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ABTRACT

Jects to define the possibility of injection well plugging.

Industrial Water Technology, information concerning formation water, is required primarily in water injection pro-

Water Injection, the most widespread secondary methods of oil recovery, is a pattern flooding when the water is in-
Jected over the entire oil bearing area of the reservoir. The main reason wh y this method is so widely used, is the high re-
covery achieved when water is the displacing agent, both in the case of a natural water drive and the water injected into
reservoir artificially. However, if the flooding operation is carried out carelessly, the result may be entirely negative op-

eration.

This paper describes a general discussion of industrial water technology including laboratory work, field work, in-
terpretation data, field design and some calculation method of hypothetical mixing formation brine for the laboratory
use and the generation of the valid data for selecting injection water in the prevention of occurency near wellbore dam-

age.

I. INTRODUCTION

Formation waters are associated with all reservoir
rock and many complicated problems of oil production.

A knowledge about their composition often helps in
solving these problems. Water analysis is, therefore, an
important tool which provides chemical and physical data
for the interpretation of electric logs, for the reservoir
studies and, by correlation with the analyses of known
waters, may determine the source of water entering the
bore hole.

Petroleum reservoirs contain water and oil in the cap-
illary pore spaces; the exact nature of the relationship,
however, is a complex and depends upon such factors as
the geometry of the rock pores and the physical and
chemical properties of the fluids. In general oil field
terms, however, water are classified according to their
position relative to the producing zones, and bottom
water below,

Bottom water, in the restricted sense, underlies an
accumulation, which is the case when the reservoir bed is
thicker than the petroleum accumulation. Edge water oc-
curs in the producing layer around the border of the accu-
mulation in layers that are thinner than the vertical
interval of the accumulation (oil and gas column).

In the complex oil zone, made up of several porous
units, intermediate water may be found within the pro-
ductive section as bottom or edge water in the individual
members or as an entire water-bearing stratigraphic layer.

Oil field waters are usually saline except at shallow
depth.

The dissolved salts present are primary chloride, sul-
phates, carbonate and bicarbonate of sodium, magne-
sium, and calcium, but minor amounts of other elements
are usually also present. Normally, few of these other ele-
ments are determined by chemical analysis.

Water ranges from essentially fresh with less than
one thousand milligrams per liter of dissolved solids to
brines with more than two hundred fifty thousand milli-
grams per liter. The characteristics of water encountered
in various porous zies of an oil field may differ sharply
in chemical constituents, ion concentration, or both.
These variations may occur laterally, that is , between
different reservoirs in the same stratigraphic interval, or
vertically, between different producing zones lying over
the other.

In order to make the best use of the variation in
water composition, the production engineer must have
available a file or references of waters analyses from a
wide variety of sources. The more completes the file, the
more useful it becomes.

Laboratory studies of waters or solids such as scale
may be performed independently of the field work or in-
terpretation of the laboratory results. Individual analyses
of formation, injection, or drill stem test waters are often
made. Problem that exists in the operating systems can
best be defined, remedied and even better, prevented by
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regular periodic studies of the system. The comparison of
previous to present analysis can show trends and allows
an evaluation of the previous recommendations.

II. LABORATORY WORK
A. Laboratory Work Done Independently, consists of

— Comprehensive analysis of water samples (dis-
solved ions, resistivity, undissolved solids and
specific gravity)

~ Plugging solids analysis (analysis of millipore fil-
ter residues follow the basic principles of "wet"
chemical analysis)

— Scale analysis ("wet" chemical analysis techniques:
are used for a quantitative analysis of scale com-
ponents)

- Differentiation between limestone and dolomite
(a versenate analysis can be used, this analysis re-
quires acid digestion of the rock)

~ Qualitative compatibility studies of injection and
formation waters (results of analysis can be used
to indicate scaling as such carbonate deposition,
gypsum precipitation or corrosion tendencies)

- efc.

The application of water analysis is to provide data

for formation water compatibility, is not a new science

but research activity has been continuing over a long
stages between the reservoir and the final measurements

and interpretation.

B. Order of Hypothetical Combination
In the laboratory, a synthetic formation brine can be

reconstructed based on the chemical compositions of

water analysis data, using "Order of Hypothetical Combi-

nation", as follows:

1. Combine all Ca™" as CaCl,

Combine all Mg" " as MgCl,

Combine all HCO," as NaHCO,

Combine Iron with sulfate as FeSO,, if Sulfate is

present otherwise with chloride as FeCl,

If Sulfate is present combine with Na' as Na,SO,

Combine Ba"" with CI" as BaCl,

Combine all CO, ~with Na" as Na,CO4

Combine remaining Na~ and CI” as NaCl

Disregard potasium unless specifically analyzed for

solubilities of these salts will usually never been a

problem.

oW

M 80 g ON L

1. Various information for hypothetical combination

NayCO; + CaSO42H0 —
CaCOj3 ¥+ NaySO4+ H0
ppt.

-~ Most common precipitations:

- mg/L = (ppm) x (specific gravity)

2. Hypothetical combinations for building synthetic
brine
For reconstruction the synthetic formation brine com-
positions from water analysis data, the following factors
in Table 1 can be used: {
3. Example of building synthetic formation brine

Given Water Analysis Data of formation water are as
follows: (Table 2).
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Reconstruction of formation brine based on water

analysis data are as follows:

*

Total Na+ used

*

CaCl, required = (3) x2.7619 mg/L = (11)
200.5 x 2.7619 mg/L = 553.76 mg/L

(11) x 0.6589 mg/L =(12)
553.76 x 0.6589 mg/L = 364.87 mg/L
MgCl,.6 HyO required = (4) x 8.6589 mg/L = (13)

= 109.4 x 8.3608 mg/L = 914.67 mg/L
(13) x 0.3489 mg/L = (14)
914.67 x 0.3489 mg/L = 319.13 mg/L
NaHCO; required =(8) x 1.3768 mg/L = (15)

= 3336.4 x 1.3768 mg/L = 43593.6 mg/L
(15) x 0.2737 mg/L =(16)
4593.6 x 0.2737 mg/L = 1257.3 mg/L
Na, S0O,.10 H,0 required = (7) x 3.3600 mg/L =( 17)

= 214x3.3600 mg/L= 719.04 mg/L
(17) x 0.1428 mg/L = (18)
719.04 x 0.1428 mg/L = 102.67 mg/L
Na,C0,.10 H,0 required =( 9) x4.9310 mg/L =(19)

= 76.4x49310 mg/L = 376.73 mg/L
(19) x 0.1600 mg/L = (20)
376.73 x 0.1608 mg/L = 60.578 mg/L
(16) +18) +20) =(21)
= 12573 +102.67 + 60.578 mg/L
1420.548 mg/L
(2)-21)
9278.8 - (21) 1420.548
7849.452 mg/L
(22) x 2.5421 mg/L = (23)
7849.452 x 2.5421 mg/L
19954.09 mg/L
(23) x 0.6066 mg/L = (24)
19954.09 x 0.6066 mg/L
12104.15 mg/L

CI” used

Cl used

Na+ used

Na+ used

Na+ used

+
Na remnant

o

NaCl required

nwn

CI used

nnn

Cl remnant

(6)- (12) +(14) + (24 ) =(25)

12789 - (364.87 +319.13 +

12104.15) mg/L

12789 - 12788.15 mg/L = 0.85 mg/L.

In this calculation the lowest CI” remnant is the most

accuracy water analysis data.
Based on above data calculated, the synthetic
formation brine can be reconstructed as follow :

* CaCl;=(11)=563.76 mg/L

* MgCl,. 6H20 = (13) = 914.67 mg/L

* NaHCOj; = (15) = 4593.6 mg/L

* NaSO4. 10H,0 = (17) = 719.04 mg/L

* NaxCOs. 10H;0 = (19)=378.73 mg/L

* NaCl = (23) = 19954.09 mg/L.
4. Scale calculations

Langelier, Larson & Buswall and Skilman, Mc
Donald and Stiff presented a general concept on the use
of formation water compositions data for monitoring the
occurence of scale in the near wellbore or for quantitative
analysis of scale components.
a. Langelier saturation index (SI)

Saturation Index value can be calculated by equa-
tion :

SI  =pH-pHs
pHs =K+pC"" +pAlk
where:

pH  =true water pH

pHs = pH at saturated condition

K = empirical constant, which is defined
from plot of Ionic strength (1) vs T

pCa'*=-log moles Ca™" per liter

pAlk = - log equivalent total Alkalinity per liter.
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For interpretation data chlculated following cata-
gories are given:
* If SIvalue >0 ,— shows scalling tendency
* If ST value < 0 , —» water has corrosion
1 S .
b. Larson &_Bulwall saturation index (/)
Saturation index value is defined by equation:

I=pH +logCa"" + log Alk-K-9.3 - l—l-ai;-

It is noticed that for Larson & Buswall equation in

ionic strength calcu]atton, the ppm Alk should be
converted to Ca”" ppm. Conversion factor ofeqmvale.nt
total Alkalinity to ppm Ca"" equals 1.22

Rough interpretation of the data calculated using this
equation are as follows:

* If >0 — Saturated water

* If <0 — Corrosion water

Empirical constant (K) for both equation is defined
from plot lonic strength (i) versus Temperature. The
ionic strength is calculated using equation:

n = —% (CLZP# Caz wui iOn2nd)

where :

C = ion concentration in moles/1000 gram
Z = valency number.

5. Case study of scale calculation

Using previous data as shown in Table 2, the
occurence of scalling tendency are calculated using both
equation as follows: (Table 3).

a. Application of Langelier equation
1 :
Wi g (C1Zi> + €2y i Cn.2n’)

= 1 (03946)1)° +(0.0049)2)" +

(0. 0044)(2) +(0. 2’:."’24)(1)2 +
. 0022)(2) +(0.0535)(1)*+
(0. 0012)(2) =0.4257
For = 0.4257 using plot of 1 vs K at 68°F :
K is equal 3.28 (from Figure 3 and Figure 4)
pCa’" = - log 0.0049 = 1/0.0049 = log 204 = 2.310
pAlk = log 0.0535 =log 1/0.0535 =log 18.6916
=1.272

SI =83-(320+2310+1.272) =+ 1518
SI >0 indicate Scalling Tendency of CaCO;
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b. Application of Skillman, Mc Donald and Stiff
Calcium Sulfate solubility can be defined

equatlon
= 1000V ?-K) -X
whem

X = (moles/L Ca"") - (moles/L SOy)
=0.0049 - 0,0022 = +0.0027
p = calculated previously equals 0.4257
K  isdefined from plot various p vs temperature
(from Figure 5) equals 9.7 x 10
s = 1000f(+00027) +9.7x 10 - 0.0027
- 1.723 meq/L
Ca = 196. 1/20 = 9.805 meq/L
SOy =209.3/48 = 4.463 meq/L
S <meg/L Ca"™* < meq/L SO, = -—> Corrosion wate

ML FIELD WORK

Several factors that define actual, in-system con
tions can be determined only by work on-location. The
include: plugging solids actually present, dissolved gase
(hydrogen sulfide, carbon dioxide and oxygen),
content, iron content and bacterial activity.

Several methods concerning the above facton
determinations are as follows :

A. Plugging Solids

Special procedures based on membrane (millipore
filter apparatus are used to make quantitative determinas
tion of plugging solids actually present. A small side
stream of water is flowed through the apparatus until suf-
ficient sample has accumulated. The filter used is 70 mm
diameter, 0.8 micron pore opening,
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B. Oxygen Content

The magna Oxymeter (a procedure originated by
Shell Development Corporation) is used to measure dis-
solved oxygen content of water. This method is suffi-
ciently accurate and sensitive for all usual purpose. This
meter is not normally used if hydrogen sulfide is present.

C. Hydrogen Sulfide (H2S)

The procedure involves chemically "fixing" hydro-
gen sulfide as the sample is taken. Hydrogen sulfide is
later liberated in the laboratory by another reaction and
the determination is completed.

D. Carbon Dioxide (CO2)

The present of this gas is determined as free CO, by
a rapid chemical test at the sampling point. The sample is
titrated with sodium hydroxide or sodium carbonate in
the present of phenolphthalin indicator.

E. Oil Content

The water sample is extracted with trichlorethane as
the sample is taken. Photometric procedures then are
used to measure the amount of oil in the solvent. A small
one ounce sample of lease crude is required so a calibra-
tion standard can be run.

F. Iron Content

Hydrochloric acid is added to samples taken for iron
content determinations. Acid dissolved any iron that is
precipitated and ensures that none was dissolved precipi-
tates. The amount of iron in the precipitated state under
system conditions is determined when the millipore filter
residue is analyzed. Iron dissolved under system condi-
tions is the difference between the acidified sample con-
tent and the iron on the millipore. Knowledge of iron
behavior is neccessary both for corrosion and plugging
studies.

G. Sulfate Reducing Bacteria

A special procedure that measures activity of these
bacteria has been developed. This requires field inocula-
tion of laboratory prepared samples. The term "activity"
is the result of the number present (the "count"), types
present and the environmental effects provided by the
water. A "count" simply is an enumeration under arbi-
trary conditions. "Activity" can be interpreted in practical
terms much more readily than a "count".
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H. Additional Water Samples

Another important purpose of field work is to collect
the other samples needed for laboratory analysis. Special
procedures are followed to enhace accuracy of the data.

IV. INTERPRETATION DATA

The interpretation of field and laboratory data is
made to define problems in the water system that will re-
sult in poor injectivity and resultant lost of recoverable
oil. Information methods will include:

~ Analysis of System in Operation

~ Water Plant Design Studies.

A. Analysis of System in Operation includes:

— The Material Balance Principle
- Critical Content of Plugging Materials.

1. The material balance principle

The principle is the technical basis for definition of
water system performance. As noted under field work,
samples are taken and analyzed at each point in the sys-
tem where a change in water character could occur.

This point includes:

— Each water at its source

— Before and after filters

~ After point of chemical injection

— At one or more injection wells.

Plugging solids analyses and complete water analy-
ses from each test point are studied to determine system
behavior. Suppose, for example, that precipitated iron is
found to be increasing as water flows through the system.
There are several possible explanations : Iron that origi-
nally was dissolved could be precipitated because of oxi-
dation, mixing of incompatible waters, bacterial activity
or reaction with hydrogen sulfide.

On the other hand, the iron may originate from corro-
sion and not be a native constituent of the water. If corro-
sion is occurring, part of the iron may enter a precipitated
form and part may stay in solution. It is not uncommon to
have both corrosion and natively present iron in the same
water.

Having quantitative data on both dissolved and pre-
cipitated iron at each test point, material balance analysis
will explain what is happening. In this manner, the be-
havior of all constituents of the plugging solids is deter-
mined.

Other common example of plugging materials in-
clude precipitated carbonates, sulfates, siliceous materials
and hydrocabon or nonhydrocarbon organics.
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2. Critical content of plugging materials

The first step of intepretation, as described above, is
to construct a quantitative description of actual system

conditions and behavior. The next step is to determine if

these conditions are satisfactory. No water is entirely free
of plugging materials, but many reservoirs have an appre-
ciable tolerance for them. The most economical operation
results when water quality is maintained at the level that
is just good enough.

There is a critical content of plugging materials for
each reservoir. As long as solids are kept below the criti-
cal, no plugging will occur, regardless of how much
water is injected. If the solids exceed the critical content,
plugging will occur in proportion to the amount of solids
present.

B. Water Plan Design Studies

Design studies use much the same technical proce-
dures as studies of plants that are in operation. The prin-
ciple difference is that fewer test points are required, but
more work of an interpretative nature is involved. The
water to be used must be accessible for test.

Not frequently, a tentative or final plant design will
be adopted before the water source is developed. In this
case, water quality studies have a greatest value in con-
junction with plant start-up. Design assumptions can be
verified or modified, and all desirable changes can be
made promptly.

V. CONCLUSIONS

1. If it is concluded that water system conditions are

less than satisfactory, the causes of the problem will

have been defined in the study process.

The study process creates a direct basis for choice of

remedy.

3. The solutions to water quality problems include
many kinds of chemical treatments and mechanical
measures.

=
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Appendixes

Water analysis data.

2. Plugging solids under actual in-line conditions for
produced water injection.

3. Value of "K" at various ionicstrength for calcium
carbonate.

4. Conversion of Mg/l calcium and alkalinity into pCa
and pAlk.

5. Tonic strength calculation curves.
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