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ILLINOIS OIL-FIELD BRINES

THEIR GEOLOGIC OCCURRENCE AND CHEMICAL COMPOSITION

BY

WAYNE F. MEENTS, ALFRED H. BELL,
O. W. REES, and W. G. TILBURY

I. INTRODUCTION

Studies of the chemical composition of natural brines
have been carried on extensively in many areas. DBrine
composition was found to vary widely with the stratigraphic
position of the containing rock and with depth below the
surface for brines occurring at different geographic locations
in the same formation.

Brine composition has been important in the deter-
mination of the source of brine in oil wells which may have

leaking casings. Recently, chemical data have been used
increasingly in the quantitative interpretation of electric well
logs. The data contained in this report will be of use to
oil men concerned with the interpretation of electric logs
in Illinois and in water flooding for oil recovery.

The cooperation of the oil companies from whose wells
brine samples were obtained is gratefully acknowledged.

II. COLLECTION OF BRINE SAMPLES

BY
WAYNE F. MEENTS and ALFRED H. BELL

In this investigation attempts have been made to obtain
brine samples from all producing oil pools in Illinois and
from as many different formations in each pool as possible.
If samples were not collected, it was almost always because
the wells were producing from more than one formation or
did not produce brine.

The phrase “oil-field brine” as used herein includes not
only brines associated with oil in producing areas, but also
a few brines from the same formations in barren areas and
from formations which have not yet produced oil in the
Illinois region, as for example the St. Peter formation.

The collection of oil-field brines for chemical analysis
was begun by the Illinois State Geological Survey in 1924,
and until 1931, when the Geological Survey’s chemical
laboratories were set up, brine analyses were made by the
State Water Survey. The results of many of these earlier
analyses are given in previous publications (see Part VI,
References). The brine samples, analyses for which are re-
ported herein, were collected mainly during the period from
1940 to 1952.

During the course of the brine investigation, the test
results of total solids and of various constituents were plotted
on maps. By this means it was possible to detect promptly
descrepancies in results for brine samples from one vicinity,
thus indicating the need to take repeat samples from the
same or nearby wells. It was usually found that the first
sample was contaminated and not truly representative of the
brine in the formation.

A majority of the brine samples from cable-tool wells in
the old fields were probably more or less diluted with fresher
water from strata higher up in the geologic column. It was
therefore decided to omit these analyses from the present
report.

METHODS OF COLLECTING SAMPLES OF OIL-FIELD
BRINE FOR ANALYSIS

Whenever possible, brine samples were collected from
the bleeder valve on the well head. However, for wells
which produce practically all oil, this was impossible. Many
wells produce only a few gallons of brine to hundreds of
barrels of crude oil, and in this situation it is necessary to
collect the brine sample from the storage, flow, or heater
tanks.

Storage-tank samples are satisfactory provided enough
brine is produced each day. For the purpose of this report
samples were collected only from storage tanks which re-
ceived at least one-half barrel of brine per day.

Flow-tank samples are very good when one barrel or
more of brine flows through the system a day.

Heater-tank samples were avoided where excessive heat
was applied and a small amount of brine was present.
Where a large volume of brine passes through the system,
the samples were considered good for analysis even though
the temperature exceeded 140° F.

To avoid contamination with acid-spent water, no
samples were collected immediately after acidization of
wells. Brine samples from acidized wells were not used
unless the wells had produced 100 barrels or more of brine.

Drill-stem test samples were avoided because they are
usually contaminated with water from drilling-mud in-
vasion.

A few brine samples from cable-tool wells are included.
So far as possible these are samples from wells which had
been cased down to the producing formation, and which
were filled with enough water from formation pressure to
flush out any drilling mud used in drilling the producing
formation.

[5]



III. METHODS OF BRINE ANALYSIS

BY

O. W. REES and W. G. TILBURY

Because brines change in composition during standing,
certain examinations and determinations are made as soon
as the samples reach the laboratory. General examinations
made immediately include those for color, odor, turbidity,
presence or absence of oil, necessity of filtering, and the
type of container in which the sample is submitted.

Immediate analytical determinations include those for
total solids, alkalinity, iron, ammonia nitrogen, nitrate
nitrogen, and pH. Odor, turbidity, presence of oil, and
necessity of filtering are determined on the unfiltered
sample. Iron is determined on both unfiltered and filtered
samples. Total solids, ammonia nitrogen, nitrate nitrogen,
and pH are determined on the filtered sample. The sample
is filtered, if necessary, as soon as the observations and deter-
minations on the unfiltered sample have been made. The
filtered sample is then used for the more complete analysis
of the brine.

In addition to these immediate determinations, the brines
are analyzed for silica, manganese, calcium, magnesium,
sodium and potassium combined (by difference), sulfate,

and chloride.
CONDITION OF THE SAMPLE

1. The apparent color of the sample is recorded as
clear, reddish, blackish, etc.

2. The odor of the unfiltered sample is recorded as oily,
musty, or like hydrogen sulfide, etc.

3. The turbidity is reported as absent, slight, heavy, etc.
4. The presence or absence of oil is recorded.

5. If the sample contains oil or suspended matter, the
aecessity for filtering is recorded.

6. The type of container in which the sample is sub-
mitted is recorded.

CHEMICAL ANALYSIS

1. pH. — pH is determined by electric pH meter,

2. Total solids. — Total solids are determined gravi-
metrically: 50 ml. of brine is evaporated in a weighed Pyrex
dish, dried at a constant temperature of 180° C. for one
hour, cooled in a desiccator, and weighed. This residue is
weighed immediately as it picks up moisture from the atmos-
phere. The weight of the residue in milligrams multiplied
by 20 gives p.p.m. of total dissolved solids.

3. Alkalinity, volumetric. — 50 ml. of the brine is
titrated with N/50 H,SO, to a phenolphthalein end-point
if the addition of the indicator produces a red color. Methyl
orange is added to the same portion of sample and titration
continued to the methyl orange end-point. The methyl
orange titration in p.p.m. CaCOj is equal to the number
of ml. N/50 H,SO, multiplied by 20. This value is the
total alkalinity expressed as CaCO,;. The phenolphthalein
titration gives one-half the normal carbonate and all the
hydroxide present. Titration to the methyl orange end-
point gives total hydroxide, normal carbonate, and bi-

carbonate. The results are expressed as p.p.m. CaCO,
for the purpose of making hypothetical combinations and
are also expressed as p.p.m. of hydroxide, normal carbon-
ate, and bicarbonate in the ionic report. The ionic re-
sults are calculated from the alkaline titrations. If the
phenolphthalein alkalinity is greater than one-half the
methyl orange alkalinity, normal carbonate and hy-
droxide are present; if exactly equal to one-half the
methyl orange alkalinity, normal carbonate; if less
than one-half, normal carbonate and bicarbonate. On the
basis of these considerations, therefore, p.p.m. of hydroxide,
carbonate, and bicarbonate are calculated by determining
the equivalents of each and multiplying by the equivalent
weights of each ion.

4, Iron, colorimetric. — Iron is determined on a 50 ml.
sample or adequate dilution thereof. The iron is completely
oxidized to the trivalent state in HC1 solution by the addi-
tion of potassium permanganate, and potassium thiocyanate
is added to produce a brownish-red color which is compared
with appropriate standards made up in the same way from
a standard iron solution. P.p.m. of iron as Fe are calculated
by using the formula:

total vol. 1000

ml. reading X mg.Fe/ml. standard X

vol. read original vol.

To obtain this value as iron oxide (Fe,O,), the value is

multiplied by the factor 1.4297.

5. Ammonia nitrogen, colorimetric. — 50 ml. of the
sample diluted to 500 ml. is distilled with sodium hydroxide
and 200 ml. of the distillate collected. Aliquot portions of
the distillate are pipetted into Nessler tubes and nesslerized.
Comparison is made in a comparator with a standard
NH ,-Cl solution, which is made up in terms of mg. N,
and the formula

total vol. 1000
ml. reading X mg. N/ml. standard X
vol. read 50
is used to calculate p.p.m. of ammonia nitrogen.
6. Nitrate nitrogen, reduction method. — A 50 ml.

sample is concentrated by boiling with NaOH to dispel
ammonia. The nitrate present is reduced with aluminum
metal. The solution is transferred to a Kjeldahl distilling
flask, diluted to approximately 300 ml. and distilled, 200
ml. of the distillate being collected. Aliquot portions of
the distillate are pipetted into Nessler tubes and nesslerized
as in the ammonia nitrogen determination.

7. Chlorides. — Chlorides are determined both gravi-
metrically and volumetrically. They are determined by
the Volhard method by precipitation with standard silver
nitrate solution, filtration, drying, and weighing of pre-
cipitated silver chloride and titration of excess silver nitrate
with standard - potassium thiocyanate. Volumetric and
gravimetric results should check to 0.4 percent or less.

(6l



METHODS OF BRINE ANALYSIS 7

Chloride values for oil-field brines run approximately
60 percent of the total solids value in p.p.m. This figure
is used in estimating the appropriate dilution of sample to
be made for the determination. A sample portion is used
which yields approximately 0.3 g. of AgCl. The following
dilutions are used:

Approximate CI Dilution For Analysis  Multiplier
p.p.m. ml:ml ml.

up to 1600 none 50 20
1700 - 3200 none 25 40
3300 - 8000 100 — 500 50 100
9000 — 16000 50 — 500 50 200
17000 — 32000 50 - 1000 50 400
33000 — 64000 50 — 1000 25 800
65000 - 120000 50 — 1000 25 800

8. Complete minerals, general. — The analysis for

complete minerals includes the determination of silica, ferric
and aluminum oxides, calcium, magnesium, and sulfate.
Silica is determined gravimetrically in two 50 ml. portions
of sample. The silica in both portions is dehydrated by
evaporation to dryness with HCI in platinum dishes. The
dehydrated residue is taken up in hot 1:1 HCI, and washed
by decantation with hot 1:1 HCI, until only the silica re-
mains. This is transferred to the filter paper and washed
well with hot water. "The two portions are ignited together
in a platinum crucible and weighed. The ignited residue
is treated with HF and H,SO,, reignited, and the weight
of silica is obtained by loss in weight.

Ferric and aluminum oxides (R,0,) are determined
gravimetrically in the filtrates from the silica determination
after oxidation of the iron to the trivalent state with bromine
water. The solutions are made alkaline to methyl red with
NH,OH, allowed to digest hot for a few minutes and
filtered. The R,O, precipitates are washed well with hot
water and ignited together. The residue is weighed and
then treated with HF and H,SO, to volatilize the silica
which escaped the first separation. The filtrates from the
R,0, determination serve different purposes from this peint
on. One is used for the gravimetric determinations of
calcilum and magnesium, the other for the gravimetric de-
termination of sulfate. One is made alkaline with NH,-OH

and the calcium precipitated as the oxalate. A double
precipitation is carried out to minimize the error introduced
by the occlusion of magnesium oxalate in the precipitate.
The calcium oxalate is ignited to the oxide and weighed.

Magnesium is determined on the total filtrate from the
calcium determination by precipitating it as magnesium
ammonium phosphate in the usual way. Here, too, a double
precipitation is carried out. The precipitate is filtered,
washed with 1:20 NH,OH, ignited to the pyrophosphate
and weighed.

The sulfate determination is made on the other filtrate
from the R,0, determination. Sulfate is determined in the
usual way by precipitation as BaSO, which is ignited and

. weighed.

9. Manganese, colorimetric. — 50 ml. of the sample is
evaporated to dryness with 15 ml. of conc. H,SO, to re-
move the chlorides as HCl. A few ml. of HNO, is added
at this point if any carbon is present. The residue is taken
up with distilled water and filtered, the salts being leached
several times with hot water. 1 ml. of conc. HNO, is
added to the filtrate, which is heated almost to boiling. A
1 ml. excess of AgNQ, solution and approximately 0.5 g.
(NH,),S,0; (ammonium persulfate) is added. The solu-
tion is heated almost to boiling and kept hot for 10 minutes
to produce the full permanganate color. The color is
compared with appropriate standards made up from a
standard manganese solution and treated exactly like the
unknown. Comparisons are made in 50 ml, Nessler tubes
in a comparator. Using a 50 ml. sample, the standard
reading multiplied by 20 gives p.p.m. Mn. The factor for
converting Mn to MnO is 1.2912,

10. Sodium calculation. — Upon completion of these
determinations the positive ion values expressed as milli-
equivalents are summed up, also the negative ion values
expressed as milliequivalents, The sum of the negative
milliequivalents minus the sum of the positive milliequiva-
lents gives a value which is reported as milliequivalents of
sodium (combined sodium and potassium). This multiplied
by the equivalent weight of sodium gives p.p.m. of sodium
and potassium expressed as sodium.




IV. BRINE COMPOSITION IN RELATION TO GEOLOGIC OCCURRENCE

BY

ALFRED H. BELL and WAYNE F. MEENTS

The results of chemical analyses of Illinois oil-field
brines are given in Part V. They are arranged by forma-
tions (see figure 1 for generalized geologic column) from
the top down and under each formation alphabetically by
counties and numerically by townships. So far as possible,
all analyses have been omitted which later work indicated to
be unrepresentative of the brine in the formation.

The samples from formations from the Pennsylvanian
down to the Silurian are nearly all from oil-producing wells.
Oil-producing areas in Illinois are shown in figure 3. All
the brine samples from nonproducing areas are from cable-
tool wells, as it is generally impossible to collect good brine
samples from rotary wildcat wells during drilling.

Isocon maps, or contour maps of total dissolved minerals,
are shown by formations in figures 4, 5, 6, 7, 8, 9, 11, 12,
and 13. Most of these show similar patterns of variations
which conform rather closely with the basin structure (fig.
2), the lower concentrations being on the margins, and the

higher concentrations being in the deeper part of the basin.
For most formations, the highest brine concentrations are
to the west of the structurally lowest part of the basin. The
most abundant data are for the Ste. GGenevieve formation
(fhg. 9).

The concentration of sulfate ion in Ste. Genevieve
brines is shown by contours in figure 10. Here the pattern
of variation is less distinct than for total solids, but there
seems to be some relationship with the basin structure.

Because the thirty analyses of brine from the Pennsyl-
vanian system given in Part V are from scattered areas in
southern Illinois and from several different sandstone beds,
an isocon map of Pennsylvanian brines is not included.
Total solids vary from a low of 11,626 p.p.m. in Clark
County to a high of 55,300 p.p.m. in Wabash County.

Analyses of brine from the Degonia and Palestine forma- .
tions in the Chester series are too few and scattered to
permit the preparation of isocon maps.
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BRINE COMPOSITION

A \ ) ILL.

KEY
Contour, interval 500 ft.
..+ Pennsylvanian outcrop
_ - Mississippi Embayment

Fic. 2.—Geologic structure of Eastern Interior basin drawn on base of New Albany
black shale (top of Devonian limestone or older beds).

(Fig. 146, p. 487, Illinois
Geol. Survey Circ. 169, and Bull. ALA.P.G., Feb. 1951.)
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