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A PRELIMINARY REPORT OW THE IPOSSIBILITIES

OF THE CORELATION OF GLOCHEMICAL DATA
RELAPIVE TO O1L 'ELL V/ATLRS

It i8 & xnown condition and a proven fact that vast quantities of

1 011 and gas have been lost by the infiltration and encroachment of water
;in producing sands. Zhe encroachment of wster in the pay horizons has
| not ounly trapged underground o0il locally end caused o great loss of pro-
duction, but unless the water problem was successfully combated the amountl
of water entering the pay muy inorease to the extent of flooding an en-
tire field. 'Jater in an 0il well so0 increases the lifting cost that many
wells are abondoned before the normsl recovery is reached. Besides this
added expeuse of the 1lifting cost, water emulsifies with oil and the treat-
ment necessary to separate the o0il from the water is expensive and such 8
treatment results in the loss of o0il. Certain types of oil well waters
sre vigorous agents of corrosion, whereas other types of these waters
actually preserve metal in the wells against corrosion. Corrosive waters
are aexpensive factors in productilom. Only through the compilation of
data on the chemical analysls of these waters can the true constituents
of such waters be determined and their detrimental properties studied.
To cope with any of the above mentioned water conmiitions, it is essentilal
that the underground oondifions of a f£ield bs thoroughly investigsted,
the date compiled and the results correlated.

Correlation of data bhas always proven beneficial to any kind of

systematic engineering study. Before a problem of any underground nsture

cen be thoroughly understood, it is necessary to study the conditions
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causing the trouble. This study should be thorough snd extensive and
include both the theoreticsl and practicsl sides of the cause of troubls.
The results of such sn investigation, when carsfully correlated, should
present the possibilities of cause and the provzbilitiez of solution of
the problem in a very concise and concrote manner.

In wor«ing with wuter problems rolative to the efficient production
of petroleum, it should be emphasized that the cause of most trouble is
underground and hiddeén from sight and any picturization of the troubls
would e in the form of graphs or cross sections derived from data com= !
Piled and correlated by scientific research through the interpretation
of geologicsl snd chemical analysis. 1 certain amount of informstion
can be obtained through ¢eology; equally as much can be had through
chemistry (i.6. classification of 0il well waters by a complete chemical
analysis). The dats derived from either source alone is inadequate to
furnish enough definite information to formulate logical solutions for
most of the complex water troubles. Howover, if the informstion gathered
from a geological and chemiczl examination can be worked in together,

a plausiblie solution of most problems can be interpreted from the com~
bined data. Consequently it would seenm justifiable to select the var-

jous producing fields of suvler, (reenwood, Cowley, Marion and EZlk counties
for studg/;nd collect the scattered information both geological and
chemical in substance and correlate the dats already at hand and that
which is added by the exteénsion of 0ld Pislds and the development Of new

ones into a geochamical report for each field individuallye.

Chéamical analysls of o0ll well weters has proven its worth many times

THR JOPLIN PRINTING 0D., JOPLIM, MO, Y12858 50X 12 1B



as an aid and guide in solving the intricuste problems that arise in
the location 0f petroleum horizons and in the systematic &and efficisnt
fecovery of petroleum from producing strate. It is suggested that an
extensive study of the chemicasl analysis of o0il well waters with respect
to the depth 3t which they are oncountered, the rock formations through
which they percolate or treverse, the geological stratification of the
aress through which such waters may travel, be ratarded or repelied by
definite formations, may be, when properly correlated, of greater value
1n explaining water nroblems that are now confronting the production of i
petroleum. Such a compiete study of the analysis of 0il well waters
would further the correction of geological correlstion and would greatly
support and advance the chemical correlation of watars so that a defi-
nite "top water" and "bottom water" could be established for esach producin¢
horizon, which in turn would classify wsters as to their relative position
abova, petween, with or bpelow the producing sands. This systematic ar-
arrangement would mecessitate the adoption of a nomenclsture thst would
maike plein the position of the waterAstratum with regard to the producing E
sand or sands.

rfor such a classification, the one suggested by Swigurt and Beecher
in their Bulletin 232, "ienusl for 0il and Gas Operation," is of psr-
ticular signifiocance and will be followed in these reports. Swigart and
Bescher state:

10il field waters may be classified as top water, middle

or intermediste water, edge water and bottom water, according to position

“with respect to the oil sands. Top water is the term nsually applied to
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any water in a stratum sbove the main oil-producing stratum. Intermedl-
ate waters are sometires called top waters, but in the strict mesning of
the term intermedlate -water is thot in a stratum betwesn two oll-bearing
strata. 3Bottowm water lies in a stratum below the oil-producivg stratum
and is sepursated from it by an impsrvious layer. In many'fields, water
in the base of an oil sund is termed bottom water. Strictly speaking,
this is edge water, since it occurs in the down-slope parts of an oil.or
gus sand. 4S8 0il or gas 1s removed, tte line of contact or the °'edge~
water line‘' noves up slope."

It may b6 well at this time to mention some of the possible sources
of entrance of top water and bottom water into am 0il well. Top water
is often the cause of sowe of the most common troubles in o0il fields.
Top water msy gEaln access to a woll in the followling ways:

(a) By the casing being set too high or too low

(py By the unsystemutic casing of wells of a group with

respect to one another

{6} By leaks around the shoe of the water string

(dy By improper paupling of the joints of casing by cross

threading or Insufficient screwing.

(8} By coillapsed casing

(£} By split casing

(g} By line worn casing

(h) By corroded casing

In order that upper waters may be shut out effectively, all phases

of the upper water problem in any locality must be considered  care-
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fully and the inZormation obtained from such g study should greatly aid
in the selection of a point suivable for londing the casing at a distance
below the despest top water sand and above the producing sand. A geo-
chemical report so arranged as to show definitely snd accurately the lo-
cations and formations that bear the troublesome top waters as well as
the producing horizons, would greatly ald in picturizing the underground
conditions so that pood points could be selected, whenever possible, for
setting casing.

3ottom water may gain sccéess to a well.which has been drilled too
deep. The entrance of bottom water in such mawmer usually indicates thst
the impervious layer seﬁarating a pay sand from the water sand directly
below, hss been penetrsted, this nmaking an opening for the water to enter
the producing horizon. Often tines if a neighboring well has been drilled
too desp, bottom water may finmd its way to the well in. guestion through -
somg Band below the water strings In the two wells. Assuming s definition
of brogder scope for bottom water, it may be stated that water occurring
in the base 07 a producting horizon is bottom weter, as it actually is be~
low the 0il level but is not separated from ths oil level by au lmpervious
layer. Such waters sre often termed "base waters'! snd occur mostly in
£lat dip fields. Porous limestone formstious that are oll-bearing often
contain base water. This fact may be explained dy the supposition that
water moving through rock pore spsces by hydrsulic pressure and by capil-
lary action, forces oil bafore it. Base® water may be found.in one section
and absent 1n another of the ssme oil-bearing formstion. This may be ex-

plained by the Iirregular porosity of the strata through which the water
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is migrating. 3Base vater is a troublesome factor in 0il production and

is very difficult to plug off. ieports based on the geochemical analysis

of waters for the various fields by counties should clearly show, when post

sible, producing horizons that are now or rmay be troubled with Getrimenta]
bottom water conditions. irom the luws of accumylation and migration of
paetroleun it is evident thuat water is closely associsted with all of the
phenomena related to the moveuents of petrolewa and plays an imgortant
part in its migration and accumulation . %hig fact alone werrants s thor—
ough study of the characteristics of such waters encountered in pstrol=-
iferous structuress.

A general classificatlion of the types of waters occurring in fock
interstices may b6 primuarily divided into two groups, meteoric and mag-
matics Meteoric water is derived from the rain that falls on the surface
and from the weter courses and has descended into the‘earth in the cavi-
ties, fissures, or capillary openings to ascend at suitable places under

hydrostatioc conditions, or to remain stored in rocks and become almost

|

stagnant. Such waters are known as sarface waters. Another type of

water assumed to be of meteoric origin, is that water mechanically in-

icluded in the sedirmwnts of ancient oceans and has for geologic periods

bsen a constituent of these strata. Such waters are termed "connate”
waters. Connate waters gsre gemerally salt or wineral bearing and are us~
ually deep seated, and are those waters associsted with petroleum in the
natural reservoirs. AMagnutic waters existed in the solution counstituting
an igneous magna. Large quantities of rmagmatic water are rarely found

except in regions of présent or recent igneous sctivity. Msgmatic waters
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are rarely found associated with petroleun snd will not be considered

| further.

As most of the petroleunm in the llid-Continent field is produced

- from sedinentary rocxs, the constituents of the weters traversing sedi-
nentary dejosits in general may be consldered very briefly. 4s stated

by Lindgren--" In all thess wuters the vrincipal constituents are those

' of the surrounding sedinents~-~-calcium-magnésium csrbonates from the lime-
| stones and dolomicqs, birines from the salins formations, calcium sulfste 5
from gypsiferous Uriassic forwations, sodium sulrate from the (retacious i
shales, hydrogeun sulfide from the reduction of sulfates by o0il or other
organic matter often present in the strats, carbon dioxide from reactioans
between carbonates of cslcium and other sslts. The presence of connate
waters is dilfficult to prove. It is simply inferred from the occurrance
of strong sodium chloride snd c¢alcium chloride brines in certain sedl-
mentary roc«s. Any marine beds must necessarily have contained occluded
sea water, but many geologlsts doubt whether it would have remained un-
disturved during long ages." In summarizing the above statement 1t
may be said that the magjority of ﬁnderground waters contain in solution
the salts characteristic of the sediments traversed, the concentration
| of thase salts in solution depending on the solubllity of the sediments
in woter, the presence of dissolved gases such ss COp and HpS in the water
and the length of time which they were subjected to water-leaching.

A system of calculation and interpretation for the complete anslysis
of 0il well waters mist be adopted s0 thot the charscteristics snd peculi-

arities of the various waters may be identified, and by such identification
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be classified as top water or bottom wvater. The clsssification of water
may be based on a variety of considerations. It may be geologic, cor-

relating the waters with their geologic origin, sncient or modern, or

. by dividing them into classes according to their derivation from rain

water or from sources deep within the earth; it may be physicul, drewing

a chief distinction between cold and thermsl waters; or chemical, in
which cose differences of composition determine the place which esch
water shall occupy. o a great extent the three systiems of classification
overlap, 2ad 6ach one depsends more or less upon the others. But for the
purposges of the reports to follow, which will deal with the chemicsal
composition of the waters, the chemical interpretation is the most ap-
propriate.

The cslculations involved in wster snalysis are simple ana are based
upon the analysis as stated in parts por million and in percenvages. The
quantities in parts per million are multiplied by the rgciprocals of the
equivalents and called the "reaction coefficients" of the radicles; the
product so obtained, the "rescting values" of the radicles. The inter-
pretation of water analysis, then, ls founded upon a study of egquilibria,
and the outcome is the grouping of the positive and negative radicles,

found to be present in a water, by hypothetical combination. Such a

' system of combination is based upon the assumption that the most insoluble

compound present by hypothetical combinstion will precipitate out first
from the water unslyzed and will be present as the most minute guantitye
Palmer states-~" Two fandimental properties sre recognized, namely,

alkalinity and saliunity, which ere subdivided into groups. Salinity is
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measured by the sum of the strong scid radicles, £04, CL and N0z , which

bdlance sn eguivalent number of basic radicles. If the busic radicles

fare partly or wholly alkaline, that is, s or ¥, their proportiosm of the

salinlty is said to be primary. “he remaiping salinty, due to the radi-

cles Ca, llg, and ¥e 1s cglled secondary. I, however, the acid radicles

are in excess of the basic, tertiary salinity or acidity appears, and hy-

drogenions mst be tsken into account. hen the alksline radicles ex-
ceed those of the strong aclds, their sxcess is tne measure of primsry
‘alkalinity, which renresents hydrolyzed carbongtes or bicarbonates.

The weak~acid radicles CO3 and HCO3 which balance any excess of the al-

|
i

kaline earths over the stronger scids, produce secondary alkalimity."
Palmert's method of interpretation will be followsed c¢losely in the geo-
chemicsl reports. Considerable sttention will also be given the covcen

tration of the individual radicles as reported in parts per mlillion.

|It is thought that after s fiseld is thoroughly studied and a top and bot~

tom water established, that any water coming in from a surroundiung terri-

tory can be identifled and classified by a partial analysis alone. If
|

this csn be done a saving in time and raterisl will be the result and
the nltimate cost of an analysis greatly reduced.
A genersal outline o0f the reports to be written is as follows:

l. Introduction

g- History.

1. ZLocation and ares of field
2. ARe of fleld

Palmer's interpretstion necessitates a complete snalysls for classificatiop.

3. Initial and ggesant condition of fleld as to
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-10~

II.

I11.

b- Object of the report

l. 7The importance of water analysis to o0il production

2e ‘he use of water analysis in 0il prodmnction

3« The classification of 0il well waters and the establish
ing of a distinct top water and bottom water for easch
field.

4. '"he gttempt to classify waters by the aid of geologi-
cal and chemical correlation

Correlation

a—- Maps showing location of production

b= 1aps showlng surface contours

¢~ leps showing underground contours of water snd ol
horizons

d- Maps shqwing structural geology with locations of
water, gas gnd oil t'sands"

e~ Mapa showing structural geology of producing horizon

f= Grouping of similar waters by chemical composition
with respect to the geological formations containing
them.

g- Average complete analysis for type top aund bott&m
waters

Conolusions
a- Information derived from such & correlation of data.

e ly submitted,
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A REPORT ON THE OIL VELL VATERS

OF GREIT./OQD COUNTY, FANSAS.

THCJOPLIM PRINTING CO.s JOPLIN, O, 112958 30N 12 28




4 REPORT O THE OIL “7BLL WATERS
OF GREEW/O0D COUNTY, KAHSAS

Introduction

Szamples from the various depths st which water 1s encountered
during the drilling o2 a well are taken and sent to the laboratory.
Other samples of water are received from the producing horizon snd are
representative of the water coming in with production. Occasionally a
sample of water is received from a dry hole or "salt water" well, and
such a sample is assumed to be a type water for the water expected below
the pay ssnd. In a producing well, such a water may be seperated from
the pay borizon by an impervious layer. \/ater ssmples from all three of
the above sources are essential for correlation by comparative data. Too
many samples from & new grea can not be taken. Often times samples are
recelved with misleading information or with little or no information at
all. If the correct and complete history of the samples can not be ob~
tained from the production foreman the samples are discarded. For the
correlation of 0il well waters by water sands, using the complets chemical
analysas of such waters as a gulde, it is necessary to have certain defli-
nite information. For the purpose of securing this information the Chemi-
cal depsrtwent has arranged a printed tag which showe in tsbulated fomm
the 1log desired for any ssmple. 4 tag 1s tied to each ssmple Jar, the
Jars arranged in a series of gix in a substentisl wooden cass and seunt to
the respective lvases where drilling is in progress.

Chemical analyseé8 of water from the water-bearing strata of an

area will serve to identify the water in one ssnd from that ip snother.
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Such an identification is made poseible by correlation of the chemical
constituents orf these waters. A type water for each vater stratum en-
countered should be estavlishsds This can be dome by comparing the chenmi-
cal snalyses of true waters from a know water “ssnd," . sample of water
for snalysis is of no value for geo-chemical corrélation unless it is
representative of the water found in the sund. A ssmple of water mixed
with drilling water is absolutely valueless for any kind of water analy-
8ls, A sample is of uno value where several water sands are exposed to
the hole. In ordex that the properties of the waters of definite water
sands can be established, 1t is essential that 2 true sample of the water
and not one mixed with drilling water or with water from other sands, be
obtained for analysis. The analyses of water samples that are trully rep—
resaentative of the watur in the "ssnds" are important and will prove most
boueficial to geo-chemicul correlation.

After the water ssnds in an area have been located and a type
water establishad Tor each sand, mixed wster from these sands should be
given attenmtion. It is oftem difficult to obtain 8 true weter sample
from s sand when two or more water sasnds are close together and exposed
to the hole. Liost likely if the water sands are close together, one
atring of casing will be used to shut off both waters. 1f such is true,
then a sample of the mixed waters as they sre found in the hole will be
typical of the water expected behind the casing. The chemical analysis
of such mixtures are important and will prove most beneficial for opsr-
ating purposes. NMixed water samples contalning water from two or more

sands, if accompanied with correct and complete information, sre anslysed
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and the datum from such sn asnalysis proves valuable in determining the
source of similar mixtures from the sse area. Jfter a well is urilled

in and the casing set, water from two or more sands may mix behind the

icasing. 17 such mixtures should prove to be troublesome waters and a
;sample is taken to determiné their source, the sample may be identified
iby coﬁparing the chenical analysis of tihds weter with those of mixtures
sent in while the field \ras new.

In swamarizing, it may be said thut samples of water from any
depth or of any nature, whether true ssmples from 5 sand Or mixtures from
two or more sands, if the information is complote and accurste accompanying
the semples, the analysis of such samples will prove vzluable in locating
the sources of water and in solving water problems.

It is thought at this tiwme that a complete analysis should be
run on s8ll samples from & new area where the various water struts are not
definitely established and where the water conditions in genersl are not
knownf By comparing the complete chamical enalyses of wsters from various
similar depths, the wster strata can be locsted and the water sncountered
in these strata cam be 1dentifled and correlsted. By such a correlation,
the waters eocurring in the strata above production can be recognized by
theiy chemicsl coﬁposition and classed as top waters for that particular
fileld. ‘7ater is often found closely associated with oil. l/ater may be
found in the same *sand" with oil as base wstor, or on the edges of a
field as edgewater or 1t may be separated from the producing horizon by

an impervious layer. Such waters that occur with or sre below the pro-

ducing horizon and sevarated from the production by an impervious layer
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are commonly termed bottom waters.

It is generally true, when considering the waters encountered
in deep well drilling, that the chemical composition of top watel gradually
increasaes in parts per million of the positive and negative radlcles
present as the water strata approachss the producing "sand." That is
to state, the water stratum directly sbove and nesrest to the producing
sand would contaln the greatest amount of dissolvad salts and in turn
would show by analysis the maximwn total solid content. There is usually
a pronounced difference in the total solid content of sny one of the top
waters- disregarding sw'face waters- and bottom water. Bottom water will
show a total solid content less than any of the top waters. This in turn
indicates a smaller quantity present of the positive and negative rsdi-
cles expressed as parts per million. It c¢an not be said of all the radi-
cles that their concentrstion in a water increases directly with the
depth at which the water is encountered below the surface, although cer-
tain negative radicles like CI- the chloride content- will increass di-
rectly with depth until production is reached snd then decrease to a
maximom in the water below productior or bottom water. Certain other
radicles of the positive type as Ca and Mg will follow through with in-
crease in concentration with depth but occeslionally the incrsase 1ls not
uniform and the radicles will increass gradnally, decrease slightly, then
inerease t0 s maximm in the top water directly above the producing hori-
zon. The concentration of the positive radicles depends greatly on the
composition of the strata through which the leaching waters traverse.

The samé applles, of course, to the negative radicles as thsy furnish
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the acid radicles necesssery for sslt formstion. The positive radicles
are not found in solution as the fres metals, but ss salts formed by
chemicsl reaction. This reaction is the resnlt of thse chemical affinity
of the radiclssg in solution, both positive uand negative, for one another,
the result being the formation of compounds representative of true salts
for such acid raodieles as Cl, S04, R0z, the strong scids, and COz and
HCOz, the week acids in chemical combinatiorn with the bases as the alkali
metals Wa snd K and the alkaline earth metals Ye, Ga, bg, and Sr. The
cause of such chemical activity in solution is attributed to lonizstion.
In suwmaarizing, it muy be said that the majority of underground waters
contalin in solution the sults characteristic of the sedimsnts traversed,
the concentration of these salts in solution depending on the solﬁbility
of the sediments in water, the presence of dissolved cases such as COp
and HoS in the water and the length of time which they were subdjected to
water-leaching.

As an example of what may be expected from a water containing a high
concentration of sodium sulphste and carbon dloxide gas traversing e
calcium.carbonate formation, the traversing wuter maintsining a compara-
tively high concentration throughout its path of contact, the following
chemical equation is stated:

BCaCOx + 2WapS04+ 2C0z+2Hp0 = 4i7allCOz + 2CaS0y
Such a water will showh by analysis a relatively high alkslinity coutent
and 2 high concentration‘in 9lkslinity irmediately infers that the water
contains soluble salts in solution derived from the chemical action of

water on a limestone formstion. In this way, woter analysis will greatly
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aid in correctling geological correlation snd will serve as a guide in
determining the nature of the strata through which the troublesome water
travels. It is thought that the correlation of 0il well waters sud the
knowledge to be gained by study of underground water conditions in genersl
can best be obtained through reports that are geo-chemicsl in substance.
In this report ouly the chemicsal composition of ths waters will be used
in correlation.
Purpose

e purpose of this revort is to identify as well as classify oil
well waters received from drilling and vroducting wells of the Bmpire Gas
and Fuel Company on their leases in the Greemsood County, Kenses fleald,
The primary purpose is to shown by chemicel analysis the similaritles of
these waters taken at the drilling depths at which the water is or may
become a troublesome factor in oil production, and to shown by compari-
son of the chemical constituents of these woters thst they are or may
be encountersd at specific depths as tabrlated by the logs for these
wolls under study; and by such differentistion classify the woters sas
"top" or "bottom" waters respectively. An effort is made in this re-
port to estimate the percentage of "top" water in a mizture, (2nd such
estimation is believed to be guite possible) by arrangement, study and
interpretation of curves plotted for the chlorides,sulfste and total
solid countent respectively.

Thig report is based on the conclusions derived from the complete
chamical analyses of seveunty-seven 0il well waters recelved st the

011 Eill, Kansaa laboratories from the following Empire wells in
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Greemwood County, Kanse.

Sec. 1l-Twp. 22- Hange 1l

Sec.

Sec.

Sac,

Sac.

Sec.

Sec.

logged depths.

and group thase

Kipfor i#l
Rind #3

14~ Twp. 22- Range 11
Fromnm 1, $F2, #3
Kollison :#2, #3

Duby #1

15- Twp. 22~ Range 1l

rvees #2
Bartlett #1

5~ Twp. 23~ Rapge 11

Seeley #6, #7, #8

8- Twp. 23~ Range 11

Clopton #4, #5, #6, #7, #8, #£9, #10
12- Dwp. 23- Range 10

Piatt #6, #7, #10

14~ Pwp. 23- Range 10

‘lnegar #1

After a thorough study and comparison of the chemical anaslyses of
these 77 oil well waters, 1t is thought advisable to group these waters
acoording to the quantity, in milligrams per liter, of the metals and

radicles found to be present in these woters taken at the corresponding

A complete analysis is found to be nacessary to classify

waters, although much information can be gotten from the

chloride, sulfate and total solid content and from such a partial analysis

it is possible to differentiate between a ntop" and '"vottom™ water. It
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may be well to define a 'top" and a "ottom" water so that the outstanding i
significances of such a3 classification cean be more esslily detected.

Top water is the term usually applised to any water in a stratum
{above the main oil-producing stratunm.

3ottom water lies in 2 stratum below the oil-producing stratum and
is separated from it by an impervious layer, In nany flelde, water in
the base 0f the oil sand is termed bottom water. Ddge water may also
be classed as a bottom watser. For this report, sny water asctuslly found
present balow the main oil-precducing level, whether it is separated from
production by an impervious layer, or whether it exists as a base water or
an edge water, is termed bottom water.

Correlation

By comparing the chamicul constituents of ths waters calculated in
milligrams poer liter of the nositive and negutive radicles present with
the given logged depths for the definite weater sands, it is poaéible t0
group the waters according to the following depthsa:

Group #l—— Includes the waters from a depth of 785' to 935' in the
iladison Block and 825' to 975' in the Seeley Pool.

Group #2-~ Includes the waters from a depth of 1034' to 1290" in the
Madison Block, 1095' to 1260' in the Seeley ool and the 1148' sand in
the Piatt.

Group #3-- Includes the waters from 1305' to 1350* in the Madison Block
and 1310' to 1385' in the Seeley Pool. The 1245' sand in the Platt snd

Winegar is the same as the "1300'" sand found in the Madison Block and

Seeley Pool.
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Group f-- Includes the waters from 16M0' to 1635' in the Seeley Pool
and from 1730'to 1737' in the Piatt and /inegar.

Group #5-= Includes the waters from 1823' to 18Y6'. Such samples were
listed as watér coming in with production, water from the thot hole and
water from the producivg sand. The sumples included in this group prob-
ably reymesent nmixtures of top and wttom water and were typicsl at the
time of saupling of the wuter accompanying oroduction. Bamples used

in classifying this groap were from the Bartlett #1, Pees j}2, Hind #2,

Froumm fl and Froma #2.

Group #-- Includes the waters from 1878' to 1924' in the Madison
Block and from 1940' to 1996°' in the Seeley Pool. This group also includei
a few samples marked "coming in with produotion;" The chemical snalysis
of such samples compared closely with those of true bottom water and

wore included in this group representing bottom waters.

Depth-- 400°
Ca-gr/
Ca Mg Na 804 €1 sr CafMg Cs/sr Mg 7.8.

Max. :1047: 325: 14585: 830; 24660: 125: 3.1;1: 8.6:2: 3.5:1: 10440
Hin. ¢ 933: 275: 10830; 793; 18160: 623: 2.7:1: 1.2:1: 5.0:1: 30880 .
Avg. :1000; 2Y9; 13307: 625: 22383: £93: 3.7:1: D.9:1: a.b:1l: 37540
Above is stated the maximum, minimum snd average énal;‘sis for the
water encountered at the approximate depth of 400 £t. The analyses are
roported in milligrams per liter of the radicles found gresent in thse
wateérs. The stratum bearing this 400 ft. water is about 1600 f£t. above

the producing samd and is cased off by two and probably three strings of
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casings. It is thought thet 2 water at 400 {t. below the surfsce and
1300 ft. from production and being cased off by at least two strings of
Casing will never become g troublesome top wster. Consequently this
water was not grouped with the other to) waters.

The following groups are ti® results of correlating the waters by
chemical composition with respect to tne depth at which thpy were sampleda

The results are expressed in milligrams per liter of the radicles foumd

prosent ian the waters. An analysis is stated for the maximua, lainimum
and average water found in each water-bearing stratum.

To select a8 maximim, rainimum and average water for each group of
waters, it is necessary to choose as many "variables™ as poesible from
an analysis so that the meximim, minimum and average water selected to
represent g specific type would be a true example. The "varigbles" nsed
in detemining the maximum, minimws and aversge water for each gronp
are the chloride, sulphate gnd total-solid content of each analysis
used for the gronp. ‘he other radiclles and ratios included in the group-
ing of the maximum, minirwm and average water are given to show the
composition and councentration by a complete snslysis. It is admitted
that the naximar waters selectsed for each group may not contain the

highest councentration of each radicle present when compared with the

concentration of the same radicle in the average water, but the analysis
of the water selected as the maximum water for any of th§ groups will

gshow a maximum concentration for the "variables," chloride, sulfate and
total solids. The maximum and minimun amlysés are from actual waters.

The average analyses are synthetic and are the rasults of an average
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Tor euch radicle and ratio of the wuters constituting a grouy.

Group gFl-~ 8O0"=900"

: Co s Mg s Na ; SO4; Cl : Sr : Ca/llg : Ca/Sr ; Ce=-Sr/ug:T.S.E,

Max. :3998; 884: 29774: 21 : 55500; 689: 4.18:1: S.34:1l: 4.94:1; 93690

Mine :3306 590: R28271: 7 ; 408330:1282: 4.6:1 ¢ 2.1:1 ;@ 6.9:2 : 79890

Avg. :3832 903: 28079:; 15 ; B3673; 030: 3e¢9:1 : 4elz1l 3 4.9:1 : 90147

Groap F2-- L000D*-1200°

:0a : Mg : Ma  :804:Cl Sr : Cafllig: Ca/Sr:Ga-Sr/llg: T.S.2.

liaxe ;5165; 1500: 39047: 6:73660:1894: 2.7:1: 2.1:1;3 3.9:1 ; 122805
Hin. :4145: 1093: 31098:32:58500;1021:3.47:1: 3.72:1: 4.41:1 = 97540
Avg, :4340; 1188: 33961:38:63472:1350: 3.2:1: 3.03;1: 4.5:1 : 106338

Group #3-- 1300°

:Ca : Mg : Na 3 504t Cl ssr : Cafilg : Ca/Sr :Ca-5r/idg: T.S.k.

- aw e e e @ M e A A o a s m M e A @ O o @ e R oa R R o o % v o R = e e =

Hax. :4663: 1831: 303511 80; 69000:1834; 2.42:1s 241D0;1:3.04:1 1114440

Min. 344133 1377: 34725: 40¢ 6D5330:1B37: 2.6:1 3 2.3:1 :3.0:1 1107370
AVEe :4451l: 14653 A770: 46: oB680:;1620: 2.6:1 3 Z.44:1 §3.7:2 1109208

Group g~ 1500°-1700°
:Ca : Mg : Wa : SO4: Cl : Sr: Caj/llg: Ca/Sr :Ce-Sr/Mg: T.S.E. |

>

e e A o A e m e ke e m e e A owm m = W Em o e e e om e W e o e e = A e 8= e e

Max. $5561s 1201; 37458: 72; 71000: 1033; 4.2:1: 4.8:1 ; 4.6:1 :119500
Min. :4421: 1212: 33112: 18; 62330: 1098: 3.2:1: 3.5:1 : 4.1:1 3103925

AVge :4995: 1338; 36999: 29s 69720: 1214: 3.4:1: 3.9:1 ; 4.7:1 ;115650
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: la :

:Ca~-Sr/ig :T.5.E,

—_— e e = e ™ m m om e e - - e e - -
- - -— e e T T S T S S —

Mina

I AVE.

- A m m A e e e e e e m e E e o e e me A v e = o e o m = me e o= e -

Maxe. :4093: 832; 28629: 49Y1: 520830: 873: 5.7:1 : 4.2:1 s 7.1:1 1899985
Min. $3868; 609: 2776R: 463: BLO00; 23Ll; 6.41:;1 ; 16.0:1: 6.5:1 s 86220
AvgZs 33960: 684; 28174: 4583 52025; 621: 5.5:1 : 10.,1:1; 6.6:1 : 88300
Average Analyses for the Groups

:€a : Mg : Na: 804 C1 : Sr: Ca/Mg : Ca/Sr :Ca-Sr/lig : TeS.E.
400*' §1000; 299 13307:825: 22383: 293: 3.7:1 509:1 : 4.8;1 s+ 37540
Group: ]
#1 3832: 903; 2B079: 15; 53673: 830; 3.9:1 : 4.8:1 ; 4.9:1 : 90147
Group: i
#*2 4340:1188; 33961: 38; 63472:1350: 3.2:1 : 3.0:1 : 4.5:1 :105338 i
Group:
#3 4451:1485; 34770: 463 65680:18620: 2.6:1 § 2.4:1 ; 3.7:1 : 109208
Group:;
e 4995:1338;: 38999: 29: 69720;1214: 3.4;1 ; 3.9:1 ¢ 4.7:1 : 115550
Group;
#5 4309: 995; 31743:172: 59340:; 998: 4.,3:1 5 4.7:1 : D5.3:1 : 99715
Group: .
#6 3960: 6843 28174:458: DBR0R5: 621: 5.5:1 :10.1:1 : 646:1 + 88300

33711: 172: 63
: 30896;
31743: 172: 59

Grouyp #6-~Bo

120; 57500;

000:

340;

£tom

99G: 4.3:1

878: 34631 : 445

later 1900¢

: Sr: Ca/iig :

936; 5.031 : 4.1:1 -

4.7:1

..
(94}
L]
[
[

3 L0580
: 96000

. 9971F
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Groups 1, 2, 3 and 4 regresent the average top wutérs.
Group 5 represents the average mixtures of top and bottom water encounterad
with production at the time of sampling.

Graap 5 represents the water now assuned to be the true bottom water.

It is evident from the sbove scheme of average analyses timt a "topm
and "bottom" water can be identified and, also, if a water is a mixture
of bottom and top wsters the mixture can be detected by comparing the com—
plete amlysis of the water im question with the gverage amalyses of the |
groups. Grmp #5 in reality is a classification of waters éncountered
from the depths of 1823-756*' and 1833-98'. As the logs for these wells in-
cluded in the grouping of group #5 show no water sande or complicated weter
conditions at the levels of 1823-76' and 1833-98', it is reasoumable to
assuwe that the waters coming from these depths are mixed waters and con-
tain chiefly bottom water. This fact iIs substantiated by the sulphate,
chloride and total solid content of these waters particularly, and also
by the oomparison of the complete analyses with the analysés of the "truel
bottom water. Information ieceived with the waters included in Group #b
lists them as waters from the producing sand, coming in with prodnction .
and, 1ln some instances, as water from the shot hole.

A hypothetical top water must be established for the field. This
water mist reprosent in composition an average for the top water groups.
It mst contain a concentration of the radicles so that it will be simi-
lar in chemical constituency to any one of the gronped top waters and

still not be identical with any one particnlsar group. It should be typi-

c¢al in chemical composition to tte water most expscted to couse top water

TME JOPUN PRIKTING 0., JOPUN, Mo. 112958 50N 12 18
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infiltration. To creote sach a hypothetical water, assume that the top
water nearest the producing sand and represented as the water character—
istic o2 group 4, has twice as much chsnce of becoming a troublesome
water as the waters characteristic of groups 3 ¢nd 2. This sesumption is
made by virtue of tne position of group 4 waters to the vroducing sand
end by the fact that one string of cassing is used to case off these watersk
llow mltiply the radicles of group 4 expressed in milligrams per liter
by 2. 4dd the radicles expressed in milligrams per liter for groups 3
and 2 to the sum obtaiued for group 4. Divide the total ror each radicle
by 4 and the resultant radicles expressed in millipgrams per liter will
represent the composition of the hypothetical top water esteblished for
the Greenwood County field. This hypothetical top water is given below.

Kypothetical Top /ater

Badicle :Ca : Mg : Ha : S04: Cl : Sr : Cofdlg : Ca/Sr:Ca-Sr/ig:T.S.E.
Mg/L :4695: 1332: 35682: 36: 67148: 1350: 3.2:1 : 3.3:1; 4.4:1 :11141Z
Asgumed Bottom ‘latex

Radicle; Ca : g : Na :S04 : €1 : Sr ; Caflg : Ce/Sr :Ce-Srflg :1.S.E.

Mg/L :3960;: 684:; 26174: 458: H52025: 621: 5.5:1 :10.1:1 : 6.6:1 ;88300

It is evident by inspection that the composition of the hypothetical
i
top water is greatly different from the bottom water. Such a variance in !

the concentration of these ¢wo waters presents sufficlent chemical infor- |

mation to differentiate between them. To estimmte the percentage 0f top

water and bottom water existing in a mixturs, it is necessary to obtain

YN JOPUN PAINTIRG 00, 4OPLIN, Mo, 312058 SOM 12 25
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the chemical composition of mixtures representing various oroportions of
top and bottom water. In calculating the composition of the following mix+
tures, the sulfate, chloride and total solid countevnts of the hypothetical
top water and the bottom water were ussd.

4 nixture of water containing 90, top water and 10, bottom water

should show by a partial asnalysis the following conmposition expressed in

milligrams per liter of the radicle tested:

905 = 10% Group #3 Hygothetical i

Top Water |

|

504 88 S04 46 S04 36 |

c1l 65638 clL 65680 cl 67148 5
7.8, 109099  7,8. 109208 RuBa 111412

A water containing this compostion greatly resembles the top
water classified in group 3. If a water should be sent to the laboratory
snd by a partisl analysis the composition was that expressed for the
90-10 proportion, the question being ss to the source of the water samp-
led, it could be stated with a degree of certainty that the water in
guestion is not all top water, but a mixture. This gssertion would be svb-
stantisted through the results of comparative data. CLonsidering the con-
centration of the §S04radicle in the above thres type waters, it is noted
that the SO countent of 88 in the Y0-10 mixture is slightly more thau twicge
the content expressed for the hypothetical top water and is nearly twice
that for group 3. It is resdily noticeable that the 3504 conteut of the
50-10 mixture is too high to allow the water to be classed as all top

water. The ochloride and total solld content of the 90-10 mixture agrees

THK JOPLIN PA(NTING CO.. JOPLIN. MO, 1129B2 504 11 IS
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closely with the group 3 top water, bat they are too low in concentration
to agree with the hypotheticsl top watar. Qhis fact shows the established
hypothetical top water to be suitable for use in differeutiating mix-

tures high in top water.

, , Hypothetical
755 - 255 Grouo 2 T6p Yater
S04 165 S04 38 504 36
Cl 63361 Cl 63472 cl 67148
T»S. 105639 7.8, 105338 .S, 111412

4 water containing the composition of the 75~25,; mixture resembles
in chloride aund totsl solid coutent the type water stated for group #2.
The sulfate content of the two waters is sufficiently different to state
thst the two waters are not identical. The sulfate content of the 75-25p
mixture is over four times the quantity found pressnt in the group #2
watars. This increase in sulfate content infers that the water is a mix-
ture of top and bottom water. By comparing the 76~-25, mixture with the
hyvothetical top water, it is easily detscted that the concentration of °
the chloride and total s0lid content is too weak to be sll top water.
Comparison of the sulfate concentration of these two type waters shows
the 73-25, mixture too strong to be all top water. Comsequently, by
comparstive data o water of the same composition as the 75-25, mixture
would be clasged as a mixed water conteining relatively high percentege
of top watexr.

A mixture of water containing 5%) top water and 507 bottom water
snould show by a partial analysis the following composition expressed in

milligrams per liter of the radicles tested.
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508 - 504 Group #5
S0, 247 S0y 172
Cl 59585 CL 59340
7.5, 99856 g Tl

Such & mixed woter agrees closely with the water stated as typical

for group #8. This similarity in composition infers that the waters in

| grouw #5 3re mixtures tyvical of a3 50-50 proportion of top and bottom water
4 mixture of woter containing 257 top woter and 75 vottom water
should show by partial analysis the following composition:
25% ~ 154
S04 354
cl 55808
T, S. 94085
A mixture of water containming 20j top water and 90% bottom water
should show by a partial analysis the following compositions
104 - 90%
S04 416
cl 53542
s S. 90611
Some waters, after the complete sgnalysis was run on them, were re—
classified as their chemical coastituents did not compare favorably with
the average analysis representing the depth at which these waters were
sampled. As an example, the Kipfer :#1, Lab. llo., 53152, listed as water

coming from the 825' levei---

2
Ec
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Sr : Ca/Mg:Ca/Sr: Ca-Sr/ilg:T.S.S. |

2
&)
»
pad
—
)
.
P
o>
.
92}
&}
>
(X
Q
-
»

Kipfer :

1 : 5402; 821: 255561: 41: 47830: 1116: 3.5:1: 2.5:1 ; 4.8:1 : 77930
!Group

#1 : 3832: 903: 28079: 15; 53673: 830: 3.9:1: 4.8:1 : 4.9:1 : 90147
400 ft.

level : 1000 299: 13307: B825: 22383: 293: 3.7:1: 5.9:1 : 4.8:1 ; 37540

8y comparing the chemical constituents of {ipfer #l with average
waters Trom group +1 aﬁd from the 400 £©t. level, it is evident tnat this
ssmple is a mixture of waters fron tha 400' and 80U' levels.

Another sample, from the Seeley #8, lab. Ho. 52784, was listed as

a water from the 1070 level. 3By comparing the chemical constituernts of

this water with average waters‘from the 1070* level, or group #2, and
}with group #1, it is quite noticeable that this water is from g depth
corresponding to watexrs considered in group #l.

;Ca : Mg : Wa :50 : CL ; Sr :Ca/llg :Ca/Sr: Ca-Sr/Mg :T.S.E.

Seeley #8:4058: 980: 30708; 18; B7330: 760; 3J.8:1 4.6:1 196250

v
IS
-
w
*»
| d
e

Group #2 :4340:1188: 33981: 38: 63472:1350: 3.2:1 3 3.0:1 : 4.5:1 ;105338

4,6:1 s 4.9:1 : 90147

Group #1 :3832: 903: 28079: 15; 53873: 830: 3.9:1
On the Jinegar, and ~iatt 36, 3 water was encountered at the depths
of 2665', 2673' and 2693' that resembles thée bottom water of the El Dorsdo
f£field. Little attention is given to this situation 2s the psy sand in the
Greenwood County fiaeld is at present, for this report, between l&78'-13926'.

These waters will be classified as soon as comnditions warrant their in-

vestigatlion.
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Conclusions

This report in attempting to identify and classify water from the

various waver strata in the ureenwood County, riansas field, has estsblished

's1x grouds which can be used in deteruining the source of water in a well
'that is or may be a troublesome water to oil production. Such a grouping
i

j0f the waters substantiates further the fact thot waters occurring at various

|depths in a well can bs identified by their chemicsl composition. 1t is

vossible through the data compiled in this report to recognize by s com

plete chemical analysis the chemicsl compogition of the top waters snd
the bottom water for this field. The compiled chemicasl information on
the waters enéountered above vroduction in this area has mede it possible
to establish a hypothetical top water for the field considered in this re-

port. The formlation of the hypothetical top water makes possible the

plotting of the curves submitted horewith. By the interpretation of thess
curves it is possible to estimste closely the percentage of top water oc~
curring in a mixture. 48 a check on the estimate obtained from the chlor-
ide and sulfate curves, a curve is plotted for the total solid content of
the waters. 1t is thought that after a hypothetical ton water is estab-
lished and the trus bottom water of a field is known, the source of troubler
somé waters can be deternined by a parpial analysis alone and if the water
proves by chemical analysis to be a mixture, the percentage of top watver
in the mixture can ba estimated by the use of the accompanying curves,
Much time and expense will be saved if the source of 2 troublesome water
is determined by a partial analysis. It is the purpose of this departi-

ment to shorten the procedure of snalysis and lessen the cost of such an
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analysis whenever possible. It is hoped that the contents of this re-

port and the conclusions derived therefrom will greatly aid in presenting
a2 means of determining the source of troublesome water in 3 most scientifile
manner and at the least possible exnense. 'he départment is in search of
new elements that may vbe found in the oil well waters. 4%Lhe strontium con-

tent will b8 3 very valusble lead to classification as soon as the method

of determining this elenent is nerfected. Other elements such as potas- (
sium, bromine, and iodine, not included in the present schemo of anélysis.
will be investigated and their content noted For further gid in system-
atizing a mariked difference in top and bottom waters.
|
In order t0 test the theoryv evolved in establishing the hypotheticai
top watar and to try out the curves based on this “top water," it is sug-

gestad Ehat a3 survey be made of the wells “moking" water, and that samp-

les be taken and sent to the laborstory for verification as to source.

011 Hill, Xensas.
June 20, 1925.
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GREZINIO0D COUUTY SURVEY

LEASE & CHLORIMES  ° SULPHATES 207aL SOLIDS = RELLARKS
WELL NO. CL S04 D.S«Ea

Bartlett #l 87,5800 49 109,870 Chiefly top water
Bartlett #8 56,670 401 94,630 30% 1 n
Duby #2 67,330 426 93,790 355 nm om
Duby #9 59,500 300 97,850 47 v
Kellison i#6 52,660 456 88,350 Bottom "
Kellison #5 71,600 51 116,830 411  top "
Bsrtlett #3 63,330 165 103,810 7% 0w
Bartlett #2 54,660 484 92,770 179 n "
Duby #3 54,000 466 89,600 13 m o
Kellison #2 51,600 425 86,290 Bottom n
Kellison $4 68,000 131 111,400 A1l  top M
Duby #l 53,500 485 87,800 10% " "

Note: Out of 100 producing wells, 12 weils had 1lost their production
due to water trouble. Samples of water from the 12 wells as represeanted
above were takenm and sent to the laboratory for analysis. From the
analysis the source of the troublesome water in each well was to be
determined, aad the percentage of top and bottom water of each well was
to be estimated from the curves in this reports It was also found thst
a partial analysis of these waters was all that was necaessary to identify

them as to source and estimate the percentages of top and bottom water .
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