VrSCCUS HEAVY BRI NES AND METHOD FOR THEI R NANUFACTURE The present |nvent|d”
relatés to viscous brine solutions and, nore particularly, to a nethod o.f.

| - as- ing the viscosity of so cal | ed heavy brin qs a 5 density "
griedter than 1.35 g/cnB contai ning two eg-nore of ﬁﬁl axﬂﬁﬁﬂb salts:
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The high density clear brines are used exten51vely:
15 e.g. as completion fluids to minimize plugging of perfor-
ation tunnels, to protect formation permeability, and to
minimize mechanical problems; as workover fluids, for the
same reasons; as packer fluids, to allow easy movement and
‘retrieval of the packer; for underreaming, gravel-pack and
20 sand consolidation applications; as kill fluid or ballast
fluid; for wire-line work; and as drilling fluids.
Clear.brines having a density of 1.70 g/cm3 or lower
are generally formulated to contain sodium chloride, sodium
bromide, pofassium chloride, calcium chloride, calcium bro-
25 mide or mixtures of these salts. Clear brines having a
density up to 1.81 g/cm3 can be formulated with calcium
chloride and calcium bromide; however, if the brine must
have a low crystallization temperature, then clear brines
in this density range are generallv formulated to contain
30 a soluble zinc salt. 2zinc bromide is preferred@ because
brines containing it are less corrosive than brines con-
taining zinc chloride. Clear brines having a density
greater than 1.81 g/cm3 are formulated to contain zinc
bromide. _ '
35 Viscous clear fluids are sometimes desired. Gener-
ally, hydroxvethvl cellulose (HEC) and xanthan gum'poly-
mers are compatible with the fluids which do not contain
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P There is still, however, a need for viscosifiers

for heavy brines - containing calcium chloride,
- calcium bromide, zinc bromide, and mixtures thereof,
15 particuiarly such brines containing zinc bromide

in admixture with calcium chloride and/or calcium

bromide. | - - -

The present invention provides a method of
increasing the v1scos1ty of a brine having dissolved
20 therein any two or all- three of the salts (a)
calcium chloride, (b) calcium bromide, and (c)
zinc bromide, which comprises  mixing the brine
with a homogeneousTy substituted cellulose sulfate
ester having from 0.3 to 1.3 sulfate groups per
25 anhydroglucose unit, but excluding
(i) mixing brines containing calcium chloride
and ‘less than- 9% by weight of zinc bromide with
‘a.cellulose sulfate ester having 0.3 to O. 5 sulfate
groups per anhydroglucose unit, and ' _
30 (i1) mixing brine conta1n1ng both calcium chloride
and zinc bromide with acellulose ~ sulfate ester
having " 1.0 to 1.3 sulfate groups per anhydroglucose
unit. S



25 anhydroglucose unit, but excluding i) m xi ng brines  containing
8j um chloride and less than ~by weight of =zinc bromde wt
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cal ci um chlor| e cal ciu i nc rom qge,
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or calcium bromide and zinc brom1de.

15 _ The cellulose ester ~employed 1in accordance
with -this invention are preferably used in amounts

‘from 2.5 to 15 g per 1000 cm30of the brine.
The heavy brines for use in the present invention
contain two or more soluble salts selected from
20 calcium chloride, calcium bromide, =zinc bromide,
and - mixtures . thereof. - Brines contaiﬁing' only
calcium . chloride can be formulated having a density
from 1.02 to 1.40  g/cm3 Brine containing only
calcium bromide can be formulated having a  density
25 from 1.02 to 1.70 g/cm3-. However, because calcium
chloride is much less expensive than calcium bromide,
- .brines in the density range from 1.35 to 1.81
g/cm3 are generally formulated to -contain both
calcium chloride and calcium bromide, depending
30 on the lowest temperature at which the brine will
‘be used. Brines heavierthan .1.80 g/cm3are'generally
formulated to contain calcium <chloride, calcium
bromide, and =zinc bromide, or only calcium bromide
and zinc brdmide,depending on the lowest temperature
35 at which the brine will be used. Brines in the

density range from 1.70 to 1.80 g/cm3may_be formulated
to contain calcium chloride, calcium bromide,



m Xt ur es t her eof . Bri nes cont ai ni ng only cal ci um
\rbrlde can be formulated having a denS|ty from 1.02 to 1.40
§r|nerfsonta|ning onty cal ci um broni de can be fornul ated having
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ranges d1sc105ed are prepared by mixing together
various standard, commerciélly available brines,-

10 as follows: calcium chloride brines having a density
in the range from 1.32 to 1.39 g/cm3 ; calecium
bromide brine having a density of 1.70 g/cm3 and
a calcium bromide/zinc bromjde brine having |
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10 as follows: calciumchloride brines having a density 3 in the range

fr6n1 1.32 to 1.39 g/cm ; calciumbpromde brine having a density

Of 170 g/ cnB and a cal ci um broni de/ zi'nc broni de brine havi ng -4- 3 a s

de ty ‘of 2.30 g/cm containing about 20% cal ci um broni de and about 57%

ZI bromi de. Solid anhydrous cal3 ciumchloride and_solid caIC|un1bro$Lge
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when all theéresearch, Vol. 70, pp. 185-198 (1979) entitled "New
Cellulose Sulfate Derivatives and Applications"'describes
these homogeneously substituted cellulose sulfate esters
15 and their properties. This article discloses their poten-
tial use in drilling fluids and lndlcates that solutions
containing these esters can be saturated with such salts
as sodium or calcium chlorides. '
Cellulose contains three hydroxyl groups per
20 ‘anhydroglucose unit at which reactions can occur to form
cellulose derivatives. The average number of sulfate
groups introduced into the anhydrogluclose unit may,
therefore, vary from slightly above O to 3, when all the
hydroxyl groups in each anhydroéglucose group have been
25 substituted. The average number of sulfate groups intro-
duced into each anhydroglucose unit is referred to as the
degree of substitution (DS).
The homogeneously substituted cellulose sulfate
esters which are useful in this invention have a DS from
30 0.3 to 1.3. However, all such cellulose esters are not
efficient viscosifiers in all heavy brines containing' two
or more salts selected from calcium chloride, calcium bro-~
mide and zinc bromide. In accordance with this invention,
. we have found that only homogeneously substituted cellulose
35 sulfate esters having a DS from 0.6 to 0.9 will efficiently
increase the viscosity, as evidenced by a significant
increase in the yield point, of all heavy brines containing
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. heavy rines conta1n1ng at least - two of
calcium. chloride, calcium bromide and zinc bromide,
except  those conta1q1ng_ both calcium chloride

~and zinc bromide.

15 To illustrate the  present invention more

fully, the following non-1imiting examples are

_ presented: Unless_bthérwise-indicated,-a11 physical

property - measurements were made in accordance

_ with tésting procedures set forth in “SfANDARD

20 PROCEDURE FOR TESTING DRILLING FLUID, API RP 138,

"Seventh 'Edition5 April 1978. The physical property

parameters referred..to in the examples are 1in
units expressed as follows: |

Apparent viscosity, centipoise

AV =
25 PV = Plastic Viscosity, centipoise
YP = Yield Point, Bars

10-Sec Gel = 10 Second Gel Strength Bars.
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Seventh Edition, April 1978.° The physical property paraneters e
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= Apparent viscosity, centipoise 25 ) PV = Plastic Viscosity,
centipoise YP. = Yield Point, Bars ﬁﬁE&ﬁlﬁ%& = 10 Second Cel Strength,
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cel | ul ose sulf t.e .havi S firQ 1] qid fer
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Cheni cal Co. )bnmsem:matmm £azt sfodidins ats 65 %wnedm xfzom
'Obta'”edlﬁwaﬂgdﬁa}éﬂﬁfgﬂﬂéiézthe API RP 13B rheology obtained. The
data obtained are given in Table 1.
Example 2
A commercially available hombgeneously substituted
_ cellulose sulfate hav;ng a DS in the range from 0.6 to 0.9
15 (Colloid XHI, Stauffer Chemical Co.) was evaluated as a
viscosifier as in Example 1. The data obtained are given
in Table 2. | |
Example 3
A commercially available homogeneously substituted
20 "cellulose sulfate having a DS from 1.0 to 1.3 (Colloid
XH2, Stauffer Chemical Co.) was evaluated as a viscosifier
as in'Example 1. The data obtained are given in Table'3.
Comparative Example 4

a commereially available hydroxyethyl cellulose
25 (NATROSOL 250 HHR) was evaluated as a viscosifier as in
Example 1. The data obtained are given in Table 4.
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fMemenga[BfrmnlOto].3(Oﬂlmd)m2 Stauffer Chem cal Co
w@s eval uated as.a viscosifier-as in-Exanple 1. The data obtained are
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as Fﬁ’Exaane 1. The data obtained are given in Table 4. -7- TABLE 1
Eval uation of Cellulose Sulfate, D.S. = 0.3-0.5, in Various High Density
Sol utions APl Rheology 5 Density % ~ TABLE % % _ :

10- Sec. 'g/cnB ZnBr : B?rr] Jerr] AV PV YP Gel 1.39 * 0
0 37.6 Evaluation of Celiuipse Sulfate, T3SH = A.3-0.5, 57.5

34 229 0.29°2.50 * 0 in vatiohs HiGI engity scifhesbrfp  0-15 10
1.80 * 0 . 43. 2 16. 3 & 42.5

15.8 - 69 53 1.56 0.151.83 * 5.0 41.1 148 52.5 50 0.15
0.02 1.86 * 8.4 -39.8 13.9 61 62 0.39 @PIzsRhepiogy 19 o
39.1 13.4 5 70ensif® 1.%6 0.30 15 %1.89 13.2° 37.8. 1b2Szec.

87.5 67 2.29 _g/¢m31 9ZnBr,16CaBr,36CAC1 11 &V 11PV P 2 5Cel -

1.74 4.5 50,4 0o 51.5 34 2.20 0.29 1.80 IT.7 46.2
0. 58.5 3%-39 %9 O - 1.880 18746 4249 33 1.56 60.15 37
2.25 - * Qutsideyocepe of investbon o -  s57.5 34 2.29 0.29
1.50 * . 0 24.9 18.4 44 28 1.56 0.15
O °  43.2 16.3 145 97 4.69 1.07

10 1.80 *
' 1.81 * 1.7 42.5 15.8 69 53 1.56 0.15
1.83 * 5.0 41.1 14.8 52.5 SO 0.15 0.02
1.86 * - 8.4- 39.8 13.9 61 62 0.39 0.15
| 1.87 10.0 39.1 13.4 70 52. 1.76 0.20
f . 15 1.89 13.2 37.8° 12.5  87.5 67 2.29 0.15
1.92 16.3 36.6 11.6 111 85 2.54 -

1.74 4.5 50.4 O '51.5 34 2.20 0.29
1.80  11.7 . 46.2 O 58.5 35 2.29 =
1.86  18.4 42.4 o] © 60 37 2.25 -

* Qutside scope of invention
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8- TABLE 2 Evaluation of Cellulose Sulfate, D.S. = 0.6-0.9, in Various

Hi gh Density Solutions APl Rheology 5 Density % % %

P C"“ [err] [err] [err] [err] -—&v PV -YP .  Cel 1.39 f
-0 37.6 36.5 29 0.73 0.07 1.68 0 "~ 50.0 2.0
408 30 1.03 - 1.70 0 .53.0 0 46 33 1.27 4.
0.12 10 1.50 0 24.9 18. 4rABLEB 2 25 0.68 0.05 1.50 0
13.8 30.8 48 36 1.17 0.I5 1,52 0 28. 6 16.0 33
26 0: 68 0.0Evhlafation ®f Cellidldse Silfate, Ihb 2D.6-A0.93 0.05
1.56 0 20. 6 . 1. 0. . 0..15 1.59 0
39.0 ~'9.2  37.5 _28?1;' Yaryolis g’iﬂi‘r Penstd splteton o V30, 7, |
43 1.86 0.15 1.64 0 45. 4 5.0 41 31 - 0.98 0.10 5
1.68 0 32.6- 21.6 97 65 3,12 APDARhedlogy 38.0
19.0 126 peBBity 4.0¢ 0.3% 20 % 80 0 43. 2 Wo-Bec 137

92 4.35 Ge@m3l. 8knor 1.ChBr.A2.duc1.15. &v 122py 84yp 3. 7lge1 0. 39
1.83 5.0J§4Ifﬁr T2 F 1135 8L 2 37Ty 079 1.86 "B 4 39.8

13.9 117.5 1839 3.6 0.4 1.937.616. 36.536.3 1DbL3 1W.G7 76

3.47 - 25 74 4.5_50. 4 ) 4 3 1.17. 0.10 1.80
11.7  46.2 1.%8 ° 46.§0'£ -Zr.cgz _49-51_3‘%3 %8.043 434 0

42 31 11670 - 092 53P6 B8.6 49 33 5327 3®.12 1. 39 '
- 2.04 1036.9.5032.1 0 0 24.9 GB.4 422 1.5 v.68 0.05

1.50 0 13.8 30.8 48 36  1.17 0.15
1.52 O -28.6 16.0 33 26 0.68 0.05
1.56 0 33.9 12.5  35.5 25 0.93 0.05
1.56 o 20.6 27.4  57.5 40.5 1.66 0.15
15 1.59 o 39.0 9.2 . 37.5 28 0.93 0.10
1.62 O  26.8 24.4 . 62 43  1.86 0.15
1.64 o) 45.4 5.0 41 31  0.98 0.10
1.68 0 32.6 21.6 97 65 3.12 0.24
©1.74 0 38.0 19.0 126 85  4.00 0.39
20 1.80 o) 43.2 16.3 137 92 4.39 0.49
1.81 1.7 42.5 15.8 122 84  3.71 0.39
1.83 5.0 41.1 14.8 113.5 81  3.17 0.29
1.86 8.4 39.8 13.9 '117.5 80  3.66 0.34
1.92  16.3 36.6 11.6 111.5 76  3.47 -
25 1.74 4.5 50.4 O 44 32 . 1.17 0.10
1.80  11.7 46.2 O  46.5 33 1.32 -
1.86 18.4 42.4 O 42 31 1.07 -
1.92 24.6 38.6 O 53 39  1.39 -
2.04 36.0 32.1 O

61 42.5 1.78 -



-9- -TABL-E 3 Evaluation of Cellulose Sulfate, D.S. = 1.0-1.3, in Various
H gh Density Solutions APl Rheology 5 . Density

10-Sec: [err] ferr]- " [err] [err] AV PV YP Cel @ *,;__/_;",
0o 0, 37.6 38.5 28 1.03 0.Q7 1.70 * O 53.0 \&H 71
40 . 7728 1.17 0.10 1.80 0 4372~ 16.3 86 64 2.15
0. 1510 1.81 * 1.7 42.5 15. 8 52.5 52.5 0 0.10 1.83 *
5.0 41.1 14. 8 42.5 42 0. 05 0.02 1.86 * 8.4 39.8 13.9 -
47.5 43 0 0.05 1.92 * 16.3 T2BIE 3 11.6 42.5 38 0.44
= 1.74 4.5 50.4 - 0. . 40.5 28 1.22 0.15 15 1.80 11. 7
46. 2 0 41 E uation] pf 11l Sulf n. & 1.031.3 40. 5
29 1.12  0.15 * CQutside3CoRe10hs BYGM! NeRsity §81utiBhis 4 Evaluation -
of HEC in Various Hi gh Densn-y—so-rrrrro-ngggm—mm-ﬁ%gy-%msrry % %
% - 10-Sec. 5 g/cn8  ZnBr CaBr.  CadCl . AV PV
YP Gel 1.39 0 0 37.6 47 31—~ 1 AR Rheologyq 0
53.0 . O 551Dens3ty 1395 0824 1.86 0 43. 2 16. 30-52¢.
86  4.00 - _g/cm3 2nBr, CaBr, CaCl, AV PV  YP Gel

1.39 * O o 37.6 38.5 28 1.03 0.07

1.70 0 53.0 o . 40 28 1.17 0.10

i1.80 0 43.2 - 16.3 86 64 -2.15 0.15

- 10 1.81 * 1.7 42.5 15.8 52.5 52.5 O © 0.10

1.83 * 5.0. 41.1 14.8 42.5 42 - 0.05 0.02

1.86 * 8.4 - 39.8 13.9 47.5 43 0 0.08

1.92 * 16.3 36.6 11l.6 42;5 38 - 0.44 -

1.74 4.5 50.4 O 40.5 28 1.22 0.15
: - 15 1.80 11.7 46.2 o) 41 29 1.17 0.15
' 1.86 18.4 42.4 O . 40.5 29 1.12 0.15

* Qutside Scope of Invention
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0 The data o
these heavy brines containing zinc briiBLi.4 The honpgeneously substituted

cel l ul ose su
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42.5 15.8 34 34 0 0 10 1.83 . 5.0

35.5 36 0 01.86 8.4 39..8 13.9 31.5 ~
0 1.92 16.3 36.6 11.6 28 28 0 . 0 1.74
0 7.5 7.5 0 =10p 1.80 11.7  46.2 0 :
015 1.86 18.4 42.4 0 13.5 13.5 0 _~

~ .

bt ai ned indicate that HEC is not an effective viscosifier in
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el.8dhi ch 5cOnpri4ded nunlmQ BBesS 36 brone wgh a
y1.sgubstiguyed 3ocql1UhGSg 33 5 31.5 o 0

1.92  16.3 36.6 11.6 28 28 o) o)

1.74 4.5 50.4 o) 7.5 7.5 © 0
1.80 11.7  46.2 O 8.5 8.5 0 )

1.86 18.4 42.4 0 13.5 13.5 O o)

The data obtalned ‘'indicate that HEC is not an

effective viscosifier in these heavy brlnes containing

‘zinc bromide. The homogeneously substituted cellulose

20

.25

30

sulfate having a DS from 0.3 to 0.5 was an effective vis-
cosifier in all of the heavy brihes, except the brines
containing less than 9% zinc bromide when calcium chloride
was also present in the brine. The homogeneously substi-
tuted cellulose sulfate haﬁing a DS from 0.6 to 0.9 was
an effective viscosifier_in.all of these heavy brines,
and especially in the brines which are so difficult to
viscosify containing low concentrations of zinc bromide
in the presence of calcium chloride. The homogeneously
substituted cellulose'suifate having a DS in the range
from 1.0 to 1.3 was an effective viscosifier in all of
the brines except all the brines containing both zinc
bromide and calcium chloride. In the latter brines it
performed similarly to HEC.

(c)

N



*surfate'ester-haVing fromO0.3 to 1.3 sulfate groups per anhydroglA

It, but excluding. (i) mxing brines contalnlng calcium_c :

| ess an 9% by, wei ght o6f zinc bronide_wntt 0 celTul ose. | fat e
per G“

‘ester having *0.3 to 0.5 sulfate grou ﬁMMﬁH‘!&“@U
(tyr.nixing.bﬁggguggntalnlng both cal cium chl ori

ceikul ose sul f ter having 1.0 to 1.3 sulfafe groups per
anhydr ogl ucose wunit. 15 * 2. A nethod as clained in .Caim 1

wherein'the brine hps a flenaitiogr egrer inbpaabing OhHI5. i schIREfOAS

claimed in daiml or 2 wherern brine ¢ontajns caIC|qn1chIor|de
t

and cal ci um brdnPA&neghaving Lﬂﬂ-’tﬁ‘b}ﬂ SHG"PHC Aot W, OBn@lthet %8 Ul 0se
sul fate ester @ﬂntﬁensaitem(e)?»ctaqcﬂxﬁ: Sdmftﬂtﬁdqq,r oy ¢EYc funinysk ol depse

unit. 25 et ho cla 3 er ei e.
brine has a'b%nsfﬂl 6?85& egmﬁﬁgﬁ |vg§% g/c (arailse.s A.%mﬁ'gﬁl gts“]

- claimed8dn CI dmirie or wi thher @i n homogenenusly ut substédtutieds towl belosee |
sol ubl e salts s?lplfat%ele%(f?‘?d hawmg F%rﬁ' Wwn3 ¢! of i flesyipakel

- brom de, and Zzinc cel l’'Ul ose sulfate este cd%talns

fromo0.6 to onaersm'bx@‘tmbtﬁs&%é#mahhy%% exg bt unit. 35 -12- 6. A
method as clai ned Iﬁﬁlanmﬁmgmebennekhedwv“ﬁrﬁw aigwl cilum t heierosBdds. 7.

A method ‘as cl, alJ’ﬂadie'sns cl than Q%hebre' r»}vet1hg%t of zinc bromide with a
10 cellulose sulfate ester having 0.3 to 0.5 sulfate

groups per anhydroglucose unit, and
(ii) mixing brine containing both calcium chloride
and iinc_hromide with a cellulose sulfate ester having
1.0 to 1.3 sulfate groups per anhydroglucose unit.

and
de\Mth a

15
2. A method as claimed in Claim 1 wherein
the brine has a density greater than 1.70 g/cm®.

3. A method as claimed 1n Claim 1 or 2 wherein
20 the brine contains calcium chloride and calcium bromide,
or calcium bromide and zinc bromide, and the cellulose
sulfate ester contains from 0.3 to 0.5 sulfate;group53
per. anhydroglucose unit.

T25 4. A method as claimed in Claim 3 wherein
the brine has a density greater than 1.80 g/cm®.

5. . A method as claimed in Claim 1 or 2 wherein
. the brine solution contains two or more soluble salts
30 selected. from calcium chloride, - calcium bromide,
~ and zinc bromide, and the cellulose sulfate ester
contains from 0.6 to 0.9 sulfate groups per anhydro-
glucose unit. ' ' '

35



¢ has a density greater than 1. SO_LELF+—5“"—_———§——A met hod agJ

_ claim1 or 2 wherein the bri ﬂ“\ﬂ“ﬂam
~calciumbro- mde, and zinc Qign1de k BM“ of zinc 4
ge exceedi ng 9% by wei ght, and the~€el |l ul ose sul fat & eSter contains
fron10 3 to 0.5 sulfate groups per anhydroglucose 10 wunit. 9. A met hod q',
clainmed in claim8 wherein the densyt¥ of the brine is greater than 1. 86
[err] 10. A nethod 8s charathodnagnglpireddingctadmnbwihereénnpheses

adding 2.5 t ob2bn8reoRt@inschhyl eaPe8sk8Ltd? per [err] of brine. 11. A
met hod as clainmed in cIa|n11 and substantially as herelnbefore descri bed.

. 12. A brine haV|ng | ve erein t hree the salts

(a) caIC|un1chIor|de E%?an?§0°1%%%ﬁ$d¥n gﬁﬂgfcg yprEeh ﬁ%ﬂ and
(2) a honngmﬁanseyhasbstdemséﬂycgtéatesethahfate esle8Chgyen .fromo0.3 to
1.3 sul fate. groups per anhydroglucose unit, but excluding (i) brines

contaln|ng5caIC|unlcglorAqﬁe@ﬁgdl§§sciggﬁe89§9y melghteggl;|n§ 9;0§1de when
the cellulose sulfate ester 25 has 0.3 to_0.5 sulfate groups

anhydr ogl ucos®PeFFIn Ehe ?F*?eb??ﬂtﬁ*ﬁﬁnFérﬁiﬁﬂ %b%ﬂr%%?C|Bﬁieguﬂrbﬁe‘and
zinc bro- rnchidtmﬁhﬁ@ezrﬁ¢|b&6ﬁ£ﬂéu|éhéec@ﬁé@ﬂtﬂéﬁidnoofoziné BHbmidéat e

groups per e . as claim1l12 haV|ng
a density. SOWQé%ﬂ eas %%éﬁ% &hd! Jig fuioﬁ?lﬁ'éfag 219FHRE in
claim12 or lQpnwﬁx#Scﬁn¥m|Qe3 t@o@12 5ulﬁaﬂé granQSpperlanhydnéglﬁmnee
celluloseo unit. .

9. A method as claimed in claim 8 wherein the
density of the brine is greater than 1.86 g/cm3.

10. A method as claimed in anyv preceding claim
which comprises adding 2.5 to 15 grams of cellulose ester .
15 - per 1000 em3 of brine. '
11. A method.as claimed in'claim 1 and substantially
as hereinbefore described. ' '

12, A brine'having dissolved therein (1) any two or
all three of the salts (a) calcium chloride, (b) calcium
20 bromide, and (c) zinc bromide, and (2) a homogeneously
substituted cellulose sulfate ester having from 0.3 to 1.3
sulfate groups per anhydroglucose unit, but excluding
(1) brines containing calcium chloride and less tLan 9%
by weight of zinc broride when the cellulose sulfate ester
25 has 0.3 to 0.5 sulfate groups per anhvdroglucose unit, and
(ii) brines. containing both calcium chloride and zinc bro-
migde when the cellulose sulfate ester has 1.0 to 1. '3 sul-
fate groups per anhydroglucose unit.

13 A brine as claimed in claim 12 having a density
30 of at least 1.70 g/cm .



-

E§}er 15. A brine as clained in any of claims 12 to 14 5 which conprlses
cal ciumchl ori de and caIC|un1bron1de or cal ciunr oni de.

16. ~A brine as: clalned in any of clains 12 to 14 al ci um
. chl drl de, ‘cal ci'um broni de, and zinc br orn_(_iL 8 and “mmullﬁmumrﬁunf ate
esfer has from0.6 to 10 0.9 sulfate group$S per anMydfogtucose URIt. .
br¥¥e as clainmed in claim16 having a density 3 greater than 1.80 g/cn118.

A brine as claimed in any of clains 12 to 14 which . contai ns cal ¢ium

- chloride, calcium brddide® Brdng A8 EéaBWGﬁléé cﬂﬁémcd@CQHtﬂétW &St zi nc
- brom de being gbppreEeshErofh’2hy ¢Bi A8t grameg bee cakki! efethiel taleuasser
having fromO0 .3 to O S sulfate groups per anhydroglucose unit. 19. A
brine as clai nB§®R+cl ai m 18 having a density greater than 1.86 [err] 20
20. A brine as clained in claim12 and substantially as hereinbefore

- descri bed. : 15. A brine as claimed in any of claims 12 to 14

5 which comprises calcium chloride and calcium bromide or
- calcium bromide and zinc bromide. '

16, A brine as claimed in any of claims 12 to 14
which contains calcium chloride, calcium bromide, and zinc
bromide, and the'cellﬁlqse'sulfate ester has from 0.6 to

10 0.9 sulfate groups per anhydroglucose unit.

17. A brine as claimed in claim 16 having a density
greater than 1.80 g/cm3.

18. A brine as claimed in any of claims 12 to 14
which contains calcium chloride, calcium bromide, and zinc
15 bromide, the concentration of zinc bromide being greater
than 9% by weight, and the cellulose sulfate ester having
" from 0.3 to 0.5 sulfate groups per anhydroglucose unit.

19, A brine as claimed in ¢laim 18 having a density
greater than 1.86 g/cm .

20 20, A brine as claimed in claim 12 and substantially
as hereinbefore described. '




