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Mr. Warren Farìey
Core Laboratories Austraìia (QLD. ), Ltd

Bri sbane, Aus tral i a

Dear Mr. Farì ey:

The fol I owi ng di scuss i on i s concerned wi th the chemi cal

com ati bi I'i of wate f rom the Mereen'ie Fiel ds The sampl es

f urni shed were 'ident'if ied as:

1

2

East Mereenie No. 3

West Mereenie No. 4

DEPT. OF MINES & ENERGY

¡n*[i' þnt"':'

Ïhe fìrst samp'le proved to be a fresh water, while the second is a

brine having jonic strength of 1.17.

Ïhe term "compatibìlity", as appììed to waters, appears to be used

with varjous defin'itions. In order to avoid the impì icit p'itfalls
of this situatìon, we must state the definition followed herein.
Th'is can be done most djrectly in the negatìve form of the term:
Waters whjch are "incompat.ible" wil I exhibÍt undesirable chemical

reactions when the waterS ê,re mìxed. "Compatibil ìty" is concerned

onìy wìth this poss'ibili'ty; it does not address other factors
which determine the suìtabiì ity of a water for ìnjectìon.

It also is noted that there are two degrees of incompatibì'lìty.
Some forms of incompat'ibjlity are unconditional , while others
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depend upon condjtions prevalent when mixing occurs. An example

of the former is the precipjtation of barjum sulfate. If Water A

contains more than a certain concentration of barr'um, and Water B

contains more than a certain concentration of sulfate, barium

sulfate will precipìtate under any and aì'l condit'ions of mjxing.
Condi ti onai 'i ncompatì bi ì i ty can be i I I ustrated by Water C, whj ch

has an appreciable concentratìon of d'issolved ìron, and l,later D,

which has a lower iron concentrat'ion. If l^later D also contains
di ssol ved oxygen, mì xi ng wi ì ì resul t i n j ron precì pi tat'ion. If
Water D'is oxygen-free, prec'ipìtation probabìy wiì'l not occur.

Stabj 1 i ty of the fol I owì ng el ements and compounds requi res

eva'luation in the present case:

Cal ci um sul fate,
Calcium carbonate,

Strontium sul fate,
Iron.

Pacoota Sandstone water, as represented by the enclosed anaìysìs
of a sampìe from West Mereenie No.4 Well, is at practical
saturation with respect to calc'ium suìfate. The fresh water from
East Mereen'ie No. 3 has low concentrations of calcium and of
sulfate ions. When waters are mixed, the resulting waters of
intermedjate composition should be stable with respect to calcium
sul f ate. Thi s 'is shown i n Fì gure I .

Curves i n Fj gure I represent cal cj um sul fate soì ubi I i ty and

calcìum suìfate present for aìl m1xtures of fresh and produced

waters. The soìubility curve lies above the curve for calc'ium
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sulfate present for the ent'ire range. No precipitation,
therefore, is expected to occur-

The fact that produced water js saturated with calcium suìfate at
ambìent conditions (20oC and one atmosphere pressure) raises the
possib'iìity that precipitat'ion could occur without mixìng with
another water. Sol ubi I i ty of cal cj um sul fate i s sensj ti ve both to
temperature and pressure.

Fìgure II'is a curve for caic'ium sulfate solubiìity at various
temperatures and one atmosphere pressure. Maximum solubility is
seen to occur at 35 to 400C. If temperature of the Pacoota

Sandstone is with'in this range and, 'if water is saturated in 'its
source format'ion, precipitation wil I occur in I ifting and handl ìng
the water at the surface.

Calcjum sulfate solubilìty ìncreases directly wìth pressure.
Fìgure III shows quantities of calcium sulfate wh'ich would
precipitate when waters saturated at a given pressure are reduced

to atmospheric pressure.

There is no present evidence that Pacoota Sandstone water ìs, in
fact, saturated with calcium sulfate under reservoir conditions.
The sampì e furni shed contaj ned no preci pì tated sul fates. If the
reservoir ìn question has been produced for any apprecjable tìme,
any signifìcant precìpìtation problems would have been recognìzed
If the reservoir has not been produced, initiaì operations should
be monjtored closely for evidence of calcium sulfate instabi'l ity.

Both individual waters are stable with respect to calcium
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carbonate. Figure IV presents a plot of Carbonate Index for ai'l
mixtures of waters. This curve shows very little variat'ion for
the entire range. "Carbonate Index" is a system for determ'ining
and expressing carbonate stabi'lìty on a quantjtatjve bas js. It 'is

unique in this respect, as the more familiar indjces (Stiff-Davìs,
Lange'lìer, Ryznar) are qua'li tative. The mathematical procedure

for calculatÍng Carbonate Index involves determining the jon

p rodu c t, based on activities of these ions. This is
d'ivided by the solubility product for CaCOr. if the resulting
val ue 'is greater than 1.00 the watelis unstab j e, and the amount

of precìpì tatÍon which wil I resul t can be cal cul ated di rectly.

Strontium sul f ate 'is a more sparing'ly sol ubìe compound than

calcium sulfate. Pacoota Sandstone water was found to contain
22.5 ng/1 of strontìum, whìch low value should ensure freedom from
probl ems of s trontj um sul fate precì pì tat'i on. Fi gure V contai ns

curves for strontium sulfate solub'ility and for concentrations
present at varìous ratios of m'ixing. The curves are wide'ly
separated, wìth solubi'l ity greatly exceeding the concentrations
present for all possìble mixtures.

Concentrations of i ron dj ssol ved i n both waters are quj te I imi ted.
Both waters are sìightìy acidic, and the individual pH vaìues are
not wldeìy separated. Iron precipi tation shoul d not occur, when

the waters are kept free of oxygen.

It w'ill be noted that undissolved soìids associated with fresh
water were quìte rich jn iron. In the anaìysis process, this iron
was put into acid solution on'ly w'ith djfficulty, indjcating that
it origìnated as an iron-bearìng mineral and not as 'iron
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precipìtated from the water.

It is concluded that waters can be mixed without hazard of
"ìncompat'ibility". Whether m'ixed or separate use of waters is
more advantageous 'i s not necessari'ly determi ned by thì s

considerat'ion alone. Relative volumes of the two waters, changes

in these volumes wìth time, undissolved solids content of the

indjvidual waters, bacterial actjvity ìn the waters, oìì content
of produced water are among the factors wh'ich will affect thìs
choice.

Thank you for th'is opportunity to be of service. I will be

pìeased to assist wìth flow scheme design of systems and

specìfjcation of operatìng procedures, should your cl jent

requ ì re .

Yours very truly,

2//tu
H . E. Greenweì I , P. Eng.

HEG: cg
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Carbonate Stability ìn Mixtures of Fresh and Produced Waters

NOTE: Carbonate Index = 1.00 corresponds to equ'i I i bri um saturati on.
Indjces greater than 1.00 provide a quantitative'indication
of carbonate precipitatìon.
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UUHE LAttullAl uñlE,Ð' lNt,.
OALLAS CHEMICAL LABORATORY

OALLAS, TEXAS 75229

21 4/350-7893

WATËR ANALYSIS

Company Oi lmin N. L. Well Name

F ile

E. Mereenie No. 3

DCL 856015

Sample ¡o. EM-3

-Formal ion Depth Sampled From Bore l.laÈer

Locatron ¡¡¿¡6 Mereenie County--S tate Aus cra 1 ia

Date Sampled Date Analyzed Januarv 30-31. 1985 Analyst R.A. Law

f

I

I

I

I

I

I

L

t

f.

f otal Dissolved Solids s64 mg/L calculated

ì esist ivily 11.13 ohm-meterr @ 74.5 oF 
measured

ConducEivity 898 umhos /cm 74.5"F

Sp. Gr o .997 6

0.9984

Total Sulfide

pH 6.86 @ 72 "F HydroçnSulfide
Const¡tuents

61 74.5 '¡

@ 20 'c (6g"Fl

Absent

r.lo ns t itu en ts meq/L

4.49

m9/L

103

meq/L

4.46

m9/L

158Sodium

Calcium

Magnesium

lron

'Barium

20

r.66 i3 -2 2.08 127

Chloride

Bicarbonate

'su lfate

Carbonate

Hydroxide

t l0

2 -62 31.9 2.27 109

0.04 nn 0.0

0.0 0.0 0.0 0.0

, rt 20
ilr1ilil rltlil lÍIl rllrlililrilrIr illÍ1ililIilrIrr rirlrr|lilr ilil|lrrrIrlllrr CI 10

SOq I

1,,, ,1,,,,1t ,,,,1,,,,1,,,, co¡ 1

Scale: meq/L

rt
Na Ílr rrlr r Ïr Irllr I rrIrrlrrl

Mg lilr ilil ilti

Fe ,,,,1,,,r1,,,, ,,rl,r,,l,r,,l

' Gravinrctric Analysis

Sodiu¡n value above is calculated
Sodium by analysls 109 rng/l Na

Potasslurn by anelyels 16.5 mg/l K

Strontlum by analysle 0.11 mg/l Sr

to o
t0

Ca rrlrulrrrrlrrrrlrrr rrrrlrrrrlrrrrl rrrlr rlrrrrlrr rlrrrrlrrr rrlrrrrlrnrlrrrrlrrr rltrlrrrtlrrrrlrrnlrrrr rrrlrrrrlrrrrlrrrrllr HCO3 I

rrlrlrl rrrlrrrrlrrrrl ilr1ilil
lrrrr

rlrrrrlrrr rrlrrrrlrrrrlrrrrlrrrr rrlrrrrlrnlrurlrrrr rrrrlrrrrlrrrrltrrrI

Thesc analyses. opinions ons are bascd on obscrvations and ma d for whosc exclusivc and confidential
| :, this reþort'is madc - 

iiop¡nlónïiipresrc¿ rcp¡eìe (all errors and omissions exccpted),
I t Core låborator¡es. I and cmoloyce:i. asSume ho ¡e alions as to the producllvl¡y, Prop€r

fr.cration, 
or profitablên r othc¡ ririnåral fuell or sand in clied upon.

ii,

ill
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OtImln N.L.
Brisbane, AusEralla

SUSPENDED SOLIDS

E. Mereenie No. 3 Bore lrlater

Material brick red ln color readíly seEtleable

Job No. DCL 856015

Total dried solids used

Organic, solvenÈ eoluble

Loss on igniEion @ 550"C

Acid soluble porËion, HCI

Iron as Fe2O3

Calcium as CaCO3

l"lagnesium as MgCO3

Sulfate

Insoluble residue

21.05 mgs

0.10 mgs

1.35 mgs

absenË

79,4 mgs

0.2 rngs

4.8 mgs

22.5 mgs

100.007"

0.257"

6.047.

28.34%

65.37%

26.5L7"

0.L37"

L.70%

absenÈ

51.9 mgs

NOTE: All red coloi was consumed afEer ËreatmenE r¡ith acid leaving
white granular siliceous residue.

t

CORE LABORATORIES, INC.



Company 0íl¡nin N.L.

- Formalion PacooÈa Sandstone Depth

Locat lon

' Date Sampled

coRÉ LABORAì IJH¡tss, lNU.
OALLAS CHEMICAL LABORATORY

DALLAS, TEXAS 75229

214 /350-7893

WATER ANALYSIS

File

W. Mereenfe No. 4

DCL 856015

Well Name

Sampled From FormatLon [.Iater DST No. I

¡¡"¡6 Mereenle County-S late AusÈra1ia

Date Analyzed January 30-31, 1985 Analyst R.A. Law

Sam.nle ¡.¡o. W-4

Total Dissolved Solids 60458 mg/L calculated

R esist iv it y 0.1222 ohm-meter¡ @ 7 5'. 0' oF 
measured

Consr ¡ luents

Sp. Gr 1 .0410

1.0419

Total Sullide

pX 6 .42g 7 2 oF Hydroçn Sulf ide

C.onst¡tuents

6u 75.0 '¡

@ 20 oC 
168'Fl

Absent

meq/L

842 .45

m9/L

19368

meq/L

949.52

mg/L

33659Sodium

C¿lcium

Magnesium

lro n

'Barium

20

I22.65 2458

Chloríde

Bicarbonate

'su I fate

Carbonate

Hydroxide

t lo

o-79 48- 5

70.0 851 84. 80 407 3

0-01 o.23 0.0 o-0

0.0 0.0 0.0 0.0

rt t0 , 0 rt 20

t00 rillÍ.rlrr lilillrrl¡
IrlilillI rlil CI 100

t0 il1il lilrlilr rrrlrurlrrrrlrrrrlrrrr rtrlttulrrrrlrrrrltrrr rlrrrrlrrrrlrrrrltrrr HCO¡ r0

l0
rrlrr rrrrlrrrrlrrrrlrrrrlrrrr ilrlr illt rrrlrrrrlrrrrlrrrrlrrr rlrrrrlrrrrlrrrrlrrrr SOe l0

l0 ,1,,,,1,,,,1,,,,1 ,,,1,,,,1,,,,1,,,,1,,, ,1,,,r 1,, ,,*,,,1,,,r1,,r,1,r,, ,,,1,,,,1,,,,1t, ,1,,,,1,,,,1,,,,1,, Co¡ 10

Scale: meq/L

Sodlum value above ls calculated
Sodium by analysls 19250 ng/l Na

PoÈassium by analysis 2025 ng/L K

Strontium by analysts 22.5 ng/l Sr

, ' Gravinretric Analysis
I

I

i

Thesc analyses, opinions a¡c based and maleria for whosc cxclusive ¡nd confidential
r "sc, (his reþort'is'made. õroo¡n¡õ ¡ãsent the Úe . (all erro¡s and omissions cxccpted).
j ut Core L¿bo¡atories. I and cmpl o rcsponsibil tations as to thc produclivity, proper

i 
peration, or prol'itablen r othe¡ rñi d in èonnect relied upon.

il
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it_

Na

Ca

Mg

Fe

rrrrIrrrrlrrrrlrrrrlrr

rrlrrrrlrrrrlrrtrlrrr

rlrrrrlrrr rlr rnlrrrr

rrrrlrrtrlrrrrlrrrrlrrr


