2111560 VI SCOUS HEAVY BRLINES The present invention relates to viscous brine
sotutions and, nore particularly, to so called heavy 3 brines having a -
density greater than 1.62 g/[err] 5 In recent years, 'thé practical ‘
op Nng-range of clear brines for use in the oil and gas industry has

be nificantly extended by wutilizing soluble zinc sal t4 et pqyl arly

zin om de, so that the advant ag%s of clear brines can ncgvlbticﬁ)ﬁgrned.
with fluids having-densities 3 10- as high as 2.30 g/cm at anbient
temperatures and pres- sures. The high density clear brines are used

extensively: as conpletion-fluids, to A& pl uggi ng of perforation
tunnel s, to protect forna¥$§ﬁgg§+EEQEXE§§;——énd to mni- 15 mze
nechanLcaI pro over he_sane. re as packer
fluids, to allhtp a%ﬁeﬁﬁégniﬁ?eﬁﬁ%°Peg§F8v§% %? Yn8°888k§?2$§f

under r easo gt iomsvahd pankrendastidutanisli tat soncappedcheryws; as k|I
fluid on,pahd ﬁﬁﬁaéiﬂgdge&eﬁsmtyegkéaeewneﬁanamdsés gfekPli ng fluids.

Cl ear brines havin nsi t up to 1. are enerallyfiornulated
to cohtain sod|¥ﬁn€%FBPFd¥ea§Sd|EthPSﬁFBécagoPH§§FGﬁP hF8R9&e *cal ci um
Chgorldeclé@beﬂﬂhbéoﬂ?ﬁeuSé ﬁhxtgéeeimfahhegessahaasthEhasbbenaﬁl3 hgvung
a densit 1. g rr aqn,, t | chl ori de
and'calc¥5%$%$ gfv %% ée%rﬁﬁeﬁﬁ%ggggkg gglFo&Pcéggfa% i§§¥}on

t enper at particolandy, zéhcabromides Ba that thesadyansagesaod gdeazally

formul at iﬁesCeaﬁahawab§0599hfnéan915ﬁltluzaachaeeﬁbdaehgi&agkerred
because r nes contai ni ng | 1 a 1.néiacOI’l’OSI ve ri nes containi ng

zi ncl@nl 3% jkgh pg a2 - BplﬁégmhaéFnﬁ @ﬁsFF?DBFéEPEFStﬁ Pr&FTg/cr3 are
formul at egrée. contain zinc. brom de. Viscous clear fluids are sonetines
desired. Cener- '

The high density clear brines are used extensively:
as completion fluids, to minimize plugging of perforation
tunnels, to protect formation permeability, and to mini-

15 mize mechanical problems; as workover fluids, for the same

' reésons; as packer fluids, to allow easy movement and
retrieval of the packer; or underreaming, gravel-pack and
sand consolidation applications; as kill fluid on ballast

. fluid; for wire-line work; and as drilling fluids.

20 ‘Clear brines having a density of up to 1.70 g/cm3
are generally formulatedé to contain sodium chloride,
soc¢ium bromide, potassium chloride, calcium chloride,
calcium bromide or mixtures of these salts. Clear brines

‘having a.density up to 1.81 g/cm can be formulated with

25 calcium chloride and calcium bromide. If the brine must
have a low crystallization temperature, however, clear
brines in this density range are generally formulated to
contain a soluble zinc salt. Zinc bromide is preferred
because brines containing it are less corrosive than

30 brines containing zinc chloride. Clear brines having'a
density greater than 1.81 g/cm3 are formulated to contain

 zinc bromide. | _
' Viscous clear fluids are sometimes desired. Gener-
ally, hvdroxvethyl cellulose (HEC) and xanthan gum poly-

35 mers are compatible with the fluids which do not contain
zinc salts. At higher den51ties, however, the hydratlon



ally, hydroxyethyl * cellul ose (HEC) and xant han gum poly- 35 ners are.
conmpatible with the fluids which do not contain zinc salts. At hi gher
{densities, however, the hydration -2- of the viscosifiers is -CT
significantly slomer HEC is generally considered as unsatisfactory Ngr
use in fluids containing zinc salts. It =23 an object of the present
_|nvext|on to provide 5 viscous heavy brine solutions, particularly such
sol ut’i ons cont ai ning zinc brom de and HEC. Anot her object of this invention
Lo hoSProvi de BeTehBodaablsldneasl dg Wigniieaneady d1akeat ShptEEs 0 Neayy
. brines, partlcular ose brines aV|n ensity greater 10 than _1.62
g/[err] Still sﬁo@weﬂlabF@@ﬁidﬁrpnléslN@éﬁ@#@ﬁap§°Fa §Pg-uﬁﬁdénaf#§#ﬁad of
i ncreasi-ng thecsntadsinyg hined BAaws.brine by adding thereto an "activated”
HEC, as di scl osed nor yll'y heteinaft and a sequ str
The above and other o Je&Fsan°%H§°%r8 oS RFERERSN ﬁVFPtBBBogg BrR¥FER:
from the da&scr visicoasgheanyhdbrdne sndutuenapp@adedcuuar&g s@khs sphutabnen
praovi des a netgggtggnig ggﬁln%rb ngl h%#_of a heavy brine solution
contai ni ng one or nore ected from cal ci um chl ori de,
cal ci um brom de, and énﬁ@hsroﬁhdéthﬁﬁchhé§néﬂﬂ§é§iﬁadiﬁgtpongaVédGOFution

hydr oxyet hyl cabhubasafaaﬁckéaqugZEhbor&Qegbk a&a&a%sgueatraat $al pehod

from pol yphosp i c _acids car I|c aci.ds,
car boxyl i c aC|g§qnﬁﬁfepa§§i°gé8F&§IgL§ Fegﬁvﬁﬁﬁ ﬁlgFéﬁéthﬁéFQBFr
Thi s |nveno|onthhnolp6avg¢em a met hod of |ncrea5|ng the rate of hydration

of hydroxyet hyl (:_eIIuLf,.(ggil\1 gthﬁgy%ns @eogohﬂ 1.0 n%gﬂkgbﬂlﬁg ggeﬁgg .ore
sol ubl e salts. sel ec- romcal Ciu Iorlde Eardam brom de zinc
br o- vide a method of increasing the viscositv of a heavy brine
by adding thereto an "activated"” HEC, as disclosed more -
fully hereinafter, and a sequestrant.
15 : The above and other objects of the present invention

will become apparent. from the description given hereln and

the avpended claims. _
This invention provides a method of increasihg the
viscosity of a heavy brine solution‘cpnéaining one or more
20 soluble salts selected from calcium chlorice, calcium
. bromide, and zinc bromide, which comprises adding to said
solution hydroxyethy; cellulose and from 0.25 to 20 g/l of
a sequestranﬁ selected from polyphosphonic acids, amino-
- polycarboxylic acids, polthdroxy carboxvlic acids, water
- 25 soluble salts thereof and mixtures thereof. '

. This invention also provides a method of increasing
the rate of hydration of hvdroxyvethyl cellulose in a heavy
brine solution containing one or more soluble salts selec-
ted from calcium chloride, calcium bromide, and zinc bro-

30 mide, which comprises adding to said brine from 0.25 to
20 g/1 of a sequestrant as defined above.

_ This invention further provides a viscous heavy
brine solution containing hydroxyethyl cellulose, one or
more soluble salts selected from calcium chloride, calcium

35 bromide and zinc bromide, and from 0.25 to 20 g/l of a
sequestrant as defined above.
The present invention is based on the discovery



W de, which conprises adding to said brine fromO0.25 to 20 g/l of a

30

sedugstxant as defined above. This invention further provides a viscous

heayv i ne sol ution containi.ng hydroxyethyl cellul ose, one dr nore soluble\_,
sal N\ «.|ected from cal cium chl oride, cal cium 35 brom de and zinc

“brom” and from0.25 to 20 g/I eB-a sequestrant as defined above. The
present |nvent|on I s based on the discovery - 3 - that the addition ot;/

certain sequestrants to heavy brine solutions increases the rate:of

Chydrati ophof £86E é&’di@foﬂe@fhbftﬂfnaBQ%hEQEEQﬁ% &Beh¥a§90§ﬂaeof the
heavy brine contai ni rines for use in the
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chl ori dehe®@y chrindr and denepdaséescthe ovisdeosiByi 6€sth@nheaayni ng only

caIC|un1ch r|d | ated having a density from1.02 to 1.40
o/ [err]. é@éé##é?%l%%egnly 10 cal cium brom de can be formul ated -

havi®g a denS|t9h¢rQFRQYOQrimes for gpseBin thecpresenbcinventidri um
Ch'Or'Ck%éﬁ%é&%*bﬁ@ﬁérQ%ﬁﬁgﬁ%yfuﬁﬂéns£f£§'Hélééeghd?roﬁrégféiﬁﬂ the density

range from1l.35 to are general formu- Taied to contain both
caIC|Lan#AQF*@%'aﬁﬂl%%ﬁ%lkﬁﬁﬁﬁﬁﬁh%Rﬂl%incdgﬁﬁﬂﬁﬁﬁg ORTiR@S | GRSt
t enper atgd fnfrig Wb D &&Ec:b.ﬁrh néhYbtricé 6&nubedfoBfuletedchavinigtaan 1. 80

/ HRY I t t d I
Bt om e, Seta A Eeim 84 o CL 740 /68D A fBed ERERIRLAG onflit .
deﬁbhdlngalmnummbtmmtﬁn ¢ammhea£@mmub§tedithine ardemsity fxdm| be used.
Brines ifl.ddGdlefSid }é&:@e [iiever) blcadse E1ELGH SRYoPEak O] al ed o

contain c C|un1c cal cium brom de, zinc bromde, If brines
havi ng d“#%/e]‘e‘iﬁ meﬁwiz‘éﬁ.mo?ﬂca% la‘é%m:f-éfar brines in’the
density range from 1.35 to 1.81 g/cm™ are generally formu-

lated to contain both calcium chloride and calcium bromide
15 depending on the lowest temperature at wh*ch the brine w111
be used. Brines heavier than 1.80 g/cm are generally
formulated to contain calcium chloride, calcium bromide, -
and zinc bromide, or only calcium bromide and zinc bromide,
depending'on the lowest temperature at which the brines
20 will be used. Brines in the density range from 1.70 to .
1.80 g/cm3 may be formulated to centein:calcium chloride,
calcium bfomide, and zinc bromide, if brines_heving a lower
crystallization point are desired. : | '
- The most difficult brines to viscosify contain zinc
25 bromide, and these brines are preferred for use in the
present inventlon.' As indicated, such brines will gener-
ally have a density from 1.70 to 2.30 g/cm .
Generally, brines of any density within the range
disclosed are prepared by mixing together va:ious-standard,
30 commercially available brines, as-follows:-calcium chlo-
ride brines having a density from 1.32 to 1.39 g/cm3;
calcium bromide brine having a density of 1.70 g/cm’; and
a calcium bromide/zinc bromide brine having a densityv of
2.30-g/cm3 containing about 20% by'weighf'ef calcium bro-
35 mide and about 57% by weight of zinc bromide. Solid

anhydrous calcium chloride and solid calcium bromide are
also used in conjunction with these brines to prepare the
heavy brines for use in this invention. Standard brine



The nost dlfflcult brines to vi-scosity contain zinc 25 brom de, and
brines are preferred for use in the present invention. As indicated,

{rines will gener® 3 ally have -a density from1.70 to 2.30 g/canEne
brines of any density within the range disclosed are prepared by m xine

toget her various standard, 30 comercigd y avail able brines, as follows:
caloLunrchIo- 3 ride brrnes having a density from1.32 to 1. 39 g/[err]

cal ci um brom de brine haV|ng a density eof 1. 70 g/[err] and a caIC|um
brom de/ zi nc by brine havin | t 2.30 .a/cm cont about
200 by et gt BLES FHbTEs (O LR Pl thed RS EAN ARG

br om de. SoI|dfatﬁgahchmdne$crun1ch|or|de and solid calcrunrbronrde are

al so used in ConJUnCtTﬁE'ﬂﬁérkéﬁiﬁéié”ﬂﬂfﬁhté%é”ﬁ?ﬁ?ﬁi vildeRwy Aldiaes for

use in this invention. Stand rine -4- mxing tables are available
fromthe variol® HGPERIREr ANt LR SRLLd TIRANHES tfnﬂﬁaé'-em-iaé-ﬁ are

useful as vescwriéh edfe iwatde SOBESTE o WRld1© @ idpRradblé apd Whidhaton
- materials 5 whic wat er, sol ubl e or wat er d|%§5r5| | e and which on

sol ution or d|§‘b£‘f§$‘%‘h T GHFRRERIR IR AT ATYRIUS, &8 VSESESE) OF the
system HEC pevigcesityret gérerswétyeltu nglip @Ql,ymea:tseramolg@lnlee'ald.rynhiam c

terial t f db
Tenor 107t 1 on TEFTACYpdtEe SO ) HARAMIQ S Hrdthitee By Oed O
cel | ul ose nol et¥Rating ??#%%49%§uﬂ¥ ég e fodloyedaby X&ASSr of

mol es of the etivn earteuokawmaé &em&ues ﬁ&mc‘ahﬂtird:@ge&@aasenhmdn:oghuew

unit in cellulos

15 greater the %Igb‘?i%s%fm% Jr?ejﬁ%n UbSt Itzﬁ%gq}: Iceo?%é{]ed ed eneral' the

The average number of moles of the ethylene oxide that:
becomes attached to each anhydroglucose unit in cellulose
is called moles of substituent combined. In general, the

15 greater the degree of substitution, the greater the water
solubility. In general, it is pfeferable to use HEC poly-
mers having as high a mole substitution level as ?o;sible.

Usually, uﬁon the addition of dry, powdered hydro-
.philic materials, such as HEC, to water, the polymer

20 particles undergo hydration preventing the interior of the
particle from readily hydrating, solvating or otherwise
dispersing in' the aqueous medium. Accordingly, high'shear-
long mixing times and/or elevated temperatures must be
applied in .order to obtain a homogeneous system..

25. We have found that HEC and other hydrophilic poly-
mers can be activated such that the polymers will viscos-
ify ‘heavy brines at ambient temperatures. Activated HEC
compositions, and methods for activating HEC, are dis-
‘closed in our prior British Patent Applications No.

30 8101828 (Publication No. 2070611 A) and No. 8109880
(Publication No. 2075041 A). Methods of activating other
hydrophilic polymers are disclosed in our prior British
Patent Application No. 8125937 (Publication No. 2086923 A).

- Activated HEC compositions comprise: (1) HEC, a
35 soivating agent comprising a water miscible, polar organic
liquid which when uniformly mixed with HEC in a weight
ratio of HEC to solvating agent of 1:2 produces a mixture



solubility. In general, it is preferable to use HEC pol y- “mers having as
high a nol e substitution | evel as possible. Usually, upon the addition of

dry, / ered hydro- phirlic materials, such as HEC, to water, the polyner ‘e
20 pe¥ | es undergo hydration preventing the interior of the particle from
r.eadi ydrating, solvating or.ot8rerw se dispersing in the aqueous nedlum
Accordingly, high shear long m xing tinmes and/or el evated tenperatures ﬂHSt
be applied in order to obtain a honogeneous system . 25 W have
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l'iquid, the Or@@ﬂé?aiiﬁ”%ﬁe&@%ﬁ%fnﬁ£QE§§yb@% eﬂb&&&k&ﬁg@ FECEGD a wei ght

ratio of HEC t 0 Or gani ro- duces mxture wth free liquid
pr esent akly eany cpnganhg qgmﬂeﬁ%ﬂtwhh@hoﬂ%sﬁﬁ%th& %9&N§ﬁ&°?eﬁ%%?ature in a

seal ed 30sceppédl aséve;hﬁ1§HU9@hI§tibﬂuldorwvwgorepaégfee; eastéan 7.0.
Gbneralsglvgtfgﬁnggeﬁé.haﬁonefgmlgfgg é&élpgéféﬁgedjsolvating_
15 agents include: aliphatic glycols containing from 2 to 5
' carbdn atoms, such as ethylene glycol, l,2-propanediol,
1,4-butanediol, and 1,3-pentanediol; alkylene triols con-=
taining from 2 to 6 carbon atoms such as glycerol, 1,2,3-
butanetriol and l,2,3-pentahétriol; amides containing from
20 1 to 4 cérbon atoms such as formamide, acetamide, and
dimethyl formamideg'and mixtures of the various above com-
pounds. o o Ce
The diluting agent, in general, will be any liquid
organic compound or material which is not a solvating
25 agent. In general, the diluting agents are liquids which
do not appreciably swell the HEC polymers, i.e. they do
not produce semi-solid or viscous mixtures which_have no
free liquid present after the one week solvation period
described in the above test for determining solvatlng agents.
30 Non-limiting examples of diluting agents include liquld
aliphatic andé aromatic hydrocarbons containing from 5 to
10 carbon atoms, kerosene, diesel oil, isopropanol,
alkylene glycol ethers, and vegetable oils. Particularly
preferred are organic liquids which are water soluble or
35 miscible, most preférably alkanols having at least 3 car-
- bon atoms, ethylene glycol monoalkyl ethers, and dialkyl-
ene glycol monoalkyl ethers. The diluting agent will.



al y any organi’c conpound whi ch- passes the solvation test described above,
wil.l function, to a usable degree, as a solvation agent. Non-limti ni;
. '.

I

|
Jpreferred soINatlhg 15 agents include: aliphatic glycols containi
to 5 carbon atons, such as ethylene glycol, 1,2-propanediol,
1, 4- but anedi ol , and 1, 3-pent anedi ol ; al kglene triols con- taining fro to
6 carbon atons -such as glycerol, 1,2,63- butanetriol and 1,2, 3-pentanetriol;
am des containing from20 1 to 4 carbon atons-such as fornmani de,

- acetam de, andpgispRLAY th@r@Bﬁ&ﬁﬁrlén@oﬁbéb!&@énoﬁntQelléhEQUSpBQQHEIEOW*
pounds. The diluting agent, “i n"gener al any | 2 g irﬂ ni ¢ .conpound
or material wh?&ﬁtﬁsaﬁoﬁ kemperatuzg o5 2 m%ﬂ@ﬁtzo Frn g&heill: R HPFEFlng
aﬁentz are I|qs&d&dwhh@hedefpgthanpaessebl;msuahb bhedﬂﬁﬁtmnbyage?t tan.
. they do not pr e | r vi.SC u n

l'iquid present%E %F%tgg g%giﬁggk ?o?va#gggkéérpggiﬁggé a@g ﬁt 8 hégg ove
test for déiermnngngqguwvgmpAgysgenﬁél erewdnuppn1tbggtypanpﬁeshsar

di | uting agent&ha%ﬁluéeabhauhﬁlal Bha&sﬁeﬁaé %h@”%hiﬁkﬁﬁ@&ocaiﬁoaéneral
containing fromb5 to 10 carbon _atons, kerosene, glese oil, sgg anol

al kyl ene gl ycolt epﬁér?ee&n3°9§8eF95FedS§F§abﬁ§rF dGKERLY Sy Whd Gre
organi c |iqui dpouirablealequatss, &ahUBbeprdaae&1sebhleompasitmbﬂéecah+y

thers, ana di SPRDRSLREoH I8 Eonansary, Feahe: ¥ SRE HPTYPPRG 250t 2ui 1)
mai nt ai n tiee p@byﬂ@ﬁibycvsﬁghttb@ndihuaingqagaptpoandbfeomt5t90a68& by

tenperature of akgHl 8¢ So1bhtthy! gnder - stood, however, that |esser
anount s of dllutleg a entocan %%buggsn desi red, and_that the ultinmte

amount of dilu- 5 heageRceBkFRS}eR WFIHEGeBQﬁQ OB3¥ PRe2t YpECBFLEKear
which is avaiIahbeehaidgsaﬁb&ﬁtthecéheehgmer the peaeyvabrihebasfberasfound

oo | o cARVRETER Ba1t eBheBi B2U57RCLY! 910°p: 8000815 BYyCRd O
15 8.6 g/1 of HEC. '
The sequestrants which are employed according to
the present invention are polyphosphonic acids,_amipo-
polycérboxylic acids, pquhydroxy carboxvlic acids, and’
their water soluble salts, particularly the alkali metal,
20 ammonium, and alkanol ammonium salts thereof.
Representétive, non-limiting, aminopolycarboxylic

acids are compodnds of the formula .
RiR,N/(CH,) , = NR; 7R,

where Rl' RZ' R3,_and R4 are independently H, --CH2COOH,
25 or -=(CH,CH,0) H, c is 1 to 5, 2 is 2 to 6, and b is O to
6, provided that at least one-half of the radicals repre-
sented by Rl' RZ’ R3, and R4 are --CH2COOH.
Representatlve, non-limiting, polyhydroxycarboxyllc
acids are citric acid and gluconic acid.
30 : Representative, non-limiting, polyphosphonic acids
are set forth in U.S. Patent No. 3,971,734.
Preferred polyphosphonic acids are free acids and

water soluble salts of the formula



talnlng from10 to 25% by wei ght of HEC polyner, from2 10 to*70% by
.. of diluting agent, and from5 to 88% by wei ght of’ solvatlng agent .

™t ration of HEC need only be a viscosity increasing anmount.

d y, the heavy brines of this invention will contain 0.25 to 15 g/l,
preferakly 0.7 to 15 8.6 g/1 of HEC. The sequestrants which are enpl oyed
according to the present invention are pol yphosphonic acids, am no- o
pol ycar boxyl i c acids, pol yhydroxy carboxylic acids, and their water sol uble
salts, particularly the al all metal, 20 ammoni um and al kanol anmoni um
salts thereof. RepresentatTwg, n-l1imtimg, am nopol ycarboxylic acids are
conpounds of the fornula [erri ecxzigfn' d [err] are independently H,

-- CH2COOH, 25 or --[err]Rc’ls 1 to”5, s 2to6, and bis 0 to 6,
provided that at |east one-hal f}of the r&dj cals repre- sented by [err] and
[err] are --[err] Representativle, non-Ii g ng, pol yhydroxycarboxylic acids
are citric acid and gluconic acid. 30 "Representative,

non- | i i 4H&ee é’@éﬂpﬁoﬁﬁhﬂﬂaépéﬁaéﬁtﬁfrehy‘&foé@ﬁ'; h-48u P& (0RpL ¢nbr NO

3,971, 734. ng g.polngoEghg aC|gs are free a3|d§ anél water sol ubl e
“salts of T 9i¢ n ¥ ForfaRfcEelBalntR P4 Fnd%ﬁendently .
hydrogen, --[err], or [err] mhereXn nis2to4d4andcis1to3 R is

[err] 5 wherein X and Y are indepg Qﬁ@k# hydrogen or C-C4 alkyl, a is 2
to 6 and b is 0 to 6; provided tha eadt 1/2 of

5 wherein X and Y are independently hydrogenﬂor lec4.a1kyl,
ais 2 to 6 and b is O to 6; provided that at least 1/2 of
the radicals represented by R are --CHZPO(OH)Z;

{R) 2-'.C'-R2

1
where R is --CH PO(OH)Z, Rl is. hydrogen, hydroxyl, or
10 --(Cn 2n0) H wherein n lS 2 to 4 and ¢ is 1 to 3, and where
R2 is cl-C5 alkyl or a group of the formula

- (CH, ) '?'(R)z

Ry

‘wherein a is O to 8; or _
(R) 5~C-R

N
AN

15 where R is --CH2PO(OH)2, each Rl is indepeﬁﬂentlv hydrogen,
--CH2PO(OH)2, or (C H, O) H, wherein n is 2 to 4 and ¢ is
1 to 3, and where R2 is_cl-c5 alkyl, and
-(CHZ)af?-(R)z
N,
R/'\
1

Ry

2

wherein a is O to 8.

20 Most particularly preferred sequestering compounds
. are



the radicals represented by R are --[err] (R} 2-CR2 [err] where R i's

--[err] i s hydrogen, hydroxyl, or 10 --[err] wherein n is 2todandcis
3—and where [err] R2 i's C1-C5 al'kyl or a group of the formula -[err] ]
R wherein ais O to 8; or [err] NJerr] 15 where Ris --[err], each y

| ndependent |y hydrogen, --CH2PQ(OH)2, or F@&~r] wherein nis 2 to 4 and i 8
1 to 3+ and where Ris Cl-C5 al kyl, and [err] [err] [err] wherein ais O to

8. 20 Most particularly preferred sequesteri ng conpounds are- - 8-
[err] where Ris --[err] is --[eRr]., s either42 or 6 and bis Oto 4,.
especi all y those conpounds where-- N b Is O or ereinais 6 and bis 1to
4.5 O her wat er- sol ubl e ng§ BHohgr Rat contain at |east two
phosphoni c acid groups per nol ecuRe whjch may bg fused in the practice of
this invention are disclosed in U S P ents No. |3, 733, 270; 3,674, 804;

3,576, 783; 3,556,762; 3,551, 339; 3,549 728; 3,4 13; 3, 440, 148; and

3,4Q0,176. 10 where RTDE 33@&396?@&} ﬁf fsquéér38}o#?§f“$ ig éiﬁher
20or 6 and b is O .to 4, esnecially those compounds where-
in b is 0 or wherein a is 6 and b is 1 to 4.

5 Other water soluble Polyphosphonates that contain
at least two phosphonic acid groups per molecule which may
be used in the practice of this invention are disclosed in
U.S. Patents No. 3, 733,270; 3,674,804; 3,576,783; 3,556,762;

_ 3,551,339; 3,549,728; 3, 497,313; 3,440,148; and 3,400,176.

10 The concentration of sequestrant useful in the
Practice of this invention will be an amount sufficient to
increase the rate of hvdration of HEC in the heavy brine
which is desired to be viscosified. Concentra-

~ tions of sequestrant from 0.25 to 20 g/8. are sufficient.

1§ To illustrate the present invention more fully, fhe
following non-limiting Example is presented. All physical
property measurements were made in accordance with testing
Procedures set forth in STANDARD PROCEDURE FOR TESTING
DRILLING FLUID, API RP 13B, Seventh Edition, April, 1978.
_20 The physical property parameters referred to in the
Example are in units expressed as follows:
Apparent viscosity = centipoise
Plastic viscosity = centipoise
Yield Point = Kg/m> |
25 10-Sec. Gel Strength = Kg/m?

CAB-O-SIi and NATROSOL are Registered Trade Marks.



practice of this invention will be an amunt sufficient to increase the

Concentra-- ti ons of sequestrant. from0.25 to 20 g/9. are

. 15 To illustrate the present invention nore fully, the
#Ng non-limting Exanple is pigesented. Al physical property

measurenments were nade in accordance with testing procedures set forthl
STANDARD PROCEDURE FOR TESTI NG DRI-LLI NG FLUI D, APl RP 13B, Seventh Ed|t|on
April, 1978. 20 The physi cal ' ters referred to in the
Exanple are in units expreSsEs=s Al =ent viscosity = centipoise
Plastlc Vi scosi an actavhtpalHEcYgeﬂaaﬁtlwas ngpbeed]bQSmixing 10- Sec.

Stre hher | & ed~Trade Marks. .
-9 Exanp @gtpe?ﬁl&ﬁnéL g??ﬁ kﬁ' gggtegRgEgbr8F§%E$9$§§8%feBa%ed by
m xi ng t@g@&ﬁebY1Z$15h§aP€sCBF‘@ES&E(Méffﬂ@ééréﬁ}icahcéﬁop PBrSsparts by
&ﬁkgﬂtyd?géy? i bfPEf“s“ms '2'5;‘:3"*“‘52%’??*%’“*‘?3b%e“g“"‘agg;;ﬁ%ﬁgfﬁfﬁ N
1.86 g/c oPYt W6 gﬁ§s°pr IHRPhg a 117 6 [err]
solut|onChBtQ/&nBr%Osgﬂh&ioh @aBr@képErEdsbyumiamngnaa107a4gﬂcﬂé vol une
ratio. r 0 O |t 3 P e I except
that a g@%%%? s%guﬁgkﬁ &§3§5a32|39|§2%& WEE? 2(29§& ésg?ﬁk#éﬁe% osphoni c
aci d) wa# Qddédoh%GVH ARG FREdSts PGhFHe123§OGéPPer FBszéénBFQon bef ore

i ts did Ulsblmtons waeel z@pa&eaysahuuaem TEQcéﬁECEHEEaEIQO%OB nitrilotri
(nethylenephﬁgphonlc ac §; 89:,

and 20, 7¥e38 rPF“&QuPnEPé%EFé&’H ot Bakz T {olen ok e R 8RRpHS gpﬁﬁagcwer o

Vi SC0S- acid) was added in varying amounts to the 2.30 g/cm
solution before its dilution with the 1.70 g/cm solution.
The concentration of nitrilotri (methylenephosphonic acid)
15 in the 1.86 g/cm> brines was 2.40, 5.89, and 20.74 g/R as
indicated in Table 1. ‘Thereafter, the brlnes were viscos-
ified with 5.72 g/ of HEC (28.6 g/ of the activated
gellant composition) by mixing with a Multimixer for 15
minutos. Fann viscosities were then obtained, after the .
20 solutions had hydrated for 90 hours at room temperature,
and after the solutions were hot rolled for 16 hours at
- 65.5°¢C. . The data obtained are given in Table 1.
The data indioate that the sequestrant increased
the rate of hydration of the HEC and significantly increa-
25 sed.the viscosity of the viscosified brine. However, the

brine containing 20.74 g/& of this sequestrant had poor
thermal stability as evidenced by the decrease in viscos-
ity on rolling at 65. 5%¢. '



i-fied wwth 5.72 g/[err] of HEC-(28.6 g/[err] of the activated gell ant
conposition) by mixing with a Miltim xer for 15 m nutes. Fann viscosities
\vere then obtained, after the 20 solutions had hydrated for 90 hours a
roomtenperature, and after the solutions were hot rolled for 16 hours
65.[err}. The data obtained are given in-I@ble 1. The data indicate the
t he ‘Sequestrant I ncreased the rate of hydration of the HEC and

Si ganl cantly increa- 25 sed the viscostty of the viscosified. brine.

However, the brine containing 20.74 \g/-([]%%)f this sequestrant had poor
thermal stability as evidenced by the e in viscos- ity on rolling at
65. 5C. TABLE | 5.72 g/[err] HEC g/ [ er 75 Ni t r| I ot r| (et hl enephosphoni ¢
“acic) Fa . V-G Rheol ogy ' 5. 89 ©20.74
5 After 15 M nutes M xng 600 rpm /.Q N:.trilotrl (meuﬁienenhosnhonﬂ@ acid)
125 138 300 rpm : 39 o/ : 86
95 Appar ent ‘I‘amc@&GtM@r ' 31 o} 49 2.40 62 5.89 680 Fdast i c
Vi scosity (cp) i ' 32 39 43 10 Yi el d Poi nt
(Kg/[err]p After B'ﬁ_ngte%mg 1.71 2.29 2.54 10-Sec. Cel
Strngth [err] goo rpR- 05 0.15 62 0.20 g9 0.24After 9014durs
Hydration 600 s@"rpm ' o 13%6 67185 86 240 o5 280
300 rpm Apparent Viscosity (cp38 31 121 49 168 62 203p49L5.
Appar ent Vi scoBldsyi¢ Gfiscosity (cp). 78 23 92 32 120 39 1443
Pl asti c Wscos¥ield(Bgint (Kg/m2) 48 628 - 1.712 2.2% 77 Yinbkd
Point [err] ~10-Sec. Gel. $t&rength (K9/2n278 0.05 4.690.15 6. 52P0- Sec.0.@4|
Strngth (['er% 0. 20 0.54 1.51 2.05 After Polling
Over ni ght at After 90 Hours Hydwationso0 rpm : 177
239 246600 rpm 141 300 rpm 136 185 a5 28064
184 82300 rmm a8 121 168 203
15.  Apparent Viscosity (cp) 78 92 120 - 140
‘ Plastic Viscosity (cp) 48 64 72 77
Yield Point (Kg/m2) , 195 2.78 4.69 6.15
10-Sec. Gel Strength (Kg/m®) 0.20 0.54 1.51 2.05
After Rolling Overnight at
20 ~ 65.50C _ :
600 rpm 177 239 246 S 141
300 rpm ' 124 164 184 82
Apparent Viscosity (cp) 88 119 - 123 70
Plastic Viscosity (cp) 53 75 62 59
25 Yield Point (Kg/m2) 3.47 4.34 5.96 1.12
© 10-Sec. Gel Strength (Kg/m 0.68 1.17 1.71 0.07
$ Hydration in 15 Minutes* 31.5 40.9 46.7 - 115.9

*%Hydratimmlsmnutes 3('DrpnPeadi.ngAfter151\ﬁnutesx1w
' wOmReadmgAfterRollmgﬁGSS%



Appar ent Viscosity (cp) - 88 1 ‘

Plastic Viscosity (cp) 53 ”’?5’/’/,,/%28’ “ 59 25
Yi el g-Point ([err]) 3. 47 \ ‘!\\k@ﬂ . 1.12
10- ‘Gel Strength [err] - . 0.68 1 1 \ *.0.07 %
Hydrel¥on in 15 M nut es* 31.5 =11= 40.9 '+ %46 7 115.9 * % .
Hydration in 15 Mnutes = 300 rpm Reading After 15 Mnutes x 100 300 rpgg*®
Readi ng After Rolling @65.5C CLAIMS: 1. A nethod of increasing the

vi scosi t gr.atmg:heavy brine solution containing one or nore soluble salts
sehected'TTBﬁTCalciun1ch|oride cal cium brom de, and zinc 5 brom de; which

20511 of a seqdast PaRECEERc e A FFEARBE, SREcYRaRPELEY B8, &7 1O >0 1°
am nopol heavpokyline aoldtiopobyhydiniygcanbonylmorecsdipblatsaltsluble
salts th%ﬁiggteﬁngrghxkgigiuﬁh%B?B ; calcium 8§ogiéenehg8dzﬁﬁcC|a'”Ed in

|n11 erein Foxyet Fdlose 1s a brine as an
actl vaPEGmQGPPaWPiGBWES§PF#§ﬁ5|ﬁdﬁﬁPEhtPhéaﬁﬁdﬁﬁiyéﬂﬁylhEéFPﬁYﬁse has

been acteﬂawdc&mbxdsat anlincbeavy.psi 86S 20t ga1bbgnNh begnesetanes. 15
ereln the concggtrgilon of

hydroxye?ﬁg?cgﬁﬁl F8§ePP§YP$%ﬁ€£§§1Foaféagf|amin°Pﬂ4X€Fﬁ %5 €l aimed in
any precadidg,Cpailyhyliroryncabboxpdiesacads,i vaterr sbduble salts

(nethyle?ﬁg gaghogha ﬁﬁgthggd%?gﬁygrma;er sol ubl e salt ‘thereof. 5. A

met hod of I ncreasi ng ation of hydroxyethyl cellulose in a
heavy bri ne solutlon con- taining one or nore soluble salts selected from

cgldmoum chl or Id dﬁ‘ cal ﬁeuﬁbbrgg dza%mddzmccmam dewhebeth €REP I seg f25
addi ng t a| to S estrant . ecte rom
polyphosﬁﬁ E*&g g&hgﬁﬁFybﬁrﬁgﬁgplE°aﬁsﬂsgggﬁFyﬁ§d?gx§ tﬁrboxyllc
aci ds; mm&tedsgéﬂhhntsabmposition in which the hydroxyethyl

cellulose has been activated to hvérate in. heavy brines

at ambient temperatures.'

15 3. A method as claimed in Claim 1 or 2 wherein -

the concentration of hydroxyethyl cellulose is from'0.25

to 15 g/1.

4. A method as- claimed in any preceding Claim
wherein the sequestrant is nitrilotri (methylenephosphonic
20 acid) or a water soluble salt thereof.

5. A method of increasing the rate of hydration
of hydroxyethyl cellulose in a heavy brine solution con-
taining 6ne or more soluble salts selected-frem calcium
chloride, calcium bromide and zinc bromide, which comprises

25 adding to said brine from 0.25 to 20 g/1 of a sequestrant,

selected from polyphosphonie acids, aminopolycarboxylic
acids, polyhydroxy carboxylic acids, water soluble salts
thereof, and mixtures thereo€f. ) -

6. A method as claimed in Claim 5 wherein the
30 brine contains from 0.25 to 15 g/l of hydroxyethyl cellu-
lose.



thereof and mixtures thereof.-6. A nmethod as clainmed in Claimb5 wherein
“the 30 brine contains fromo0.25 to 15 g/l of hydrexyethyt——celTu- |ose

W, Anethod as claimed in daimb5 or 6 wherein ttf um;
ni trilotri (nethyl enephosphonic acid) or a water g@“ﬁ 1‘““““ eof a
viscous heavy brine sol ution containi ng-X2= hydr ox iceM ufose, onk or
mor e\ soluble salts selec- ted fromcal cium chloride, calcium-brom de an

zincbro- mide, and from0.25 to 20 g/l of a sequestrant selected from

pol yphosphoni.c aci ds,q amm%&ﬂmrw%ﬂﬁn&flﬂmmwcww vﬂ?éféwl ic
acids, water sqQluble salts thereof, 10 and m xtures thereof . A viscous

heavy brine adhg AeMLTtrantiif RitFileEmimethyy ?‘!ﬂﬁ@sﬁ‘qfﬁlc_ﬁ?‘@ﬂ) of

hydr oxyet hyl ot lai-wdtee . scluble B0 thdrenf. brine as claimed in Caim8
or 15 9 wherein the sequestrant is nitrilotri (nethylenephos- phonic
acid) or a water soluble salt thereof. 11. A nethod as clainmed in Caim1l
or 5 and sub- stanti @84 ypayﬂsamimﬁa‘a:mhwm isselditvliarh goaftadeviowy t o t he

sEi(JgrsTPLﬁt ially as her el m ore ?cérlfa%é)Hﬂ%%%egggﬁéolﬁlqﬁxﬂl%@nd
d from calcium chloride, calcium bromide and zinc bro—
mide, and from 0.25 to 20 g/l of a sequestrant selected
from polyphosphonic acids, aminopolycarboxylic acids,
polyhydroxy carboxylic acids, water soluble salts thereof,

10 and mixtures thereof.

9. - A viscous heavy brine as claimedé in Claim 8
which comprises from 0.25 to 15 g/1 of hydroxyethyl cellu-
lose. '

_ 10. A viscous heavy brine as claimed in Claim 8 or
15 9 wherein the sequestrant is nitrilotri (methylenephos-
phonic acid) or a water soluble salt thergof.

11. A method as claimed in Claim 1 or 5 and sub-
stantially as hereinbefore described with reference to
the Example.

© 20 12. A viscous heavy brine as claimed in Claim 8
and substantially as hereinbefore described with reference
‘to the Example.




