP®OY TOV WUTEVIOVITH,

QOivOVTOLl GTOV TAPOKATM TIVOKOL:

Mmnevtovitng a b C R?
3% 10.4300 5.014 3.682 1.0000
4% 6.9660 4.081 4.402 0.9999
5% 5.4930 2.286 3.145 0.9768

IMivaxag 11: MapapeTporl ToV VTOAOYICTKAY Y10 TIS CVYKEVTPAGELS UTEVTOVITY

Xoppova pe ™ Pproypaeia, o 6ykog Tov dONUATOG GE oYéom HE TO YPOVO

neprypapetar and v eElocwon 6:

E&iocmwon 6

‘Etor akoAovOnoce €leyyoc G 1ox00g TOL TOMOL Yo TO. OelyuaTd HOC. XTO
Awypappo 12 emiong mpootédnkay Vo €E1I0DCELS EVOEIKTIKO DGTE VO TPOCGOLOPLOTEL M

amoKAon.



KED®AAAIO 40 AIIOTEAEEMATA AIHOHXHX

25
y =-0,014x? + 1,0419x + 3,0527
20
— 15
£ y =-0,0063x% + 0,4785x + 1,0983
<§t R2=0,9962 @
T !
o) 10 o v »
= 2 2
5 @ @ @
@ 0 g @ o
oY @
gee®
0
0 5 10 15 20 25 30 35
XPONOZ (sec)
@ MIENTONITHZ 3% @ MIMENTONITHZ 3%+0,05% PHPA
@ MIMENTONITHZ 3%+0.1% PHPA @ MIMENTONITHZ 3% +0,3% PHPA
Poly. (MMENTONITHZ 3%) Poly. (MMENTONITHS 3%+0.1% PHPA)

Awdypoppa 12 : AmjOnpe covapticel Tov xpovov yio 6iec TIC peTpiosis 3%
bentonite+PHPA

"EAeyyog 1600 Tov TOMOVL Y=a+/t :

» T prevrovit 3%

% PHPA o R’
0 3,954 0,9940
0,05 2,063 0,9760
0,1 1,753 0,9850
0,3 1,026 0,9580

IMivaxag 12: Magvrovitng 3%
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» T prevrovit 4%

% PHPA o R’
0 3,309 0,9970
0,05 1,728 0,9630
0,1 1,573 0,9760
0,2 1,293 0,9550
0,7 0,799 0,88450

IMivaxkag 13: Maevrovitng 4%
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Awaypoappe 13:Arotedéoparo fluid loss (ml) suvaptijest Tov xpovov yia 6Aeg TG

petpniosis 4% bentonite+tPHPA
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» T prevrovity 5%
% PHPA a R
0 2,835 0,9877
0,1 1,261 0,9606
0,2 1,167 0,9556
0,3 1,026 0,9584
0,5 0,742 0,9016
0,7 0,694 0,9071
MMivaxkag 14: Mrevrovitng 5%
Chart Title
18
16 )
14 L
— @
€ 1 ° © MMENTONITHE 5%
<§: 10 @ MMENTONITHS 5%+0,1% PHPA
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Awdypappa 14:Am0npa cvvaptiosl Tov (povov Yo 0Aeg TIg peTprjoes 5%
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AT TOVG TPOTYOVUEVOLS TTIVAKES GTOVS OTTOIOVE TAPOLGLALOVTAL TO, ATOTEAECLLATO TV
VTOAOYIOUDV QaiveTton OTL OAa Ta detypota akoAovBobv tv E&icmorn 6 pe moAd KoAn

GLGYETION.
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KE®AAAIO 5: XYMIIEPAXMATA ITPOTAXEIX

Ao TV TapoHoo LEAETT) TPOEKLYOV TOL TOPOKATMO GUUTEPAGLLOTOL.

Y& 6ho To Oelypota TOV TEPIEXOVY TOAVUEPES KO UTEVTOVITY TopaTnpeital Peiwon
™G Taomng OloAicnong pe v avénom g CLYKEVIPMONG TOV TOAVUEPOVS. ZVVIVAUCUOG
UIKPNG TOGOTNTOG UTEVTOVITN KOl UEYOANG TOGOTNTOC TOAVUEPOVS EYEL MG OMOTEAEGLA
UNOEVIGHOV NG TaonS dtodicOnong. o tov Adyo avtd, optopéva delypata TeptypapovTol
pe to peoloyikd povtédo Power Law eved ta vmdélowmo ota omoio 1 Tdon Oev ivol
undevikn| meprypdopovior omd to povtého Herschel Bulkley. Emiong n mpocOrkn
TOAVULEPOVG GTA delypata Tov pumevTovitn Tpokaiel abENGT TOL GLVTEAEGTI] GLVAPELNG.

Ta delypata mov mepiéyovv uoévo PHPA oce yopnAés ovykevipdoels oev
nopovotdfovv apyikn téon StodicOnong ty. AvEdvovtag TV GVYKEVIPMGCT TOV TOAVUEPOVG
avéaveral kot 1 téon dtoAicOnong. Xapakmmpiotikd evad yuo suykévipoon 0.5% PHPA 1
tdon doricOnong eivar 1 Pa og cuykévipwon 0.7% 1 tdon dodicOnong entaniacidleror.

YyeTikd pe ) dmonom, apykd €ywve mpoomdbea PETPNONG TOV dMNONUOTOS oTAL
delypata mov meplelyav povo moAvpepéc. Emiong og petpnioeig dmbnong yuo 0% pmevtovit
kot 0.05%, 0.1%, 0.2%, 0.5% wa1 0.7% PHPA, dev dnpovpynonke filter cake. Enopévog
Yopic pmevrovitn, n avartoén tov filter cake nrav advvotn pe anotéleopo n dydnon va
TaPoLGLALEL PO PEVGTOV KOL VO UMV EYOVE OMOTEAEGHOLZE KOVEVO OO QVTA TO OEtypLaTOL
dev mapotmpnOnke omuovpyio filter cake omdte Mrav addvatn n ANyn UHETPcEOV -
ypnyopn pon-. Ocov aeopd ta Ogiypoto mov meplelyov UmEVTOVITN, O YOUNAES
GUYKEVIPAOGCEL TOPOLGIALOVY  UEYOAVTEPOVG TOL  EMTPEMTOV  OYKOvG  OmOMUaTOC.
[TpocOnkm pikpng mocdTNTO TOALIEPOVS oTal dgtypaTa TpokoAel peimwon Tov dndNpaTOG.
Avtd onpoivel Tog dev ExOovUE YPNYOpN PON EMOUEVMG EXOVUE EVOV KOAL EVLOATMOUEVO
ToA@d ko kot eméktacn Egovue kaAod filter cake.

H npocOnkn KCI otov moAgo gxel og amotéheopa, T cupmieosn g Stéyvtng Suming
oTfddog Kol TNV 1oVToOvVTOAANYn VvoTpiov omd KOAMO KATOANyovTtog €T6L  OTN
GLCOCOUATMOOT TOV PLALUPIWV TOL CUEKTITN Kot 6T UelwoN Tov 1EDOOVE Kot TS TAONG

ooMofnonc. Kot og avt) v mepintwon n tpocdnkn tov PHPA mpoxdiece avénon tov
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ovvteleot) ocvvaeswc. Ta amoteléopata tov dokipumv £dei&av 6Tt To KCl mepidpioe tig

OLOYKOTIKEG TAGELS TOV UTEVTOVITN KOl LEIWGE TIG PEOAOYIKES TIUES OPACTIKA. .

Ta mieovekTnpaTo ALTOV TOL TOTOV TOAPOV Eivail:
*  Yynin dbvoun napaywyng (yield strenght).
»  Beltioon g otabepotnTag Tou TNyadiov.

*  Melopévn onolela Tieong .

H mpoocOnkn mpodta tov KCL, énerta pmevrovitn pe vepd xow PHPA uetd v
avapelEn, MMUOVPYOVCE OVOLOLOYEVEG UETYHO TO OTOl0 TOPEUEVE OLWPOVUEVO HEGO GTO
vepd G oEpdg avaEng onladn mpota umeviovitng pe PHPA érmeita déko Aemtd
avadevon kot téhog tpoodnkn KCI kot avédevon Eava 0dMynoe o€ OLOI0YEVES PETYILO OTO
omoio Mtav Pkt 1 pétpnon 1Emoovg kot omdnong. ‘Etor Aowmdv katanyovpe o610
GUUTEPACHO. OTL TPEMEL VO, YIVETOL GMOGTY 1 GEPA TNV avapeling ®ote vo, £X0VUE KATO10
OTOTEAECLLOL.

[Ipotdoerc:

» No mpaypatomrombodv meplocdTePe; SOKIUEG GE EVOLAUESES GLYKEVIPAOOELS OO

0.05% - 0.6% PHPA wi/v.

» Noa ypnopomombovv kot GAlo TPOcHETO TOAVUEPT) OTIS OOKIUEG TEIPUUATOV LE
PHPA.
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ITAPAPTHMA PEOAOI'TKQN MONTEAQN

210 mapdptnua ovtd mapadétovpe Tovg mivakeg Peoypappdtov atwpnudtov (puduod
dldtunonc— doTunTikn téomn) pe To amoteAéspata and to tpodypaupa. Eneito akoAovbovv
oA tor dwypaupata Shear Rate - Shear Stress (pvOud didtunong— dwoTuntikny téon).
‘Emterta. akolovBovv 6Aa T Staypappoto Tov TpokvaTovy and 6Aa ta povtéda (Bingham
Plastic, Power Low, Herschel-Bulkley ka1 Herschel- Bulkley Gold ) ywo kd0e cuykévipmon

umevtovitn pe PHPA.
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»  [livaxeg ko dtypdppata yio detypota povo pe PHPA:

0,05% 0,1% phpa 0,2% phpa 0,3% phpa 0,5% phpa 0,7% phpa

phpa

Shear Shear Shear Shear Shear Shear Shear
Rate Stress Stress Stress Stress Stress Stress
(1/S) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
1021,38 3 6 7 12 20,5 24,5
1021,38 3,5 6 7 12 20 36,5
1021,38 4 6 7 12 20 39
1021,38 4 6,5 7 12 20 39,5
1021,38 3,5 6 7 11,5 20 38
1021,38 3,5 6,5 7 11,5 20 37,5
510,69 2,5 4,5 5 9 15,5 27,5
510,69 2 4,5 5 9 15,5 28
510,69 2 4.5 5 9 15,5 27,5
510,69 2 4.5 5 9 15,5 27
510,69 2,5 4,5 5 8,5 15,5 27
510,69 2 4,5 5 8,5 15 27
340,46 2 3,5 4 7 13 23
340,46 15 3,5 4 7,5 13 23,5
340,46 2 3,5 4 7,5 13,5 23,5
340,46 2 3,5 4 7,5 13 23
340,46 2 3,5 4 7,5 13 23
340,46 15 3,5 4 7,5 13,5 23
170,23 1 2,5 2,5 55 10,5 18,5
170,23 1 2,5 2,5 55 10 19
170,23 1 2,5 3 5 10,5 19
170,23 1 2,5 2,5 55 10 19
170,23 1 2,5 2,5 5 10 19
170,23 1 2,5 2,5 5 10 19
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10,2138 0 0,5 0,5 1,5 4 10,5
10,2138 0 0,5 0,5 1,5 4 10,5
10,2138 0 1 0,5 1,5 4 10,5
10,2138 0,5 0,5 0,5 2 4 10,5
10,2138 0,5 1 1 1,5 4 10,5
10,2138 0 1 0,5 2 4 10,5
5,1069 0 0,5 0,5 15 3,5 10,5
5,1069 0 0,5 0 15 3,5 9,5
5,1069 0 0 0,5 1,5 3 9,5
5,1069 0 0,5 0 1,5 3 9,5
5,1069 0 0,5 0,5 1,5 3 9

5,1069 0 0,5 0 1,5 3 9

IMivaxoeg 15: Shear Rate - Shear Stress (pvOpo6 dswdTunonc— dweTunTiky Taon) yo
ogiypara povo pe PHPA.
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» 0% BENTONITE + 0.05%

4 | T T
35l T50.27609+(0.0034466)g /k _
: 2
R%=0.96336 e
Sum(Q) =0.33571
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Avdypoppa 15 :Movtého Bingham Plastic yia 0% BENTONITE + 0.05% PHPA
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»  [Tivaxeg kou Staypdppata yio 2% pmevrovitn kot PHPA:

2%bentoni 2%bentonite 2%bentonit 2%bentonit 2%bentonit  2%bentonit

te+0% +0.05% e+0.1% e+0.3% e+0.5% e+0.7%
PHPA PHPA PHPA PHPA PHPA PHPA
Shear Shear Shear Stress Shear Shear Shear Shear
Rate Stress (Pa) Stress Stress Stress Stress
(1/S) (Pa) (Pa) (Pa) (Pa) (Pa)
1021, 7 6,5 7 17 28 35,5
38
1021, 7 6,5 7,5 16,5 27 34,5
38
1021, 7 6,5 7,5 16,5 27 34,5
38
1021, 6,5 6,5 7,5 16,5 27 34
38
1021, 7 7 8 17 27 34
38
1021, 7 7 8 17 27 34,5
38
510,6 5 4 5 11,5 19,5 26
9
510,6 5 4 5 11,5 19 26
9
510,6 5 4,5 5 11,5 19,5 26
9
510,6 5 4,5 5 12 19,5 26
9
510,6 5 4,5 5 12 19,5 26
9
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19,5 25,5
16 215
16 21,5
16 21,5
16 22
16 215
16,5 22
11,5 16,5
11,5 16
11,5 16,5
11,5 16,5
11,5 16,5
11,5 16,5
2 4,5
2

I ) )

74




BIBAIOT'PA®IA
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38
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*  Jlivakeg ko draypappota yo 3% prevrovitny kon PHPA!

BIBAIOT'PA®IA

3%bentoni 3%benton 3%Dbenton 3%Dbenton 3%Dbenton
te+0.05% ite+0.1% ite+0.3% ite+0.5% ite+0.7%
phpa phpa phpa phpa phpa
Shea Shear Shear Shear Shear Shear
r Stress Stress Stress Stress Stress
Rate (Pa) (Pa) (Pa) (Pa) (Pa)
(1/S)
1021 11,5 15 23 29,5 45,5
38
1021 11,5 15 22,5 29 45
,38
1021 11 15,5 22 28,5 45
38
1021 11 15,5 22 28,5 445
,38
1021 11 15,5 22,5 29 445
38
1021 11,5 15,5 22,5 29 445
,38
510, 7,5 10 15,5 20,5 33,5
69
510, 7,5 10,5 15,5 21 33,5
69
510, 8 10,5 16 21 33,5
69
510, 8 10,5 16 21 33,5
69
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46
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10,2
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[Mivakeg kot dwaypappato yio 4% ureviovitn kot PHPA:

BIBAIOT'PA®IA

4%Dbento  4%benton  4%benton 4%benton 4%benton 4%benton  4%benton
nite+0%  ite+0.05% ite+0.1% ite+0.2% ite+0.3% ite+0.5% ite+0.7%
PHPA PHPA PHPA PHPA PHPA PHPA PHPA
She | Shear Shear Shear Shear Shear Shear Shear
ar Stress Stress Stress Stress Stress Stress Stress
Rat
e
(1/s (Pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
)
102 28 26,5 25,5 25,993 32 38,5 53,5
1,38
102 27 25 24 24,993 31,5 37,5 52
1,38
102 27 24,5 24 25,493 32 37,5 52
1,38
102 27 25 24,5 25,993 31,5 38 52
1,38
102 27 25 24,5 25,493 32 38 52
1,38
102 27 25,5 24,5 25,993 31,5 38 52
1,38
510, 23,5 19 17,5 17,495 22 26,5 38,5
69
510, 23,5 19 18 17,495 22 26 39
69
510, 23,5 19 18 17,995 22 26,5 39




BIBAIOT'PA®IA

69
510, 23,5 19,5 18 17,995 22 26,5 39
69
510, 23,5 19,5 18,5 17,995 22,5 26,5 39
69
510, 23,5 19,5 18,5 17,995 22,5 26,5 39
69
340, 22 17 15,5 14,496 18 21,5 33
46
340, 22 16,5 15,5 14,496 18 21,5 33
46
340, 22 17 15,5 14,996 18,5 21,5 33
46
340, 22 17 15,5 14,996 18,5 215 33
46
340, 22 17 15,5 14,996 18,5 21,5 33
46
340, 22,5 17 15,5 14,996 18,5 21,5 33
46
170, 19,5 13 11,5 9,997 12,5 15 25
23
170, 20 13,5 11,5 9,997 12,5 14,5 25
23
170, 20 13,5 12 10,497 13 15 25
23
170, 20 13,5 11,5 9,997 13 15 25,5
23
170, 20 13,5 11,5 10,497 13 15 25
23
170, 20 13,5 12 10,497 13 15 25
23
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> 49% Bentonite+0.5% PHPA
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» [livaxeg kou draypdppata yio 5% pmevrovitn kor PHPA!:

5%bentonit 5%benonit

5%bentonit 5%bentonit 5%bentonit

BIBAIOT'PA®IA

5%bentonit

e+ e+ e+ e+ e+ e+
0.05%phpa 0.1%phpa 0.2%phpa  0.3%phpa  0.5%phpa  0.7%phpa
Shear Shear Shear Shear Shear Shear Shear
Rate Stress Stress Stress Stress Stress Stress
a/5) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
1021,38 40,489 41,989 37,99 42,489 51,5 61,5
1021,38 38,99 38,99 37,49 41,989 50,5 60
1021,38 38,99 38,99 38,49 42,989 50,5 60,5
1021,38 39,49 39,49 38,99 43,489 51 60,5
1021,38 39,99 39,49 39,99 43,489 51 60,5
1021,38 40,489 39,49 40,489 43,489 51,5 61
510,69 31,992 29,992 28,992 30,492 35,5 44
510,69 32,492 30,492 29,492 30,992 36 44
510,69 32,492 30,992 29,992 30,992 36 445
510,69 32,492 30,492 29,992 30,992 36 445
510,69 32,492 30,992 30,492 31,492 36,5 44,5
510,69 32,492 30,992 30,492 31,492 36,5 44,5
340,46 28,493 26,493 24,993 25,993 29,5 37
340,46 28,493 26,493 25,493 25,993 29,5 37
340,46 28,493 26,493 25,493 25,993 30 37
340,46 28,992 26,493 25,493 25,993 30 37
340,46 28,493 26,493 25,993 26,493 30,5 37,5
340,46 28,493 26,493 25,993 26,493 30 37,5
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170,23
170,23
170,23
170,23
170,23
170,23
10,2138
10,2138
10,2138
10,2138
10,2138
10,2138
5,1069
5,1069
5,1069
5,1069
5,1069
5,1069

22,994
23,494
23,494
23,494
23,994
23,994
12,997
14,996
14,996
15,496
15,496
15,996
15,496
14,996
14,996
15,996
15,496
15,996

20,495
20,995
20,995
21,494
21,494
21,494
9,498
10,497
11,497
11,497
11,997
11,997
11,497
11,497
11,497
11,997
11,997
11,997

18,495
18,995
18,995
19,495
19,495
19,495
5,499
5,998
6,498
6,498
7,498
6,998
6,498
6,498
6,498
6,498
6,498
6,998

18,495
18,995
18,995
19,495
18,995
19,495
5,998
5,998
5,998
5,499
5,998
6,498
5,499
5,499
5,998
5,998
5,998
5,998

21 26,5
21 27
21 27,5
21,5 27
21 27,5
21,5 27,5
5,5 7
5,5 7,5
6 7,5
5,5 7,5
6 8
6 8
5 6
4,5 6
4,5 6
5 6,5
5 6
5 6,5

IMivaxog 19:Shear Rate-Shear Stress ywa 5% prevrovitn kot PHPA
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T=42.9901+(-44.3842) 9'0'030294
R? =0.92063
Sum(Q) =2.9166
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