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ABSTRACT 

The rheology and other properties of drilling fluids containing saponite 

and a saponite-sepiolite mixture as the main viscosifier have been 

systematically evaluated in the temperature range of 30O-60OQF under 

appropriate confining pressures up to 16,000 psi. Saponite represents the 

magnesium analog of the clay mineral montmorillonite, which is the main 

constituent in conventional bentonite-based fluids. The fluid with 6% saponite 

exhibits a prominent viscosity enhancement at temperatures above 250QF. 
This viscosity enhanceme easily controlled by salts and hydroxides of Na 

and K. The addition of Na-polyacrylates (low- and high-molecular weight 
polymers) elimin osity anomaly of pure s nite fluids. These 
polymers alsq increase the filtration control of saponite. 

The anomalous viscosity enhancement of saponite is significantly 

reduced by the addition of sepiolite (a clay mineral with a fibrous morphology). 
Sepiolite readily converts into thin films of smectite at 300QF and above which 

. . I  
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improves the filtration control of these fluids at high temperatures. This 
mixture demonstrates considerable potential for drilling geothermal wells. 
New fluids have been formulated by adding various polymers (Na - 
polyacrylates) to the saponite/sepiolite mixture. These formulations display 
excellent rheology and filtration control at elevated temperatures which will 
enhance performance in geothermal drilling. The properties of these fluids 
can be adjusted by controlling the relative concentrations of these 

constituents. 
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EXECUTIVE SUMMARY 

A systematic investigation of water-based drilling fluids composed of 

saponite and a saponite-sepiolite mixture have been carried out under 

conditions prevailing in geothermal environments. The rheological behavior 

and other mud properties necessary to maintain optimum performance during 

rotary drilling have been evaluated at high temperatures and pressures in 

chemically complex environments similar to those in geothermal wells. The 

appropriate slurries have been prepared at 6 and 8% concentrations, which 

I 

re comparable to fluids used under re stic field conditions (not counting drill 
solids and weightin 

concentrations t 
various organic mud ad 

- (high- and low- molecul 

ntered formation salts 

rotational-type concentric viscom 
properties such as plastic vis 

with the rheological and filtrat 

these investigations are summarized below. 



oontte-Based Fluids 
I. The properties of 6% saponite fluids are summarized in Table 1. 

Viscosity profiles of saponite-based fluids exhibit an anomalous enhancement 

between 200 and 450*F, and their maxima increase with subsequent levels of 

autoclaving, In fact, the fluid autoclaved at 600*F reaches a maximum 
viscosity of 165 cp at 425QF. Saponite has extremely good fluid loss 
properties (low). The APl filtrate remains relatively stable at 8 mV30 min for all 
temperatures, and the Itrate ranges from 36 mIB0 min for the unauto- 

claved fluid to 2 

* 

y reduces the viscosity of saponite 
ly eliminates the vis 

I of the saponite flu 
fluid autoclaved at 4OOQF. The presence of the K+ ion see 
face-to-face association of clay particles, which reduces the exposed surface 

area and subsequently reduce cosity. As determined by x-ray diffraction, 
saponite remains stable up to ncluding the fluid autoclaved at 500QF. 
Saponite does begin to breakdown in the fluid autoclaved at 6OOQF, whereas 
Wyoming bentonite was found to be unstable in the presence of KOH at high 
temperatures. The main mineral component in bentonite fluids was a 
K-feldspar (sanidine) that forms at the expense of smectite and is rheologically 

inert. In the saponite flui nly a small amount of tremolite, a fibrous 

amphibole, was found at 

bentonite have very high fluid losses in the presence of potassium, the K-ion 

has a more detrimental effect on Wyoming bentonite. 

3. The addition of 1 % Na2C03 has a less dramatic affect upon the fluid 

QF. Although both saponite an 

properties of saponite as compared with Wyoming bentonite. Montmorillonite 

(main component of Wyoming bentonite) readily dissolves and leads to the 



w 



precipitation of albite (a Na-plagioclase) at high temperatures. The saponite 
system remains relatively stable in the presence of soda ash at all 
temperature levels as compared to Wyoming bentonite. Only small amounts 
of tremolite forms in the saponite fluid. The fluid loss properties of saponite 
are also much better than Wyoming bentonite in the presence of the Na2CO3. 

favorable effect on the rheological and filtration properties of the sap 
as was the case for Wyoming bentonite fluids. 

polymer completely eliminates the viscosity anomaly of saponite fluids. The 

4. The addition of polymers (Na-polyacrylates or K-polyacrylates) has a 

Low molecular weimlvmer (900-1.4001; The low mol 

fluid system thins with increasing temperatures as measured with the Fann 
50C viscometer. The saponite system is slightly thinner than Wyoming 
bentonite at all temperatures. The filtration properties of the fluid have been 
improved by the addition of low molecular weight polymer. 

weight polymer is an extremely long molecular chain that initially increases 
fluid viscosity. Similar to the low molecular weight polymer system, high 
molecular weight polymer also eliminates the viscosity anomaly of saponite at 

mh molecular weighjplvmer (750.000-1 .OOo.OOO~ . : The high molecular 

high temperatures. In fact, it displays a general thinning with temperature (as 
measured with the Fann 50C) which is highly favorable under realistic field 
conditions. Furthermore, saponite exhibits extremely good filtration control in 
its presence. Wyoming bentonite, on the other hand, becomes a gel at room 
temperature. The fluids autoclaved at 300 and 4OOpF also thin with tempera- 
ture, but experience an increase in viscosity above 400*F (measured with 
Fann 50C). The filtration control of Wyoming bentonite is also improved by the 
addition of high molecular weight polymer. 

The use of saponite as the main fluid viscosifier in high temperature 
drilling fluids has the following advantages over Wyoming bentonite: (a) in all 



cases, saponite has better filtration control than Wyoming bentonite, (b) 
saponite remains stable at high temperatures in the presence of 
contaminants, whereas Wyoming bentonite is rather unstable and leads to the 
precipitation of new mineral phases in large amounts, which are inert toward 
fluid properties, and (c) the a ion of Na-polyacrylates has a more favorable 
affect upon the properties of mite than Wyoming bentonite. 

c 

Sapon ite-Sepiolite Based Drillina Flu ids 
Fluids containing a 1 :1 mixture of saponite and sepiolite have been 

evaluated in the high temperature regime. The properties of these fluids are 
summarized in Table 11, and they are briefly described below. 

1. Sepiolite is a clay mineral with a chemical composition similar to 
saponite, however, it has a non-swelling structure, a fibrous morphology and 
does not carry an excess layer charge. Therefore, the addition of sepiolite to 
the saponite system modifies the anomalous viscosity enhancement at 
elevated temperatures. . Sepiolite h a s  intercrystalline channels within its 
structure, therefore as expected, the API and HP-HT fluid losses are higher 
than the pure saponite system. Sepiolite has a relatively delicate structure 

I and readily converts to smectite under hydrothermal conditions at elevatod 
temperatures. Therefore, as sepiolite is converted to smectite, the filtration 
control properties and the rheology of the fluids improves considerably. 

r 

1 

I 

Salts and hydroxides of calcium are extremely detrimental to mud 

properties of saponite-sepiolite fluids. In fact, the addition of 1 % CaC12 

reduces the viscosity below 4 cp at all temperature levels in the laminar flow 
gime. Other rheological properties (plastic viscosity, yield point, and gel 



TABLE II 
SIGNIFICANT PROPERTIES OF THE FLUIDS CONTAINING 6% SAPONITE-SEPIOLITE AND 1% ADDITIVES 

, 

New Vis (cp) Gel Strength Fluid losses 
FluidComp. Temp. pH AV PV YP 10sec 10min API HP-HT CEC Minerals* 

Saponite- 70 9.1 
Sepiolite 300 8.0 

400 8.0 
500 8.1 
600 8.3 

Saponite- 70 7.5 
Sepiolite/ 300 6.9 
CaCI, 400 6.8 

500 6.7 
do0 7.0 

Saponite- 70 12.3 
‘ O I  Sepiolite/ 300 11.3 

Ca(OH), 400 10.0 
500 9.6 
600 9.3 

Saponite- 
Sepiolite/ 
KCI 

Saponite- 
Sepiolite/ 
KOH 

70 8.4 
300 7.4 
400 7.5 
500 7.5 
600 7.7 

70 12.7 
300 12.3 
400 11.7 
500 10.9 
600 10.4 

27 
10 
12 
25 
28 

7 
4 
4 
2 
2 

6 
10 
2 
2 
2 

26 
9 

10 
12 
6 

5 
3 
5 
3 
3 

5 44 36 47 18 90 49 
5 10 10 15 16 76 76 

10 3 3 11 16 56 71 
13 23 17 29 14 48 79 
10 35 13 30 15 40 63 

2 9 5 7 72 ** 38 
2 3 3 10 114 ** 45 
2 3 3 7 102 ** 60 
1 2 1 1 170 ** 57 

** 49 1 1 .5 1 -- 
2 7 3 4 
3 14 10 13 
1 1 .5 1 
2 0 .5 .5 
1 1 .5 .5 

7 38 23 30 
3 11 14 38 
4 12 14 40 
4 16 19 46 
2 7 7 17 

208 ** 23 
154 ** 42 
136 ** 52 
96 ** 49 
-- 180 40 

54 194 46 
62 204 51 
52 138 66 
40 144 64 
56 182 55 

2 5 6 10 43 
2 2 .5 2 51 
4 2 .5 12 49 
3 0 .5 1 42 ** 48 
3 0 .5 1 86 ** 24 

----- 
Smectite 
Smectite 
Smectite 
Smectite 

----- 
Smec, Cal 
Smec, Cal 
Smectite 
Smectite 

Calci 
Smec, Cat 
Smec,Tober,Cal 
Smectite 
Smectite 

---- 
Smectite 
Smectite 
Smectite 
Tremolite 

Smect i te 
Smectite 
Smec,l/S,Feld 

* New mineral phases formed in the fluid: Smec: smectite formed from sepiolite, Cal: calcite, Tober: tobermorite, 
I/S: illite/smectite mixed layers, Feld: feldspars, Trem: tremolite. 

** The fluid loss i s  extermely high (>250 m1/30 min), and blowout occurs. 

I , 



TABLE II. CONTINUED 

Vis (cp) Gel Strength Fluid Losses New 
FluidComp. Temp. pH AV PV YP 10sec 10min API HP-HT CEC Minerals* 

Saponite- 70 7.5 7 
Sepiolite/ 300 7.8 6 
Lignite 400 7.4 16 

500 7.3 14 
600 7.8 6 

7.4 5 
7.3 7 

400 ' 7.4 17 
fonate 500 7,6 19 

600 7.6 57 

70 8.7 21 
Sepiolite/ 300 7.4 8 

400 7.3 10 
500 7.4 15 
600 7.6 8 

Saponite- 
Sepiolite/ 
Na,CO, 

Saponite- 
Sepiolite/ 
NaOH 

70 10.5 11 
300 9.8 10 
400 9.7 16 
500 9.6 19 
600 9.8 64 

70 12.8 6 
300 12.6 10 
400 12.3 21 
500 11.5 24 
600 10.8 77 

3 
3 
8 
9 
6 

4 
4 

12 
12 
25 

4 
3 
5 
4 
3 

2 
7 
9 
9 

18 

2 
4 
9 

11 
22 

8 
5 

16 
7 
1 

2 
5 
9 

13 
63 

34 
5 
9 

21 
13 

17 
6 

11 
17 
92 

8 
12 
24 
26 

109 

13 27 
6 15 

22 70 
8 17 

.5 3 

.5 8 
3 15 
9 35 

14 35 
48 88 

21 30 
10 33 
9 24 

19 48 
10 28 

23 40 
5 35 
8 47 

11 43 
36 36 

7 10 
11 21 
11 28 
11 15 
50 50 

37 
42 
48 
37 
$8 

11 
21 
14 
15 
26 

40 
70 
36 
31 
40 

30 
32 
25 
23 
52 

47 
37 
38 
42 
47 

144 
138 
1 26 
100 
114 

48 
76 
79 
54 
58 

158 
194 
124 
92 

104 

114 
72 
72 
78 

156 

** 
108 
104 
150 ** 

49 
46 
43 
42 
38 

50 
43 
55 
54 
52 

--- 
Smectite 
Smectite 
Smectite 
Smectite 

Smectite 
Smectite 
Smectite 
Smectite 

48 
52 
57 
62 
54 

44 
49 
53 
43 
28 

Smectite 
Smectite 
Smectite 
Smectite 

Smectite 
Smec, Cal 
Smec,Al b,Cal 
Smec,Trem 

49 - 
70 Smectite 
70 Smectite 
43 Smec,Feld 
27 Smec,Trem 



TABLE 11. CONTINUED 

Vis (cp) Gel Strength Fluid Losses New 
FluidComp. Temp. pH AV PV YP 10sec 10min API HP-HT CEC Minerals 

50 59 -e--- 

35 61 ----- 
Saponite- 70 9.3 4 3 1 .5 1 7 
Sepiolite/ 300 8.9 5 4 1 .5 1 5 
L.M.W. P. 400 8.7 7 7 1 .5 1 6 34 69 Smectite 

, 
8XSaponite- 70 9.4 5 5 0 .5 1 4 36 59 - 

25 62 - Sepiolite/ 300 8.9 8 7 2 1 1 5 

Saponite- 70 8.3 48 35 26 4 7 5 

400 8.4 30 22 16 3 5 5 30 66 Smectite L. M .W. P. 

32 66 ---- 
Sepiolite/ 300 8.7 12 10 3 1 2 4 22 66 ---- 
H.M.W.P. 400 8.4 13 11 3 1 2 5 30 78 Smectite 

500 8.2 40 30 20 4 10 6 30 84 Srnectite 

16 73 ---- 
Sepiolite/ 300 8.8 28 25 5 5 9 3 16 70 ----- 
8’YoSaponite- 70 9.2 65 44 41 8 15 4 

H.M.W.P. 400 8.7 28 21 13 4 12 3 24 69 Smectite 
8.4 67 41 52 13 31 4 22 77 Smectite 500 



strength) and filtration control are also extremely poor in the presence of 
Ca-ions. As the Ca-io 

. cation), it promotes st 
formation off 

control. 

incorporated into the clay structure (i.e., interlayer 
er bonding between smectite layers, leading to the . 

mode of aggregation reduces surface area and 
* dispersion of , in turn, reduces fluid and filtration 

assium hydroxide also has 
nite-sepiolite slurries, and 
. The addition of KCI has 

peratures, and for the most part, eliminates or 
alous enhancement present in the pure 

em. Similar to the saponite/KOH system, the saponite- 
is relatively thin in viscosity at all temperatures. Only the 
*F experiences a noticeable viscosity enhancement. At 

promote the conversion of saponite 
igher temperatures (500 and 600*F), the presence of the K-ion in the 

olite/ KOH system seems 
ite mixed-layers, and K-feldspar. The precipitation of inert 

phases are responsible fort 
alts and hydroxide 

poor fluid properties. 
f sodium are less detrimental to the fluid 

i 
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temperature for the fluids autoclaved at 6OOQF. The saponite-sepiolite system 

offers a more stable fluid viscosity with increasing tem 

with the Fann 50C) than th 

With exception of the sapo 

other rheological properties are also more favorable than in the p 
system. 

ponite system in th 

iolite / Na2C03 fluid auto 

Lianik: The addition of lig 

properties of saponite-s 
viscosity enhancement 
remain below 17 cp throughout the appropriate temperatu 
contrary to the popular belief of practical field applications, the addition of 
lignite does not improve filtration control. Due to the evolution 

this system experiences a higher fluid loss than the pu 
system. It is apparent that lignite has affected the dispersion of clay particles. 
This can be implied from the existence of low surf ace a 

Lianosu . Ifonate: The addition of lignosulfonate complete1 

viscosity maxima for the unautoclaved and fluid autoclaved at 3OOQF. The 

saponite-sepiolite fluids display rather low viscosities up t 

increasingly viscous with high temperatures. It appears th 

begins to decompose at and above 4OOQF. Filtration contro 

lignite system, but still exhibits higher fluid losses than pu 

The fluid is slightly above neutral with a pH ranging from 

minerals do not undergo any major reaction 

etter than with be 

ponite-se piolite 

SPA Dolvmers with low molecular weiaht (900 -1.40Q): The addition of low 

molecular weight polymer completely eliminates the viscosity anomaly of 

10 



saponite-sepiolite fluids. Filtration control is improved considerably. Low 

molecular weight polymer inhibits the conversion of sepiolite to smectite at 

300*F; however, it compose above temperature. Therefore, 
as the polymer be decompose, sepiolite starts to convert into smectite 
which improves fluid loss properties. 

molecular weight polymers 
saponite-sepiolite fluids 
upon filtration control. 

conversion of sepiolite to smectite at 3OOpF, but begins to decompose above 

I 

S s ) :  High 

e a favorable effect 
t polymer also inhibits the 

to the saponite system offer the following 

advantages: (a) it modifies the anomalous viscosity enhancement of the pure 

saponite system at elevated temperatures, and (b) the addition of sepiolite 

sence of common salt 

ponite - sepiolite fluids lead 

tilling. These new fluids 

the main viscosifier, various 

ers (Na-polyacrylates) and 

weighting material (barite). The fluids are formulated as indicated below, and 

their properties are summarized in Table 111. 

Fluid A: 
25 Ibs/bbl Saponite-Sepiolite 
5 Ibshbl High molecular weight polymer 
1 Ibshbl Low molecular weight polymer 



Fluid B: 
25 Ibshbl Saponite-Sepiofite 
5 Ibs/bbl High molecular weight polymer 
1 Ibshbl Low molecular weight polymer 
12 Ibdgal (weighted with barite) 

5 Ibshbl High molecular weight polymer 
1 Ibshbl Low molecular weight polymer 
14 Ibs/gal (weighted with barite) 

Fluid D: 
25 Ibs/bbl Saponite-Sepiolite 
5 Ibshbl High molecular weight polymer 
2 Ibshbl Low molecular weight polymer 
14 Ibs/gal (weighted with barite) 

Fluid E: 
25 Ibshbl Saponite-Sepiolite 
5 Ibshbl High molecular weight polymer 
3 Ibsbbl Low molecular weight polymer 
16 Ibs/bbl (weighted with barite) 

These fluids maintain favorable rheological properties in the temperature 
range of 7O-60OQF and may be adjusted in order to obtain desirable values by 

varying the relative clay concentrations (saponite-sepiolite). These muds 

exhibit exceptional fluid loss properties at all temperature levels. 

. 

12 



SIGNIFICANT PROPERTIES OF THE FORMULATED FLUIDS 



I NTROD UCTlON 

Drilling geothermal or deep oil and gas wells requires special drilling fluids 

that must remain stable at high temperatures in chemically complex 

environments. Conventional drilling fluids lack the stability necessary to maintain 

optimum performance under such adverse conditions. Therefore, the search for 

drilling fluids with properties suitable to maintain down-hole conditions in an 

extreme environment is ongoing process. Drilling fluids based on fibrous 

clays such as sepiolite have been found by Carney and Meyer (1 976), and 
Guven et al. (1 982) to be promising fluids for geothermal drilling. Our preliminary 

investigations have shown that saponite also has the potential to perform in the 

high temperature regime. Saponite (a 2:l layered trioctahedral smectite) 
represents the magnesium analog of montmorillonite, the main constituent in 

conventional drilling fluids. 

saponite - sepiolite mixture. These fluid systems have been exposed to a 
simulated hydrothermal environment in the temperature range of 300 - 6OOQ F 

(1 49 - 31 6*C) under the appropriate confining pressures up to 16,000 psi. The 
effects of commonly encountered formation salts and hydroxides such as of Na, 
Ca, and K, along with organic compounds (lignite and lignosulfate), and various 
polymers (Na- polyacrylates derived from the polymerization of acrylic acid) have 
also been studied. 

The purpose of this study is to perform a systematic investigation of the 

Two separate fluid systems have been investigated: (1) saponite and (2) a 

rheological properties of certain water-based drilling fluids at high temperatures 

and pressures. Subsequent changes in fluid properties will be correlated with 

the precipitation of new mineral phases, structural and morphological features of 

clay minerals and with a change in the mode of aggregation. The rheological 

properties have been tested by means of a Fann 50C and Fann 35A rotational 

viscometers. The characterization of solid particles in these fluids has been 

14 
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, 

METHODS OF INVESTIGATION 

Clay-based drilling fluid 

mixture have been prep 

The appropriate clay we 

Beach blender and allowed to hydrate overnight in order to permit the clay to 

reach optimum dispersion. The fluids were autoclaved in the temperature 

range of 30O-60OQF under the appropriate confining pressures up to 16,000 

psi. After autoclaving, the rheological and filtration properties of the fluids 
were tested by means of a Fann 50C high pressure-high temperature 

viscometer, Fann 35A viscometer, Baroid high pressure-high temperature 
(HP-HT) filter press, and Baroid standard (API) filter press. Subsequent fluid 

. 

systems containing 1 % concentrations of salts and hydroxides of Na, K,and 
Ca, organic compounds (lignite and lignosulfonate), and various polymers 
(Na-polyacrylates or K-polyacrylates for low sodium systems) were also tested 
by the above procedure. The specifics of these experiments are described in 
the following: 

TemDerature-Hiah Pressure Autoclave 
The autoclave was designed and manufactured by Autoclave Engineers, 

Erie, Pennsylvania. The cell itself has a sample capacity of 800 ml and is 
capable of reaching 1 ,OOOQ F and 17,500 psi. The autoclave uses Autoclave 
Engineers self-suppotted closure metal seals, which press the seal ring 

against the autoclave body. Slight variation of the angles between contact 

surfaces of the seal ring and body results in a line contact between the two 
surfaces. The cell was used for static heating of clay slurries at high 

temperatures (30O-60OQF) under the appropriate confining pressures up to 

16,000 psi. Pressure is initially produced by a Haskel air driven liquid pump, 

model #DHW 300. The temperature is maintained by an Autoclave Engineers 

temperature controller which consists of a Barber-Colman, Model 520 analog 

16 



and digital set point controllers. Temperature and pressure are monitored 

and recorded automatically by a Barber-Colma ingle pen strip chart 

b recorder in degrees Fahrenheit and pounds per square inch, respectively. 

r 

cooled to room'tem 

viscometer. This 

that has a rotational speed of 0-600 RPM. The viscosity is calibrated by 
shearing a thin film of fluid between concentric cylinders, as the outer cylinder 

I 



room temperature and atmospheric pressure. The Fann 35A is operated by a 
two-speed, 11 0 volt synchronous motor, which enables it to operate at six 

The plastic viscosity and 
two direct dial readings; 
and Roper (1 954) have 

between the dial readin 

600 RPM and the other at 300 RPM, Savins 
the plastic viscosity is the difference 

calculated by subtracting the plastic viscosity fro 

ing. The following equations give plastic viscosity i 

The apparent viscosity (shear stress divided by shear rate) is calculated 

300 RPM 

point in pounds per 100 square feet. 

when the following information is known: 

1 dial unit = 5.1 1 dynedcm2 (shear stress) 

1 RPM = 1.7033 s e d  

centipoise per unit per RPM 
Therefore, the following equations apply: 

Because the standard method of measuring apparent viscosity is at a 600 

Apparent viscosity = 300 x units read at RPM+RPM 

RPM rotation, the equation may be simplified to: 

In order to fully comprehend these calculations, it is appropriate to discuss 
some basic drilling fluid-flow properties. 

point that will induce a unit rate of shear (Magcobar, 
that part of flow resistance caused by mechanical friction which occurs: (1) 

between the solids in the mud, (2) between the solids and the liquid that 
surrounds them, and (3) with the shearing of the liquid it 
practical purposes, plastic viscosity depends on the concentration of mud 
solids. 

Apparent viscosity = units read at 600 RPM+2 

18 
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Yield a: Yield point is the second component of resistance to flow in a 
drilling fluid. It is a measurement of the electro-chemical or attractive forces in 
a fluid under flow conditions. These forces are a result of negative and 

ed on or near the particle surfaces, and are dependent 
- 
I on: (1) the surface properties of the mud solids, (2) volume concentration of 

the solids, and (3) the electro-chemical environment of these solids, 
particularly the concentration and type of ions present. Yield point may be 
regulated by the use of chemical additives. Therefore, it dictates the nature 
and degree of treatment necessary to maintain a desirable fluid viscosity 
(Magcobar, 1972). 

Gel strenath:' Gel strength is a measurement of the thixotropic properties 
of a drilling fluid under static or non-flow conditions. Similar to yield point, gel 
strength is a measure of the electro-chernica ive forces between solid 
particles. Howeve el strength sho 

nt under flow conditio 
are a result of the flocculation forces of a thixotropic fluid, as yield point 
decreases, gel strength will generally decrease. 

Gel strengths are classified as two types; a strong (progressive) gel 

associated with thicker muds that are hard to break upon initial rotation, such 
as bentonites muds. rength will normally increase with stagnation time. 
On the other hand, w I strengths are associated with thin muds that are 

(1980), fragile gels are the 

a weak (fragile) gel strength. Strong gel strengths are typically 

initial rotation, and increase slightly with stagnation time 

p is rotated at 3 RPM and the maximum 
deflection of the dial is recorded. Gel strengths are recorded in pounds per 
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100 square feet. 

j3aroid Sta ndard Filter Press 

The Baroid Standard Filter Press, which determines API filtrate and cake 

ickness under static conditions, consists of a fluid cup supported by a frame, 

a filtering medium, and a pressurized nitrogen gas cylinder and regulator. A 

graduated cylinder is used to measure the discharged filtrate. 100 psi is 
applied to a column of fluid for 30 minutes, or until blowout occurs, upon which 

the filtrate is measured and recorded. The mud cake deposited on the filter 

paper is measured in thirty-seconds of an inch. 
Filtration properties o 

phase in the fluid to form 
though the cake thickness is related to filter loss, it is ultimately dependent on 
the concentration of solids in the mud and on the amount of water retained in 

the cake (Gray et al., 1980). Dynamic filtration is more important than static 
filtration, and unfortunately there is no relationship between the two. 

j3aroid Hiah Pressu re-Hiah TemDerature Filter Press 
This filter press is designed to simulate down-hole conditions at elevated 

temperatures and pressures (under static conditions). The unit consists of a 

filter cell equipped with a thermometer, heating jacket with ther 
pressure release to collect discharged filtrate, and a controlling pressure 
source. Mud is placed into the filter cell (with a fluid capacity of 250 ml) and 
heated to 3OOQF with an initial top pressure of 200 psi. At the appropriate 

temperature, the top pressure is increased to 600 psi and the b 

receiver is maintained at 100 psi. Filtrate is collected for 30 mi 
blow-out. In the latter case, the time and filtrate are recorded when blow-out 

occurred. Filter cake thickness is measured and reco 

an inch. 

lling muds determine the ability of the solid 
n impervious cake of filtered solids. Even 
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jjvdroaen lo n Concentrat ion f p u  

he fluids were 
made using a Fisher Accumet glass electrode pH meter, Model 620. 

Measurements of pH reflect the relative’chernical complexity of a particular 
environment, and in many cases are responsible for the dissolution and/or 
precipitation of new mineral phases. 

The hydrogen ion ahcentration (pH) measu 

n F x c h a n w i t v  CFCl 

Cation exchange capacity of the solid particles in the fluids was 
the methylene blue spot test according to the procedure 
evins and Weintritt (1 967). The CEC values were converted to 

m2/g by multiplying the CEC (meq/l00 g of clay) with 7.826. 
molecules are adsorbed as a monolayer which lies flat on the 

molecule to be 130 A? 
rindley (1970) calculated the surface area of the 

ship between CEC and surface area into 
consideration, both measurements reflect the surface area of the clays 
exposed at the solidhvater interface. These measurements reflect the 
dispersion of individual clay particles within the fluids. The aggregation of 
clay particles into a face-to-face arrangement will significantly reduce the 
exposed surface area and therefore the apparent CEC values. This mode of 
aggregation is associated with strong interlayer bonding, and is common in 
the presence of calcium or potassium ions. As a result, the solid/water 
interface is decreased, which in turn, decreases the exposed surface area of 
the clays and reduces fiuid rheology. 

I 

s-rav, Diffraction 
X-ray diffraction analysis was used to determine the mineral phases in the 

fluids before and after autoclaving at high temperatures. Excess salts and 
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hydroxides were washed off the solids by centrifugation and dialysis prior to 
x-ray diffraction and electron microscopy. Oriented clay slides were prepared 
and air-dried at room temperature and relative humidity of 40-50%. Each 
slide was x-rayed using a Philips Norelco diffractometer, which was operated 
at 4OkV and 20mA with Ni-filtered Cuk-alpha radiation at a scanning speed of 
two degrees per minute (2*/20). The same slides were saturated with 

ethylene glycol (C2H602) and x-rayed again. 

Electron Microscopy 

The clay particles in the fluids are examined with a 

microscope, which was operated at 1 OOkV potential. T 

features and chemical compo 

determined using TEM 
spectra are processed 

the electron microscope column. Both electron microsco 

dispersive x-ray spectral analysis of the samples were described in our 
previous report SAND #82-7037. 
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I. PROPERTIES AND RHEOLOGY OF SAPONITE 

FLUID AT HIGH TEMPERATURES 

Saponite has ly been discovered a possible alternative for 

water-based drillin 
Samples from three diffe 

ime (Guven et al., 1985). 

een selected for investi- 
sits in Nevada and the third from 
liminary investigation is to 

greatest potential to represent 
fluids. Based on these 

findings, the most promising saponite will be exposed to a variety of 
hydrothermal conditions. A detailed description of each saponlte is given as 

California saponite was obtained from 
the Source Clay Repository of the Clay Minerals Society (University of 
Columbia, Missouri), and its occ nce was described by Post (1 984). 

The bulk sample contains about 80-85% s ite with impurities of 
quartz, diopside, feldspars, tremolite, and carb s. Saponite has a basal 

interlayer cation. Upon 
x-ray diffraction pattern dis 
a mineral with high c 

with sodium as the predominant 
I spacing expands to 16.8A. The 

d may be as large as 
4.0 microns in size, Mg is ion and AI is the 

large surface areas (Figure 2). As expected from this 
predominant octahedral cation. 
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\ Figure 1. Typical smectite platelet demonstrating the high crystallinity of Califor- 
nia saponite; scale: 1 micron. 

Figure 2. Thin and crumbled films of saponite exposing large surface area; 
scale: 0.5 micron. 
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Nevada S aoonite AC -53. Saponite AC-53 (Figures 3 & 4 ) was obtained 
from pit AC-53 in Nevaba,’courtesy of Industriaf’fdheral Ventures, Inc. 

reflection of 13.9 to 14.8A, which suggests a non-uniform mixture of interlayer 
X-ray diffraction analysis indicates a saponite with a broad basal 

cations. Saponite comprises about 80% of the sample. A well crystallized 
illite (or mica) constitutes 10-1 5%, and minor amounts of quartz and calcite 
are the remaining impurities. 

microns in size. X-ray spectra indicate that Mg is the predominant octahedral 
cation. The AI content, however; is relatively higher than expected from 
saponite and is attributed to the presence of illite. Figure 4 displays a typical 
saponite aggregate which consists of crumbled thin films. Minute laths of illite 
(up to 0.5 microns) are intimately associated with these saponite aggregates. 
The identification of these laths as illite has been verified by the presence of 
high concentrations of K and AI in the x-ray spectra. 

Nevada SaDonite AB-9. Saponite AB-9 was also obtained from 

As seen in Figure 3, saponi urs 8s subrounded flakes about 0.5 

Industrial Mineral Ventures, Inc., and it is from another clay pit 

Nevada designated AB-9. 

present is saponite with a basal spacing of 14.OA. Saponite makes up 
approximately 80% of the sample. A fine grained illite (or mica) with good 
crystallinity and a s h  

i Illite makes up about 
remaining impurities 

Electron micros 
about 0.5 microns 
ratio is approximately 3.0, indicating that Mg is the m 

X-ray diffraction analysis indicates that the predominant clay mineral 

is the other major mineral component. 
ample. Carbonates and quartz are the 

at saponite occurs as flakes 
(Figure 5 and 6). The MgIAI 

25 



Figure 3. Typical saponite flake (0.5 micron) from Nevada with subrounded 
outlines; scale: 0.1 micron. 

f .. 

Figure 4. Saponite aggregate consisting of thin films and minu 
illite laths; scale: 0.5 micron. 
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1 

re 6. Saponite flake with dense inclusions of illite which display a platy 
phology; scale: 0.5 micron. 
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&'determined by electron microscopy, the main difference between 

California and Nevada saponites is the following: (1) Nevada saponites have 

minute inclusions of illite laths and platelets within the saponite matrix, and (2) 
California saponite displays rather high crystallinity, whereas Nevada 
saponites are poorly crystalline. 

Propert ies of the SaDon ites 
Bulk chemical analysis of the saponites are listed in Table 1. The 

chemical composition of sepiolite is also included in this table and will be 
referenced at a later time. Chemical data confirms the subtle differences that 
were revealed by electron microscopy. The aluminum content of California 
saponite is much lower than in the Nevada samples. Saponite AC-53 has the 
highest percentage of aluminum substitution within its structure. Finally, MgO 
steadily decreases from 27.1 8% in California saponite to 23.33% in saponite 
AC-53. Other significant differences between the structural and morphological 
features of these clays have also been revealed by electron microscopy. Cali- 
fornia saponite displays higher crystallinity with larger flakes, whereas, 

Nevada saponites contain incipient mica inclusions with higher potassium that 

may hinder swelling and dispersion of clay particles at high temperatures. 

Figure 7 displays the viscosity variations of the saponite fluids as obtained 

with a Fann 50C high temperature-high pressure viscometer. The viscosity 

profiles clearly illustrate that significant differences exist between the 

rheological properties of these fluids. Nevada saponites sh 

increase in viscosity above 150QF with a maximum of 36 centipoise (cp) at 

275QF for AC-53, and 28 cp at 325QF for AB-9. The viscosities of these fluids 

are acceptable at low temperatures up to 300*F, however, they become 

extremely thin above this temperature. Therefore, they do not exhibit much 

promise for the high temperature regime. In contrast to the Nevada saponites, 

California saponite shows a steady increase in viscosity with temperature and 
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TABLE 1 

PREVIOUSLY IGNITED (OXIDES IN WT%) 
POSITION OF CLAYS THAT WERE 

Nevada 

Sepioiite 
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reaches a maximum of 65 cp at 450QF (Figure 7). 

Filtration data of the saponites are given in Table 2. Once again, 
California saponite appears to be far superior, as Nevada saponites display 
extremely high filtrate losses. The pH values listed in Table 2 are moderately 
alkaline for all fluids. Cation exchange capacities of the clays are rather 
similar as well. 

The rheological and filtration properties of California saponite far exceed 
that of Nevada saponites. Therefore, California saponite exhibits the potential 
to be a promising constituent in high temperature drilling fluids. 

pure SaDon ite Fluids ~ 

The viscosity profiles of fluids containing 6% Calif ia saponite are given 
in Figure 8. The fluids show a steady increase in viscosity with increasing 
temperatures, and display an anomalous viscosity enhancement between 
25O-45OQF. The magnitude of this enhancement increases with subsequent 

levels of autoclaving. The fluid autoclaved at 6OOQF reaches a viscosity 

maximum of 165 cp at 425QF, as opposed to 81 cp at 425QF for the fluid 

autoclaved at 3OOQF and 62 cp at 475QF for the unautoclaved fluid (70QF). The 

viscosity drops steeply from 450-500QF in all of the autoclaved fluids (Figure 

8). Osmotic swelling of clay layers is one possible explanation for this 

anomalous viscosity enhancement. Another possible explanation is a 
Variation in the mode of aggregation of individual clay particles, or possibly a 

combination of both. 

Plastic viscosity remains rather stable at approximately 10 cp from 

7O-50OQF and increases to 21 cp after autoclaving at 6OOQF. Yield point and 

gel strength exhibit a proportional decrease from 70-500QF, however, they 

increase abruptly at 6OOQF (Table 3). Fluid loss and filter cake thickness 

values of the saponite fluids are extremely good at all temperatures. The API 

filtrate loss remains stable at 8 mV30 min for all fluids. The HP-HT filtration 

loss drops from 36 mV30 rnin for the unautoclaved fluid to 24 m1/30 rnin after 
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Figure 7. Viscosity profiles of various saponite fluids prepared at 6% 
concentrations. 



TABLE 2 
PROPERTIES OF VARIOUS SAPONITES PREPARED AT 6% CONCENTRATIONS 

Nevada Nevada California 

AB-9 Fluid Properties AC-53 

23.5 13 18 

4 3 7 

39 20 22 

Apparent Viscosity (centipoise) 

Plastic Viscosity (centipoise) 

Yield Point (lb/100 sq ft) 

Gel Strength (lb/100 sq ft) 34/42 24/32 22/28 
80 94 8 API Filtrate (m1/30 min) 

9/32 9/32 1 /32 Cake Thickness (inches) 

135 86 36 HP-HT Filtrate (m1/30 min) 

9/32 8/32 3/32 HP-HT Cake Thickness (inches) 

67 63 72 CEC (milliequivalents/l00 gms) 

524 493 563 Surface Area (m2/g) 

PH 8.7 8.9 8.6 
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TABLE 3’ 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE 

Autoclaved at temperatures (OF) 

70 300 400 500 600 Fluid Properties 

18 18 18 15 46 Apparent Viscosity (centipoise) 

Plastic Viscosity (centipoise) 

Yield Point (lb/100 s q  ft) 
7 9 12 11 21 

22 17 11 8 49 

15/28 6/14 2/11 Gel Strength (lb/100 sq ft) 22/28 11 /21 

8 7 8 9 8 

1 /32 2/32 2/32 2/32 2/32 

36 22 38 20 24 

3/32 4/32 8/32 7/32 7/32 

72 68 81 78 76 

564 534 635 607 591 

API Filtrate (m1/30 min) 

Cake Thickness (inches) 

HP-HT Filtrate (mV30 min) 

HP-HT Cake Thickness (inches) 

CEC (milliequivalents/lOO gms) 

Surface Area (m2/g) 

PH 8.6 8.3 8.3 8.6 8.5 
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autoclaving at 6OOQF. This is amazingly different from the bentonite fluids. 
The CEC and pH values remain remarkably stable indicating that saponite 
has the potential of making an extremely good high temperature drilling fluid. 

Preliminary x-ray diffraction analysis indicates that saponite has a basal 
spacing of 15.2A in the air-dried state and fully expands to 17.OA upon 
glycolation. Saponite retains strong and sharp basal reflections even in fluid 
autoclaved at 6OOpF, indicating that saponite remains stable at high 
temperatures. 

The dissolution of impurities such as carbonates seems to provide free 

Ca2+ and Mg2+ in solution. These ions are incorporated into the interlayer 
structure of saponite and give rise to the formation of two distinct peaks at 15.0 

and 12.7A in the fluid autoclaved at 6OOQF. There appears to be a 
heterogenous mixture of water-cation complexes. A minor reflection at 33.2A 

indicates the presence of Ca-, Mg- and/or Na-smectite mixed-layers. High 

temperatures seem to promote the 

silicates. 

rred orientation of these layer - 

aDonite/KOH Fluids 

The viscosity profiles of 6% saponitell% KOH are rather thin at all 
temperatures (Figure 9). Only the fluid autoclaved at 400*F shows no 

i 

c 

appreciable viscosity enhancement. However, it also remains below 10 cp as 
h the Fann 50C. Other rheological properties are given in Table 
autoclaved at 300, 500, and 600*F show extremely low yield 

points and gel strengths. The filtration control of saponite is rather poor in the 
presence of KOH. The mo 

at and above 5OOQF. The 
face-to-face association o 
The pH remains highly alkaline at all temperatures (12.5 to 12.8). 

Saponite remains stable with a basal spacing of 12.3A up to and 

including the fluid autoclaved at 5OOQF, which is considerably different than 

s in the fluids autoclaved 

s to promote a 
ch leads to a decrease in CEC. 
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Figure 9. Viscosity profiles of 6%saponite/l% KOH fluids autoclaved at various 
temperatures. 
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TABLE 4 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE/l% KOH 

Autoclaved at temperatures (OF) 

Fluid Properties 70 300 400 500 600 

Apparent Viscosity {centipoise) 3 9 4 3 

Plastic Viscosity (centipoise) 2 3 4 3 

3 1 3 1  b 0 

3/4 1 /3 6/8 .5/.5 .5/.5 

API Filtrate (m1/30 min) 36 37 39 90 168 
Cake Thickness (inches) 

HP-HT Filtrate (mV30 min)* 

HP-HT Cake Thickness (inches) 

CEC (milliequivalents/lOO gms) 
Surface Area (m2/g) 

until blowout is 



with bentonite/KOH fluids. The basal spacing expands to 16.5A upon 

glycolation. Saponite begins to breakdown in the fluid autoclaved at 6OOQF. 
The intensity of the primary basal reflection has been reduced considerably. 

This basal spacing ranges from 12.2 to 10.9A. The latter of which suggests 

the partial dehydration of the interlayer structure. There are no major mineral 

reactions in these fluids, except the formation of tremolite in small amounts at 

6OOpF. 

Sapo ni t e/N 62% Fluids 

The addition of Na2C03 has significantly reduced the anomalous 

viscosity enhancement pres in the pure saponite system (Figure 10). In 
fact, the viscosity remains b een 3 and 13.5 cp at all temperatures. Other 
fluid properties are given in Table 5. The API fluid loss is rather stable up to 
400*F and ranges between 12 and 26 mV30 min; however, it shows a 
dramatic increase to 54 and 100 m1/30 min at 500 and 600*F, respectively. 
Similarly, HP-HT fluid loss increases at 500 and 6OOQF. CEC displays a 
pattern similar to fluid loss as it shows a considerable drop at and above 

5OOQF. This seems to imply that the presence of Na2C03 has affected the 

mode of aggregation of individual clay particles at high temperatures, which 
has decreased surface area, and consequently, decreased fluid properties. 

temperatures and does not undergo any major mineral reactions. Contrary to 

the high temperature mineral reactions of bentonite/Na2C03 fluids. The basal 

spacing remains stable at 12.2A up to and including 500*F, indicating one 

molecular layer of water. At 600*F, however, the basal spacing ranges from 

12.4 to 14.3A, which suggests a heterogenous mixture of one and two 
molecular layers of water. In addition, small amounts of tremolite also form at 

6OO9F. 

X-ray diffraction indicates that saponite remains stable at high 
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Figure 10. Viscosity profiles of 6% saponite/l% Na,CO, fluids autoclaved at 
various temperatures. 
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TABLE 5 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE/l% Na,CO, 

Autoclaved at temperatures (OF) 

Fluid Properties 70 300 400 500 600 

Apparent Viscosity (centipoise) 5 7 9 6 7 

Yield Point (lb/100 s q  ft) 3 5 11 1 2 

7/11 319 6/8 1 /1 1 /2 

18 17 26 54 100 

Plastic Viscosity (centipoise) 3 4 3 5 6 

Gel Strength (lb/100 s q  ft) 

API Filtrate (m1/30 min) 

Cake Thickness (inches) 

HP-HT Filtrate (m1/30 min) 

HP-HT Cake Thickness (inches) 

CEC (milliequivalents/lOO gms) 79 74 72 56 36 
618 579 563 438 282 Surface Area (m*/g) 

2/32 2/32 4/32 6/32 8/32 

62 58 66 72 130 

6/32 6/32 8/32 7/32 8/32 

\ 

PH 10.7 10.5 10.4 10.0 10.0 
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Sapon ite/Hiah Mo lecular Weiaht Po lvmer Fluids 
Rheological properties of this fluid system are summarized in Figure 11 

and Table 6. The addition of 1% high molecular weight polymer completely 
\eliminates the anomalous viscosity enhancement of pure saponite fluids. 
Subsequent levels of autoclaving decrease the initial viscosity of this fluid 

system up to and including the fluid autoclaved at 4OOQF. The 
at 5OOQF, however, exhibits a slight increase in rheological properties as seen 
in Figure 11 and Table 6. The filtration control of these fluids is extremely 
good at all temperatures. The CEC and pH values indicate that the polymer 
begins to breakdown above 400*F. 

X-ray diffraction analysis indicates a smectite with a basal spacing that 

ranges from 14.5 to 12.5A before autoclaving. After autoclaving at 300 and 

4OOQF, the basal spacing range contracts to a 12.5A peak. Finally, at 5OOQF 

the basal spacing e to 14.8A. This variation in basal spacin 

that saponite has different hydration states in the presence of high 

weight polymer. There are no mineral reactions present in these fl 

Sapon ite/Lo w Molecular Weiaht Polvmer Fluids 

affects upon the fluid properties of saponite. Similar to the high molecular 

weight polymer system, low molecular weight polymer completely eliminates 

the viscosity enhancement at vated temperatures (Figure 12). Therefore, it 
is used primarily as a thinning deflocculating agent. Other fluid properties 

HP-HT fluid losses have been improved 

The addition of 1% low molecular weight polymer has rather favorable 

he fluid pH remains 

0 and 4OOQF, respectively. 

The basal spacing remains stable at 12.4A and expands to 16.8A upon 
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Figure 11. Viscosity profiles of 6% saponitell% high molecular weight polymer 
fluids autoclaved at various temperatures. 
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TABLE 6 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE/l% HIGH MOLECULAR WEIGHT POLYMER 

Fluid Properties 

Autoclaved at temperatures (OF), 

70 300 400 500 

Apparent Viscosity (centipoise) 62 26 18 47 

Plastic Viscosity (centipoise) 42 . 20 14 28 

Yield Point (lb/100 s q  ft) 39 11 7 38 

Gel Strength (lb/100 sq ft) 8/14 5/6 5/5 619 

API Filtrate (mV30 min) 4 3 4 

Cake Thickness (inches) 1 /32 1 /32 1/32 1/32 

HP-HT Filtrate (m1/30 min) 18 18 26 18 

HP-HT Cake Thickness (inches) 2/32 2/32 2/32 2/32 

CEC (milliequivalents/lOO gms) 99 97 99 72 

Surface Area (m2/g) 759 775 571 

PH 8.7 8.8 9.1 
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Figure 12. Viscosity profiles of 6% saponite/l% low molecular weight polymer 
fluids autoclaved at various temperatures. 
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TABLE 7 
ROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE/l% LOW MOLECULAR WEIGHT POLYMER 

Autoclaved at temperatures (OF) 

Apparent Viscosity (c 10 10 

Plastic Viscosity (cent 8 9 

Yield Point (lb/l00 sq ft) 2 2 

Gel Strength (lb/lOO sq ft) 2/3 1 /2 

API Filtrate (m1/30 min) 6 4 4 

Cake Thickness (inches) 1/32 , 1/32 4 /32 
HP-HT Filtrate (m1/30 min 30 24 28 

HP-HT Cake Thickness (i 2/32 2/32 2/32 
CEC (milliequivalents/l~ gms) 79 79 75 
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II .  PROPERTIES AND RHEOLOGY OF SAPONITE - SEPlOLlTE FLUIDS AT 
HIGH TEMPERATURES 

a Matend 

Sepiolite that was used in this investigation is from the Aschenbrenner deposit, 

Nye County, Nevada. It was provided by Industrial Mineral Ventures Company, 
Golden, Colorado. 

The bulk chemical analysis of sepiolite is given in Table 1. Preliminary x-ray 
diffraction analysis indicates that sepiolite has a basal spacing of 12.1 A. Sepiolite 
particles occur either as individual fibers up to 2.0 microns in length and 200-300A in 
width, or as birdnest-type aggregates of fibers as revealed by electron microscopy 
(Figure 13a). Quartz, feldspar, carbonates and illite are the common impurities found 
in the bulk sample. 

Saponite used in this study is from Ballarat, California. A thorough account of its 
mineralogy has already been given. 

A 1 :1 ratio of saponite-sepiolite based drilling fluids has been autoclaved at 

temperatures from 300 to 600*F with the respective additives, and by procedures 

already discussed. A systematic examination of the rheology and changes in 

mineral components are described in the following. 

Saponite - Sepiolite Fluids 

are given in Figure 13b. The unautoclaved fluid has a viscosity profile somewhat 

The viscosity profiles of 6% saponite-sepiolite fluids before and after autoclaving 

different from that of pure saponite. This fluid has an initial viscosity of 30.5 cp at 

75*F compared to 19.9 cp for the pure saponite fluid at 75*F. Furthermore, saponite- 

sepiolite displays two distinct but minor viscosity enhancements; at 225*F and 375*F 

with a corresponding viscosity of 41.9 cp and 43.3 cp, respectively. After 

autoclaving saponite-sepiolite to 300*F, its viscosity profile is significantly different 

than pure saponite at the same temperature. This fluid has a broad viscosity 
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Figure 13a. Sepiolite fibers in the starting clay; scale: 1.0 micron. 

Figure 13c. Smectite (stevensite variety) formed from the sepiolite in the sepio- 
lite fluid at 400OF; scale: 1.0 micron. 

48 



enhancement which reaches a maximum of 22.5 cp at 250QF. The fluid autoclaved 
at 4OOQF begins to Illustrate a characteristic saponite profile, but on a much reduced 
scale. It is apparent in the fluids autoclaved at 500 and 6OOpF that smectite is the 
main clay component, as the viscosity profiles are analogous to that of pure saponite. 
However, the fluid autoclaved at 6OOQF only reaches a maximum of 75.9 cp at 425*F 
compared to 165.0 cp at 425* F for pure saponite. The addition of sepiolite to the 
saponite system, therefore, gives a viscosity enhancement to the fiuid at elevated 
temperatures. This appears to result from the conversion of the fibrous sepiolite to a 

smectite, stevensite, with film morphology. A typical st ensite that was formed 
in the fluid is illustrated in Figure 13c. The transformation mechanism of this reaction 
was described by Guven et al., (1982). Although the conversion begins at 300*F, the 
reaction rate increases rapidJy with higher temperatures. 

The rest of the fluid data obtained with the Fann 35A viscometer, API and HP-HT 
filter presses are given in Table 8. Values for gel strengths, apparent and plastic 
viscosity decrease initially from the unautoclaved fluid (7O*F) to the fluid autoclaved 
at 300*F. However, above this temperature range values generally increase. This 
appears10 result from the gradual transition of fibrous sepiolite into thin films of 
smectite with increasing temperatures. The newly formed smectite films have a 
greater resistance to flow (increasing the apparent visco 

I 

I 

t increase in surface area (increasing the plastic viscosity). Similarly, t h e  

ic charges of smectite layers, in contrast to the neutral sepiolite fibers, 
contribute to the increase in yield point and gel strengths. Furthermore, the 
conversion of sepiolite to smectite results in a considerable improvement in filtration 
properties. This can  be seen by a significant drop in fluid loss from 90 mu30 min for 
the unautoclaved fluid to 40 ml/ 30 min for the fluid autoclaved at 600*F. The CEC 
increases from 49 to 79 meq/l00 grams from 70 to 500*F, respectively, indicating an 
increase in surface area. However, CEC drops to 62.9 meq/l00 grams at 600*F, 
which suggests a change in the mode of aggregation or possibly a slight 

decomposition of clay particles. The fluid pH decreases with subsequent levels of 
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TABLE 8 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE-SEPIOLITE 

, 

Autoclaved at temperatures (OF) 

Fluid Properties 70 300 400 500 600 
~ 

Apparent Viscosity (centipoise) 27 10 12 25 28 
Plastic Viscosity (centipoise) 5 5 10 13 10 
Yield Point (lb/100 sq ft) 44 10 3 23 35 
Gel Strength (lb/100 sq ft) 36/47 10/15 3/11 17/29 13/30 
API Filtrate (mV30 min) 18 16 16 14 15 
Cake Thickness (inches) 2/32 3/32 2/32 3/32 3/32 
HP-HT Filtrate (m1/30 min) 90 76 56 48 40 
HP-HT Cake Thickness (inches) 8/32 11 132 8/32 9/32 8/32 
CEC (milliequivalents/lOO gms) 49 55 71 79 63 
Surface Area (m2/g) 385 430 553 620 492 

PH 9.1 8.0 8.0 8.3 
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autoclaving. This is in agreement with the reaction mechanism for the conversion of 

sepiolite to smectite as documented by Guven and Carney (1 979) and Guven et al. 

(1982). 

X-ray diffraction analysis shows that saponite and sepiolite reflections 

superimpose in the air-dried state, but resolve into their respective 16.7A and 12.1A 

basal spacings upon glycolation. The fluid autoclaved at 3OOQF shows an 

appreciable conversion of sepiolite into smectite (approximately 60%). A basal 
spacing range of 15.0 to 12.8A seems to indicate a heterogenous mixture of 
interlayer cations (Na, Ca, and Mg), including two and one molecular layers of water, 
respectively. At 4OOQF, the sepiolite to smectite conversion mech m is complete. 

It was earlier proposed by Guven and Carney (1 979) and Guven . (1 982) that a 
n-glide mechanism is responsible for the conversion of sepiolite to smectite 
(stevensite). Without further mention, it will be understood that the conversion of 
sepiolite to smectite is of the stevensite variety, and shall predominate throughout the 
remainder of the fluid systems. Free Ca2+ in solution readily precipitates in small 
amounts as calcite in the fluids autoclaved from 300 to 500QF. 

Sapo nite-SeDiolite / H iah Molecular Weiaht Polvmer Fluids 
The initial viscosity of the unautoclaved fluid is significantly higher than the pure 

saponite-sepiolite fluid, but much lower than the bentonitdhigh molecular weight 

id. The fluid is thinned considerably from 58.5 cp F to 8.0 cp at 
4OOQF (as measured with the Fann 50C viscometer) and the ases slightly to 

16.4 cp at 450QF (Figure 

as illustrated in Figure 14 and Table 

ht increase of initial viscosity at room 

The fluids autoclaved at 300 and 4OOQF display a 

temperature, but also thins with temperature. Each of the fluids experience a "slight" 

scosity between 3 
molecular weight polymer thins t 

anomalous viscosity enhancement at high temperatures. 

, and eliminates or drastically reduces the 

. 
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PERTIES OF TH EATED AND AUTOCLAVED FLUIDS CONSISTING OF . 
ITE/l% HIGH MOLECULAR WEIGHT POLYMER 

Autoclaved at temperatures (OF) 

id Properties 70 400 500 

: Apparent Viscosity (centipoise) 12 13 40 

Plastic Viscosity (centipoise) 10 11 30 
Yield Point (lb/100 sq ft) 3 3 20 

rength (lb/100 sq ,1/2 , 1/2 4/10 

5 4 5 6 
2/32 1 /3 132 2/32 

32 22 30 30 
HP-HT Cake Thickness (inches 2/32 2/32 3/32 
CEC (milliequivalents/l~ gms) 66 04 

i 
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The API and HP-HT filtration losses of the fluids are listed in Table 9. API filtrate 
remains stable at 5 m1/30 min for all fluids. It is important to note that the addition of I 

high molecular weight polymer reduces the unautoclaved HP-HT filtrate to 32 mV30 

min as compared to 90 mV30 min for the fluid without the polymer. In fact, the HP-HT 

fluid loss remains rather low at all temperatures, indicating that the addition of high 

molecular weight polymer enhances the filtration control of these fluids. 

The CEC remains at 66 meqll00 g for the unautoclaved and the 3OOQF fluids, 

suggesting that sepiolite remains intact, but increases to 78 and 84 meq/lOO g for 

the fluids autoclaved at 400 and 5OOQF, respectively. Surface area and the CEC 

increase at high temperatures, and the fluid pH remains slightly alkaline (8.2 to 8.7). 

X-ray diffraction analysis indicates that high molecular weight polymer also 

hinders the conversion of sepiolite to smectite. After autoclaving at 3OOpF, there 

appears to be no appreciable change in the relative proportion of saponite to 

sepiolite. At 4OOQF, however, 65% of the sepiolite is converted to smectite and by 

500*F the conversion rate is complete. The polymer begins to decompose above 
3OOQF, however, it remains stable until the conversion of sepiolite to stevensite 
enhances fluid properties. There are no major mineral reactions present in these 
fiuids. The addition of high molecular weight polymer promotes the formation of a 

calcium acrylate, which inhibits the precipitation of calcite as seen in the pure 
saponite-sepiolite system. 

nite-SeDiloite / Hiah molecular Weiaht Polvmer Fluid3 

Figure 15 shows that a relative increase in the clay to polymer ratio, increases 

the fluid viscosity. The 70-400QF fluids exhibit a more pronounced viscosity 
enhancement between 350 and 450QF. The fluid autoclaved at 500*F; however, 
experiences a broad viscosity "hump" between 200 and 400QF. The ability of high 
molecular weight polmer to control fluid properties is a function of the polymer to clay 

ratio. 

Other rheological properties are listed in Table 10. The API and HP-HT values 
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Figure 15. Viscosity profiles of 8% saponite-sepiolite/l% high molecular weight 
polymer fluids autoclaved at various temperatures. 
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TABLE 10 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

8% SAPONITE-SEPIOLITE/l% HIGH MOLECULAR WEIGHT POLYMER 

Temp. (OF) 

70 300 400 500 Fluid Properties 

65 28 28 67 
44 25 21 41 
41 5 13 52 

Apparent Viscosity (centipoise) 

Plastic Viscosity (centipoise) 

Yield Point (lb/100 s q  ft) 

Gel Strength (lb/100 s q  ft) 

API Filtrate (mV30 min) 

Cake Thickness (inches) 

HP-HT Filtrate (m1/30 min) 

13/31 8/15 5/9 4/12 
4 3 3 4 

1/32 1/32 1 /32 1/32 
16 16 24 22 

HP-HT Cake Thickness (inches) 

CEC (milliequivalents/lOO gms) 

Surface Area (m2/g) 

2/32 2/32 2/32 
73 70 69 

570 544 538 

3/32 
77 

602 

PH 9.2 8.8 8.7 8.4 
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are very low. They exhibit a significant decrease in fluid loss compared to the 6% 

saponite-sepiolite/l YO high molecular weight polymer system. This change reflects 

an increase in solids per unit volume of fluid. 
the  mineralogical changes in this fluid system are analogous to the previous 

fluid system. The sepiolite - to - smectite conversion rate is very similar with the 
exception of the fluid autoclaved at 4OOQF, which shows a 55% rate of conversion. 
The basal spacing of saponite remains stable throughout the appropriate 
temperature range at 15.0A in the air-dried state and expands to 16.7A upon 
glycolation. 

onite -Seoiolite/l o w Molecular Weia ht Palvmer Fluids 
Rheological and fluid loss data of th saponite- sepiolite/l Yo low molecular 

weight polymer fluids is listed in Figure 16 and Table 1 1. This fluid system could not 
be heated to 500 or 6OOQF due to the nature of the polymer upon the autoclave. The 
viscosity profiles illustrate the thinning nature of this polymer (Figure 16). In fact, it 
completely eliminates the viscosity anomaly as prevlously seen In the pure 6% 

saponite-sepiolite system. 

Table 11 summarizes other rheological properties. The apparent and plastic 

viscosity have increased slightly with temperature from 4 to 7 cp and 3 to 7 cp, 

respectively. Both yield point and gel strength remain unchanged throughout the 

appropriate temperature range (7O-40OQF).’ The API and HP-HT fluid losses have 

improved compared to the basic 6% saponite-sepiolite fluid system; both show a 

decrease in discharged filtrate from 70 to 400*F. CEC has creased slightly, and pH 

has decreased as expected. 

lymer hinders the conversion of sepiolite 

to smectite while autoclavi lative change in reflection intensities 

were detected with x-ray di 

superimpose in the air-dried state and separate to their respective 16.8A and 12.1 A 
basal spacings after glycolation. After autoclaving at 4OOQF, the conversion rate is 

The addition of low molecul 

nite and sepiolite reflections 
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Figure 16. Viscosity profiles of 6% saponite-sepiolite/l% low molecular weight 
polymer fluids autoclaved at various temperatures. 
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TABLE 11 
PROPERTIES O F  THE UNTREATED AND AUTOCLAVED F DS CONSISTING OF 

MOLECULAR WEIGHT POLYMER 

Temp. (OF) 

Cake Thickness [inches) 

HP-HT Filtrate (mV30 mi 

HP-HT Cake Thickness (inches) 

Surface Area (m2/g) 

9.3 8.9 8.7 

c 

. 59 



85%. It appears that the polymer begins to break down above 3OOQF, thus the 

properties of the clays become the dominant factor for fluid control above 3OOQF. 

soh Saoonite-Seoiolite / Low Molecular Weia ht Polvmer Fluids 

The previous polymer system discussed was increased to an 8% concentration 

of clay. The viscosity profiles of the unautoclaved (70QF) and the fluid autoclaved at 

300QF are very similar to that of the previous polymer system. They exhibit only a 

slight increase in viscosity and remain between 1.5 and 7.0 cp (Figure 17). The fluid 

autoclaved at 4OOQF has an initial viscosity of 20.9 cp, thins to 4.5 cp at 350QF, and 

then increases to 12.9 cp at 5OOQF. It appears that an increase in surface area 

(higher concentration of clay) has a slight effect on the ability of the polymer to 

control viscosity at high temperatures. Thus, the ratio of polymer to clay is important, 
as well as the molecular weight of the polymer. Although, it is important to note that 
this viscosity is well within the boundries of a suitable field measurement. 

Other rheological and fluid properties are listed in Table 12. Variations in 
apparent viscosity between the Fann 50C and Fann 35A, of the fluid autoclaved at 
4OOQF, are attributed to a difference in fluid temperature at the time of measurement, 
or possibly to the mode of dispersion. The API and HP-HT fluid losses are lower 
than the 6% polymer system, as expected from the higher proportion of solids per 
unit volumn of fluid. CEC and pH range from 59 to 66 meq/l00 g and 9.4 to 8.4, 
respectively. 

increase in conversion rate reflects the relative proportion of clay concentration to 
low molecular weight polymer. Once again, the polymer complex begins to break 
down above 3OOpF. 

The sepiolite conversion rate is 25 and 90% at 300 and 400QF, respectively. The 

Saponite- Sepiolite / CaCl2 Fluids 

The ability of saponite-sepiolite fluids to maintain any favorable rheological 
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Figure 17. Viscosity profiles of 8% saponite-sepiolite/l% low molecular weight 
polymer fluids autoclaved at various temperatures. 
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TABLE 12 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

8% SAPONITE-SEPIOLITE/l% LOW MOLECULAR WEIGHT POLYMER 

Fluid Properties 
Temp. (OF) 

70 300 400 

Apparent Viscosity (centipoise) 

Plastic Viscosity (centipoise) 

Yield Point (lb/100 s q  ft) 

Gel Strength (lb/100 sq ft) 

API Filtrate (mV30 min) 

Cake Thickness (inches) 

HP-HT Filtrate (m1/30 min) 

HP-HT Cake Thickness (inches) 

CEC (milliequivalents/l00 grns) 

Surface Area (m*/g) 

.. 

5 

5 

0 

.5/1 

4 

1 /32 

36 

2/32 

59 

458 

8 

5 

2 

1 /1 

5 

1/32 

25 

2/32 

62 

486 

30 

22 

16 

3/5 

5 

1/32 

30 

2/32 

66 

51 3 

PH 9.4 8.9 8.4 

62 



properties in the presence of calcium chloride is negligible. These properties 
remain extremely low at all temperatures as illustrated in Figure 18 and Table 13. 
The API and HP-HT fluid losses are very high at all temperatures. The Ca2+ ion 
promotes the flocculation of clay particles which leads to the deterioration of fluid 
properties. Individual clay particles are arranged into flocks with a smaller surface 
area which is exposed to the fluid. Consequently, the CEC values are relatively low. 
The fluid pH remains somewhat neutral ranging from 7.5 at 70QF to 7.0 at 6OOQF. 

the predominant interlayer cation with two molecular layers of water. The addition of 

CaC12 hinders the formation of smectite at 3OOQF, as only 5 to 10% sepiolite was 

converted to stevensite. However, similar to the pure saponite-sepiolite system, the 

conversion is complete after autoclaving at 4OOQF. The presence of free Ca2+ in 
solution readily leads to the precipitation of calcite in the fluids that were autoclaved 
at 300 and 400*F. 

Sapon ite-Seoiolite / Ca .OHl&EM!& 

X-ray diffraction analysis shows a sharp 15.2A reflection that indicates Ca2+ is 

The rheological properties of 6% saponite-sepiolite/l % Ca(OH)2 fluids are 

summarized in Figure 19 and Table 14. The viscosities of these fluids are relatively 

low at all temperatures with the exception of the fluid autoclaved at 3OOQF. Similar to 
the calcium chloride system, calcium hydroxide is also extremely detrimental to fluid 

loss and wall-building properties. Table 14 shows that both API and HP-HT filtrate 

sence of Ca(0H) promotes the flocculation 

e pH of the initial fluid is highly 

The addition of Ca(OH)2 seems to promote the conversion of sepiolite to 
iff raction .indicates that the conversion rate is complete after 

autoclaving at 300QF. Saponite has a basal spacing of 15.3A in the air-dried state 

and swells to 16.7A upon glycolation. These values remain rather stable throughout 
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TABLE 13 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE-SEPIOLITE/l% CaCI, 

Autoclaved at temperatures (OF) 

70 300 400 500 600 Fluid Properties 

Apparent Viscosity (centipoise) 5 4 4 2 2 
Plastic Viscosity (centipoise) 2 2 2 1 1 

Yield Point (lb/100 sq ft) 9 3 3 2 1 

72 114 102 170 206 
Gel Strength (lb/100 sq ft) ~ 5/7 3/10 3/7 1 /1 .5/1 
API Filtrate (m1/30 min) 

Cake Thickness (inches) 4/32 6/32 6/32 4/32 5/32 
238/11 252/6 248/7 244/7 265 / 5 HP-HT Filtrate (mV30 min)* 

HP-HT Cake Thickness (inches) 4/32 6/32 7/ 32 6/32 --- 
CEC (milliequivalents/lOO gms) 38 45 60 57 53 
Surface Area (m2/g) 300 355 466 443 41 2 

PH 7.5 6.9 6.8 6.7 7.0 
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6% SAPONITE-SEPIOLITE/l% Ca (OH), 

Yield Point (lb/100 sq ft) 
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API Filtrate (mlt30 min) --- 
Cake Thickness (inches) 

370/1 . 172/2 222/6 238/16 180 

I 
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the appropriate temperature range. The major mineral reactions of this system are 
calcite and tobermorite. time readily converts to calcite at room temperature and at 
3OOQF. Tobermorite, a hydrated calcium silicate, has a characteristic reflection at 

11 SA. This mineral, which seems to form at the expense of sepiolite, is present in 
trace amounts at 3OOQF and in much larger quantities at 4OOQF. 

onite-Seowte / KCI Flui& 
The fluid shows a drastic reduction in viscosity with higher temperatures in the 

presence of KCI (Figure 20 and Table 15). The initial viscosity drops steadily from 

32.3 cp at 7!jQF to 7.5 cp at 5OOQF. There is, however, a slight increase in viscosity 

between 375 and 475QF. The effect of KCI as a thinner on fluid rheology is enhanced 

. .  

with subsequent levels of autoclaving. All of the autoclaved fluids exhibit very low 

viscosities which range from 15 to 2.5 cp at 70 and 500*F, respectively. As seen in 

other fluid systems, there is an anomalous viscosity enhancement between 250 and 

350QF, however, it is only a slight increase in this case. Therefore, the addition of KCI 

actively controls the rheological properties of saponite-sepiolite fluids in the high 

temperature regime. 

gel strengths are relatively high. In fact, there is a significant increase in readings 

with an increase in stagnation time. The K+ ion seems to promote the thixotropic 

nature of these fluids. Both API and HP-HT filtrate losses are extremely high at all 
temperatures. CEC values seem to follow the general pattern familiar to most 
saponite-sepiolite systems; the CEC increases from 70 to 4OOQF (associated with the 
conversion of sepiolite to smectite which increases surface area) and drops at 500 

and 6OOQF (surface area decreases in this temperature range as the clays begin to 
break-down). The fluid pH is moderately alkaline at room temperature (8.4 at 7OPF) 

Other fluid properties are summarized in Table 15. It is important to note that the 

and drops to 7.5 after autoclaving. 

The addition of KCI inhibits the conversion of sepiolite to smectite at 300*F. Only 

a trace amount (5% or less) of sepiolite was converted at 300QF, as detected by x-ray, 
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TABLE 15 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE-SEPIOLITE/l% KCI 

Autoclaved at temperatures (OF) 

Fluid Properties 70 300 400 500 600 

Apparent Viscosity (centipoise) 26 9 10 12 6 

Plastic Viscosity (centipoise) 7 3 4 4 2 

Yield Point (lb/100 sq ft) 38 11 12 16 7 

Gel Strength (Ib/lOO s q  ft) 23/30 14/38 14/40 19/46 7/17 

API Filtrate (rn1/30 min) 54 62 52 40 56 

Cake Thickness (inches) 2/32 2/32 2/32 5/32 4/32 

HP-HT Filtrate (rn1/30 rnin) 1 94 204 138 144 182 

HP-HT Cake Thickness (inches) 9/32 11/32 10/32 11 /32 11/32 

CEC (milliequivalents/lOO gms) 46 51 66 64 55 

PH 8.4 7.4 7.5 7.5 7.7 

Surface Area (in2/@ 358 401 517 504 430 
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diffraction. At 400QF, however, the conversion mechanism is complete. Once again 

the 15.2A reflection of saponite indicates an interlayer arrangement with two 
molecular layers of water. 

Sapo nite-Seoiolite / KO ti Fluids 
The rheological properties of the 6% saponite-sepiolite/ 1 % KOH fluids are given 

in Figure 21 and Table 16. Unlike the KCI fluid, the 70QF fluid displays an extremely 

thin viscosity rheogram. The fluid autoclaved at 3OOQF exhibits a slight viscosity 
enhancement at 22VF, but thins to 5.0 cp at 500*F. The fluids autoclaved at 500 and 
6OOQF are also very thin and remain below 5 cp throughout the 'appropriate 
temperature range. This may be related to the fact that illite/smectite (IS) mixed 
layers, illite, and K-feldspar make up a significant part of these fluids at higher 
temperatures. 

viscosity, yield point, and gel strength (Table 16). There is a noticeable change in 
API filtrate loss from 42 mV30 min to 86 mV30 min at 500 to 600QF, 

Once again, ass d with the high temperature mineral reaction 
filtrate loss is also very high. The pH drops steadily from 12.7 at 70QF to 10.4 at 

6OOQF. The CEC shows an initial increase from 70 to 3OOQF, but decreases 
significantly above this temperature. This reduction in CEC is consistent with the 

mineral reactions. 

ure mineral reactions in these fluids are considerably different 

The saponite and sepiolite reflections superimpose at 

.5 and 12.0A basal 

indicates a clay mineral 

with one molecular layer of water within its interlayer structure. As opposed to the 

almost complete at 3OO4F (greater than 

95%). VS mixed-layers, illite and K-feldspar are the mdor reaction products in these 

fluids. The formation of WS mixed layers begin at 500QF, and by 6OOQF a distinct 
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Figure 21. Viscosity profiles of 8% saponite-sepiolite/l% KOH fluids autoclaved 
at various temperatures. 

72 



TABLE 16 

6% SAPONITE-SEPIOLITE/l% 

Apparent Viscosity (centipoise 5 3 5 3 3 

Plastic Viscosity (centipoise) 2 2 4 3 3 

Yield Point (lb/100 sq ft) 5 2 2 0 0 

Gel Strength (lb/100 sq ft) 6/10 .5/2 .5/12 .5/1 ' .5/1 

API Filtrate (mV30 min) 43 51 49 86 

Cake Thickness (i 3/32 5/32 6/32 4/32 

HP-HT Filtrate (m1/30 222129 106/13 98 10613 268/28 
HP-HT Cake Thickness (i 6/32 3/32 --- 
CEC (mi llieq u iva tents 48 24 

Surface Area (m2/g) 390 379 189 

PH 12.7 12.3 11.7 10.9 10.4 

~ 

3 
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reflection at 10.7A in the airdried state suggests a significant proportion of I/S. 

Sapon ite-Seoiolite / L ianite - Fluids 

Fluid properties of 6% saponite-sepiolite/l% lignite are listed in Figure 22 and 

Table 17. The addition of lignite reduces the viscosity of the saponite-sepiolite 

system at all temperatures (better than with bentonite fluids). Each of the fluids, 

however, displays a minor viscosity enhancement at various temperatures. For 
example, the fluid autoclaved at 5OOQF exhibits two v 

at 2OOQF and the second at 400*F. The fluid becomes very thin after autoclaving at 
6OOpF, but displays a slight viscosity "hump" between 350 and 4759F. 

It is important to note that lignite does not improve the filtration control of the 
saponite-sepiolite system, contrary to the popular belief of practical field applications 
with conventional drilling fluids. In fact, there is a considerable increase in fluid loss 

from that of the pure saponite-sepiolite system. This is probably due to the evolution 

of C02 gas from lignite. 

a basal spacing that ranges from 14.8 to 13.1A. The basal spacing increases 
steadily to 150A upon autoclaving at 6OOQF. The sepiolite conversion rate is 30% at 

3OO9F, and is complete by 4OOQF. The fluid pH remains slightly above neutral, and 
consequently, there are no major mineral reactions in these fluids. 

hancements; the first 

Saponites in this fluid appear to have a non-uniform interlayer composition with 

SaDo nite-Seoiolite / L ianosulfonate Flu ids 

and after autoclaving to 3OOQF, has a notable affect on the viscosity of these fluids 

(Figure 23 and Table 18). Both fluids are relatively thin and range between 4.5 and 

11 .O cp. However, the fluids autoclaved at 4OOQF and above display somewhat 

different viscosity profiles (Figure 23). These fluids exhibit prominent viscosity 

anomalies, between 250 and 450QF, whose magnitude increase with subsequent 

The addition of lignosulfonate to the saponite-sepiolite fluid at room temperature, 
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TABLE 17 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE-SEPIOLITE/l% LIGNITE 

Autoclaved at temperatures ( O F )  

Fluid Properties 70 300 400 500 600 

Apparent Viscosity (centipoise) 

Plastic Viscosity (centipoise) 

Yield Point (lb/100 sq ft) 

Gel Strength (lb/100 sq ft) 

API Filtrate (m1/30 min) 

Cake Thickness (inches) 

HP-HT Filtrate (m1/30 min) 

HP-HT Cake Thickness (inches) 

CEC (milliequivalents/lOO gms) 

Surface Area (m2/g) 

PH 

13/27 

37 

3/32 

144 

11/32 

49 

383 

7.5 

6 

3 

5 

6/15 

42 

4/32 

138 

12/32 

46 

362 

7.8 

16 

8 

16 

22/70 

48 

4/32 

126 

12/32 

43 

336 

7.4 

14 

9 

7 

8/17 

37 

4/32 

100 

9/32 

42 

326 

7.3 

6 

6 

1 

.5/3 

48 

4/32 

114 

9/32 

38 

295 

7.8 

76 
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Figure 23. Viscosity profiles of 6% saponite-sepiolite/l% lignosulfate fluids 
autoclaved at various temperatures. 
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TABLE 18 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE-SEPIOLITE/l% LINGOSULFATE 

Autoclaved at temperatures (OF) 

Fluid Properties 70 300 400 500 600 

Apparent Viscosity (centipoise) 5 7 17 19 57 

Plastic Viscosity (centipoise) 4 4 12 12 25 

Yield Point (lb/100 sq ft) , 2  5 9 13 63 

Gel Strength (lb/100 s q  ft) .5/8 3/15 9/35 14/35 48/88 

API Filtrate (m1/30 min) 11 21 14 15 26 

Cake Thickness (inches) 2/32 3/32 3/32 3/32 5/32 

HP-HT Filtrate (mV30 min) 48 76 79 54 58 

HP-HT Cake Thickness (inches) 6/32 5/32 8/32 8/32 9/32 

CEC (milliequivalents/lOO gms) 50 43 55 54 52 

Surface Area (m2/g) 389 340 427 423 407 

PH 7.4 7.3 7.4 7.6 7.6 
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levels of autoclaving. Possible explanations for such viscosity maxima suggest the 

evolution of C02 and H2S gas as lignosulfonate decomposes at high temperatures, 

or possibly an increase in surface area as a result of a change in particle 

aggregation. 

Table 18 summarizes other fluid properties. Apparent and plastic viscosity, yield 

point, and gel strength all increase with temperature. The lignosulfonate system has 

better filtration control than the lignite system, but it is interesting to note the increase 

in HP-HT filtrate from 48mV30 min at 70QF to 76 mV30 min at 3OOQF. The fluid pH 

remains slightly above neutral. 

structure of saponite. The basal 

the appropriate temperature range. The sepiolite conversion rate proceeds as 

follows; 0-5% at 3OOQF, 95% at 4OOQF, and finally conversion is complete at and 

above 5OOQF. No major mineral reactions take place in the presence of 
lignosulfonate at neutral pH values. 

Sapon 

displayed in Figure 24. The viscosity for the unautoclaved fluid at room temperature 
any other fluid in this system. Sepiofite provides good viscosity in both 

salt and fresh water at ambient temperature. Viscosity drops steadily with increasing 
temperature (as measured with the Fann 50C viscometer). The fluids autoclaved 

*F and finally become very thin at 5OOQF (less 

Similar to the lignite system, lignosulfonate is also incorporated into the internal 

14.9 to 13.2A remains stable throughout 

. .  ite-seplplite / NaCl Fluids 

Rheograms of the fluids containing 6% saponite- sepiolite/l% NaCl are 

Ily with temperature, experience a minor viscosity 

erties are summarized in Table 19. The 
I and HP-HT fluid loss values. Fluid loss 

values drop considerably above 3OOQF (Table 19). The CEC evolves from 48 
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Figure 24. Viscosity profiles of 6% saponite-sepiolitell% NaCl fluidsa 
at various temperatures. 
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TABLE 19 
PROPERTlES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE-SEPIOLITE/l% NaCl 

Autoclaved at temperatures (OF) 

Fluid Properties 70 300 400 500 600 

A t Viscosity (centipoise) 8 10 15 

PI scosity (centipoise) 3 5 4 

Yield Point (lb/100 s q  ft) 5 9 21 

Gel Strength (lb/100 s q  ft) 9/24 19/48 

API Filtrate (rn1/30 min) 36 31 

Cake Thickness (inches) 4/32 8/32 ' 6/32 4/32 

HP-HT Fi 158 194 1 24 92 

HP-HT Cake Thickness (inches) 8/32 12/32 11 /32 8/32 

8 

3 

13 

10/28 

40 

3/32 

104 

8/32 

CEC (milliequivalents/lOO gms) 48 52 57 66 54 
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meq/l 00 g at 70QF to 62 meq/lOO g at 5OOQF, and then drops slightly at 6OOQF. 
There was no detectable change in relative sepiolite concentration after 

autoclaving the fluid to 3OOQF; at 4OOQF, however, conversion is complete. It is 
important to note that saponite has a 150A basal spacing in the presence of the 
Na+ ion, suggesting the presence of two molecular layers of water within the 
interlayer structure. The basal spacing contracts to 14.7A in the air-dried state at 
6OOQF, and expands to 16.5A upon glycolation. Free Ca2+ in solution readily 
precipitates as calcite in the unautoclaved fluid and fluids autoclaved at 400 and 

5OOQF. 

Saponite-Sepiolite / Na2COz Fluids 

The rheological properties of 6% saponite-sepiolite/l% Na2C03 are given in 

Figure 25a and Table 20. The viscosity profiles of the unautoclaved and fluids 

autoclaved from 300 to 500*F bear striking similarity (Figure 25a). The initial 

viscosity of these fluids range from 13 to 23 cp at room temperature and decrease 

uniformly with temperature to a final viscosity of 5.6 to 7.6 cp at 500*F. The fluid 

autoclaved at 6OOQF, however, demonstrates a marked difference in viscosity at room 

temperature. It has an initial viscosity of 76.3 cp, but drops rather abruptly to 8.4 cp at 

Other fluid properties are listed in Table 20. API and HP-HT fluid loss values 
5OOQF. 

improve with subsequent levels of autoclaving up to 5OOQF; however, at 6OOQF there 
is a dramatic increase in fluid loss. The above variations in fluid properties reflect 
two sets of different mineral reactions at high temperatures: 

a) sepiolite begins to convert to a smectite (stevensite) at 300QF (1 49QC) 

and this reaction is fully complete at 5OOQF (260QC). The new 
smectites in the fluid have a thin flaky morphology which is similar to 

that illustrated in Figure 13c and they increase the viscosity and 

improve the filtration losses; 

a2 



10 

L 

20 

10 

I 
600'F 

\ 
6% SAPONITE-SEPIOLITE 

600'F 

'5OO'F 
39 89 1 49 295 260% . 

SO 100 150 200 250 3bO 360 4b0 450 SOOOF 
TEMPERATURE 

Figure E a .  Viscosity profiles of 6% saponite-sepiolite/l% Nazco3 fluids auto- 
claved at various temperatures. 
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TABLE 20 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

6% SAPONITE-SEPIOLITE/l% Na,CO, 

Fluid Properties 

Autoclaved at temperatures (OF) 

70 300 400 500 600 

Apparent Viscosity (centipoise) 11 10 16 19 64 
Plastic Viscosity (centipoise) 

Yield Point (lb/l00 sq ft) 

Gel Strength (lb/100 s q  ft) 

API Filtrate (mV30 min) 

Cake Thickness (inches) 

HP-HT Filtrate (m1/30 min) 

HP-HT Cake Thickness (inches) 

CEC (milliequivalents/lOO gms) 

Surface Area (m2/g) 

PH 

2 

17 

23\40 

30 

2/32 

114 

11 /32 

44 

345 

10.5 

7 

6 

5/35 

32 

5/32 

72 

9/32 

49 

383 

9.8 

9 

11 

8/47 

25 

5/32 

72 

11 /32 

43 

41 4 

9.7 

9 

17 

11/43 

23 

4/32 

78 

13/32 

43 

335 

9.6 

18 

92 

36 / 36 

52 
--- 
156 

17/32 

28 

216 

9.8 
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Figure Xb. Growth of tremolite fibers (an asbestos variety) in the sepiolite- 
saponite/Na2CI, fluid; scale: 10 microns. 

Figure 25 -sa 
fluid; scale: 0.5 microns. - 
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b) during the autoclaving at 6OOQF (31 6%) these new smectites and the 

original saponites react with the calcium impurities in the clays (Le. 
calcite in saponite and sepiolite). These reactions lead to the 

precipitations of a fibrous amphibole (asbestos mineral), which is 
known as tremolite. Typical such tremolite fibers are displayed in 
Figure 25 and 25c and they can be as long as 70 - 100 microns. 
The web-like networks of these fibers greatly increase the fluid 
viscosity but they cause high fluid losses. Since the tremolite 
fibers are neutral particles, they do not have much cation exchange 
capacity. 

oonite-Seoiqlite / NaOH Fluids . .  
The viscosity profiles of 6% saponite-sepiolite/l % NaOH fluids are remarkably 

similar to the Na2C03 fluid system (Figure 26 and Table 21). Once again, the fluids 

autoclaved up to 5OOQF have rather stable viscosities. The 6OOQF fluid is significantly 
more viscous at room temperature. Furthermore, yield point and gel strengths are 
also very high for the 600*F fluid. Filtration control improves from 70 to 4OOQF 

(associated with the conversion of sepiolite to smectite); However, the precipitation of 

fiberous tremolite at high temperatures (500 and 600*F) (27 meq/lOO grams) 

compared to 70 meq/ 100grams at 4OOpF is in direct agreement with the above data. 

The highly alkaline environment in the presence of NaOH promotes the 

conversion of sepiolite to smectite up to 400*F. In fact, the conversion rate is 

complete upon autoclaving at 300QF. The basal spacing of saponite ranges from 

13.2 to 1 MA, which indicates a heterogenous mixture of interlayer cations with one 

and two molecular layers of water, respectively. A reflection at 32.7A verifies the 

co-existence of different interlayer cation The precipitations of tremolite and some 

albite (Na-pfagioclase) are the main mineral reaction in these fluids at high 
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c 

temperatures at the expense of smectite. The tremolite fibers increases greatly the 

fluid viscosity upon autoclaving at 60OPF, but it proves to be detrimental to the 

filtration control of the fluid. 
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Figure 26. Viscosity profiles of 6% saponite-sepiolite/l% NaOH fluids auto- 
claved at various temperatures. 
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TABLE 21 

PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 
6% SAPONITE-SEPIOLITE/l% NaOH 

Autoclaved at tempe 

Fluid Properties 70 300 400 500 600 

Apparent Viscosity (centipoise) 10 21 24 77 

Plastic Viscosity (centipoise 4 9 11 22 
Yield Point (lb/100 sq ft) 12 24 26 109 

API Filtrate (m1/30 min) 37 38 - 42 47 

Cake Thickness (inch 4/32 4/32 4/32 --- 
HP-HT Filtrate (m1/3 108 104 150 142/8 

HP-HT Cake Thickn 9/32 10/32 12/32 --- 
CEC (milliequivalents/lOO gms) 70 43 27 
Surface Area (rn2/g) 545 335 21 1 

Gel Strength (lb/100 sq ft) 7/10 11/21 11 /28 11/15 50150 

I 

PH 12.3 11.5 10.8 

* The amount of filtrate and time (in minutes) until blowout is  noted, respectively. 

.- 
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111. NEW FLUID FORMULATIONS 

A thorough account of the high temperature reactions of saponite and 
saponite/sepiolite fluids has provided a base upon which new fluids can be 
formulated. Having concluded that a blend of saponite/sepiolite would be the 
best primary viscosifier for water-based muds (considering salt make-up of 
waters), a series of new muds have been formulated and tested at high 
temperatures and pressures. These muds are referred to as Fluids A-E, and 
are formulated as follows: 

Fluid A: 

Fluid 9: 

Fluid C: 

Fluid D: 

Fluid E: 

Fluid A 

25 Ibs/bbl Saponite-Sepiolite 
5 Ibs/bbl High molecular weight polymer 
1 Ibs/bbl Low molecular weight polymer 

25 I bsh bl Sapon i t e-Se pi ol it e 
5 Ibs/bbl High molecular weight polymer 
1 Ibshbl Low molecular weight polymer 
12 lbdgal (weighted with barite) 

25 Ibs/bbl Saponite-Sepiolite 
5 Ibs/bbl High molecular weight polymer 
1 Ibs/bbl Low molecular weight polymer 
14 Ibs/gal (weighted with barite) 

25 Ibshbl Saponite-Sepiolite 
5 Ibs/bbl High molecular weight polymer 
2 Ibdbbl Low molecular weight polymer 
14 Ibs/gal (weighted with barite) 

25 Ibshbl Saponite-Sepiolite 
5 Ibshbl High molecular weight polymer 
3 Ibs/bbl Low molecular weight polymer 
16 Ibs/bbl (weighted with barite) 

The rheological properties of Fluid A are given in Figure 27 and Table 22. 

This fluid formulation, for the most part, eliminates the anomalous viscosity 
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TABLE 22 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

1 LB/BBL LOW MOLECULAR WEIGHT POLYMER 
25 LB/BBL SAPONITE-SEPIOLITE, 5 LB/BBL HIGH MOLECULAR WEIGHT POLYMER, 

Autoclaved at temperatures (OF) 

Fluid Properties 70 300 400 500 
- 

Apparent Viscosity (centipoise) 47 19 16 98 

Plastic Viscosity (centipoise) 35 16 14 26 

Yield Point (lb/100 sq ft) 23 6 4 144 

Gel Strength (lb/100 s q  ft) 518 2/3 2/3 46/58 

API Filtrate (m1/30 min) 4 3 3 6 

Cake Thickness (inches) 1/32 1 /32 1 /32 2/32 

HP-HT Filtrate (mV30 min) 20 26 22 20 

HP-HT Cake Thickness (inches) 2/32 2/32 2/32 2/32 

CEC (milliequivalents/lOO gms) 84 83 71 92 

Surface Area (m2/g) 657 650 556 720 

PH 9.2 9.2 9.2 8.4 
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enhancement present in the pure saponite-sepiolite fluids. As expected, the 

unautoclaved fluid is more viscous at room temperature than the 

as measured with the Fann 50C. Subsequent levels of autoclaving to 300 

and 4OOQF reduce the fluid viscosities. The fluid autoclaved at 5OOQF exhibits 

a significant increase in fluid viscosity. Filtration control of this fluid is very 

c saponite-sepiolite fluid. However, this fluid thins with increasing temperature, 

good. In fact, these values (API and HP-HT) are well within the realm of 

ope rat io n a! I i mi t s . 

separate into their respective 16. 

glycolation. The sepiolite conversion was negligible at 300 and 40OQF; the 

conversion was, however, complete at 5OOQF. It appears that the polymers 
begin to decompose above 4OOQF, but, they remain intact until the sepiolite to 

smectite conversion is complete. This was confirmed by fhe change in fluid 
pH from 400 to 5OOpF. There are no mineral reactions in these fluids. 

Saponite and sepiolite reflections superimpose in the air-dried state and 

d 12.1A basal spacings upon 

Fluid B 
Fluid A was weighted to 12 Ibs/gal by adding the appropriate barite. As 

crease in surface area, the viscosity of the fluids has 

ally (with exception of the fluid autoclaved at 500QF). As 
seen in Figure 28, these fluids experience a viscosity maximum’above 350QF. 

Filtration control has improved slightly over A, and fluid pH exhibits the 
same pattern as the previous system (Tab1 

According to conventional field standards, yield point is slightly higher 
deionized water by volumn was 

eological properties of Fluid B 

were measured with the Fann 35A. In all cases, rheological measurements 

ble values. Furthermore, the 

ble effect upon filtration control. As seen 

ble values. Furthermore, the 

ble effect upon filtration control. As seen 
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Figure 28. Viscosity profiles of Fluid B after autoclaving at various temperatures. 
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AND AUTOCLAVED FLUIDS CONSISTING OF 
25 LB/BBL SAPONITE-SEPIOLITE, 5 LB/BBL HIGH MOLECULAR WEIGHT POLYMER, 

1 LB/BBL MOLECULAR WEIGHT POLYMER, 12#/GAL 

Autoclaved at temperatures (OF) 

300 400 500 

Apparent Viscosity (centipoise) 87 64 30 40 

Plastic Viscosity (centipoise) 64 48 25 . 29 

9.1 .O 9.2 
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in the fluid autoclaved at 5OOQF, for example, fluid loss dropped from 22 mV30 

min to 18 mV30 min, suggesting an increase in dispersion. 

X-ray diffraction analysis and CEC were omitted in the weighted fluids 

due to the high concentration of barite. 

Eus 
The viscosity profiles of Fluid C are illustrated in Figure 29. These fluids 

exhibit a decrease in viscosity with subsequent levels of autoclaving. Similar 

to Huid B,these fluids experience a viscosity enhancement above 350QF, and 
yield point is also in excess of operational limits (Table 24). Therefore, 15% 
water by volume was added to the fluids. Once again, the rheological 
properties can be adjusted to obtain operational values. The addition of water 
seems to increase dispersion. This can be confirmed by a decrease in filtrate 
from 24 mV30 min to 18 mV30 min in the fluid autoclaved at 5OOQF. 

lwsu2 
Low molecular weight polymer was increased in order to remedy the high 

yield point in Fluid C. Consequently, these fluids exhibit a subsequent 
decrease in yield point, but they are still relatively high (Table 25). Therefore, 
15% water was also added to these fluids. Similar to the previous fluid 

formulations, yield point is lowered without a loss in filtration control. The 
viscosity profiles of these fluids are given in Figure 30. 

Fluid E 

Finally, the fluid formulation was weighted to 16 Ibs/gal by adding the 

appropriate barite. As expected from an increase in solids content per unit 

volume af water, the rheological properties have increased accordingly 

(Figure 31 and Table 26). These properties may be adjusted to the 

acceptable field limits by controlling the concentration of saponite-sepiolite. 

The fluid loss control of these fluids is extremely good (Table 26). 
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Figure 29. Viscosity profiles of Fluid C after autoclaving at various temperatures. 
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TABLE 24 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

25 LB/BBL SAPONITE-SEPIOLITE, 5 LB/BBL HIGH MOLECULAR WEIGHT POLYMER, 
1 LB/BBL LOW MOLECULAR WEIGHT POLYMER, 14#/GAL 

Autoclaved at temperatures (OF) 

70 300 400 500 Fluid Properties 

Apparent Viscosity (centipoise) 

Plastic Viscosity (centipoise) 

Yield Point (lb/100 s q  ft) 

Gel Strength (lb/100 s q  ft) 

API Filtrate (mV30 min) 

Cake Thickness (inches) 

HP-HT Filtrate (mV30 min) 

HP-HT Cake Thickness (inches) 

PH 

123 

83 

80 

20/42 

1 

1 /32 

14 

4/32 

9.3 

113 

81 

63 

15/22 

1 

1 /32 

16 

4/32 

8.8 

54 

42 

23 

6/12 

1 

1 /32 

18 

4/32 

9.1 

57 

40 

34 

8/23 

2 

1/32 

24 

5/32 

8.7 

I 
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\ 
?.14% SAPONITE - SEPIOLITE I 

1.43% HIGH MOLECULAR WEIGHT POLYMER 
0.57% LOW MOLECULAR WEIGHT POLYMER 
(1.00 g BARITEIcc) 



TABLE 25 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

2 LB/BBL LOW MOLECULAR WEIGHT POLYMER, 14#/GAL 
25 LB/BBL SAPONITE-SEPIOLITE, 5 LB/BBL HIGH MOLECULAR WEIGHT POLYMER, 

Autoclaved at temperatures (OF) 

Fluid Properties 70 300 400 500 

Apparent Viscosity (centipoise) 107 63 47 53 

Plastic Viscosity (centipoise) 75 49 36 32 

Yield Point (lb/100 s q  ft) 64 27 21 41 

Gel Strength (lb/100 sq ft) 16/34 8/12 6/10 7/15 

API Filtrate (m1/30 min) 1 1 1 3 

Cake Thickness (inches) 1 /32 1 /32 1 /32 1/32 

HP-HT Filtrate (m1/30 min) 14 14 16 20 

HP-HT Cake Thickness (inches) 4/32 4/32 4/32 4/32 

PH 8.8 9.2 9.1 8.8 
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Figure 31. Viscosity profiles of Fluid E after autoclaving at various temperatures. 



TABLE 26 
PROPERTIES OF THE UNTREATED AND AUTOCLAVED FLUIDS CONSISTING OF 

3 LB/BBL LOW MOLECULAR WEIGHT POLYMER, 16#/GAL 
25 LB/BBL SAPONITE-SEPIOLITE, 5 LB/BBL HIGH MOLECULAR WEIGHT POLYMER, 

, 

Autoclaved at temperatures (OF) 

Fluid Properties 70 300 400 500 

Apparent Viscosity (centipoise) 190 103 88 81 

Plastic Viscosity (centipoise) 160 77 66 58 

Yield Point (lb/100 sq ft) 60 51 44 45 

Gel Strength (lb/100 s q  ft) 29/63 13/22 16/47 12/25 

API Filtrate (m1/30 min) 0.5 0 1 2 

Cake Thickness (inches) 1 /32 1 /32 1 /32 1 /32 

HP-HT Filtrate (m1/30 min) 12 16 14 18 

HP-HT Cake Thickness (inches) 5/32 5/32 6/32 6/32 

PH 9.1 9.1 8.9 9.2 



CONCLUSIONS 

c 

A satisfactory mud system c a n  be formulated using a saponite/sepiolite 
cosifier. This blend can b 
good hole cleaning cap 

during spud-in and upper-hole drilling ope 
blend is easier to use and more proficient 
polyacrylamide blends 
addition of weightin 
be controlled by th  

a minimum. 
ep fluid loss values at a minimum during drilling, 

n of high molecular weight polyacrylates or 
control both fluid loss and rheological 

systems. For highly contaminated systems, sulfonated 
control rheology and fluid loss properties instead 

d from low to ultra- high temperatures, 
ety of weighting materials. 

istant to temperature, contamination, 
carbonate and cementing problems than conventional bentonite-based 
systems . 

A saponite/sepiolite blend can be operated In a pH range from 7.0 to 12.5. 

It is important to understand the reactions of fluids run at low pH values, first of 
all because the chemistry is different from those fluids run at high pH values, 
and secondly, low pH ranges give better stability to both the system and the 
borehole wall. - 

This system is low in toxicity and contains no heavy metals. It is an ideal 
system to use where formation evaluation is critical, and where formation I 

a 
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damage needs to be held to a minimum. 
In the very final analys 

designed, operated, monit 
constituents: 

drilling fluid can be 

1. Water (various kinds 

4. High mole 
5. Weighting 

This fluid system can be 
stability up to 6OOQF, weights up 

rheology and fluidity under static conditions for tripping, cori 
running pipe. By adjusting the above constituents as drilled 

incorporated into the system: satisfactory parameters for drilling 
properties can be obtained in any given situation. 

This system lends itself to easy understanding, clear chemical control 
and interpretation, good shale stability, as well as temperature stability. There 
are no internal products that will temperature degrade and cause problems 
with rheology or fluid loss control. The components of this system have been 
thoroughly studied versus temperature so that core evaluation can be 
enhanced and differentiated from the components of the system itself. 

. 
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