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ABSTRACT

144 tests were conducted on KCl/polymer drilling fluid samples in which mud temperature, mud
density, viscosifier polymer's concentration, and fluid-loss reducer's concentration were varied and
the physical and rheological properties were measured at each case.

The collected data have been used to study the effect of these variables on the Sluid lost property of
the mud and to construct four nomograms that relate the theological properties (plastic viscosity, yield
point, 10 second and 10-minute gels) to mud temperature, density and viscosifier polymers

concentration.

The remits proved that Pac/starch polymer combination is the major Jactor that governs the

nitration values of this mud.

The constructed nomograms are helpful in predicting the rheological properties of this type or
muds by knowing mud density, XC-polymer concentration and buttonhole temperature.

INTRODUCTION

KCL/polymer drilling fluids are widely
used for shale drilling because they provide
high levels of shale inhibition and they
minimize cuttings disitegration, which will
result in achieving wellborn stability.

When testing drilling fluids, the theological
parameters measured at ambient temperatures
should be adjusted to estimate subsurface
temperature !, In addition, the effect of some
important variables such as, mud density and
the concentration of different mud constituents,
on the physical and rheological properties of
the mud must be taken into consideration in
order to have a successful drilling operation.

In this study, an inhibitive KCl/polymer
drilling fluid which is composed of (4 ppb
bentonite, 0.5 ppb XC-polymer, 1 ppb Pac
polymer, 4 ppb starch, 0.3 ppb KOH, 0.4 ppb
.preservative, 14 ppb K.C1 and 75 ppb barite)
and was suggested by Terzi (1998 ) is tested
under variable conditions of temperature,
density and polymer's concentration.

Temperatures of 50, 100, 150 and 200°F;
and  densities 0of9,10, and 12 ppg
(corresponding to 1.08,1.2,1.32 and 1.44
Kg/m® respectively) were used. Different XC-
polymer concentrations were used (0.25, 0.5

and 0.75 ppb), and the Pac/starch combination
used were 0.5 /2, 1/4 and 1.5/6 ppb.

The collected data were used for the
construction nomograms  for rheological
behavior of the mud.

EXPERIMENTAL WORK

Apparatus and equipment

A. Calibrated multi speed Fann VG-35 S
viscometer. An IMCO Thermocup was
provided to the Fann VG in order to avoid
the cooling of the mud sample.

. The standard Baroid Mud Balance.

. The standard Hamilton Beach Mixer.

. The Baroid Filter Press which was
provided with a heat jacket to avoid the
cooling of the mud sample.

UoOw

Effect of different variables on the
behavior of the mud

The mud was formulated and tested under
variable conditions of temperature, density,
and polymer concentration. The identification
of the formulated samples of this mud is
presented in Table (1). The physical and
rheological properties of the mud measured at
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different temperatures, densities, and polymers
concentrations are presented in Table (2). To
simplify the nomograms, fluid loss was
handled separately. Figures (1, 2, 3, and 4)
shows the effect of mud density, XC polymer
concentration, and Pac/starch concentration on
the API fluid loss of the mud at temperatures
of 50, 100,150, and 200 °F respectively. These
Figures suggest the followings:

I. XC concentration does not affect the fluid

loss values. It may cause a very slight

decrease or increase in the fluid loss but
with no definite trend. This is in good
agreement with the fact that XC polymer is

a roam viscosifier and not a filtration loss

controller.

The density increase (caused by the

uniform barite particles) will cause a slight

decrease in the fluid loss values if there s

adequate Pac/starch concentration in the

mud (the 1/4 ppb and 1.5/6 ppb
concentrations). In the case of inadequate

Pac/starch concentration (the 0.5/2 ppb

concentration), the density increase will

cause a slight decrease in the fluid loss al
the low-density range (9 and 10 pPpg
values), then a sharp increase at the higher

(11 and 12 ppg) values.

3. The temperature increase will cause a
gradual slight increase in the fluid loss
values (almost for every case). This may be
attributed to the reduction in the filtrate
viscosity. Also the rise in temperature may
affect filtrate volume through changes in
the electrochemical equilibria which govern
the degree of flocculation and aggregation,
thus altering the permeability of the filter
cake. Finally, chemical degradation of some
of the mud components is expected at
temperatures of 200 °F and more. This will
lead to further increase in the filtration
values.

4. At each density, temperature, and XC
concentration; the major factor that governs
the filtration values was found to be the
Pac/Starch  concentration- The lower
concentration of 0.5/2 ppb is inadequate of
achieving reasonable low fluid loss values.
While the higher concentration of 1.5/6
ppb, provides the lowest fluid ioss values.
However, the intermediate concentration of
1/4  ppb, provides fluid loss values very
close to the lowest levels. Therefore, it

3]

could be considered the optimum economic
concentration, and will be used as the fluid-
loss reducer concentration in the mud for
the construction nomogram. Figure (5 )
shows the expected ranges of fluid loss
values of the mud at different temperatures,
densities, and XC polymer concentrations
when Pac/strach concentration is taken as
1/4 ppb respectively.

Construction of the nomograms

To construct the nomograms for the
rheological behavior of the mud, the rheo-
logical properties of PV, YP, 10 sec. Gel, and
10 min. Gel were each plotted against mud
density for a fixed temperature and different
XC  polymer concentrations. Then four
nomograms were prepared as shown in Figs.
(6,7, 8, and 9). These nomograms shows the
relationship  between mud density, XC
concentration, PV, YP, 10 sec. Gel, and 10
min. Gel at temperatures of 50,100,150, and
200°F and a Pac/Starch concentration of 1/4
ppb. These nomograms could be helpful in
predicting the rheological properties of PV,
YP, 10 sec. Gel, and 10 min. Gel for the mud
by knowing the mud density, XC
concentration, and the bottomhole temperature.
Also, the theological properties could be
predicted in cases when the muds density or
the XC polymer concentration are desired to
increase or to reduce, in addition to the
increase of bottomhole temperature when the
drilling continues deeper.

The limitations of the nomograms, is the
fact that they do not take into account the
change in the rheo logical properties (usually
an increase) when the drilled formation
cuttings become part of the circulating system
(i-e. the dispersion of the cuttings). However,
being very inhibitive in nature, and with
optimized drilling practices, the mud should
handle the drilled cuttings with minimum
dispersion and disintegration, thus, minimizing
the rheological properties changes from those
measures in the laboratory.In addition, the
pseudoplastic parameters (n and k) can not be
obtained from these nomograms.
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The flow model that best fit the Mud’s
behavior

A computer program that utilizes Farm VG
readings to obtain the flow model that best fit the
data, was used to obtain the flow model of the mud
at different densities, temperatures, and XC-
polymer concentration. The results are presented in
Table (3). The results show that power law model is
the best model to describe the behavior of the mud
under most normal application conditions (41
sample results). Casson model was found to
describe the behavior of the mud only under
conditions of extreme temperature (200°F) and very
low XC-polymer concentration (0.25 ppb), as is
evident in the results of samples N29, T29, and
V29.

CONCLUSIONS

1. 144 test runs performed on an inhibitive
KClVpolymer drilling fluid proved that
Pac/starch combination is the major factor
that governs the filtration values of the
mud.

2. The concentration of 1/4 ppb, could be
considered  the optimum economic
concentration.

3. Four nomograms were constructed which
correlates the mud density, temperature,
XC-polymer  concentration; to the
rheological parameters of plastic viscosity,
yield point, initial gel strength and 10-
minutes gel strength. These nomograms
could be helpful in predicting the
rheological properties of the mud by
knowing  the  mud density, XC
concentration, and the bottomhole
temperature.  Also, the rheological
properties could be predicted when the
density or temperature changes or when the
XC-polymer concentration is desired to
increase or decrease.
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NOMENCLATURE

K~ Power law consistency index (Ib.S"/100 ft?)
N Power law flow behavior index

PV Plastic viscosity (cP)

T  Temperature (°F)

YP  Yield point (Ib/100 f%)

®  Viscometer dial reading

ABBREVIATIONS

API American Petroleum Institute
PAC Polyanionic Collulose

ppb Pounds per Barrel

ppg Pounds per Gallon

XC-polymer  Xanthan Gum

SIMETRIC CONVERSION FACTORS

cP x 1.0E-03 = Pa.s
°F (°F-32/1.8) x3.04 E-01 =°C

ft x 3.048E-01 =m

gal X 3.785412E-03 =m’

in x 2.54E00 =cm
Ib/100 sq.ft.  x 4.788026E-01 = Pa
ppg x 1.198E02 =Kg/m®
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Table(1), The physical properties of mud, measured at different temperatures, densities, & polymer

concentration.
Mud (b i ¢ s lb ' 1054 AV Cake | Foam, | Bar. |
Code | s00}200} 2001 100, bigi L 2 gat ] Vel ] mm | Tead | set.
Nt |25 ]16] 13 | 8 3. 1.2 1:3 8 | 9 | 7 |13 (56]<05] N N
| N2 |46 131| 22| 161 51 31 5 |12 15[16]23145/<05] N | N |
N2 74151 ) @ | 3ot 7 151t 7 1171 22]22137] 4]«5! 8 N |
| iNd | 33 (22 7 | 2 | 4 | 3§ 4 | i1 [ 11168 |<65] N | N
| N5 | 54 [37] 3 | 21 | 6 | 45| 6 | 17 [ 17 | 20 | 27 | 46| <05 | N N
I Ne | 81157 a6 1 33 | 8 [ 8 8 | 28 240133 [dlarl<s! s N |
| Nt |asj27] 21 ] 8 ] 6 | S § | 1 12]115]20]6 | «w5]N N
N§ [ 66 |47 | 39 | 28 | 9 | 7 | 8 | 22 | 19| 28| 83]52]<05] N N
Ng | 94|69l 57 1 41 13110 12134 125[4d (4775 [<05[ s N
IR R ETE IR g8 | 2 11 2 1 s 1 el 8T g lEales] N N
N1t {32 (21 181 12| 3 | 2 5 | 8§ (1111018 {58|<65] N | N
| N12 | 47 1 32| 26 | 17 [ 35| 25| 4 | 12 | 15|17 |23 |52|<05] S [ N
IN13 123 1165] 13 [ w0 13507251 3 1 '8 T65 (10127747 <05] N N |
I N4 138 (27 22 | 16 | & | 8 4 | 12 (12 (15 I8 [55]<K05] N | N |
| N15 | 56 [ 39| 32 | 22 | 5 | 3 | 45 | 15 [ 17 |22 |28 ({48 [ <05]| S | N
Ims f2rl20) 171131 5 1371 5 {1357 1im@mi13(76/] <05 N | N
M7 148 134! 28 2ol 81 4 IS5 T Al I MisEl WE] N M
| Ni | 67 {47 | 39 | 27 | 7 | 5 | 7 | 13 | 20 |27 |[34[52|<05| S | N |
[ N1 | 15]10] 8 | 5 |15] 1 | 15| 4 815|718 | NN
I'N20 [26501175) 14 | ¢ | 2 [15] 2 7 | 9 l8st13lealcst N | N
| N2i | 87 {24 38 | 32 | 25) 2 | 251 85| i8] i1 | 16,581 <5] 5 | N |
[ N2 |21 [15] 11 8 2 L2 PS5 6] 9 migal O] NN
N23 |33 [225 12 1351 2 [ 351 11 [108[ 12717581 <5 N N
R ] 41281 2 M iwlsiBI 5 ie0a] & N
N5 {25 |185] 16 | 12 | 4 | 3 [ 4 | 10 |65 12 (1388 |<05] N | N |
| N26 | a1 129] 24 | 17 1 5 135 5 | 14 1121171211661 <05] N N
N7 Tssf3e] 32| 21 1sst 4] 6 | w71 17T2aT2al50g 05 5 N
| N23 | 11 [75( 55 4 |125(075) 1251 251535 4 | 5 188 | 05 N | 3
| N29 | 22 |145] 10 | 6 [175]125]175] 5 [75] 7 | 11|75 |<05] N N
[ N30 132 2001451 85 1225[ 1512250 6 T 127 a T16168 ] <05] s N |
{ N31 {185]135{165] 75 J275] 2 | 25| B | 5 185] 8 |84 | <05] N N |
N2 [ 28 190 15 | 10 | 8 | 2 | 275 7 | 9 j10 {14 [21[<05] N | N
| N33 (365|240 1851 1151 3 2251 3 | 9 [125{115]181551<05] S | N
M3 taa bl s 11y T2s 1251 351 8 g l1a1121e2 <51 N N
| NG5 | 34 [23.5] 15 | 13 |375( 25 & | 5 |105] 13|17 |12 | <05] W N
| N36 | 45 |305] 23 | 145 ] 4 |275] 4 | 10 |145]| 16 | 23 |62 | <05] S | N |
g el a’l gilig i 7 l1wolTwlislsalos T N T NI
HEFIE IR SN BN g { 16 [ Wi ] B8] w05] N | N
T3 [ 79 [55] 46 | 31 | 8 | 6 | 8 | 25 | 24 ] 31 | 40 |34 | <05 S N
| Ta 137125 191 131 a1 31asl12l12113[18[58(<05[ N N |
I T2 1 ea |l aa il 92 {7 g 1 7 | 2 18- | a5 1w Vae | #nE N Y
—_—— — =
| 76 |87 | 82| 45 | 34 | S | 7 | S | 32 | 25|37 |43 (34 <05] 5 | N |
| T2 144 ({314 26 | 17 | 7 | 51 7 | w3 lel2216i<c5] N | N |
T8 {72 /5150 a3 ] 30 Pl 7 Jest 27 Tansl ;T 3afarlens! N N
TS ji02 74 81 | 45 § i3 | S | i3 37 | 28 i 4 | 511356 ) <05, 53 N
| T10 | 20 [13.52 10 7 2 | 1| 2 | 5 |65| 7 (10|68 ] 05 N | N |
T T3 T2al 20T 13T 3T 21 3 9 [1211211wl51T<s5 N T N1
T = a9 | ag ] A& 1 a U 3 19 109 | 10 1 a7 L ae | .,nc 0 w0 [+ a1 |
L S - e L O I T O LRI IE I - o T, IR ol
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Table (2) The identification of the formulated samples of mud with variable density, temperature, & polymer
concentrations.

| Mud [Den.{Temp| XC |Pac/S| Mud|Den |Temp XC'|Pac)S{ Mud | Den.{Temp| XC | Pacs |
| Code ! ppg F lcone. Conc.iCode|ppg| F Conc. Conc. Code| ppg F iCoenc.| Conc.
i SN LI 8T T K S LR (O 0 e el B I ppb
NT | § | 50 | 025 | 052 | T13] 10| 100 | 05 | 052 | E25| 11 | 150 | 073 | 0.3z
| N2 | 61 50 |025| 14 | T14| 101100 | 05 | /4 [ E26] 11 | 150 | 075 | 174
IN2l o T s To25 (1[50 0 |05 188 T e T 13 {150 Ta75 T 158
N4 | § | S0 | 05 052|716 (10| 100 [ 0.75 ]| 052 | E26 | 11 | 200 | 025 | 052
NS | 8 | SO | 05 | 14 [T17 {10 [ 100 [ 075 [ /4 | 29 11 | 200 | 0.25 | 1/4
{ N6 | 8 | S0 105 {1561 T8I 107100 [075( 156 [ Ea0 | 11 | 200 | 0.25 | 15/
L NT 1 & 18 T075 1052 11910 150 | 025 | 052 [ E21] 11 | 200 | 05 | o&re |
L N8 | 8 | S0 | 075 | 1/4 {T20 | 10 | 150 { 0.25| /4 | £32 | 11 | 200 | 05 1 14
| NS | 8 | 50 | 075 [ V5% | T21 | 10 | 150 | 0.25 | 156 | E33 | 11 | 200 | 0% | 1.5/6
NID, € 1100 1025 ]o&2 | T22[10] 150 [ 05 [ 042 [ Esd | 11 | 200 | 095 | 050
Ni1| & | 700|025 ) /4 | T23| 10| 150 | 05 | 3/a | £35 | 11 | 200 | 075 | 14
N2| 8 | 100 | 025 | 1.5/6 | T24 | 10 [ 150 [ 05 | 15/6 | E36 | 11 | 200 | 075 | 15
N3, 8 1100105 1052|7251 10150 (0751052 Vi | 12 | 50 1 025 0572 |
Nid] 8 [0 ! 0 Y4 | Te6 {01150 ]075) w4 | v2 | 12 WE-FETE
NISI O [ 100 | 05 | 1.56 | T27 {10150 | 075 | 1.5% | V3 | 12 | 50 | 025 | 755 |
N6t 8 1100 (075 052! T2s| 10| 200 | 025 [ o. va | 12| s0 | 05 | 05R
Ni7) 8 | 100 ]075] 4 1TV 102000250 12 | w5 | 12 | &0 | os 1/4
NiB | § | 100 | 675 | 1.5/ | 730 | 10 0 1025 (158 Vo | 12 05 1156 |
| N19| 8 | 150 | 0.25 | 0.5/2 | T31 | 10| 200 [ 05 [ 0572 | VI | 12 | 50 | 05 | 0572
{N201 8 7150 1025 | 174 [To2] 101 200 105 | e | ve | 12 ] 5 L0751 1a
| M2l | S | 150 | 8.25 | 1.5/ | 733 | 10 | 200 | 05 | 156 V5 | 12 | 5 | o075 [ 15%
[N22| § | 150 | 05 | 0572 T34 | 10 | 200 | 0.75 ] 0572 | vio 12 { 100 | D25 | 0572
N23| 8 1150 1 05 | w4 [T3s5( 100200 [075( w74 [vi1 | 12 | 100 [ 025 | 172
M24| 9 1180 105 | 185 178510 200 | 075 1 198 [ via | 12 100 | 025 | 154
Ne5| O | 150 | 075 | 0.2 | E1 | 11| 50 | 025 0z | Vis | 1z | 100 | 05 | 055
N8 | 8 | 150 | 075 | 1/4 [ E2 | 11| 50 | 025 | /4 | Vid | 12 | -300. 1 05611/
N2z 8 1150 1075 11556 [ E3 [ 11 ] 50 | 026 [ 155 [ V5] 12 | 100 | 05 I 185 ]
Nz8 | S | 200 | 025 | 0572 | E4 | 11 50 | 05 | 052 | vis | 12 | oo 0.75 | 852 |
NeS | 8 | 200 | 025 | 1/4 | E5 [ 11| 50 [ 05 | /4 | ViT | 12 | 100 | 073 | 174
(N30 ! 9 | 200 | 025 [ 156 [ E6 [ 111 50 [ 05 | 15/ | Vi | 12 | 100 | 075 | 757%
(N3 9 1200 | 05 1 052] E7 | 111 50 | 075 | 0en VIS ] 12 | 150 | 025 | Qs
[ N8| 8 1200 05 | 14 | €8 | 11 50 | 075 1/2 Va0 | 12 | 150 | 025 [ 1id |
N331 8 1200105 [1561 E9 | 11 [ 50 | 075 | 156 | va1 | 12 | 150 | 025 | 15k |
N, € (200 1o losRlENO 11T 100 025 [08m [ v22 | 12 | 150 t o5 | osn |
| NS5 S | 200 | G.75 | /4 | Ei1 ) i1 100 | .25 | w4 | ve3 ! 32 | 150 | o3 104
NS6| 9 | 200 | 0.75 | 1.5%6 | E12 | 11 { 100 | 025 | 1.5/%6 | V24 | 12 | 150 | 05 | 156
T 170 | 50 1025 052 TE1R3[ 11 | 100 [ 05 [ 0521 Va5 12 | 150 | 075 052 |
72 0 50 [025) 4B 11100 05 1A [V |12 80]075] 74
T8 110 | 50 | 025 [1.5/6 [ EY5] 11 100 | 05 | 156 | V27 | 12 | 150 | 075 1 56|
| T4 110 ] 5 |05 052 E16] 1111000751 0521 vas | 12 200 | 025 | 05
Sl solos T valew nlwo0loE] i v2e [ 12 | 200 o258 | 1
[ T8 1 10 O | 05 [ 158 Eis | 11| 100 | 0.75 | 1.56 | Va0 | iz | 200 | 0.25 | 157
| 77 1 10| 50 | 075 | 05/2 | E18 | 11 | 150 | 0.25 | 0572 | Va1 | 12 | 200 | 05 | 0572
| T8 1 10 [ 50 (0751 wa 1 E20] 11 150 1025 1 172 v&2 112 [ 200 1 05 | s
[ 18 | 0 | S0 1075 ] 166 ] E2v | 9 1 150 | 028 1.5/6 | V33 | 12 | 200 | 05 | 1.5% |
(_T10 | 10 | 100 | 0.25 [ 052 | E22 | 11 ] 150 | 05 | 052 | v34 | 12 | 200 0.75 | 05/2 |
LT 11011001025 174 E23 1111180105 | w4 | vas| 12 | 200 { D75 {714
L T2} ve {100 028 | 1am | c2a ] 1] 180 [ 05 118 | Ves | 12 | 200 | 078 | 155!
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Table (2) Continued. ..
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Table (2) Continued...
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Table (3) Selection of best flow model for mud at different densities, temperatures, & XC concentration.
(Pac/starch concentration fixed at ¥ ppb)
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