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Abstract 

Experimental values for the viscosity of sodium chloride solutions are critically 
reviewed for  application t o  geothermal energy. Data pub1 i shed recently by 
Kestin, Las, Pepinov, and Semenyuk as well as earlier da ta  are included. A 
theoretically based equation for calculating relative viscosity was devgloped 
and used t o  generate tables of smoothed values over the ranges 20 C-350 C ,  
0 - 5 m and pressures up t o  50 MPa. The equation reproduces selected da ta  
t o  an average of better t h a n  2 percent over the entire range of tempergtures 
and pressures. 
CaCl 
Recokendations are given for  additional data needs. 

n 

Selected gables of da ta  are included for KC1 up t o  150 C,  
solutions up t o  100 C ,  and for mixtures o f  NaCl with KC1 and CaC12. 



u Pro1 ogue 

The Lawrence Serkeley Laboratory is funded by the U,S. Department of 

Energy, Division of Engineering, Mathematical and Geosciences for  an 

aqueous solutions database. The objective of this work i s  to  provide 

c r i t i c a l l y  evaluated data relevant to  the u t i l i za t ion  of geothermal energy 

for  both power production and d i rec t  ut i l izat ion.  

sol ids ,  l iquids  and gases to  include the following: rocks, minerals and 

deposited scales ; methane , isobutane , hydrogen sul fide , steam and carbon 

L 

'v. The larger work covers 

dioxide; sodium chloride, potassium chloride and calcium chloride solutions; 

and, water. 

materials and properties shown i n  Table 1, 

However, this work is -. limited L ~ ~ < _ - -  . t o  .aqueous solutions o f  the 

Tables of smoothed values generated from correlation equations are 

provided to  cover a range of conditions up t o  350°c, 50 MPa pressures and 

concentrations generally to  5 molal. The properties are those thermodynamic, 

transport and physical parameters shown i n  Table 1 e.g., heat of solution, 

viscosity and solubili ty.  

geothermal brines are  comprised mainly of dissolved sodium chloride, w i t h  

Chemical analyses show that  si te-specific 

s ignif icant  concentrations of potassium and calcium chlorides. See Table 2. 

Thus ,  this aqueous solutions database centers on these three materials as 

the major electrolytes which determine such properties as viscosity, density 

and enthalpy. 

The data for  aqueous solutions are  used t o  model and predict the flow 
I of heat from a production well, through a power plant and heat exchanger, 

and back to  the reservoir v i  a injection we1 1 S. Engineering and economic 



decisions up to and including the construction o f  

based on both the availability and quality o f  bas 

geothermal plants are 

c data. While this 

report is intended to be both comprehensive and in-depth, it is recognized 

that there may be important omissions. The reader is urged to forward 

important pub1 ications and comments to our aqueous solutions database 

inclusion in a subsequent updating o f  this report. 

Sidney L. Phillips 

i i  

for 
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Table 1. Selected materials and properties included i n  the aqueous 
solutions database. 

Material 

NaCl 
KC1 
CaCl2 
FeC13 
FeCl2 
Na2S04 
Ca HCO 3t 
HSO4' 
HCO 3; 
CaOH 
FeCl 2f2 
FeCl2 
FeCl4- 
Fe(0H)" 
Fe(OH)2t 
HS' 
FeS 

CaC03 
Si02 

H2Ss NH3 

*Property 
AHs AHd Cp V h d s A Q Kf yf 

J 
J 
J 
J 

' 4  
J 
.J 
J 

*Key :  AH^ = heat of solution 
AHd = heat Of dilution 

= heat capacity 
cP 
V = vapor pressure 
A = thermal conductivity 
d = density 
S = solubility 
A = electrical conductivity 

Kf = formation constant 
y+ = activity coefficient 

= viscosity 

i i i  

J 
J 
J 
J 

J 
. J  
J 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
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Table '2,Sodium, potassium, calcium and chloride content o f  selected geothermal 

reservoir water, Concentrations in ppm (12). 

Area Na K Ca c1 

Baca, NM 
Beowawe, NV 
Brawley, CA 
Cerro Prieto, Mexico 
East Mesa, CA 

Heber, CA 
Mono-Long Val 1 ey , CA 
Raft River, ID 
Sal ton Sea, CA 

2010 
2 14 

13900 
4175 
798 
9002 
4720 
236 
433 

54800 
10600 

541 
9 

2400 
575 
49 

1047 
231 
62 
36 

18400 
1250 

36 
- 
2560 
212 
47 
896 
1062 

2 
48 

27600 
1130 

377 0 
50 

31000 
7470 
825 

15868 
8242 
266 
804 

160000 
19700 

i. Y 



How happy i s  the man who f i n d s  wisdom, 
The man who gains understanding! 

She i s  more precious than corals,  
and none o f  your hea r t ' s  desires can compare w i t h  her, 

Her ways are ways o f  pleasantness 
And a l l  her paths are peace. 
She i s  a t r e e  o f  l i f e  t o  those who grasp her, 
And happy i s  every one who holds her f a s t .  

... 

... 

Proverbs 

R i  g i  d i  t y  threatens a1 1 r e a l  i zat ion  : what 1 i ves and 
glows today may be crusted over tomorrow and, becoming 
al l -powerful ,  suppress the s t r i v i n g s  * . - 1 0 1  o f F  the day a f t e r .  

Mar t in  Buber 

I 
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A. In t roduc t ion  

The u t i l i z a t i o n  o f  geothermal energy resources requi res ca lcu la t ions  

and modeling of the f low o f  heat from product ion wells, through power p lan ts  

and heat exchangers, and back t o  the e a r t h  v i a  i n j e c t i o n  we l ls  ( 1 , 2 ) .  The 

f low o f  heat i s  by water, aqueous e l e c t r o l y t e  so lut ion,  steam o r  

hydrocarbon. 

t rans fe r  o f  heat inc lude enthalpy and heat capaci ty  (3 ,4) ,  densi ty  ( 5 ) ,  

thermal conduct iv i t y  (6), s o l u b i l i t y  ( I ) ,  e l e c t r i c a l  conduct iv i t y  (8), vapor 

Important p roper t ies  which determine both the  f l ow  and 

pressure (9), and v i s c o s i t y  (10,ll). This paper repor ts  the r e s u l t s  of a 

review o f  the ava i lab le  data on the y i s c o S i t y  o f  sodium ch lo r i de  so lu t ions  

cover ing the f o l l o w i n g  ranges o f  geothermal condi t ions:  

35OoC, pressures up t o  50 MPa, and concentrat ions t o  5 m (27 percent 

weight). 

fact  t h a t  NaCl i s  the major dissolved e l e c t r o l y t e  i n  geothermal br ines.  

example, we l ls  i n  Baca Locat ion No. 1 i n  New Mexico, .contain over 2000 ppm 

Na and over 3000 ppm C1; we l ls  i n  East Mesa i n  C a l i f o r n i a  have over 700 ppm 

Na and over 800 ppm C1;  and we l ls  i n  the  Sal ton Sea area o f  C a l i f o r n i a  

10,000 t o  50,000 ppm Na and 20,000 t o  160,000 ppm C1 (12). 

temperatures up t o  

The i n t e r e s t  i n  sodium ch lo r i de  so lu t ions  stems p a r t l y  from the 

For 

The lack o f  r e l i a b l e  data on the basic p roper t ies  o f  geothermal b r i nes  

i s  a r e f l e c t i o n  o f  the d i f f i c u l t y ,  o r  even imposs ib i l i t y ,  o f  obta in ing b r ine  

samples which have not  l o s t  d issolved gases and sol ids,  o r  have not  

e chemical r e a c t i o  s af te r  t he  sampling step (13). 
- 

It i s  l i k e l y  

t h a t  measurements o f  the basic p roper t ies  o f  s i t e -spec i f i c  br ines on ly  

approximates values f o r  the  i n  s i tu ,  unreacted brines. 

obtained a t  one s i t e  cannot be used w i t h  confidence f o r  ca l cu la t i ng  the f l ow  

o f  heat a t  other s i tes .  

I n  any case, data 

On the other  hand, data obtained from laboratory  
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measurements on so lut ions o f  d i s t i l l e d  water and p u r i f i e d  s a l t s  e.g., NaC1, 

KC1 are re l i ab le ,  and can be used t o  model the  heat f l ow  f o r  any geothermal 

brine. Data on the e f f e c t s  o f  other const i tuents  (e.g., CH4,CaC12, 

COP) as we l l  as mixtures o f  these dissolved s a l t s  and gases permit  

est imat ing the proper t ies o f  br ines a t  a l l  temperatures, pressures and 

concentrat ions i n  the ranges o f  geothermal in te res t .  

V iscos i ty  o f  a l i q u i d  i s  a measure o f  the res is tance o f  the l i q u i d  t o  

f low; the rec ip roca l  o f  v i s c o s i t y  i s  the f l u i d i t y  (14). The add i t i on  o f  

e lec t ro l y tes  t o  water e i t h e r  increases or decreases the v i scos i t y  of the  

r e s u l t i n g  solut ion.  For example, add i t i on  o f  NaC1, BaClp, LaC13, KC1 o r  

CaCIP increases the  v iscos i ty ,  whi le  CsN03 can decrease the v i s c o s i t y  of  

aqueous so lut ions (14). 

f o r  each e lec t ro l y te .  

The magnitude o f  the change i n  v i s c o s i t y  d i f f e rs  

Data on the change i n  v i scos i t y  o f  NaCl so lu t ions  w i t h  temperature, 

concentrat ion, pressure and w i t h  other dissolved cons t i tuents  are used f o r  

example t o  ca lcu la te  f l u i d  volumes when i n j e c t i n g  br ines  (15). A 139OC 

(282OF) change i n  temperature f o r  a 1.11 s p e c i f i c  g r a v i t y  b r i ne  w i l l  cause 

an estimated 88.5 percent decrease i n  v i scos i t y  f o r  a geothermal f l u i d  

(15). This change may be compensated by a decrease i n  pumping capaci ty.  A 

note of caut ion:  the temperature change w i l l  a lso cause a decrease i n  

dens i ty  and thereby increase the f l u i d  volume; t h i s  could necess i ta te an 

increase i n  pumping capaci ty.  

v i s c o s i t y  for  p red ic t i ve  modeling, other p roper t ies  such as dens i ty  changes 

Thus, on r e l a t i n g  the e f f e c t s  o f  changes i n  

need t o  be considered. 

V iscos i ty  data are a lso used t o  ca l cu la te  other p roper t ies  o f  

solut ions,  such as kinematic v iscos i ty ,  and t o  i n t e r p r e t  the  s t ruc tu re  o f  

e l e c t r o l y t e  so lut ions (14). I n  t h i s  case, the data are i n te rp re ted  i n  terms 
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o f  ion-water in teract ions,  f o r  example the degree o f  hydrat ion of a 

dissolved e l e c t r o l y t e  such as LaC13 when so lu t i on  concentrat ions exceed 

'cd 

about 1 m (16), and f o r  more d i l u t e  so lut ions o f  other e lec t ro l y tes  e.g., 

NaCl (17,18). - 
The ava i lab le  experimental data on the v i s c o s i t y  o f  NaCl so lu t ions  up - 

t o  350°C temperatures and 50 MPa pressures i s  no t  large. 

f i v e  years three sets  o f  data above 100°C have been published: 

Wi th in  the past 

the work 

by Kes t i n  e t  a1 (11) t o  15OoC and 35 MPa, t h a t  reported by Pepinov, 

Yusufova and Lobkova cover ing temperatures up t o  35OoC and pressures t o  30 
. L e  I '__> 3 

MPa (19), and the r e s u l t s  by Semenyuk, Zarembo and Fedorov up t o  356OC and 

150 MPa (20). Ove e past decade these three sets of data together w i t h  

the e a r l i e r  and w ide ly  referenced measurements by Korosi  and Fabuss (21)  

c o n s t i t u t e  most o f  the ava i lab le  data f o r  temperatures exceeding 100°C. 

A t  h igh  pressure e work by Kest in  e t  a1 (111, 

ave been publ i shed. 

lues were obtained from the  

o r i g i n a l  publ i ca t ions .  These experimental data were converted where 

necessary t o  un i  OC, molal concen at ions,  ,cent ipoise v i scos i t y  

un i ts ,  and t o  me res. The dens y values needed t o  convert  

molar t o  molal q obtained from r database (22). Data on the 

I 

- 
. 

bi 

v i s c o s i t y  o f  water were ca lcu la ted  using the recent c o r r e l a t i o n  published by 

Kes t in  f o r  temperatures up t o  15OoC and saturated vapor pressures (23), or 

ca lcu la ted  from the equat ion recommended by the Eighth In te rna t i ona l  

Associat ion f o r  the P r  

Deta i led  s tud ies o f  the v i s c o s i t y  o f  e l e c t r o l y t e  so lu t ions  such as 

those o f  NaCl were begun by P o i s e u i l l e  i n  1847. The de r i va t i on  o f  equations 
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directed toward predicting electrolyte  viscosi t ies  for  d i lu t e  solutions a t  

temperatures near 25OC began about 100 years ago w i t h  publications by 

Arrhenius, and 75 years ago by Gruneisen. However, the commonly accepted 

equation is that  published by Jones and Dole in 1929 which is based i n  p a r t  on 

the Debye-Huckel theory (14); this equation was further developed on a 

theoretical bas i s  by Falkenhagen and Vernon i n  1932 (25);  and, more recently 

by others i n c l u d i n g  O u t  and Los (26), Krumgalz for  nonaqueous solutions (27)  

and Leyendekkers (28). For solut9ons exceeding about 1 m concentrations, the 

theoretical approach developed by Vand i n  1948 (29) and analyzed by Thomas 

(30) for colloids and nonelectrolyte solutions (e.g., sucrose) has been 

applied t o  electrolyte solutions, fo r  example by Spedding and P ika1  (16) and 

Breslau and Miller (31) .  Alternate approaches for  concentrated so lu t ions  

ut i l iz ing transport equations were used by Angel1 and Bressel ( 3 2 ) ,  Slama and 

Kodejs (33),  and by Leyendekkers ( 2 8 ) .  

other electrolyte solutions cannot yet be calculated from theoretically based 

equations for  temperatures exceeding about 95OC, concentrat ions above about 

However, the viscosity o f  NaCl or 

1 m, and pressures higher than saturated vapor pressures. 

Information on the theory of viscosity of NaCl solutions i s  found i n  the 

paper "The Viscosity of Aqueous Solutions of Strong Electrolytes w i t h  Special 

Reference t o  Barium Chloride" by Jones and Dole (14);  on experimental 

measurements by Kestin and Khalifa (34), Pepinov, Yusufova and Lobkova (35),  

Semenyuk, Zarembo and Federov (20), and Touloukian, Saxena and Hestermans 

(36); and treatment of data from Dynamic Viscosity of Water Substance (23,24), 

Thermophysical Properties of Matter, Vol . 11, Viscosity (36) , "Tables o f  the 

Dynamic and Kinematic Viscosity of Aqueous NaCl Solutions i n  the Temperature 

Range 20-150°C and the Pressure Range 0.1-35 MPa" (37), and ''Viscosity of 

NaCl Solutions" (10). O u t  and Los give a comprehensive discussion on the A, B 
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and D coefficient i n  the Jones and Dole equation (26); new values for  the A, 

B coefficients a t  5OC were measured by Dordick, Korson and Drost-Hansen 

i tional sourc da ta  on the viscosity of aqueous NaCl solutions 

ntained i n  the publication Pressure Bu i ldups  and 

b 

II 

at elevated temperatures i 

* Flow Tests i n  Wells (39). The data are presented as a family of curves 

he temperatures 4OC t o  204OC, and NaCl concentrations from zero 

bout 6 molal.. However, the  data used t o  construct these plots are  

not available. 

plots  of viscosity up t o  100°C (40) . 
The Saline Water Conversion Engineering Data Book contains 

widely referenced books: 

(41) ,  Ionic Processes i n  

Solutions (42 ) ,  and Electrolyte Solutions (43). The International Joint 

Conference on Thermop 

Gai thersburg, , i n  June 1981. 

1 

1 Properties which includes liquids will  be held i n  

The time span covered i s  mainly from 1929 t o  July 1980; earlier data are 

f o u n d  i n  the International Cri t ical  Tables (44) .  Besides basic d a t a  on the 

viscosity of NaCl solutions for  thermal applications this review also 

s i t y  fo r  KC1 and 

CaC12 solutions, sea water and petroleum brines t h a t  meet one or more of the 

. following c r i t e r i a :  (1) theory, and methods f o r  calculating viscosity, 

(2)instrumentation for  measuring viscosity up t o  35OOC; (3) the e f fec ts  of 

vi scos i t y  on l u i d s ;  and, ( 4 )  effect  of m 

electrolytes  such as KC1 on the viscosity of NaCl solutions. Selected 
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tabulated values consis t ing o f  extensive data f o r  the v i s c o s i t y  o f  KC1, and LJ 
CaC12 are given i n  t h i s  report ,  and the reader i s  re fer red t o  the o r i g i n a l  

pub l i ca t i ons  fo r  de ta i  1s. 

The paper published by Jones and Dole contains an excel lent  background 

sumnary o f  v i s c o s i t y  measurements and theory f o r  d i l u t e  a 

beginning with the work of P o i s e u i l l e  i n  1847, and on up t o  1929 (14). The 

papers by Spedding and Pika1 (16). and by Thomas (30) provide a good discussion 

o f  Vand's theory both f o r  nonelect ro ly tes (29) and as modif ied f o r  a p p l i c a t i o n  

t o  concentrated so lut ions o f  e lec t ro l y tes .  

ous so lut ions 

C. V iscos i ty  o f  Sodium Chloride Solut ions 

Selected t h e o r e t i c a l l y  based and empir ica l  equations which have been used 

t o  describe the change i n  v i s c o s i t y  o f  aqueous NaCl so lut ions as a f u n c t i o n  o f  

temperature, concentrat ion and pressure are reviewed i n  t h i s  sect ion. The 

theo re t i ca l  approaches include those based on Jones and Dole f o r  0.005-1 m 

solut ions,  the appl icat ion o f  Vand's equation t o  e lec t ro l y tes ,  and the  

semi-empirical approach developed by Leyendekkers and Angel1 f o r  concentrated 

so lut ions (28, 32). More emphasis i s  placed on the f i r s t  two. 

1. D i l u t e  Solut ions 

Based on the Debye-Huckel theory, Jones and Dole introduced a square r o o t  

term fo r  concentrat ion i n t o  the equation f o r  the f l u i d i t y ,  f, o f  an 

e l e c t r o l y t e  t o  obta in  

Eq 1 represented the ava i l ab le  data for  BaC12 a t  25OC t o  a maximum 

dev ia t i on  o f  0.032 percent, over the range 0.005 - 1 molal (14).  The equation 

i s  v a l i d  f o r  other e l e c t r o l y t e s  (e.g., KI, LiN03); however, f o r  so lu t ions of Li 
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non-electrolytes such as methyl acetate, t he  value o f  A was found t o  be zero. 

Eq  1 i s  genera l ly  

v iscos i ty ,  qr ); the concentrat ion, i s  i n  e i t h e r  molar o r  
2 molal un i ts .  na l  term, Dc , i s  sometimes added t o  eq 1 t o  give 

the extended Jones-Dole equation. 

ten w i t h  the f l u i d i t y  replaced by the r e l a t i v e  

The A term o f  eq 1, the  l i m i t i n g  slope a l l y  der ived by 

Falkenhagen and Vernon. For b ina ry  1 - 1 e l e c t r o l y t e s  (46) 

where 

Ao i s  thc limiting conductivity of thc electrolyte 
0 0 XI and X 2  are the limiting conductivitics of the ions. 

29.16 x 2 a 
and B =  1/2 n,(DT) 

where 
i s  the viscosity of the solvent 

D is the dielectric constant 

As shown by eq 2 the A parameter i s  a func t i on  o f  both temperature and 
The B c o e f f i c i e n t  i s  an p i r i c a l  q u a n t i t y  whose value depends 

i e n t  has been r e l a t e d  t o  the s i ze  ure; the B coe 
nd t o  e l e c t r o l y t e  - water in teract ions.  The Dc 2 

term accounts f o r  solute-solute i n te rac t i ons  (26,38). The B and D 
c o e f f k i e n t s  are discussed with c la r i t y  i n  the  pub l i ca t i ons  by Spedding and 
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Pika1 (16), and by Out and Los (26). Table 3 lists A, B and D values for 

NaC1, KC1 and CaC12 up to 95OC and 1 m. Much work has been done to 

theoretically calculate the - B coefficient; see, for example, the 1 i terature 

review by Mandal, Seal and Basu (46), and by Out and Los (26). 

2. Moderate to High Concentrations 

In three widely referenced publications Vand derived an equation for .I 

the relative viscosity o f  both a suspension o f  rigid spheres, and dissolved 

nonelectrolytes in the absence of either Brownian motion or mutual 

attraction: 

E q  3 may be written as a power series 

(4) 2 + ... = 1 + 2.5 6 + 7,349 4 "r 

A3 
1 -Q' In qr = 

(5) 

Eq 5 has been used by Stokes and co-workers for highly hydrated 

electrolytes at moderate to high concentration levels, and by Spedding and 

Likal for rare earth chlorides up to saturation concentrations. 

of electrolytes, the particle volume is replaced by the term cV, where c = 

molar concentration, and V = molar volume of the electrolyte (16,26). Eq 4 

was applied to NaCl and other solutions up to 95OC and 1.2 m concentrations 

by Breslau and Miller (31) and by Out and Los (26) using the results of Thomas 

where the 0 coefficient was calculated to be 10.05 (30). 

z 

For solutions 

Lad 
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Another approach t o  developing an equation f o r  the v i s c o s i t y  o f  

e l e c t r o l y t e s  t o  h igh concentrat ion involves exponential expressions. These 

include the models discussed i n  the recent  publ icat ions by Leyendekkers (28), 

a;d 

Slama and Kodejs (33 ) ,  and e a r l i e r  work by Thomas (30) and Angel1 and Bressel 

Leyendekkers appl ied the Tamman-Tait-Gibson ( T T G )  model t o  ca l cu la te  the 

v i s c o s i t y  o f  20 e l e c t r o l y t e s  inc lud ing NaCl solut ions,  over the range 0-6 m a t  

20°C. 

water solvent i s  due t o  pressure appl ied by the dissolved e lec t ro l y te .  

v i s c o s i t y  the appropriate equation' i s  -04 t he - fo rm 

The cen t ra l  idea o f  the TTG model i s  any change i n  the volume o f  the 

For 

The ca lcu lated values based on Eq ( 6 )  f i t  experimental data f o r  NaC 

t o  b e t t e r  than 1-2 percent up t o  6 m concentrat ion a t  20°C (28). 

so lu t ions 

I n  sumnary, the t h e o r e t i c a l l y  based equations ava i l ab le  can be appl ied 

o n l y  t o  a l i m i t e d  range o f  temperatures, concentrat ions and pressures. The 

Jones-Dole equation i s  mainly f o r  d i l u t e  so lut ions and temperatures up t o  

95OC, the  Vand equations concentrated so lut ions and temperatures around 

25OC, Spedding and Pika1 developed an equation f o r  r a r e  ea r th  ch lor ides 

c based on the  Vand model, but  conta in ing a term f o r  the square r o o t  o f  

concentrat ion. 

experimental e r r  n t r a t i o n s  between 0.01 - 3.9 m 

(16). However, there i s  c u r r e n t l y  ne i the r  a t h e o r e t i c a l l y  based equation nor 

a model t h a t  can be used t o  ca l cu la te  the v i s c o s i t y  o f  NaCl or other so lut ions 

up t o  35OoC and 50 MPa pressures. 

reproduced w i t h i n  the l i m i t s  o f  
c 
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D. Interpolating Equations 

There are two interpolating equations which have been developed for 

generating tables of smoothed values for  NaCl and other solutions up t o  h i g h  

temperatures and pressures. These include those based on the Othmer Rule used 

by Korosi and Fabuss, and Kestin e t  a1 in logarithmic form, and the 

expressions developed by Fabuss and Korosi and by Pepinov, Yusufova and 

Lobkova, based on the Jones-Dole equation. 

1. Othmer Rule 

The Othmer rule  re la tes  the viscosity of an aqueous solution t o  changes 
r -  ~ - .  - 

i n  the viscosity of water according t o  the logarithmic equation 

where A and B coefficients are functions of concentration (11,Zl). 

reproduces experimental data from seven laboratories for  NaCl solutions t o  a 

maximum difference of less than *2 percent up t o  150°C, 35 MPa and 6 m 

concentrations; Kestin and Khalifa have used the following form for  eq 7 

(zero pressure) 

Eq 7 

Eq 7 has also been used t o  correlate data on the viscosity of KC1 and other 

solutions. See references 37, 48 and 55. 

2. Jones - Dole Equation 

Fabuss and Korosi (45) and more recently Pepinov, Yusufova and Lobkova 

used the extended Jones and Dole equation t o  develope empirical correlations 

for t he i r  measurements of viscosity 

LJ 
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Pepinov et a1 retained up to six terms for the constants A, B, D, their 

correlation includes a pressure term for interpolating data up to 30 MPa and 

35OoC, with a stated accuracy of 1 percent: 
8-4 1-1 

- A - A ~  +CAat"+pC Ant("-&), , 
n r l  n-4 

J 

where the coefficients An, Bn and Dn are given by: 

A b  = 0.5649011~10-2 Bo = 0.5112900~10-~ Do = 0.2061946~10-1 
A1 = 0.2011989~10-~ 61 = 0.9948465~10-3 D1 =-0.1717302~10-~ 
A 2  =-0.1200112~10-~ Be =4,3451046~10-5 D2 = 0.8796201~10-6 
A3 = 0.4514873~10-9 B3 = 0.6835311~10-~ D3 =-0.1740261~10-~ 
A4 = 0.1999090~10-6 B4 = 0.6105840~10-4 D4 =-0.1362641~10-4 
A5 =-0.7889921~10-8 B5 =-0.6531548~10-7 05 =-0.1650395~10-~ 

86 =a. 1447941 X10-8 06 = 0.3002503~10-~ 

In summary, empirical correlation equations are available for the 

viscosity of NaCl and other solutions (e.g., KC1) up to 350°C, 35 MPa and 

6 m. An alternate approach t o  the Jones-Dole equation i s  the Othmer rule: 

correlations are available up to 15OoC, 35 MPa and 6 m. Kestin and 

coworkers have used this approach for NaC1, and KC1 solutions and for 

mixtures of NaCl + -KC1 solutions up to 150' gnd 35 MPa (23,47, 48). 

However, these statistically developed empirical equations are valid only 

for in terpo 1 at ion an machine computation .fn the concentration and 

' 

c 

i 

the experimental data. 

E. Laboratory Measurements of Viscosity 

This section summarizes laboratory instrumentation used to measure 

the viscosity of aqueous NaCl and other electrolyte solutions. The 4 d  
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discussion includes instrumentat ion used a t  25OC, bu t  emphasis i s  on 

those methods which have been applied t o  elevated temperatures and 

pressures. 

Encyclopedia o f  Chemical Technology (49),  and by Kest in  and K h a l i f a  (34) .  

A good discussion on v i s c o s i t y  measurements i s  given i n  the 

The four viscometers comnonly used t o  measure the v i s c o s i t y  o f  NaCl  

aqueous so lut ions are the fo l lowing:  cap i l l a ry ,  ro ta t i ona l ,  f a l l i n g  

sphere, and o s c i l l a t i n g  disk. For temperatures above about 5OoC, the  

most widely  used i s  the capi l lary- type,  f o r  example, the  Ostwald, Cannon 

and Ubbelohde v i  scometers. 

Goncalves and Kest in  used both the  Ostwald and Ubbelohde viscometers 

i n  measuring the  v i s c o s i t y  o f  NaCl and KC1 so lu t ions  over the  range 25OC 

t o  5OoC. Ca l i b ra t i on  was performed w i t h  respect t o  water a t  20, 25, 30, 

40, and 6OoC, w i t h  temperatures con t ro l l ed  t o  *0.loC. The so lu t ions  

were prepared by weighing the desired amount o f  reagent grade NaCl i n  

double-dist i  l l e d  water. The accuracy o f  the v i s c o s i t y  measurements was 

taken t o  be t0.1 percent (50). 

Korosi and Fabuss measured the v i s c o s i t y  over the  temperature range 

25OC t o  15OoC using a special  l y  b u i  It Cannon glass capi 1 l a r y  v i  scometer 

w i t h  470 mm o v e r a l l  length secured t o  a metal support frame by means of  two 

screw clamps. 

O.D. c a p i l l a r y  side tube o f  the viscometer were connected t o  the  mani fo ld  

and valve system w i t h  two Cajon 0 r i n g  f i t t i n g s .  

viscometer jo ined a s ta in less  s t e e l  holder enclosing a pal ladium s i l v e r  

membrane, which was connected t o  a normal ly open, a i r  pressure-operated 

Nupro bel lows valve. 

The ends o f  the  3 / 8  i n .  O.D. rece iv ing  tube and a 1/4 in .  

The c a p i l l a r y  s ide o f  the 

The l i n e  re jo ined the rece iv ing  s ide  of the v i s c o s i t y  

i n  a T f i t t i n g .  

hydrogen, through an a i r  pressure operated, and normal ly closed, Whitey 

From here connection was made t o  the source o f  pressur ized 

t 
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valve, and through the panel terminal located on top  o f  the assembly. 

whole assembly was submerged i n  a thermostat f i l l e d  w i t h  o i l  f o r  

temperature con t ro l  (45). 

v i s c o s i t y  at  25, 40, and 6OoC (51), by Postnikov f o r  temperatures t o  

The 

hj 

Ostwald-type viscometers were a lso  used by Etrokhi  i n  measuring NaCl 

. 
8OoC (52);  by Suryanarayana and Venkatesan f o r  temperatures t o  55OC 

(53), and by Jones and Chr i s t i an  a t  25OC (54). 
3 

Recent v i scos i t y  measurements a t  pressures up t o  30 MPa reported by 

Kes t in  and coworkers (11,55) were made using a modif ied o s c i l l a t i n g  d isk  

viscometer. The instrument consisted o6.a high-pressure bomb of type 347, 

18-8 s ta in less  s tee l ,  sealed w i t h  the  a i d  o f  t i e - b o l t s  made from Inconel  X, 

and provided w i t h  a synthet ic  sapphire, Bridgman-type window. The 

o s c i l l a t i n g  system was enclosed i n  the bomb, and ca r r i ed  a r e f l e c t i n g  

m i r ro r  on a stem. The bomb was mounted on a t i tanium-carbide b a l l  bearing, 

and enclosed i n  an automat ica l ly  con t ro l l ed  heater surrounded by a 

r a d i a t i o n  shield.  O s c i l l a t i o n  was i n i t i a t e d  by r o t a t i o n  of the  bomb on i t s  

bearing, and observed by a telescope which was t ra ined on a p rec i s ion  

scale. 

used: na tura l  per iod o f  = 16 sec., s ta in less  s tee l  d isk w i t h  R = 33.9725 

mm rad ius  and d = 3.2131 mm thickness between two f i x e d  p la tes  o f  spacing b 

= 2.9782 mm. Pressure measurements were made using high-precis ion Bourdon 

For br ines such as NaCl solut ions,  the f o l l o w i n g  parameters were 

c gauges, each accurate t o  0.2 percent o f  i t s  maximum range. Temperatures 

were measured w i t h  ca l i b ra ted  thermocouples. I n  o ther  work, Pepinov, 
e 

Yusufova and Lobkova used a modif ied c a p i l l a r y  method t o  measure N a C l  

v i scos i t i es .  The amount of l i q u i d  f lowing through the c a p i l l a r y  was var ied 

w i t h  a pump; the capi  l l a r y  was made from corros ion-res is tant  nickel-rhenium 

a l loy,  and had an ins ide  diameter o f  0.349 mm, w i t h  a length of 553.07 mm 

( 35). Semenyu k , LJ 
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Zarembo and Federov used a capillary type titanium apparatus for 

temperatures t o  4OO0C and pressures to  200 MPa. 

Ubbelohde (ASTM) type viscometer t o  measure . v i  scosi t ies  up t o  95OC w i t h  

0.02 percent precision. 

O u t  and Los used a is 

In summary, the osci l la t ing disk, Ostwald, Cannon and Ubbelohde-type P 

capillary 

viscosity 

capi 11 ary 

viscometers are the instruments mainly used fo r  measuring the 

of NaCl solutions for temperatures t o  15OoC, and a modified 

used for  temperatures up t o  35OoC and pressures to  150 MPa. 

I 

F. Density of Water and Sodium Chloride Solutions 

Density values for  NaCl solutions and water are needed to  convert 

kinematic viscosity to  absolute viscosity, t o  calculate molar 

concentrations from molal concentrations and t o  calculate the viscosity o f  

water (24). We have taken density date for  NaCl solutions from our 

correlation ( 2 2 ) ,  and density values for  water from the 1968 IFC 

formulation (24). 

G. Correlation Equation f o r  Sodium Chloride Solutions 

Over 1500 selected data points were used t o  develop our correlation; 

a l l  were i n i t i a l l y  given equal weight. See Table 4. The form developed i s  

similar t o  that derived by Vand w i t h  an added exponential term c 

2 

(9) ' = 1 + am + bm 2 + cm3 + dT (l-ekm) - 
'W 
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where a = 0.0816 

b = 0.0122 
c = 0.000 128 
d = 0.000 629 

W 
k = -0.7 
T = temperature, OC 
m = molal concentration, g-moles NaCl/Kg H20 

9 = absolute v i s c o s i t y  o f  NaCl solut ions,  cent ipo ise 
nW = v i s c o s i t y  o f  water, cent ipo ise 

e 
I n  eq 9, the v i s c o s i t y  of water i s  ca lcu lated from (24): 

c 

+ 

w 

As seen, eq 9 reduces t o  t h a t  o f  water when nk0, and reduces t o  polynomial 

form w i t h  a temperature co r rec t i on  term f o r  large values o f  m o l a l i t y .  

Eq 9 reproduces the experimental data t o  an average o f  b e t t e r  than 2 

percent over the ranges 1O-35O0C, 1-50 MPa and 0-5 m. See F i g u r e .  1, where 

the values ca lcu lated from eq 9 are compared w i t h  the smoothed values o f  

Kest in  e t  a1 up t o  15OoC and 35 MPa, and selected experimental data 

i nc lud ing  t h a t  o f  Korosi and Fabuss, Out and Los, Pepinov e t  a l ,  Semenyuk e t  

a1 and Suryanarayana. The la rges t  di f ference o f  -5 percent i s  t h a t  f o r  t he  

ata by Semenyuk, Zarembo and Federov f o r  t he  19 12 percent NaCl solut ion.  

and 5 II) concentratfons; 

Figure 2 shows the cha 

350OC. Figures 3 and 4 

temperature, respect ive ly .  
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1. E f f e c t  o f  Pressure 

The change i n  v i scos i t y  has been studied f o r  pressures up t o  150 MPa, and 

temperatures t o  356OC. Over these ranges the  v i s c o s i t y  increases by 1-2 

percent; see Figure 5. De ta i l s  on the instrumentat ion used, as w e l l  as 

experimental procedures are contained i n  the pub l ica t ions  by Kes t in  and 

coworkers (11,37,50,55) up t o  15OoC and 35 MPa, 

and 35 MPa (19,35), and by  Semenyuk e t  a1 up t o  356OC and 150 MPa (20). 

Pepinov e t  a1 up t o  35OoC 

H. V iscos i ty  o f  Other Solut ions 

Besides NaCl, geothermal br ines conta in  s i g n i f i c a n t  concentrat ions of  

Data on the both KC1 and CaC12, as shown by the  selected data i n  Table 2. 

e f f e c t  o f  these e lec t ro l y tes  on the v i s c o s i t y  o f  NaCl so lut ions i s  there fore  

important f o r  modeling the  v i s c o s i t y  o f  a geothermal ho t  b r i ne  reservo i r .  

Experimental work on the e f f e c t  of these other important e lec t ro l y tes  takes 

two forms: (1) a study o f  the v i s c o s i t y  change o f  the  pure e lec t ro l y te ,  and 

(2)  a study of the v i scos i t y  change o f  mixtures o f  NaCl w i t h  the  other 

e lec t ro l y te ,  e.g., KC1. 

1. Potassium Chlor ide 

Data on the  v i s c o s i t y  o f  KC1 so lu t ions  published by Grimes, Kestin, 

Khal i fa  up t o  15OoC and 35 MPa (48) are given i n  Table 8 and shown i n  Figure 

6; data have a lso  been published by Korosi  and Fabuss up t o  15OoC and 

saturated vapor pressures (21). The r e l a t i v e  v i s c o s i t y  o f  KC1 so lu t ions  i s  

lower than t h a t  o f  NaCl so lu t ions  a t  equivalent mola l  concentrat ions and 

temperatures as shown i n  Figure 6 .  Furthermore, the  add i t ion  o f  NaCl i n  the  

molal r a t i o  3 : l  g ives a s o l u t i o n  w i t h  a r e l a t i v e  v i s c o s i t y  higher than t h a t  

f o r  4 m KC1, but  less than t h a t  o f  4 m NaC1. This 3 : l  r a t i o  i s  roughly the  

r a t i o  o f  NaCl t o  KC1 i n  the Baca and Sal ton Sea areas, as shown i n  Table 2. 
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Note a lso the nonl inear  shape o f  the r e l a t i v e  v i scos i t y  curves f o r  both pure 

KC1, as we l l  as the  NaC1-KC1 mixtures. 

2. Calcium Chlor ide 

L, 

Data on the v i s c o s i t y  of CaC12 so lut ions up t o  90°C were published 

recen t l y  by Gruzdev, Genrikh and Shestova (561, and by Goncalves and Kest in  

(68). See Table 10. 

Ref. 56 contains t s  of the r e l a t i v e  v isc  t y  of CaC12 so lu t ions  up 

t o  90°C for concentrat ions between 0.474 - 4.4 m. 

reg ion over which there i s  no change i n  v iscos i ty ;  a t  4.4 m, the r e l a t i v e  

v i s c o s i t y  decreases over the  temperature range 50-90°C. Addi t ional  ly, the 

r e l a t i v e  v i s c o s i t y  values are higher than those of comparable NaCl so lut ions 

The p l o t s  show a f l a t  

by a f a c t o r  o f  1-2. 

I n te rna t i ona l  C r i t i c a l  Tables, as we l l  as t h a t  publ ished i n  References 56 and 

68 f o r  concentrat ions up t o  4 m (30 per 

3. Mixtures 

We have cor re la ted  the experimental data contained i n  the 

) ,  and 7OoC. See Table 12; Fig. 7. 

The v i s c o s i t y  o f  o f  NaCl w i t h  KC1 obtained from pub l ica t ions  by 

Correia, Kes t in  and K h a l i f a  (47) and Korosi  and Fabuss (57)  are given i n  Table 

9; values f o r  t he  v i s c o s i t y  of CaC12 w i t h  NaCl are 

Verba e t  a1 (67). See Table 9. Measurements of the  v i s c o s i t y  of m ix tu res  of 

NaCl w i t h  CaC12 over the  range 20-90°C and up t o  35 percent show t h a t  the 

v i s c o s i t y  i s  higher than t h a t  o f  NaC1, even a 

he pub l i ca t i on  by 

qual mol a1 concentrat ions. 

. See Table 11, s of about 2:1, the 

. v i s c o s i t y  i s  about 10 percen t NaCl solut ions;  the  
# 

t y  i s  about 25 percen molal  r a t i o  i s  1. 
' 

Because dissolved KC1 lowers 

geothermal b r ines  i n  Table 2 



-1 8- 

LJ 
v i s c o s i t y  whi le  CaC12 causes an increase, i t  may be t h a t  the two 

cont r ibu t ions  s u f f i c i e n t l y  o f f s e t  each other so t h a t  v i scos i t y  data f o r  pure 

NaCl so lut ions are a good approximation t o  the v i s c o s i t y  o f  a s i t e -spec i f i c  

geothermal br ine.  

4. Sea Water 

The fo l l ow ing  empir ica l  equation was developed by Mashovets and coworkers 

f o r  ca l cu la t i ng  the v i scos i t y  o f  sea water of composition 3 . 5 6 ~  percent a t  a 

spec i f  ied temperature (65 ) : 

log  nsw = 0.913 l o g  nw - 0.00597 

Equation 11 which i s  s i m i l a r  t o  the  Othmer r u l e  was used t o  ca l cu la te  values 

up t o  350°C (65). 

t ab le  consis t ing o f  values f o r  the  v i s c o s i t y  o f  sea water up t o  18OoC, and 

Isdale, Spence and Tudhope have published an extensive 

f o r  s a l i n i t i e s  between 32, 33 and 148.38 g/Kg based on the c o r r e l a t i o n  (66) :  

Experimental data are reproduced by eq 12 t o  * 1 percent. 

I. Summary and Conclusions P 

The change i n  r e l a t i v e  v i s c o s i t y  w i t h  concentrat ions d i f f e r s  markedly 

f o r  CaC12 so lu t ions  as compared w i t h  NaCl and K C l  so lu t ions.  

8. 

p l o t t e d  for  comparative purposes. As seen, CaC12 has a shape s i m i l a r  t o  

t h a t  of LaC13. The shape i n  the  curve f o r  LaC13 has been a t t r i b u t e d  t o  

See Figure - . 
I n  t h i s  f igure  data f o r  LaC13 obtained from Spedding's paper are 

\ 
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the h i g h l y  hydrated La+3 i o n  (16); it i s  l i k e l y  t h a t  the r a p i d  increase i n  

v i s c o s i t y  f o r  Ca+2 i s  re la ted  also t o  hydration. Appl icat ion o f  the Vand 

equation might ass i s t  i n  v e r i f y i n g  t h a t  the large increase i n  v i s c o s i t y  a t  

concentrat ions exceeding about 3 m i s  due an obst ruct ion o f  the steam l i n e s  

i n  the water solvent by hydrated Ca+2 ions. 

considered t o  be h igh l y  hydrated i n  aqueous so lut ions (14). Addi t ional  

in format ion t o  t h i s  approach i s  found i n  the pub l i ca t i ons  by Vand ( 2 9 ) ,  

Spedding and P i k a l  (16), and Out and Los (26). 

By contrast, KC1 i s  not  

The A c o e f f i c i e n t  o f  the Jones-Dole equation i s  determined by ion-water 
. = L C >  

i n t e r a c t i o n s  t o  form ion-bound water complexes, and by i o n i c  m o b i l i t i e s ;  A 

c o e f f i c i e n t s  are ca lcu lated from theory f o r  NaC1, K C l  and many other 

e lec t ro l y tes .  

dependence; the magnitude of B depends on the dissolved s a l t  and r e s u l t i n g  

ion-water i n te rac t i ons .  

f o r  NaC1, KC1 and other e l e c t r o l y t e s  (e.g., LiC1) by Out and Los up t o  

95OC, by Kaminsky for  temperatures between 12.5 and 42.5'C, and by Kay 

e t  a1 f o r  tetraalkylammonium hal ides between 0 and 65OC. 

studies o f  the D c o e f f i c i e n t  are mainly those by Out and Los, and a t  25'C, 

The B c o e f f i c i e n t  of ions i n  water shows a strong temperature 

The dependence o f  B on temperature has been studied 

Systematic 

by Desnoyers and Perron, See Reference 26 f o r  more d e t a i l s .  

The a, b and c c o e f f i c i e n t s  i n  the Vand equation have no t  been as w e l l  

studied f o r  aqueous e l e c t r o l y t e s  such as NaC1. 

retained, then the Vand equation, eq 5, g ives an "excel lent  representat ion 

I f  the f i r s t  term o n l y  i s  

of t he  v i s c o s i t i e s  of many ' s t rong ly  hydrated' e l e c t r o l y t e s  i n  the reg ion o f  

moderate t o  h igh concentrat ions". 

increased concentrat ion i s  a t t r i b u t e d  t o  an "obstruct ion" e f f e c t ,  owing t o  

in ter ference o f  large hydrated ions with the  stream l i n e s  i n  the solvent. 

See Spedding and P ika l  (16). 

The r a p i d l y  increasing v i s c o s i t y  w i t h  
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LJ J. Recommendations 

A f t e r  reviewing the  ava i lab le  experimental data i n  l i g h t  o f  t h a t  

requi red f o r  geothermal energy u t i l i z a t i o n ,  some spec i f i c  recommendations 

are appropriate. Mainly, add i t iona l  data are needed a t  pressures f rom 2 MPa 

t o  50 MPa, and f o r  temperatures between 100°C and 350°C f o r  mixtures o f  

NaCl w i t h  CaC12 and KC1. Future work might inc lude the fo l low ing :  

1. Development o f  an equation f o r  p red ic t i ng  the v i s c o s i t y  o f  NaCl 

and other  so lu t ions  up t o  h igh temperatures, concentrat ions and pressures. 

The equation would permi t  est imat ion o f  v i scos i t y  where data do not  ex i s t .  

Currently, the  best  ava i lab le  approach i s  t h a t  o f  Jones and Dole (14) f o r  

temperatures below 100°C, concentrat ions up t o  1 m ( 2 6 ) ,  and a t  saturated 

vapor pressures. 

2. Data are needed on the  v i s c o s i t y  o f  selected mixtures o f  NaC1, KC1 

and CaC12, t o  determine the  e f f e c t  o f  these s a l t s  on v i s c o s i t y  so t h a t  

geothermal b r ines  can be more c l o s e l y  modeled. 

b inary mixtures of NaCl w i t h  KC1 and CaC12; data are needed on the 

v i s c o s i t y  o f  mixtures o f  these three s a l t s  up t o  h igh temperatures. 

Some work has been done on 

3. I nves t i ga t i on  o f  the  e f f e c t  o f  pressure up t o  50 MPa. 

on ly  three sets o f  data have been publ ished f o r  pressures d i f fe ren t  from 

sa tura t ion  values a t  temperatures exceeding 100°C. 

Current ly,  

4. Laboratory measurements o f  the  v i s c o s i t y  o f  s i t e -spec i f i c  

geothermal brines. The da ta  w i l l  provide in format ion on the  v a r i a t i o n  i n  

v i s c o s i t y  f o r  each s i t e ,  and can be used t o  t e s t  t he  a p p l i c a b i l i t y  o f  NaCl 

so lu t ions  f o r  modeling. 

5. Experimental data fo r  t he  v i s c o s i t y  of CaC12 solut ions,  

espec ia l l y  a t  temperatures exceeding 100°C. These data w i  11 permi t  b e t t e r  

modeling o f  a geothermal b r i ne  a t  h igh temperatures. L, 
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6. Development o f  t heo re t i ca l  or empir ical  equations which permit  

ca l cu la t i ng  the v i s c o s i t y  o f  mixtures o f  NaC1, KC1 and CaC12 a t  h igh 
W 

temperatures. 

o f  experimental measurements which otherwise must be made. Young's r u l e  has 

been applied t o  mixtures o f  NaCl + KC1 (47) ,  and the a d d i t i v i t y  o f  kinematic 

These mixture equations w i l l  s u b s t a n t i a l l y  reduce the number 

. 
- f l u i d i t y  has been appl ied t o  NaCl + KC1, and NaCl + CaC12 (69). 
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K. Symbols and Units 

Units : 

MPa = lo6 N/m2 = 10 bar = 145.04 psi = 0.1 atm 
10 6~ P = 1 poise = 1 P = lg/cm s = 1 dyn s/cm 2 

dm3 = cubic decimeter = 1 liter = 1000 cm 3 
= lO-lkg/m s = 10-lN s/m2 = 10-1 Pa s 

g/crn3 = Kg/m3 x ioW3 

Absolute viscosity = kinematic viscosity x density 
Symbols : 

= relative viscosity = n/nw “r 
n = viscosity of NaC1 solutions, cp 

OW 

rn = molal (except, under Units, rn = meter) 

t = temperature, OC 

= viscosity of water, cp 

pressure, MPa 

centipoise 

viscosity of sea water, cp 

viscosity at ~oOC, cp 

salinity 
viscosity, Pa s 
density, g/cm or Kg/m 
concentration, molar 
volume fraction o f  solids 
shape factor of single spheres 

3 3 

. 
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K .  Symbols and Units (cont.) 

= shape factor of collision doublets 
hydrodynamic interaction constant 

K2 
0 
A3 = adjustable parameter 

“wi s = viscosity of water in solution 

W = weight percent 
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1. Selected materials and properties included in the aqueous solutions 
database. See Page i i i  of the Introduction. 

2. Sodium, potassium, calcium and chloride content of selected geothermal 
reservoir brines. Concentrations are in ppm. 
Introduction. 

Values of the Jones - Dole A, B and D coefficients for NaC1, KC1 and 
CaC12 solutions up to 95°C. 

Summary of experimental data used to develop the correlation equation 
for NaCl solutions. 

See Page iv o f  the 

3. 

4. 

* 

5. 

6. 

Relative viscosity o f  NaCl solutions up to 350°C and 5 m concentrations. 

Viscosity of NaCl solutions up to 150°C and 5 m concentrations. 

7. Viscosity of NaCl solutions up to 350°C and 50 MPa pressures. 

8. Viscosity of KC1 solutions up to 150°C and 35 MPa pressures. 

9. Viscosity of selected mixtures of NaCl + KCl up to 150°C and 35 MPa. 

10. Relative viscosity o f  CaC12 solutions up to 90°C. 

11. Viscosity of selected NaCl + CaC12 solution mixtures up to 90°C. 

12. Interpolated values for the relative viscosity of CaCl solutions, 
0.25 - 3 m; 20 - 7OOC. Calculated from the correlatioz equation: 

- =  DW 45.91 - 0.2000 t - (0.4201 - 0.00570 t) W 
In ‘Ir 
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Table 3. 
for NaCl, KCl and CaC12 solutions (28,361. 

Values o f  the Jones-Dole A, B and D parameters in eq 1 and eq 2 

Temp. 
"C -. 

5 
15 
25 
35 
45 

55 
65 
75 
85 
95 

A (1 i ter/mole)l" B (1 i ter/mol e) I) (1 i ter/mole)2 
NaCl kl CaCl -2 - -  NaCl KCl CaC12 -. - ilaC1 KCI CaCl - - 2  

0.0057 0.0047 '0.034 -0.0821. 0-23 0.024 0.022 
.0059 ,0049 .062 -0.0421 ,016 ,012 
,0061 -0051 ,078 -0,0145 ..271 .013 .007 
,0062 -0052 .082 .0083 ,013 ,002 
,0064 .0054 . ,094 .0250 .015 ,000 

.0065 
, 0066 
.0068 
, 0069 
,0071 

, 0056 
0057 
, 0059 
-0060 
.0062 

.lo1 .0394 .014 .OOO 
,108 .0509 .013 .ooo 
.115 ,0599 .011 ,001 
.121 ,0714 .011 -0.002 
.126 ,0788 .011 -0.001 

I .  
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Table 4. Sumarv o f  exDerimenta1 data on the v i s c o s i t y  o f  NaCl so lut ions 
used i n  developing eq 9: 

Temperature 
OC 

Concentrat ion 
molal 

*Pressure 
MPa 

0-25 
10-40 
12-42 
18-1 54 

20-80 
23 

25-50 

25 

25 
25 

25-150 

25-60 
30-55 

35 

20-350 
5-95 

100-350 

0 0 002-2 
0.1-5.8 
0 001 -0 5 
0 4-4 

6 
0.3-2.5 

0.007-5.8 

0.09-1.2 
0.1-3 -6 
0.1-5.6 
1 .O-5.6 

1.1-6 -1 
1.0-5.0 

0 01 -0.07 

0.17-4.28 
0.1-1.2 
0.9-4 

vs 

vs 
vs' 

1-30 

vs 
vs 

vs 

vs 

vs 
vs 

vs 
vs 

vs 

2-30 
vs 

10-150 

vs, 10-20 

Viscometer Reference 

Os twal d 
Ostwald 
Ubbelohde 
O s c i l l a t i n g  

d isk  
Ostwal d 
Electro- 

magnet i c 
Ostwald and 

U bbelo hde 
Unspecif ied 
Cannon 
Ostwald 
Fenske 

Ostwald 
Ostwald 

Unspec i f  i ed 

Cap i l l a ry  
Ubbelo hde 

Cannon 

54 
58 
59 
3? 
52 
60 

50 

61 
21 
62 
63 

51 
53 

64 

19 
26 
20 

bi 

Percent 
Di f ference 

0.3-0.7 

0.7 

0.8 

1 .o 
0.2 
1.9 

*vs = vapor saturated pressure 
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TABLE 5 .  RELATIVE VISCOSITYI 
VIS. NACL / VIS. WATER 9 

CONCENTRATIONv M NACL 
--------------------_____________c_1__1_-------------------------- 

TEMP 
DEG.C . 1  05 1 2 3 4 5 ----- ----- ----- c---- ----- ---.I- ----- ----- 

1.3636 1 I5357 1.7351 10 1.0087 1. 0457 1.0971 1 2178 
1. 0987 1. 2201 1.3663 1.5387 1.7382 15 1.0089 1.0467 

20 1.0091 1.0476 1 1003 1.2225 1. 3691 1.5416 1 7412 
25 1.0093 1 . 0485 1.1018 1.2249 1.3719 1.5446 1.7443 
30 1.0094 1. 0494 1. 1034 1.2272 1. 3746 1.5475 1. 7473 

40 1.0100 1.0513 1.1066 1 . 2320 1.3801 1.5534 1.7534 
45 1.0102 1.0522 1.1082 1.2343 1. 3829 1.5564 1.7565 

1.3357 1. 5593 1.759s 50 1.0104 18 0532 1.1098 1.2367 
55 1.0106 1.0541 1.1113 1.2391 1.3884 1.5623 1.7626 

(50 1.0108 1. 0550 1.1129 1.2415 1.3912 1.5652 1.7456 
65 1.0110 1. 0559 1.1145 1.2438 1. 3939 1.5682 I .  7487 
70 1.0113 1.0569 1.1161 1.2462 1. 3967 1.5711 1.7717 
75 1.0115 100578 -1. 1177 1 . 2484 1. 3995 1.5741 1. 7742 
80 1.0117 1.0587 1.1193 1.2509 1.4022 1,5771 1. 7778 

85 1.0119 1.059 1.1208 1.2533 1. 4050 1.5800 1. 7809 
90 1.0121 1.060 1,1224 1.2557 1. 4077 1.5830 1. 7839 
95 1.0123 1.041 1.1240 1.2580 1.4505 1.5859 1,7570 

100 1.0125 1.0624 1.1256 1.2604 1.4133 1. 5589 1.7900 
105 1.0127 1.1272 1.2628 1.4160 1.5918 1.7931 

110 1.0130 1.1288 1.2652 1.4188 1. 5948 1.7961 
115 1.0132 1.1303 1. 5977 1.7992 
120 1.0134 1.1319 1 6007 1.8022 
125 1.0136 1.0671 9 1.13 1.6036 1. 8053 
130 1.0138 10 6066 1.8083 

135 1.0140 1.6095 1.8114 
140 1.0142 1.6125 1.8144 
145 1.0144 1. 6155 1.8175 
150 1.0147 1.4409 . 1.6184 1.8205 
155 1.0149 1.6214 1.8236 

160 1.0151 1.0736 1.1446 1.6243 1.8266 
145 1.0153 1. 0745 1.1462 1.6273 1 , 8297 
170 1.0155 1. 0754 1.1478 1 2936 1.4519 1.6302 1.8327 
175 1.0157 1.0764 1.1493 1.2960 1.4547 1 I 4332 1. 8358 
180 1.0159 1.0773 I 1.1509 1.2983 1. 4574 1.6361 1.8388 

35 1.0098 1.0504 1.1050 1.2296 1. 3774 1. 5505 1.7504 



TEMP. 
DEG. C ----- 
185 
190 
195 
200 
205 

210 
215 
220 
225 
230 

235 
240 
245 
250 
255 

260 
265 
270 
275 
280 

285 
290 
295 
300 
305 

01 
--e-- 

1.0161 
1.0144 
1.0166 
1.0168 
1.0170 

1.0172 
1.0174 
1.0176 
1.0179 
1.0181 

1.0183 
1.0185 
1 .Ole7 
1 . 0189 
1.0191 

1.0193 
1.0196 
1.0198 
1.0200 
1 . 0202 
1 0204 
1 . 0206 
1.0208 
1 . 0210 
1.0213 

310 1.0215 
315 1.0217 
320 8.0219 
325 1.0221 
330 1.0223 

335 1.0225 
340 1.0227 
345 1.0230 
350 1.0232 -. - .  

w 5  
-e--- 

1 . 0782 
1 . 0792 
1.0801 
1.0810 
1.0819 

1.0829 
1.0838 
1. OB47 
1.0857 
1 . 0846 
1.0875 
1.0884 
1 0894 
1 . 0903 
1 . 0912 
1.0922 
1 . 0931 
1.0940 
1. 0949 
1 0959 

1.0968 
1. 0977 
1.0987 
1 . Q996 
1.1005 

1.1014 
1.1024 
1.1033 
1.1042 
I. 1052 

1.1061 
1.1070 
1.1080 
1.1089 

1 ----- 
1 . 1525 
1.1541 
1.1557 
1 . 1573 
1 . 1588 
1.1604 
1 . 1620 
l.lb36 
1.1652 
1.166% 

1.1683 
1.1699 
1 . 1715 
1 . 1731 
1 . 1747 
1.1763 
1 . 1778 
1.1794 
1.1810 
1.1826 

1.1842 
1.1858 
1.1873 
1.1889 
1 - 1905 
1.1921 
1.1937 
1.1953 
1.1968 
1. 1984 

1.2000 
1 . 2016 
1.2032 
1 . 2048 

2 
e---- 

1.3007 
1.3031 
1 3054 
1 . 3078 
1.3102 

1.3125 
1 . 3149 
1.3173 
1.3196 
1.3220 

1 . 3244 
1 3268 
1 e 3291 
1 3315 
1. 3339 

1.3362 
1 . 3386 
1 . 3410 
1. 3433 
1 * 3457 

1.3481 
1.3505 
1 . 3528 
1.3552 
1 . 3576 
1 3599 
1.3623 
1 3647 
1 . 3670 
1 . 3694 
1.3718 
1.3741 
1.3765 
1 . 3789 

l m 4402 
1 . 4629 
1 . 4657 
1 . 4685 
1 . 4712 
1. 4740 
1 - 4747 
1.4795 
1 . 4823 
1 . 4850 

1.6391 
1 . 6420 
1.6450 
1 . 6479 
1.6509 

1 . 6538 
1.6568 

1.6627 
1.6637 

i . 6598 

1.8419 
1 . 8449 
1.8480 
1 . 8510 
1,8541 

1.e571 
1 . 8602 
1 I 8432 
1.8663 
1.8693 

1 . 4878 l04C4%6 1.8724 
! . 4905 1.6716 1 rn 8754 
1 4933 1 . 6745 1.8785 
1 . 4960 1.6775 1 . 8815 
1 e 4988 1.6804 1 . 8846 
1 . 5016 1.6834 1.8876 
1 5043 1 0  6863 1.8907 
1. 5071 1. 4893 1.8937 
1.5098 1.6922 1 . 8948 
1 . 5126 1.6952 1.8998 

1.5154 1 . 4982 1.9029 
1.5181 1.7011 1 9059 
1 . 5209 1.7041 1 . 9090 
1 5236 1. 7070 1 9120 
1.5264 1.7100 1 . $7151 
1.5292 1 . 7129 1.9181 
1 5319 1.7159 1 . 9212 

1 . 9242 1. 5347 1 . 7188 
1 5374 1 7218 1 . 9273 
1. 5402 1 . 7247 1.9303 

1 5430 1 . 7277 1. 9334 
1. 5457 1 = 7306 1.9364 
1. 5485 1 7336 1 9395 
I 5512 1.7366 1.9425 

~ . 
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In Table 7 which follows, all concentrations are in units of molal 
concentrations; viscosity values are in units of centipoise (cp) 

P 
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# 

0 
5 

10 
15 
20 

25 
30 
35 
40 
45 

50 
55 
60 
65 
70 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

125 
130 
135 
140 
145 

150 
155 
1 60 
165 
170 

TMLE 7.ABSOLUTE VISCOSITY OF NACL SOLUTIONS 

PRESSURE = . i n - ~ c s c a ~  

. CONCENTRATION* M NACL * ........................................... 
TEMP DENSITY 
DEG. C KG/H3 

4 ----- 2 3 ----- . -. 1 ----- _---- 0 ---- 
999.557 10 7937 1.9622 2.1758 2.4360 2.7440 
999.676 1 1.5209 1.6661 1.8485 2.0696 2.331 1 

3.3082 I .  4352 1.5931 1.7838 2.0090 999.428 
998.850 1.1391 1 2515 1.3899 1.5564 1.7527 
997.976 1 0024 1.1029 1.2255 1.3724 1.5454 

1.3752 996.833 rn 8903 .9810 1.0905 1.2214 
1.2336 

993.838 -7189 .7944 ,8840 .9902 1.1146 
992.02s 6525 .7220 . eo38 .9005 1.0135 
990.025 .5955 .6&00 .7351 .8236 .9269 

995.446 .7972 .%796 9783 1.0958 

9a7.851 0 5464 6064 0 6757 .757 1 .8520 
.985.512 . -5036 .5597 6240 .6992 .7868 

980.333 4331 ,4827 ,5387 .6038 .6792 
977.605 .4039 4507 5033 .564 1 .6345 

983.02 1 * 04662 a5188 .5787 .6485 7296 

974.694 .3778 ,4222 .4717 5287 .5947 
978.653 - 0 3544 .3967 0 4434 .4970 -5590 
96% 487 .3335 0 3738 ,4179 4685 .5269 
965.197 03145 rn 3530 0 3950 .4428 .4979 
961.786 0 2974 0 3343 ,374 1 .4195 .4716 

958 2J7 3172 -3552 .3983 .4477 
954.610 .3014 .3379 .3789 4260 
-950.847 2874 .3221 -3612 4060 
946.968 2743 .3076 .3450 .3878 
942.974 0 2623 0 2943 e3301 .3710 

938.866 02513 I 02820 .3163 .3555 
934.444 I .2411< 0 2707 .3036 03412 
930.309 ' -2316 0 2602 e2919 .32m 
925.861 0 19J8 0 2229 .2505 .2a10 .3157 
921.301 -1884 2147 02415 2709 3043 

916.629 0 1815 0 2072 .2331 .2685 + 2937 
91 1.846 0 1751 0 2001 2253 0 2528 .2839 
-6.953 1691 0 1936 0 2180 2446 0 2747 
901 0 950 I 1635 1875 .2112 a 2370 .266 1 
896.839 .1583 0 1817 .2048 2299 -258 i 

5 

3.1013 
----- 
2.6343 
2.2698 
1.9799 
1.7454 

1.5529 
1.3929 
1.2583 
1.1440 
1.0460 

.9614 

.e877 
-8230 
.7661 
.7155 

.6705 
6301 

.5939 

.5611 
-5314 

.5044 

.4798 

.4573 

.4366 

.4177 

.4002 

.3840 
3691 

.3552 

.3424 

.3304 

.3193 
3089 

-2992 
.2902 

*Density of water. 
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TEMP DENS I TY 
DEG. C KG/H3 

175 891.622 
180 886.298 
185 880.871 

195 869.71 1 
190 67S. 341 

200 863.982 
205 858.158 
210 852.239 
215 846.230 
220 840.132 

225 833.948 
230 827.682 
235 821.336 
240 814.915 
245 808.420 

B O  801.857 
255 795.227 
260 788.536 
265 781.786 
270 n4.981 

275 768.126 
280 761.225 

290 747.296 
295 740.278 

285 754.280 

300 
305 
310 
315 
320 

325 
330 
33s 
340 
345 

733.228 
726.151 
719.051 
71 1.931 
704.796 

697.650 
690.495 
483.336 
676.176 
669.019 

350 661.068 

T-LE 7.ABSOLUTE VISCOSITV OF NACL SOLUTIONS 

0 ----- 
-1534 
1489 
1446 

e 1405 
1367 

-1331 
1297 
.1266 . 1235 
1207 

-1180 
1154 
1130 
1106 
1084 

e 1063 
m 1043 
1024 
.ioos 
0988 

0971 
-0955 
-0939 
.0924 
.0910 

e 0896 
0882 
-0869 
0857 . 0845 
. 0833 
e 0822 
.0811 . 0800 
e 0790 

0780 

2 ----- 1 ----- 
1164 e 1989 
-1713 e 1933 
-1666 1880 
e 1622 e $831 
1580 1785 . - .  

4 ----- 3 ----- 
2232 .2506 

.2111 -2369 
2169 2436 

2056 -2307 
2004 2249 

1541 
e 1504 
-1469 
-1435 
1404 

1374 
-1346 
1320 
.1294 
-1270 

1741 
.1700 
1661 
1624 
1590 

1557 
0 1526 
1496 
1468 
-1441 

.1955 .2194 

e 1865 .2093 
1909 21 42 

1824 -2047 
e 1785 2003 

. 1749 1961 
1714 1922 

e 1680 .le85 
-1649 0 1849 
e 1619 1815 

1247 1415 -1590 1783 . 1225 1391 s1563 1753 

.1184 1346 .is12 1695 
-1165 1324 1489 1668 

.1204 1368 1537 -1723 

.1147 1304 -1466 1643 
1129 . 1285 1444 .1618 
.1112 1266 1423 .159S 
1096 .1248 .1403 .1572 
-1080 ,1230 .1383 .1550 

.lo65 . 1214 1365 e 1529 
e 1050 1198 1347 1509 

1023 1167 1313 
e 1010 1153 -1296 

1036 1182 1329 -1489 

.0997 -1139 1281 
-0985 e 1125 .1266 . 0973 e l l 1 2  -1251 .1401 

.-so 1087 .1223 .1369 
e 0961 .1100 .1237 1385 

0940 .lo75 .1210 1354 

5 

.2817 

.2663 

.2524 

----- 
2737 

2592 

.2464 

.240& 

.2298 

.2245 

2350 

.2202 

.2157 

.2115 

.2075 

.2037 

.2000 

.1965 

.1932 
1901 
.1870 

.1841 

.1813 

.1787 

.1736 
1761 

-1712 
1690 
.1667 
.1646 
.1625 

. 

.1605 

.1586 

.1567 

.1532 
-1549 

-1515 
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TABLE 7.ABSOLUTE VISCOSITY OF UACL SO+JTIONS 

PRESSURE t 1O.M-PASCAL A 

4 

TEHP 
DEG. C 

175 
180 
185 
190 
195 

2544 
2473 

-2345 
-2286 

-2407 

.2860 

.2780 

.2705 

.2635 

.2568 

200 
205 
210 
215 
220 

, 
225 
230 
235 
240 
245 

870.771 
865.118 
859.377 
853.549 
847.637 

1354 
.1320 
1288 
.1258 
.1229 

1567 rn 1771 1988 .2231 .250& 
.1530 -1729 1942 .217Y .2447 
1494 m1690 1898 -2130 .2392 
-1461 .1654 .1857 rn 2083 ,2339 
-1430 .1619 .1818 .2040 .2290 

.1400 1586 1781 -1998 .2243 

.1372 1554 1746 1959 .2198 
1345 1525 m1713 .1921 .2156 
-1320 .1497 1681 -1886 .2115 
.1295 1470 1651 ,1852 .2077 

84 1.644 
835.572 
829.424 

816.914 
823.204 

.1202 

.1176 . 1151 
1128 
1106 

I 250 
255 
260 
265 
270 

8 1 0.558 
804.138 
797.458 
791.122 
7B4 532 

.lo85 

.lo64 

.lo45 

.lo27 
1009 

1272 
0 1250 
1229 
-1209 
1190 

1444 
1420 
.1397 

.1353 
-1374 

m1623 
1595 
1569 
m1544 
n1521 

1819 
1789 
-1759 
1731 
,1705 

.2041 

.2006 

.1973 

.1941 

.1911 

275 
280 
285 
290 
295 

777.893 
771.208 
764 s 480 
757.713 
750.91 1 

.0992 
-0976 
-0960 

.0931 
0945 

1172 
1154 

1333 
.1313 
1294 
1276 
1259 

1498 
.1476 

.1435 
,1455 

1415 

.1679 
1654 
1630 . 1608 
.1586 

1565 
-1544 
.1525 
1506 
.1488 

.1882 

.1854 
,1827 
-1801 
.1777 

.1137 
0 1121 
.1105 

.1753 . 1730 
1707 
1686 
.1665 

300 
305 
310 
315 
320 

744 077 
737.215 
730.328 
723.420 
716.494 

.1242 
1226 
.1211 
1196 

e 1181 

.0917 

.0903 

.0890 

.OW8 

.0865 

-1090 
1075 
1061 
.lo48 
.lo34 

.1397 

.1361 
m1379 

1344 
-1328 

.lo22 .1167 1313 1470 .1645 
-1009 I 1153 .1297 -1453 .1626 
0990 1140 ,1283 1436 .1607 
0986 1128 -1268 -1420 .1589 
.097S .lllS 1255 .1405 .1571 

.0964 .1103 1241 ,1390 .is54 b. 

325 709.554 
330 702.604 
335 695 646 
340 U S .  685 
345 681.723 

350 674 763 

.OS54 

.OS42 

.OS31 
00821 
.OS10 

.OS00 
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TABLE 7.ABSOLUTE VISCOSITY OF NACL SOLUTIONS 

PRESSURE 20. OH-PASCAL 

3 4 

2.3778 2.6785 
2.0318 2.2885 

1.9815 107594 
1.5410 I .  7353 
1. a 3 2  1.5350 

----- ----- 

25 1005.602 .8868 a9771 1 0863 1.2166 1.3698 
30 1004.116 .7960 8783 .9769 1 0942 1.2318 
35 1002.432 .7194 0 7949 .8846 .9908 1.1154 

1.0162 40 1000.564 .6542 .7239 ' -8059 I. 9028 
45 998.528 .5982 6629 .7383 .8272 .9310 

50 996.333 .%97 '.6100 -6798 .7617 ,8571 
55 993.990 - e5074 5639 .6288 .7045 .7928 
60 991.507 .. .4704 5235 ' .Sa39 ,6543 .7362 

.6863 65 988.890 -4376 4877 .5443 
70 986.147 4086 4560 5092 5707 .6419 

.6100 

7s 983.280 3827 e 4277 .477% .5355 6024 
80 980 296 .3594 4023 4496 .SO40 5669 
85 977.196 .3385 e 3795 .4243 .4756 .5349 
90 973 984 e 3197 3588 -4014 .4500 .SO60 
95 970.662 3025 e 3401 3806 4267 .4798 

E 

100 967 232 
105 963.695 
110 960.0S3 
115 956.306 
120 952.456 

125 948.504 
130 944.449 
135 940.293 
140 936.037 
145 931.681 

2870 0 3230 3617 4056 .4559 
2728 3074 0 3444 .3862 4342 
2597 2932 .3286 .3685 .4142 
2478 02801 'e3141 .3523 .3959 
2368 268 1 3008 .3373 .3791 

-2267 2570 2885 .3236 . -3636 
02174 2468 2771 .3108 .3493 
2C87 2373 -2666 .2990 .3360 :. 2007 2285 2566 2881 3237 
1933 2203 2477 2780 3122 

1 so 927.225 2127 . 2393 2685 3016 
155 922.671 2057 -2315 e 2597 .2917 
160 918.020 0 1991 224 1 .2515 .2825 
165 913.272 1929 -2173 .2439 2739 

.170 908.428 0 1671 0 2109 2367 e 2658 

W *Density of water. 

5 

3.0272 
2.5841 
2.2387 
1.9403 
1.7338 

----- 

1 * 5449 
1.3908 

1.1470 
1.0506 

I .  2592 

,9672 
.e944 
.e305 
.7740 
.7239 

.6791 . 6390 

.6029 

.5702 
5406 

.5137 

.4891 

.4665 

.4459 

.4268 

,4093 
.3931 
,3781 
.3642 
.3513 

.3393 

.3281 

.3177 

.3079 
2988 
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TASLE 7.ABSOLUTE VISCOSITY OF NACL SOLUTIONS 
I PRESSURE E 30.0M-PASCAL 

e 

TEMP 
DEG. C 

0 
5 
10 
15 
20 

25 
30 
35 
40 
45 

50 
55 
60 
65 
70 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

# 125 
130 
135 
140 
145 6 

150 
155 
160 
1 65 
170 

CONCENTRATION. M NACL ........................................... 
* DENSITY 

UGf M3 
2 3 

*---- _---- 0 1 
e--- ..---- 

1014.103 1.7324 li8951 2.1015 2.3527 
1013.785 1.4813 1 6228 1 8004 2.0158 
1013. 171 1.2829 1.4074 . 1.5622 1.7493 
1012.289 1 1234 1.2342 1.3707 I .  5349 
lOll.165 .9933 1.0928 1.2143 1.3599 

1.2151 1009.820 -8857 9760 1.0849 
.9767 1.0940, 3008.273 . 7959 .8782 

1006.540 7200 7956 8853 .9917 
1004.635 .6553 .7251 ,8073 ,9044 
1002.570 .5997 6645 .7402 .8293 

..- -.... 

1000.357 ,5515 -6120 ,6820 ,7642 
998.002 .so94 .5662 .4312 .7073 

992.901 .4399 I -4903 .S472 ,6132 
990.167 -4109 4586 05121 .5740 

995. Si5 4725 5259 ,5866 6573 

987.316 3851 4304 4808 5389 
984.352 03619 4051 4527 . 5075 
981 280 ,3410 .3822 4274 .4791 
978.100 3222 .3616 .4045 .4535 
974.817 3051 3429 3838 .4303 

971.431 2895 3258 .a649 4091 
e3103 .3476 .3898 

03318 
03173 
3039 .3409 

m2916 3271 

-2697 
02312 2599 

1 02508 

2802 .3143 

932 209 1887 s 2424 s 2720 
927.770 2345 02631 
923.240 2272 2549 

913.913 t654 a 2139 s 2401 
918.621 2203 2473 

CI 3 

----e 

4 ----- 
2.6502 2.9953 
2.2705 2.5657 
1.9701 2.2259 
1.7285 1.9526 
1 5312 1.7295 

1.3681 1.5450 
1.3906 1.2316 
1 . 2602 1.1163 

1.0179 1.1490 
.9333 1.0533 

.8599 

.7959 
7396 
.&e98 
6456 

.6062 
,5707 
.5388 
.s100 
.4838 

.4599 
4382 
.4182 
.3999 
3831 

.3675 
3532 
.3399 . 3276 
.3161 

3055 
e 2955 - 2863 
2776 

a 2696 

*Density o f  water. 

.9703 

.8979 

.8343 

.7780 
7281 

.6534 

.&434 
‘6073 
.5747 
,5491 

.5182 

.4936 

.4710 

.4503 
-4313 

.4137 
3975 
.3825 
3686 
.3!556 

.3436 
8 3324 
,3219 
.3122 
.3030 
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TABLE 7.ABSOLUfE VISCOSITY OF NACL SoLufICNS 

PRESSURE 3O.OM-PASCAL 

CONCENTRATION. W NACL 

TEMP 
DEG. C 

175 
180 
185 
190 
195 

200 
205 
210 
215 
220 

225 
230 
235 
240 
245 

250 
255 
260 
265 
270 

275 

285 
290 
295 

280 

300 
305 
310 
315 
320 

325 
330 
335 
340 
345 

350 

DENS I TY 
KG/M3 

909.118 

899.270 
894.220 
-9.088 

904.237 

883.875 
878.584 
873.217 
867.774 
862.258 

856 672 
851.017 
845.295 
839.510 
833.664 

827.758 
821.797 

809.715 
803.600 

815.781 

797.440 
791.237 
784.994 
778.714 
772.401 

766.056 
759.682 
753.283 
746.862 
740.420 

733.962 
727.490 
721.006 
714.514 
708.015 

701.514 

0 

.1604 

.1558 . 1515 
-1474 
.1435 

7 

.1399 

.1333 

.1303 

-1365 

1274 

1246 
.1221 
.1196 
.1173 
.1150 

.1129 
-1109 
.lo90 
.lo71 
.lo54 

1037 
.lo20 
.ioos 
.0990 
.0975 

.0961 

.0935 
0948 

m0922 
-0910 

0898 
0887 
W76 
0865 
0854 

.OS44 

3 4 -_--- ----- 1 2 - ---- 
.1844 -2079 2334 .2620 
1793 s 2023 2271 0 2549 
1746 1970 .2212 2482 
1701 1920 - A 2156 .2420 
-1659 1874 2104 .2361 

1619 1830 2055 .2306 

.1547 .1750 .1965 .2204 

.1514 1713 1923 .2158 

1582 1789 2008 2254 

1482 1678 .1884 e2114 

-1452 1643 1848 .2072 
1424 1614 1813 2033 
1397 1584 1779 1996 

e 1372 .1556 1748 .1960 
-1348 .1529 si718 1926 

1325 1504 1689 .1894 
1303 1479 1662 -1864 
1282 .lo56 -1636 1834 
1262 1434 -1612 .1807 
1243 .1413 1588 .1780 

.1224 1393 .is65 1754 

.1207 1373 e 1543 ,1730 
1190 1355 1523 ,1706 

.1158 .1919 1483 .1662 

.1174 9 1337 .1503 1684 

1143 1303 1465 1641 
1128 1287 1447 1621 
-1114 1271 .1429 1601 
.llOl .1256 .1413 .1582 
1088 0 1242 9 1397 .1564 

.io75 .1228 1381 1547 
1063 rn 1214 1366 .1529 
.io51 ,1201 1331 .1513 
1039 1189 m1337 ,1497 
.lo28 -1176 1323 -1481 

s 1017 .1164 .1310 1466 

c c' ----- 
.2945 
-2865 
.2790 
.2719 
.2652 

.2590 

.2531 

.2475 

.2423 

.2373 

.2326 

.2282 
2239 
2199 
.2161 

.2125 
2090 
.2057 
.2025 
1995 

1966 
.1939 
1912 
1886 
,1862 

1838 
1815 
.1793 I 
.1772 
.1751 

.1731 
-1712 
1693 
.1675 
.1657 

W 
.1640 
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TABLE 7.ABSOLUfE VISCOSITY of NACL SOLUTIONS 

PRESSURE 40.0M-PASCAL 

e 

a 

CONCENTRATION. tl NACL ............................................. 
TEMP * DENSITY 
DEG. C KWW3 

0 1 2 .  ----- I--- ---- 
0 1018.798 1.7159 1.8771 2.0814 

1.4710 , 1.6115 1.7878 
10 1017. !559 1.2765 I 1.4004 1.5545 

1016.558 1.1196 1 2301 1.3661 15 
20 1015.334 -9913 1.0907 1.2119 

5 1018.314 . 

e8851 . -9752 1.0841 25 1013.906 
30 1012.291 .9770 
35 1010.502 8863 
40 1008.553 .6566 7266 8089 
45 1006.453 .6013 .6663 7422 

50 1004.214 .5533 ,6141 . -6843 

60 999.345 4747 -5283 5893 
65 996.729 4422 4928 5500 

55 1001 842 .Si 15 5684 .6338 

70 993.998 .4133 e4612 .5150 

7s -4331 4838 
80 4078 4557 
85 -3850 4305 
90 3644 -4076 
95 -3456 386 

100 975.414 * 

105 971.974 
110 968.441 
115 969.815 2527 
120 961 100 -2417 

125 957.294 231 
130 953.400 .222 
135 949.418 .2135 ' 

140 945.349 2055 
145 941.193 .198 

150 
155 
160 
165 
170 

175 
180 
185 
190 
195 

936.953 
932.629 
928.221 

919.160 
923.731 

914.509 
909.779 
904.972 
900.088 
895.130 

1911 
.1846 
.1785 
1729 
1676 

1627 
.1581 
1537 
1496 

.1458 

3286 
-3130 
-2988 . 

2736 
-2857 

s 262 
252 
2427 
2339 
225 

3679 
3507 

.3349 

.3203 
-3070 

-2946 
-2832 
2727 
2629 
2538 

2181 2453 
.2110 2375 

-1982 2233 
1924 2168 

-2044 .2301 

-1870 02108 
1819 2052 

-1771 1999 
-1727 1950 
1685 -1903 

'cs 
*Density o f  water. 

3 

2.3303 
2.0017 
1.7406 
1.5298 

----- 

1 3572 

1.2142 
1.0943 

,9062 
.8315 

-9928 

.7667 

.7101 
-6604 

.5772 
-6164 

.5422 

.5109 
4826 

.4570 

.4337 

-4126 
3932 

.3755 
3592 

03443 

3305 
3177 
3059 
2949 

.2848 

2753 
2665 
2582 
2506 

rn 2434 

2366 
2303 
2244 
2189 

-2137 

4 ----- 
2.6250 

1.9603 
1.7228 
1.5283 

2.2546 

1.3671 
1 2320 
1.1176 
1.0199 
.9358 

.8628 

.7991 

.7430 

.6934 

.6493 

.6099 

.S746 

.5427 

.5138 

.4877 

.4638 
4420 

-4221 
4038 

.3869 

rn 3714 
3570 

.3437 
-3313 
.3199 

3092 
.2993 
2900 

-2814 
2733 

.2657 
2586 

02519 
-2457 
2398 

5 

2.9663 
2.5478 
2.2149 
1.9461 
1.7261 

----- 

1.5438 
1.3910 
1.26147 
1.1512 
1.0561 

.9736 

.9015 

.8381 
-7820 
.7322 

.6877 

.6477 

.6117 

.5791 

.5495 

,5225 
.4979 
.4754 
.4547 
.4356 

04180 
-4018 
3868 

m3728 
.3599 

3478 
.3366 
3261 
3163 

-3072 

.2986 

.2906 

.2831 
2760 
2694 



TEMP 
DEG. C 

200 
205 
210 
215 
220 

225 
230 , 
235 
240 
245 

250 
255 
260 
265 
270 

275 
280 
285 
290 
295 

300 
305 
310 
315 
320 

325 
330 
33s 
340 
34s 

350 

-44- 
T(IBLE 7.a~sotu~~ VISCOSITV OF WCL samrms 

DENSITY 
KWtl3 

890.098 
884.995 
879.821 

869.272 
874 580 

863.899 
553.464 
-2.969 
547.415 
84 1.805 

836.141 
830.425 
824.660 
818.848 
812.991 

807.092 
801.153 
795.177 
789.166 
783.123 

777.0% 

764.825 

752. 51 1 

770.950 

758 678 

746.327 
740.128 
733.917 

721.467 
727.696 

715.234 

0 

1422 
.1338 
.1355 
-1325 
.1296 

-v 

.1269 
1243 
1219 
1195 

.1173 

.1152 
1132 

.1113 

.lo94 

.lo77 

1060 
.lo44 

.lo13 
0999 

mi028 

.098S 

.0958 
0946 

.0934 

0971 

.0922 
091 1 
0399 
0889 
0878 

.0868 

1 

.1645 

.1608 

.is40 
1573 

1508 

2 

a 1859 

1779 

.1707 

---- 
1818 

1742 

1479 .1675 

-1424 .1614 
1398 .1586 

.1450 -1643 

-1374 1599 

.1351 .1534 

.1330 .lSlO 
1309 1487 

.1289 .1465 

.1270 1444 

.1252 
1234 
1217 

0 1201 
1186 

1171 
.1156 
1142 

0 1129 
.1116 

.1103 

-1079 

.lo57 

1091 

1068 

-1046 

1424 
1404 
1386 
1368 

.1351 

.1334 
1319 
1303 

1274 
.1288 

,1260 
.1247 
1234 

.1221 
-1209 

1197 

3 4 S ----- ----- ----- 
rn 2088 2343 .2631 

.1998 2242 .2517 
l9S7 .2195 .2465 

.1918 2151 .2415 ~ 

.204 1 m229 1 .2573 ' 

.1881 .2110 -2368 
1846 -2071 .2324 
1813 2033 .2282 

1752 .1964 .2204 
.1782 1998 2242 

-1723 rn 1932 -2168 
-1696 1902 2133 

1671 -1873 .2100 
1646 .1845 2069 

.1623 .1819 .2039 

-1600 1793 .2010 
.1579 -1769 .1983 
1558 1746 .1956 

-1538 .1723 .1931 
1519 .1702 .1906 

.1500 1681 .1883 

.1483 1661 .1860 
1465 ,1642 .1838 

.1433 1605 .1797 

.1449 -1623 1817 

.1417 1587 -1777 

.1402 .1570 .1758 

1374 ,1538 .1721 
1388 1554 1739 

.1360 .1523 1703 

1347 1508 1686 

3 

tr' 
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U 

c 

3 

h 

LJ 

- .  

TEMP 
DEG. C 

0 
5 
10 
15 
20 

25 
30 
3s 
40 
45 

50 
55 
60 
65 
70 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

125 
130 
135 
140 
145 

150 
155 
160 
165 
170 

175 
180 - -  

TABLE 7.ABSOLUTE VISCOSITY O f  NCICL SOLUTIONS 

PRESSURE = 50.OM-PASCAL 

*DENSITY 
KG/U3 

1023.402 

1021.836 
1020.708 
1019.377 

1022 742 

1017.857 
1016.166 
1014.314 
1012.313 
1010.173 

1007 902 
1005. SO6 
1002.994 
1000.369 
937.636 

994.800 
401.864 
988.831 

982.485 
985.704 

979.176 

972.294 
975 778 

968 725 
96% 071 

. 061 -335 
957.517 
953.619 
949.64 1 
945.584 

I 94 1.450 
937.239 
932.953 
928.593 
924.159 

919.63;3 
915.076 

~ . - - -  

0 

‘ 1.7012 
1.4619 
1.2711 
1.1166 
.9e99 

--- 

.8848 
-7946 
.7219 

-6030 
6580 

. 5552 
05135 
4768 . 4444 
-4156 

.3898 
e 3667 
-3458 
3270 
3099 

2943 
I 2801 
2670 
2550 
2440 

2339 
2245 
02158 
2077 
2003 

rn 1868 
w 1808 
1751 
1698 

,1649 
1603 - -  - 

*Density of water. 

1 ---- 
i.e6io 
106016 
1 3945 
1 2268 
1 0892 

, 08790 . 7977 
7281 
6682 

. 6162 . S707 
5307 

0 4953 
4638 

~ ,4357 
4104 

e 3876 
3670 
-3483 

,3312 
3157 
03014 
e 2883 
-2762 

a2651 . 2548 
2453 
,2365 . 2283 
.2206 
02135 
2069 
2007 
.1949 

1895 
1845 --- 

2 

2 e 0637 
1 7768 
1.5479 
1 3625 
1 2102 

---- 

1 0838 
9776 

08106 . 7443 
. 8876 

6867 
rn 6363 
$920 

.5528 
-5179 

e 4867 
e 4587 
.4334 
-4106 
3898 

3709 
3536 
3378 
3233 

e 2567 

-2197 

e2137 
2081 . - _  

3 4 

2.3104 2.6026 
2.2408 1.9899 

----- ----- 
1,9520 1.7332 

1.5257 1.7181 
1.3553 1.5261 

1.2138 1.3666 
1.0950 1.2327 
.9943 1.1192 
.9081 1.0221 
.8339 .9385 

,7694 .8658 

. 6634 .7464 

-5804 .6529 

7130 -8023 

.6195 6969 

. 5455 
05142 
4859 

4371 
,4603 

e4159 
3966 
,3708 

.3476 
3626 

,3338 
e3210 
3091 
2982 
2880 

. 2785 
2697 
261 5 
2538 
-2466 

.6136 

.5783 

.5176 

.4914 

0 5464 

.4676 
,4458 
4258 
4075 
.3906 

.37!51 

.3607 

.3473 

.3350 

.3235 

.3128 

. 2936 

.2769 

3029 

2850 

. 2399 .2693 
.2622 .2334 - .. - -_ - -  

5 

2.9415 
2.5321 
2.2055 
1.9409 
1.7237 

----- 

I .  5433 
1.3919 
1.2635 
1.1537 
1.0591 

.9770 

.9051 
-8419 
.78&0 
.73&3 

.6918 

.6519 

.6159 

.5833 

.5537 

,5268 
.5022 
,4796 
.4589 
.4398 

.4222 

.4059 

.3909 

.3769 

.3640 

.3519 

.3407 

.3302 

.3204 

.3113 

.3027 

.2947 . - _  
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TABLE 7.CIBSOLuTE VISCOSItV OF NACL 80LVTIONS 

PRESSURE 50. OM-PASCAL 

mnp 
DEG. C 

185 
190 
195 

200 
205 
210 
215 
220 

225 
230 
235 
240 
245 

250 
25s 
260 
265 
270 

275 
280 
285 
290 
295 

300 
305 
310 
315 
320 

32s 
330 
335 
340 
345 

350 

DENSITY 
KWM3 

910.430 
905.715 
900.933 

896.085 
891.174 
886.200 
851.165 
876.070 

870.919 
865.71 1 
860.449 
855.135 
a9.771 

844.359 
838.900 
833.397 
827.852 
822.267 

816.643 
810.984 
805.290 
799.565 
793.81 1 

788.029 
782.222 
776.392 
770.541 
764.671 

758.784 
752.883 
746.970 
741.047 
73s. 11s 

729.177 

0 

1559 
--I 

.1518 

.1480 

1444 
1410 
1378 
.1347 
-1319 

1291 
3266 
1241 
.1218 
1196 

.1175 
1155 

.1136 
1118 . 1100 

.lo83 
1067 
.lo52 
1037 
1023 

.1009 

.0996 
0983 
.0970 
. o m  

.0947 

.0935 
0924 
,0914 
m0903 

0893 

1 

.1797 . l7s2 
-1710 

-e-- 

1671 
1634 

0 1599 
1566 
1534 

1505 
m1477 
1450 
1425 
s1401 

-1378 
13- 
1336 
,1316 
1298 

-1279 
1262 
1246 
1230 
1214 

.1200 
a 1185 
, 1172 
1158 
1145 

1133 
0 1121 
1 1 0 9  
,1098 
0 1087 

,1076 

2 

-2028 
1978 
1932 

-_-_ 

1888 
1847 
-1808 
1772 
1737 

.1704 

.1644 
1673 

1416 
1590 

1565 
1541 
1518 
1496 
1475 

.1453 
1436 
1418 
1400 
1384 

.1367 
1352 
1337 

rn 1322 
1308 

1294 
-1281 
1268 
1% 
-1243 

1232 

3 4 5 

2277 2556 2872 
.2221 2493 2801 
-2369 2434 2735 

----- ----- c---- 

.2120 -2379 ,2672 

2031 m2278 .2558 

.1951 -2189 .2457 

.2074 2327 ,2614 

1990 2232 -2506 

1914 ,2147 .2410 . 1880 .2108 .2366 
1847 .2071 .2324 
1816 2036 .2284 
1786 2003 .2247 

.1758 1971 .2211 
1731 ,1941 .2177 
1706 1912 .2144 
1681 1885 ,2113 
1658 .1858 .2083 

163b 
1614 

rn 1594 
.1574 
.1555 

.1537 . 1520 
1503 
.1487 
-1471 

s1455 
1441 
1426 
1412 
1399 

.1833 

.1809 

.1786 

.1764 

.1743 

1722 
1703 
1683 

.1665 
1647 

1630 
1613 
.1597 

.1566 
1581 

,2055 
.2028 
.2002 
1976 
.1952 

1929 
.1907 
,1885 

.la44 

.ia64 

.1824 

.1806 

.1787 

.1769 

.1752 

,1386 .lSSl .1735 
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TABLE 8. VISCOSITY OF AQUEOUS KCL SOLUTIONS UP TO 
150 DEG-C, 35 MPCI CINE1 5 MOLCIL. SEE REFERENCE 48. 

A. PRESSURE I S  EQUAL TO 0.1 MPCI OR THE VAPOR PRESSURE WHICHEVER I S  HIGHER. 

TEMP- 
DEG. C 

25 
30 
‘35 
40 
45 

8901 
7972 
7192 
6529 
5962 

5471 
.5044 
4670 
4340 
4047 

- 5  

-5989 . 
-8066 
,7289 
.6630 
4064 

m 5575 
5149 
4775 
4445 
-4152. 

1 

.9O41 
-8133 
7368 
6715 
,6159 

,5675 
5253 
4882 
4553 
.4262 

2 3 ----- ----- 
.9107 9234 
8243 8407 
7512 .7704 
6888 ,7100 
6349 .., ._I. , ,6574 

5880 .6118 
.5468 -5715 
.5104 5357 
4783 5037 
449s 4750 

.9559 

.8732 
3026 
7418 
.6889 

50 
55 
6 Q 
65 
70 

75 -3785 4001 4237 m 4491 .4763 .5050 
80 -3551 3656 3766 m 4003 4257 ,4521 .4772 
85 -3341 3445 m 3555 3792 9 4043 .430l .4557 
90 -3151 3254 3344 .3600 3848 - 4099 .4342 
95 -2976 3031 ,3190 3424 3649 3913 -4144 

100 -2821 2923 -3032 , -3264 - ,  3504 3741 3962 
105 -2679 2780 2887 31 16 m 3353 3583 3794 
110 .2548 .2648 2755 -2981. -3212 - 3436 .3438 
115 -2428 ,2528 2433 2856 3082 3300 3494 
120 -2318 2417 2521 2740 ,2962 3173 3360 

4425 
-6014 
,5650 
,5323 
,5029 

1,0217 
9321 
8555 
.7902 
7331 

,6832 
9 4391 
6000 
.5649 
.5335 

125 -2217 2315 . 
130 -2124 2221 
135 -2038 -2134 

6 140 -1959 2054 . 
145 -18ft6 1980 

2418 2633 2849 ,3054 3235 
2323 -2533 . ,2745 .2944 .3118 
2234 -2441 ~ 2647 2840 3010 
2153 2354 2556 2744 2908 
2078. -2276 . - 2471 .2653 .2813 

- 150 -1818 1912 2008 m 2202 .2391 2568 2724 
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TABLE 8. VISCOSITY OF AQUEOUS KCL SOLUTIONS UP TO 
150 DEG-C- 35 MPA AND 5 MOLAL- SEE REFERENCE 48. 

? 

B. PRESSURE IS EQUAL TO 5.0 MPA 

CONCENTRATION- MOLAL KCL 

TEMP 
DEG. C 
--I-- 

25 
30 
35 
40 
45 

50 
55 
60 
65 
70 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

125 
130 
135 
140 
145 

150 

0 ----- 
. 8891 . 7969 . 7193 
.65:34 
5949 

. 5480 
5054 
4681 
4351 
4058 

m 3797 . 3563 
0 3353 
-3163 
29’30 

2834 . 2691 
2560 
2441 
2331 

0 2230 
-2137 . 2051 - 1972 
-1898 

. 1830 

-5 ----- 
8987 . 8067 
7294 . 6637 
-6073 

. 5585 
-5160 
.4736 . 4457 
-4164 

.3902 

.3668 
3457 
3266 
3093 

- 2936 
2792 
2640 . 2540 
-2429 

2327 
2233 
-2147 
2067 

e 1993 

. 1924 

1 ----- 
. 9045 
-8139 
7377 
6727 
6169 

5686 
5264 

0 4893 . 4565 . 4274 
. 4013 
3779 
3568 
3376 
3203 

. 3044 

.2Y00 
2767 
2645 . 2533 
2430 
-2335 
2247 
-2165 
.2090 

2020 

2 ...---- 

.9119 
8255 . 7525 
-6900 
6361 

.5892 
5481 
-51 18 

4508 

.4249 
-4016 - 3805 
-3612 
3437 

3276 
3129 . 2993 
2868 
2752 

2645 
-2546 . 2454 - 2368 . 2283 

4796 

,2214 

3 ----- 
. 9256 . 8422 
.7719 
-7115 - 6591 
-6132 . 5728 
0 5370 . 5051 
4764 

4505 
4270 
4056 
3861 - 3682 
-3517 . 3365 . 3225 
3095 
2974 

2862 
2757 
.2660 
2569 . 2483 
-2404 

4 ----- 
.9574 
8748 
8042 . 7433 
.6904 

. 6440 
4029 
5644 
5337 . 5043 
.4777 
4535 
-4314 
-4112 . 3926 
. 3755 . 3596 . 3449 
.3313 . 3186 
. 3067 
2957 . 2853 . 2757 
-2666 

.2581 

9 

5 ----- 
1 . 0235 

.93:39 
3575 
.7918 . 734% 
.684% 
.6407 
-6015 
.5665 
0 5350 

.SO45 
0 4807 
.4571 . 4356 
.4158 

. 3976 
m 3808 
,3652 

3373 
. 3508 
. 3248 
-3132 
-3023 . 2921 
2826 

. 2737 
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TABLE 8m VISCOSITY OF AQUEOUS KCL SOLUTIONS UP TO 
Ld 

150 DEGmC* 35 MPA AND 5 MOLAL- SEE REFERENGEM. 

C. PRESSURE IS EQUhL TO 10.0 MPA 

TEMP. 
DEG-C 

25 
30 
35 
40 
45 

50 
55 
6Q 
65 
70 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

. 125 
130 
135 

145 

150 

b 140 

* 

0 m5 
-I--- ----- 
8881 - 8984 
7965 8069 
7194 7299 
6538 6644 

m 5976 6082 

m 5489 5595 
5064 m5171 
4691 4798 
4362 4469 

.4070 -4176 

3809 3915 
m 3576 3680 
3365 3469 

m3175 3279 
m 3003 3106 

2846 2948 
I 2704 2804 
2573 ' m2673 
2453 2553 
2344 2442 

2243 2340 
m2150 2246 
2064 2160 
1984 2079 

m 1911 2005 

1843 o 1937 
c 

1 
-1-c- 

9049 
m8146 
7385 

.6737 
m6180 

5697 
5276 
4905 

m 4578 
4286 

4025 
3791 

.3389 
3580 

3215 

3057 

2780 

2546 

2912 

2658 

2443 
2348 
2260 
2178 

m2103 

2033 

2 
----c 

m913.l 
-8268 
7537 
6913 

m 6374 __  - - - 
5905 

m 5494 
m5131 
4809 

.4521 

4262 
m 4029 
3817 

m 3625 
3450 

3142 
.3006 
2881 

2458 
2559 

.246& . 
2381 
2301 

2227 

3 ----- 
9266 
8438 
7734 
7129 - 6605 

m6147 
5743 
5384 
5064 
4777 

4518 
4283 
4070 
3874 

,3695 

3530 
3379 
3238 

m 3108 
2987 

.2875 
2770 
2473 
2582 

e 2496 

.2417 

4 ----- 
.9593 . 8765 
8058 

,7449 
6920 

6455 
m 6044 
5679 
5352 

.5058 

.4791 
4549 
4328 
4126 
3940 

3768 
3610 
3463 
3326 

m3199 

3081 
2970 
2867 
2770 
2679 

2594 

5 ----- 
1.0253 
.9357 
8593 

-7936 
.7344 

.4864 
6423 
-6031 
.568(3 
53h5 

.5080 

.4822 

.458/j 
4371 

-4173 

3990 
3822 

.3666 
3522 

,3387 

m 3262 
3145 
3037 
2935 
2839 

2750 
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TABLE 8. VISCOSITY OF AQUEOUS KCL SOLUTIONS UP TO 
150 DEG. Cv 35 MPA AND 5 MOLAL. SEE REFERENCE 48. 

D. PRESSURE I S  EQUAL TO 15.0 MPA 

CONCENTRATIONS MOLAL KCL 

' TEMP, 
DEt3.C ----- 

25 
30 
35 
40 
45 

50 
55 
60 
65 
70 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

125 
130 
135 
140 
145 

150 

0 ----- 
. 8870 
7961 

m7195 
6543 . 5983 

. 5498 
5074 . 4702 

.4374 . 4082 

. 3822 
3588 
3378 

m3188 
-3016 

. 2859 
-2716 

. 2466 . 2356 

. 2255 
2162 . 2077 . 1997 
1924 

. 1856 

2586 

e5 ----- 
. 8982 

. 7304 . 6652 . 6091 

m 8071 

m 5605 . 5182 . 4809 . 4480 
4188 

3927 
3693 . 3482 . 3291 . 31 18 

2961 
-2817 . 2686 . 2565 . 2455 

. 2353 

-2172 . 2092 
2018 

1950 

s 2259 

1 ----- 
m 9053 
-8152 
,7393 . 6746 
e619t 

rn 5709 
5288 . 4918 . 4590 . 4299 

. 4038 . 3804 

. 3401 . 3228 

3069 . 2925 . 2792 . 2671 
2559 

. 2456 . 2360 . 2272 . 2191 

.2115 

. 2045 

3593 

2 ---...- 
m9143 
8280 
7SSO . 6926 
6387 - -'=e=' 

-5918 

. 5144 
4822 

rn 4534 

. 4275 . 4042 
3830 
3638 . 3462 

. 3302 
-3154 . 3019 . 2893 
, 2778 

. 2671 
2571 . 2479 . 2394 . 2314 

. 2240 

5507 

3 

. 9281 . 8453 
7749 
7144 . 6620 

-6161 
5757 . 5398 
5078 

.4791 

. 4532 . 4297 . 4083 . 3888 
3708 

3544 . 3392 . 3251 
-3121 . 3000 

. 2888 

2686 

. 2509 

. 2430 

2783 

2595 

4 ----- 
-9610 . 8782 . 8075 
7465 
6935 

e 6470 
6059 . 5694 
,5367 . 5072 

. 4806 
4564 

rn 4343 
-4140 
3954 

. 3782 . 3623 
3476 

. 3213 
m 3340 

m 3094 . 2983 . 2880 . 2783 . 2692 

2607 

r 

5 * ----- 
1 I 0272 
.9375 
,8610 
7953 . 7381 

, 6881 . 6439 
e 6047 
I 5696 
.5380 

, 5095 
4837 . 4601 
4385 

.4187 

, 4005 
3836 

.3680 . 3536 . 3401 

,3276 . 3159 

. 2948 . 2853 

, 2764 

m 3050 

1 

, -. 
Ld 



LI TABLE 8. VISCOSITY OF AQUEOUS KCL SOLUTIONS UP TO 
150 DE0-C. 35 MPA CSND 5 MOLAL- SEE REFERENCE43. 

E. PRESSURE I S  EQUAL TO 20.0 MPA 

1 

CONCENTRCSTIONI MOLAL KCL ................................................................... 
TEMP 
DEGm c 0 - 5  1 2 3 4 5 ----- ----- -- ----- ----- ---e- ----- 

b 

25 .8860 8979 9057 -9155 9297 9628 1 0270 
30 -7958 8073 -8159 8292 8469 8798 9393 
35 -7197 7310 7401 7562 7764 . 8091 8628 
40 -6548 6659 w 6756 6935 7153 7481 7970 
45 -5990 .6i00 6201 640Q 6634 m 6951 7398 

50 -5506 -5616 5720 5931 6175 6486 6897 
55 m5054 5193 5299 - 5520 5771 6075 6455 
60 -4713 4821 .4930 -5158 -9412 5709 6063 
65 -4385 4492 4602 4835 5092 5381 571 1 
70 -4094 4200 431 1 4805 SO97 .5396 

75 -3834 3939 4050 4545 4@20 .5111 
80 -3600 3705 -3816 4055 4310 4578 .4%52 
85 .3390 3494 3605 m 3843 4096 4357 -4616 
90 -3200 3304 3414 3651 3901 4154 4400 
95 -3028 3968 .4202 

100 -2872 2973 3557 - 3796 .I4019 
105 -2729. 2830 3167 3405 3637 3850 
110 -2598 2698 2805 3031 3264 3490 3694 
115 -2479 2578 2683 -3134 m 3353 3550 
120 -2369 3226 3415 

125 -2268 -2901 3107 - 3290 
130 -2175 2373 .2796 2997 3173 
135 -2089 2285 2492 2699 2893 3064 

3 140 -2010 2105 - 2204 - 2406 2607 2796 .2962 
145 -1937 -2128 2522 2706 2866 

* - 2058 2443 2620 m 2777 150 -1869 

- -A . - -_- 
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TABLE 8. VISCOSITY OF AQUEOUS KCL SOLUTIONS UP TO 
150 DEG-C- 35 MPA AND 5 MOLAL. SEE REFERENCE 48. 

F. PRESSURE IS EQUAL TO 25.0 MPA 

TEMP- 
DEG, C 

25 
30 
35 
40 
45 

50 
55 
60 
65 
70 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

125 
130 
135 
140 
145 

1 50 

0 ----- 
-8850 
7954 
-7198 
6552 
5997 

5515 
5094 
4724 

rn 4397 
-4106 

3846 
3613 
3403 
-3213 
3041 

2884 
2741 
261 1 
2492 
2382 

2281 
-2188 
2102 
2023 
1949 

-1881 

- 5  ----- 
8977 
8075 
7315 
6646 
m6109 

5626 
5204 
4832 

.) 4504 
4212 

3952 
3718 
3507 
3316 
3143 

2986 - 2842 
271 1 

2480 

2378 

-2198 

2044 

1975 

2590 

2284 

21 18 

1 ----- 
9061 
8165 
7409 
6766 
6212 

5731 
531 1 
4942 
-4614 
4323 

q 4063 
8 3829 
-3618 
3426 
3253 

3094 
2950 
-2817 
2696 
2584 

2481 

-2298 - 2216 
2386 

2141 

2071 

2 ----- 
9367 
8305 
7575 
695$ 
-6443 

5944 
5533 
-5171 
4848 
4560 

-4301 
4068 

3664 
3488 

-3327 
3180 

rn 3044 
2919 
2803 

2696 
2597 
2505 
-2419 
2339 

2265 

. --- 

3856 

3 
-c--- 

-9313 
8484 
7779 
7174 
6649 

618'3 
5785 

I 5104 
-4818 

5426 

4559 
4324 
-4110 
-3914 
rn 3735 

0 3570 
-3418 
3277 
-3147 
3026 

2914 
2809 
-2712 
2620 
2535 

2455 

4 ----- 
,9645 
-8815 
-8107 
7497 
.6947 

6501 
6090 
5724 
5396 
-5101 

4834 
4592 
4371 
-4168 
3981 

3810 
3651 
3503 
3367 
3239 

-3121 
3010 
2906 
2809 
2719 

2634 

1 0309 
-9410 
I 8645 
9 7987 
.7415 

-6V14 
6471 
6078 

-5411 
.. 5727 

5126 
,4867 
.4&31 
4414 

9 4216 

,4033 
3865 

m 3708 
,3564 
,3429 

.3303 

.3187 
0 3077 
2975 
2880 

-2791 
P 



b( 

c 

i 

r' 

TEMP 
DEG. C ----- 
25 
30 
35 
40 
45 

50 
55 
60 
65 
70 

75 
80 
85 
90 
95 

1 00 
105 
110 
115 
120 

125 
130 
135 
i40 
145 

150 

-53- 

TABLE 8. VISCOSITY OF AQUEOUS ECL SOLUTIONS UP TO 
150 DEG- C, 35 MPA AND 5 MOLAL- SEE REFERENCE 48. 

G. PRESSURE IS EQUAL TO 30.0 MPA 

8839 8975 9064 9179 - 9329 
7951 8077 -8171 -8317 8499 
7199 7320 -7418 7588 7794 
6557 6674 6775 6964 7188 
6004 61 18 6222 6426 6663 

5524 5636 5742 5957 6204 
-5104 .5214 5323 5546 5799 
4735 4844 4954 5184 5440 
4408 4516 ,4627 4861 5220 
-4118 4224 4336 4573 4832 

3858 3964 4075 -4314 4573 
3625 3730 3841 4031 4337 
3415 -3519 3630 3869 -4123 
3225 3329 3439 3676 3927 
3053 -3156 3265 3501 3748 

2897 2998 3107 3340 3583 
2754 2855 2962 -3193 3431 
2624 2723 2830 3057 .3290 

e 2504 2603 w 2703 2932 -3160 
2395 2493 2597 -2824 , 3039 

2294 
2201 
21 15 
2036 
1962 

1894 

2391 
2297 
221 1 

-2130 
2056 

1983 

2494 2709 2927 
2398 2610 2822 
-2310 2518 2725 
w 2229 2432 2633 
2154 2352 2548 

2083 2278 2468 

4 ----- 
9662 
8832 
,8124 
7513 
6982 

-6516 
4105 
5739 
541 1 
51 16 

4849 
4606 
4385 
-4182 
3995 

3823 
3664 
3517 
3380 
3253 

3134 
3023 
2920 

2732 

2647 

2823 

5 ----- 
1 0327 
9428 

.) 8663 
8004 
7431 

,6930 
.6487 
6094 
5743 
5427 

-5141 
4882 
4645 
4429 
4230 

4048 
3379 
-3722 
3577 
3443 

3317 
.3200 
3091 
2989 
2894 

2804 
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TEMP - 
DEG. c ----- 

25 
30 
35 
40 
45 

50 
55 
&Q 
65 
70 

75 
80 
35 
90 
34 

100 
165 
110 
115 
120 

125 
130 
135 
140 
145 

150 

. C  

TABLE 8. VISCOSITY OF AQUEOUS KCL SOLUTIONS UP TO 
150 DEG-C, 35 MFA AND 5 MOLAL. SEE REFERENCE48. 

H. PRESSURE IS EQUAL TO 35.0 MPA 

0 ----- 
3829 
7947 
7200 
6562 
601 1 

5533 
-5214 - 4746 - 4420 
4130 

3370 
9 3637 
3427 
3238 
306h 

2909 
2747 

I 2634 
2517 

I 2407 

2307 
2214 
2123 
2049 

.) 1975 

1907 

7325 
66S1 

,4127 

- 5646 

= 4855 
4528 
4237 

3976 
3742 

,3532 
3341 
3168 

301 1 
2867 
2736 
2616 
2505 

.2404 - 2310 
2223 

-2143 
2069 

2000 

b 5225 

-8178 
7426 
4785 
6233 

.5754 
9 5335 
4966 

.4639 
4348 

4088 
3854 
3443 
3452 - 3273 

3120 
.2975 
2343 
2721 
2609 

2506 

I 2323 
2242 

-2146 

2096 

m2411 

2 
--e-- 

-9191 
8329 
7600 

.6977 
4439 

5970 - 5540 
-5197 
I 4874 
4586 

.4327 
4093 

.3882 
3689 
3514 

,3353 
3205 

m 3070 
2944 - 2329 

2722 
2622 
2530 
2445 
2365 

2290 

3 ----- 
934s 

-8515 
7809 
7203 
6673 

6218 
.5313 
5454 

-5134 
4844 

4536 
4351 

-4136 - 3941 
3761 

3596 
I) 3444 
3303 

-3173 
I 3052 

2940 
2835 
2738 
2446 
2561 

2481 

4 ----- 
9679 
8849 

-8140 
.7529 
6993 

6532 
-6120 
5753 
5425 
5130 

4863 
.4620 
.4399 
-4196 
4009 

m 3537 
3678 
3530 

m 3394 
3266 

,3147 
3037 
2933 
2336 
2745 

2660 

1 a 0346 
9446 
8680 

m 8021 
,7448 

.6946 
6504 
61 10 

-5758 
5442 

5156 
9 4897 
46h0 

9 4444 
4245 

.4062 
3393 
3737 
3591 
3457 

3331 
-3214 
-3105 
,3003 
.) 2907 

-2818 

ci 
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4 J  

c 

0 

Table 9. 
molali ty shown. 
wise indicated. 

Viscosity of selected NaCl - KC1 mixtures a t  temperature and 
Pressures a r e  vapor saturated (vs) values unless other- 
Data were obtained from References 47 and 57. 

Tgmp. Press, 
C MPa - 

vs 
vs 
vs I 

vs 
0.10 

17.34 
29.40 

vs 
vs 
vs 

Molality, 
NaCl KCl 

0,4807 0.2262 
0.5655 .1414 
9.6362 ,0707 
3.9614 .4524 
1.0044 1 to052 

1.0044 1.0052 
1.0044 1.0052 
1.1310 0.2828 
1.2724 0.1414 
2.4034 1.1311 

Dens1 Sy , Viscosity, 
g/m cp 

1.0262 
1.0259 
1.0257 
1.0538 

.II 

- - 
1.0529 
1.0521 
1.1274 

0.9275 
0.9346 
0.9408 
0.9702 
1.001 

1.003 
1.004: 
0.9853 
0.9987 
1.1447 

26 

28 

40 

vs 
vs 

3.24. 
18.17 
31.20 
0.10 

17.89 

30.99 
vs 
vs 
vs 
vs 

2.8275 0.7070 
3.1810 0.3535 

1.9993 
1.9993 
1.9993 
1.0297 
1 , 0297 

1 , 0297 
0.4807 
0.5655 
0.6362 
0,9614 

1.9958 
1.9958 
1.9958 
3.0221 
3.0221 

3.0221 
0.2262 
0,1414 
0.0707 
0.4524 

vs  1.131 0 0.2828 
vs 1,2724 0.1414 
vs 2,4034 1.1311 
vs 3.1810 0,3535 

60 vs 
a 

. '1.1310 0.2828 

1.2724 0.1414 
2.4034 1,1311 

vs . 2.8275 0.7070 
vs 3.1810 0.3535 

,i 255 1.1909 
1.1243 1.2328 

- 1.130 - 1.136 - 1.141 - 0.991 - 1.000 

.. 1.003 
1.0207 0.689 
1.0204 0.693 
1.0202 0.698 
1 , 0477 0.727 

1 ,0468 0.737 
1.0460 0.746 
1.1202 ' 0.868 
1,1171 0.925 

1.0114 0.499 
1.0111 0,501 
1 -01 08 0.504 
1.. 0380 0.531 
1.0372 0.537 

1.0363 0.542 
1.1997 0.642 
1.1078 0.659 
1.1064 0.676 
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Table 9, Continued 

Temp. Press. Molality, Dens i SJ, , Viscosity, 
cp O C  MPa NaCl KC1 g/cm . - 

75 vs 
vs 
vs 
vs 
vs 

vs 
vs 
vs 
vs 

78 0.72 

17.41 
31 -26 

79.5 0.93 
1.65 
17.27 

31.26 
80 0.79 

1.07 
17.34 
31.13 

0.72 
0.79 
1.14 
1.34 
10.38 

16.51 
23.34 
23.96 
30.44 
31.13 

100 vs 
vs 
vs 
vs 
vs 

vs 
vs 
vs 
vs 

0.4816 0.2267 
0.5666 0.1417 
0,6375 0.0708 
0.9632 0,4533 
1.1333 0.2833 

1.2749 0.1417 
2.4078 1.1332 
2.8329 0,7083 
3..1869 0.3541 
1.0297 3.0221 

1.0297 3.0221 
1.0297 3.0221 
1.9993 1.9958 
1.9993 1.9958 
1.9993 1.9958 

1.9993 1.9958 
1.0044 1.0052 
1.0044 1.0052 
1 ,0044 1 ,0052 
1.0044 1.0052 

3.0029 1.0008 
3.0029 1.0008 
3.0029 1.0008 
3.0029 1.0008 
3,0029 1.0008 

3.0029 1.0008 
3.0029 1.0008 
3.0029 1.0008 
3.0029 1.0008 
3.0029 1.0008 

0.4830 0.2273 
0.5683 0.1421 
0,6393 0.0710 
0,9660 0.4546 
1.1366 0.2842 

1.2787 0.1421 
2.4144 1.1363 
2.8408 0.7102 
3.1957 0.3551 

1.0033 
1,0028 
1,0024 . 
1 0298 
1.0291 

1 .0285 
1.1914 
1.0998 
1 .OQ83 - 

0.9873 
0.9867 
0.9865 
1.0139 
1.0132 

1.0126 
1.0859 
1.0843 
1.0827 

0.407 
0.409 
0.411 
0.435 
0.439 

0.444 
0.531 
0.543 
0.556 
0.493 

d 499 
0.503 
0.51 2 
0.51 1 
0.519 

0.523 
0.423 
0.424 
0.428 
0.432 

0.536 
0.537 
0.539 
0.536 
0.540 

0.540 
0.545 
0.544 
0.549 
0.549 

0.306 
0.307 
0.309 
0.330 
0.333 

0.335 
0.407 
0.41 5 
0.423 



kd 

i 

1 

-57- 
Table 9. Continued 

Temp. Press. Mola l i t y ,  Densi sy , Viscosi ty,  
"C MPa NaCl KC1 g/cm cp - 

125 vs 0.4858 
vs 0.571 5 
vs 0.6429 
vs 0.971 4 
vs 1.1431 

vs 
vs 
vs 
vs 

132 0.93 

1.96 
17.48 
31.54 

139 0.72 
17 50 

1.2862 
2.4274 
2.8563 
3.2130 
1.0297 

1 .'0297 
1.0297 
1.0297 
1.0297 
1.0297 

150 vs 0.4909 
vs 0.5774 
vs 0.6495 
vs 0.981 3 
vs 1.1549 

vs 1.2996 
vs 2.4512 
vs 2.8848 
vs 3.2448 
0.39 1.9993 

0.86 1.9993 
16.51 1 9993 
31.26 1.9993 

151 0.79 1.0044 
1-14 1.0044 

1-34 1 -0044 
14.72 1.0044 
15.68 1 ,0044 

152 0-80 3.0029 
1.07 3.0029 

17.34 3.0029 
31..13 3.0029 

0.2286 
0.1429 
0.071 4 
0.4572 
Q. 2858 

0.1429 
1.1424 
0.7141 
0.3570 
3.0221 

3.0221 
3.0221 
3.0221 
3.0221 
3.6221 

0.231 
0.1444 
0.0722 
0.4618 
0.2888 

0.1444 
1.1536 
0.7212 
0.3606 
1.9958 

1.9958 
1 , 9958 
1.9958 
1.0052 
1.0052 

1.0052 
1.0052 
1.0052 
1.0008 
1 . 0008 

1.0008 
1.0008 

0.9690 0.243 
0.9684 0.243 
0.9682 0.245 
0.9962 . 0.263 
0.9954 0.264 

* 

0.9947 0.266 
0.261 
0.333 
0.338 
0.305 

1.0692 
1.0677 
1.0661 

0.305 
0.309 
0.31 3 
0.288 
0.291 

0,9484 0.201 
0.9480 0.201 
0,9477 0.203 
0.9766 0.218 
0.9757 0.219 

0.975 0.221 
1.0517 0.275 
1.0502 0.279 
1.0485 0.282 - 0.278 

- 0.278 - 0.283 - 0.289 
* 0.228 - 0.227 

- 0.228 - 0.232 - 0.232 - 0,283 - 0.285 

0.288 - 0.292 



Table 

Temp. 
"C 

10 
20 
30 

I 40 
50 

- 

60 
70 
80 
90 
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Lr 10. Relative viscosity of Cbc'Iz solutions (56). 

Concentration, molal - ~ 

0.474 

1.129 
1.140 
1.150 
1.154 
1.162 

1.164 
1.170 
1.151 
1.129 

1.018 

1.318 
1.337 
1.356 
1.353 
1.369 

1.389 
1.390 
1.376 
1.341 

1.672 

1 A40 
1.583 
1.604 
1.637 
1.649 

1.663 
1.675 
1.655 
1.608 

2.266 

1.871 
1.936 
1.978 
1.989 
2,013 

2.035 

2.020 
1.932 

- 

3.003 

- 
2.406 

2.485 
2.497 

2.534 
2.538 
2.499 
2.437 

2,447 

4.457 

- 
4.32 
4.322 
4.335 
4.277 

4.209 
4.205 
4.145 
4.106 
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Table 10. Continued (68) 

- .  Relative Viscosity 
25OC Mol a1 i ty 

0 1.002 0.8903 0.7972 0.6525 
0.266 1.0806 1.0835 1.0860 1.0907 
0.520 1.1579 1.1634 1.1686 1.1765 
0.837 1.2631 1 . 2720 1.2801 1.2938 
1.532 1.5421 1.5575 1.5716 1.5939 

40°C - 30°C - - 20°C - 

1 . 740 1.6414 1.6583 1,6745 1.6998 
2.194 1.8883 1.9092 1.9284 1.9600 
2.680 2.2129 2.2368 2.2589 2.2945 
3.160 2.6117 2.6355 2.6580 2.6984 
3.662 3.1494 3.1727 3.1937 3.2276 

3.704 3.1990 3.2215 3.2416 3.2746 
4.425 4.2893 4.2964 4.3002 4.3016 
4.575 4.5723 4.5718 4.5694 4.5606 
5.097 5.7717 4.7337 5.6991 5.6280 

50°C 

0.5464 
1.0937 
1.1827 
1.3033 
1.6120 

1.7199 
1.9841 
2.3221 
2.7269 
3.2487 

3.2968 
4.2939 
4.5388 
5.5564 

- 
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Table 11. Viscosity of selected NaCl - CaCl mixtures at tem erature 
and molality shown; pressure i s  saturated Yabor pressure ( l l q  B 3,581. 
Temp. Molality, 
OC- NaCl 

20 

30 

40 

50 

60 

70 

0.9006 
0.9006 
0.9006 
0.9006 
0.8063 
0.1728 

0.9006 
0.9006 
0.9006 
0.9006 
0.8063 
0.1728 

0.9006 
0.9006 
0.9006 
0.9006 
0.8063 
0.1728 

0.9006 
0.9006 
0.9006 
0.9006 
0,8063 
0,1728 

0.9006 
0.9006 
0.9006 
0.9006 
0.8063 
0.1728 

0.9006 
0.9006 
0.9006 
0.9006 
0.8063 
0.1728 

- CaCl -2- 

0.474 
1 .oo 
2.252 
3.003 
4.438 

- 

- 
0.474 
1 .oo 
2.252 
3.003 
4.438 

- 
0.474 
1 .oo 
2 , 252 
3.003 
4.438 

- 
0.474 
1 .oo 
2.252 
3.003 
4.438 

- 
0.474 
1 .oo 
2.252 
3.003 
4.438 

- 
0.474 
1 .oo 
2.252 
3.003 
4.438 

Densi $y, 
g/cm 

- 
1.078 
1.125 
1.221 
1.267 
1.325 

- 
1.072 
1.119 
1.216 
1.262 
1.319 

1.068 - 
1.114 
1.210 
1.256 
1.313 

- 

- 
1.063 
1.109 
1.205 
1.251 
1.307 

- 
1.058 
1.104 
1.200 
1.245 
1.302 

- 
1.054 
1.099 
1.195 
1.240 
1.296 

Viscosity, 
cp 

1.076 
1.248 
1.494 
2.46 
3.08 
4.79 

0.8641 
1.009 
1.214 
1.93 
2.46 
3.79 

0.7093 
0.833 
1'002 
1.58 
2.02 
3.08 

0.5972 
0.701 
0.840 
1.32 
1.68 
2.53 

0.5119 
0.601 
0.713 
1.12 
1.42 
2.12 

0.4453 
0.528 
0.629 
0.974 
1.24 
1.81 

Li 
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Table 11. Continued 

Temp. Molality, Densiiy, , . V i  scos i ty , 
O C  NaC 1 CaCl s/cm cp 

80 0.9006 - - 0.3922 
0.9006 0.474 1.050 0.453 
0.9006 1.00 1.094 0.546 
0.9006 2.252 1.190 0.852 
0.8063 3.003 1.234 1.08 
0.1728 4.438 1.290 1.58 

-2- - 

90 0,9006 - 0.349 
0.9006 0.474 1.044 0.392 
0.9006 1.00 1.088 0.472 
0,9006 2.252 1.185 0.758 
0.8063 3.003 - - 
0.1728 4.438 1.284 1.38 
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Table 12. Interpolated values f o r  the relative viscosity o f  CaC12 solutions. 6, 
CONCENTRATION, MOLAL CaC12 TEMP. 
0.5 1 DEG. C 

20 1.069 1.146 1.321 1.785 2.488 
25 1.071 1.149 1.328 1.797. 2.463 

3 - 2' - - 0.25 - - 

30 1,073 
35 1,074 
40 1.075 

45 1.078 
50 1.079 
55 1 082 
60 1.084 
65 1,086 

.152: 1.334 

.155 1.341 

.159 1.348 

.163 1,355 

.166 1.363 

.170 1.371 

.175 1.379 

.179 1.388 

1.809 2.477 
1.823 2.492 
1.836 2.507 

1,849 2.523 
1,860 2,537 
1.877 2.555 
1.892 2,570 
1.907 2.586 

70 1.088 1.184 1.397 1.923 2.604 
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Figures 
Ii . '* '. . 

1. Di f ference between v i scos i t y  values calculated from eq 9, and data 
from References 19, 20, 21, 26, 37 and 53. ... 

2. Relat ive v i scos i t y  o f  NaCl solut ions up t o  350°C, a t  concentrations 
shown. 

3. Effect  o f  concentrat ion on v iscos i ty  o f  NaCl solut ions up t o  5 m, a t  
temperatures shown. 

4. Ef fec t  o f  temperature on v iscos i ty  o f  water, 3 m and 5 m solut ions o f  
NaCl up t o  350°C; pressures are 30 MPa and saturated vapor pressure 
values . 
Ef fec t  o f  pressure on the v iscos i ty  o f  0.2 m and 5 m solut ions o f  AaC1 
up t o  50 MPa and 350OC. 

5. 

6. Relat ive v iscos i ty  o f  0.5 m - 5 m KCl solut ions up t o  150OC. I 
7.. Relat ive v iscos i ty  o f  CaCl solut ions calculated on basis o f  the 

calculated; 0 Ref. 44; ~ Vand equation, 0.25 rn - 4 E, 20 - 70°C: - 
0 Ref, 56. 

8. Relat ive v iscos i ty  o f  K C l s  i'laC1, CaC12 and hC13 a t  2OOC. 
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