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The Artesian Waters of South Dakota.

Jaumes H. Sueparp, Chemist.

The artesian waters of South Dakota are used for
three distinct purposes. In the first place they are used
by cities as the source of water supply. When thus used
they are employed for domestic use, for sprinkling lawns
and gardens and for fire protection. Closely akin to these
are the township or neighborhood wells where the water
is used conjointly by communities for watering stock and
for domestic use.

In the second place these waters are used for irrigat-
ing purposes mainly and for domestic use incidentally. In
such cases the well may be owned by an individual or it
may be owned by a stock company.

In the third place the waters of some wells are used
wholly for power purposes; but the wells thus used are
few in number. In any one of the cases mentioned the
surplus waters may be used for the purpose of creating
running streams or for creating artificial ponds or for irri-
gation. In some cases, however, the surplus water is dis-
charged directly into some river or stream where it flows
to waste. Most of the wells have controlling devices
whereby the surplus water is reduced to a minimum. But
in case the well is faulty in construction it runs without
control.

The analysis of these waters was undertaken in the
interests of the first two uses for which the water is em-
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ployed. It is scarcely necessary to state that a chemical
analysis could have little or no value in the case of a water
employed for power purposes only. But when it comnes to
a question of sanitation, or healthfulness, or a fitness of
these waters for irrigation the case is far different. Nao
regular or systematic chemical investigation of the water
supply of the great artesian basin has ever been made.
It is true that a few partial analyses for special purposes
have been made from time to time; but nothing like a
complete examination has been undertaken. It was also
hoped that the investigation mmight throw some light upon
other obscure questions relating to the origin and move-
ment of these underground waters.

In order to cover the field as completely as possible,
wells were chosen which were geographically distributed
as uniformly over the whole artesian basin in South Dakota
as the circamstances in the case would permit. When sev-
eral wells occurred at the same point, various considera-
tions led to the choice made. Sometimes it was the veinor
flow from which the water comes and sometimes it was
the purpose for which the water is employed that decided
in the final selection. When the list was completed it was
recommended by the Station Council and sanctioned by
the governing boards. State Engineer of Irrigation, C. S.
Fassett,_gave valuable advice in locating the wells.

The samples were taken from each well by Mr. C. G.
Hopkins, then Assistant Chemist of this Station. He also
observed the temperature of each well and collected such
data as he was able to obtain. In many cases no log of
the well had been kept by competent observers; and it
was not possible for him to ascertain the difference in
level between the railroad station and the mouth of the
well. But this difterence is never very large and consider-
ing the inaccuracy of some of the other information in re-
gard to the depth of the well it is unessential. Some
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towns report that it is the general belief that fraudulent
depths had been claimed by coutractors in order to secure
more money on their contracts than the true depth called
for.

The samples collected were forwarded to the Station
in sealed packages and none of the seals were broken.
Thus the authenticity of all the samples is unquestionable.

SYSTEMIC EFFECTS OF ARTESIAN WATER SALTS.

Among the questions 1nost frequently asked are:
“What are the medicinal values of the salts carried by
these artesian waters, and what would be their effects
upon the human system?”’ ™erhaps no better opportunity
will ever offer than the present to answer this question
fully. Therefore each salt will be considered separately.

Somuy Curorme, NaCl—This compound is the well
known common “salt” so widely used for domestic pur-
poses. It is not necessary here to recall its varied uses in
domestic economy nor to discuss its importance to animal
life. All these facts are well understood. But its uses in
medicine are not so commonly known.

In small doses of from 10 grains to one drachm, or of
.65 grams to 4 grams it is a stomachic tonic and an
anthelmintic. In larger doses of from 8 to 15 grams it is
a cathartic; still larger doses of from 15 to 30 grams dis-
solved in a little water, in many cases, act as an emetic
which invigorates rather than depresses the system. It is
also a styptic nseful in checking internal hemorrhages or
in stopping the flow of blood from external wounds.

Externally it is useful in sprains and bruises and its
tonic value in the form of a “salt bath” is well under-
stood.

Salt which has been taken into the system is rapidly
removed by the kidneys. Sodium chloride is present in
most of the drinking waters of this conntry whether they



6

are derived from surface wrells, from springs, or from
running streams. -

Soprum  BicarBoxare, NaHCO,—This is also a well
known salt which is largely employed iu preparing effer-
vescent drinks and medicines. It is used in enormous
quantities in preparing baking powers. In the analyses
the compound formed between sodium and carbonic acid
is given as the normal carbonate, Na,CO,. The bicar-
bonate passes into this form upon the application of heat
to the dry salt. In medicine the bicarbonate is used as an
antacid. It has been found valuable in cases where an
excess of uric acid has caused calculous deposits. It has
been found useful in diabetes since it lessens the sugar in
in the urine. The dose for an adult is from .65 to 4
grams. It is further employed in cases of croup, pneu-
monia, and membranous angina.

This salt is not a common constituent of drinking
waters either in this state or elsewhere.

Somium SurpHATE, Na,So,. This salt is commonly
know as Glauber Salts. In doses of from 15 to 32 grams
it acts as a hydragogue catharticc. When it is taken in
smaller doses it acts as an aperient and a diuretic. It is
not much used in medicine at present as most practi-
tioners prefer magnesium sulphate instead. Veterinarians
however, employ it extensively in their pratice.

This salt is not of uncommon occurrence in drinking
waters.

Carcrum CarBowaTE, CaCO,—This compound occurs
abundantly in nature in impure forms known as limestone,
chalk, marble, calcite, etc. The pure salt is used in medi-
cine as an antacid and it is especially useful in cases of
diarrheea when accompanied by an acid condition of the
digestive tract. It is employed as a remedial agent for
gout, dyspepsia and acidity of the stomach. Its use in
scrofulous diseases is followed by good results. The dose
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for an adult is from .65 to 3 grams. Externally it is bene-
ficially applied to burns and scalds.

This compound occursin drivking waters nearly every-
where. -

FerroUs CarBoNATE, FeCO,—In the analyses the iron
is reported in the form of ferric oxide, Fe,0,. But as one
would naturally infer, iron does not exist in the natural
waters in this insoluble condition. As it occurs in solution
it is in the form of ferrous carbonate, a tonic and chaly-
beate. When the water is evaporated or when it has
stood for some time the ferrous carbonate is decomposed
and the iron is thrown down as a reddish sediment consist-
inglargely of the ferric oxide and hydroxide. Upou the ap-
plication of heat the conversion to ferric oxide is com-
pleted.

Ferrous carbonate occurs in most drinking waters.

Carcrum SvrpHAre. CaSO,—In an impure form this
compound occurs as gypsum. When calcined it is known
as Plaster of Paris. It probably exerts little effect upon
the system; at least it is not given internally. It is a com-
mon constituent of drinking water.

MaenEsiuM CarBoNATE, MgCO,—Magnesium carbonate
is an antacid and in most cases a laxative. The dose is
from 1 to 2 grams. Itis largely used in the preparation
of medicated waters.

Magnesivn SureeATe, MgSO,—This salt is commonly
known as Epsom Salts. It is an active but safe refrigerant
cathartic operating with little pain or nausea. It is more
acceptable to the stomach than most medicines. It is use-
ful in colic and in severe cases of constipationand operates
without relaxing the stomach and bowels. A moderate
dose is 1 ounce or about 31.1 grams. In smaller doses
magnesium sulphate may act as a diuretic. It is a com-
mon constituent of drinking waters.

LitHIvy Sants.—Idthium is a rare metal and its salts
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are seldom found in drinking waters. By a spectroscopic
examination these salts have been found to exist in all the
artesian waters analyzed. The lithium salts are valuable
in treating rheumatism.

ErrecT PRrODUCED BY A CoMBINATION OF SaLTe.—Itis im-
possible, except in a general way to predicate just what
the effects of any combination of salts as they occur in
natnral waters would be. To a certain extent they each
modify or accentuate the effect which any one would pro-
duce singly. If all the salts carried by any water had the
same tendency the result might easily be foretold. But
such waters arerare. It seems as if nature modifies and
ameliorates the effects produced by the salts in mineral
waters just as the skilled pharmacist ameliorates the effect
of one drug by a skillful and judicious combination with
others. In general it would be safe tosay that the arte-
pian waters as a rule are tonic-laxative in their effects
upon the system.

All the artesian waters of this state carry a larger
amount of salts than would be desired in a first-class pot-
able water. But it nevertheless remains a fact that in
some cities these waters are used with impunity for all do-
mestic purposes and in fact no other water is used at all.
From these places no complaint comes as to any injurious
effect. Moreover, wherever the water is used for watering
stock no unfavbrable results follow. In fact stock seems
to thrive by its use. At any rate it is far preferable to
the stagnant water which stock is so freq uently compelled
to drink in other sections of the country.

The explanation as to why water carrying a more
than ordinary amount of salts may be used for drinking
purposes without injurious results, especially in the case
of these artesian waters, may not be difficult to find. The
following ones suggest themselves most readily.  In the
first place these waters are free from organic contamina-
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tion and consequently carry no germs of contagious dis-
ease. Consequently the energies of the system are neither
weakened nor prostrated at any time by these more to be
dreaded agencies which are at work where organically im-
pure waters are used for drinking purposes. It may be
that the system finds it less difficult to eliminate the ex-
cess of saline compounds than it does to ward off the in-
jurious effects of albuminoid poisons and disease germs.
Then again it is a well known fact that one finally be-
comes accustomed to a certain water and that the system
finally thrives best upon it, even though at first it was not
particularly palatable. In these cases it seems that the
system actually adjusts itself to the elimination of any
surplus that might by its accumulation prove detrimental.
It is a well known fact that persons accustomed to the use
of hard waters upon going into a country where soft
waters prevail, actually find the soft waters flat and un-
palatable. The water seems to lack something to the
taste, and physiological symptoms seem to indicate that
the system also misses some of the constituents of the
hard waters.

The only complaints concerning the use of artesian
waters as potable waters that have come to my knowl-
edge are that at first they had proven laxative in some
cases. But this effect soon passes off as a rule. Then
again many complain that the water is too warm and
consequently somewhat unpalatable, just as any water is
under like conditions. This is usually remedied by cooling
the water before it is used.

In some places where artesian water is used for other
purposes, it is not used for drinking. 1In these places a
supply of water with less salts is available and more pal-
atable. =

In this connection it might be well to say that in
these towns where first-flow, soft artesian waters are used
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for drinking purposes, should any evil effects ensue. that
the corrective which most readily suggests itself would be
frait acids, The acids of fresh fruits would certainly tend
to neutralize the effects of the ant-acid salts the waters
contain.

Another thought suggests itself here, and that is, one
would need to drink an inordinate quantity of most of
these artesian waters to get any other than a tonic eifect
from any of the salts held in solution. This will become
apparent to any one who cares to take the trouble to
make the necessary computation. It is probable that the
laxative etfects arise from the combined influence of the
principal salts and more especially from a cumulative
effect caused by their continued use. It is not unreasomn
able to suppose that after tbe system has become adjusted
to the water, that the cumulative effect ceases owing to a
prompt elimination of any excess of the salts in question.

THE EFFECTS @F ARTESIAN WATER SALTS UPON
SOILLS AND PLANTS.

To the irrigator there is no question of greater impor-
tance than those relating to the effects produced upon
soils and plants by the saline constituents of the water
which he is applying to his land. Waters may carry
salts that act as fertilizers or they may carry substances
detrimental to soil and vegetation alike. Again they may
carry such large amounts of salts, which of themselves in
ordininary quantities are either beneficial or harmless to
vegetation, that the soil may become overcharged and
barren. And further the salts though small in quantity
may be such as destroy the tilth of the land or they may
cause crops to wither away and die:

In discussing the effect of any water upon soils and
vegetation it will be necessary to take up each of its saline
constituents in detail. There is one other fact, which
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should at the outset be set forth clearly, and which is true
of every saline substance however valuable it may be asa
fertilizer or as a plant food, and that is, the addition of any
salt to a soil will not increase the fertility of that soil pro-
vided there is already present a sufticient supply of the
salt to meet all the requirements of plant growth.

Sovrcy CaLori®E, NaCl.—This salt has been applied to
land since time immemorial. It is more beneficial to in-
land soils where there is a deficiency of the salt. In soils
where plenty of this compound exists further applications
are not beneficial.

In its action common salt is not a direct fertilizer
since plants as a rule require little sodium; small quantities
of chlerine also will meet all requirements. It is one of
the so-called “indirect” fertilizers. Its value when applied
to soils may be attributed to the following causes:

1. Tt acts upon the undecomposed rocky constituents
of soil liberating lime, magnesia, and phosphoric acid for
plant use. Its greatest action is upon lime and then upon
the other substances in the order named. These sub-
stances which in their undeconiposed state were mostly
combined as insoluble silicates, through the kindly offices
of salt assume a soluble condition in which form plants
canreadily assimilate them.

2. BSalt also tends to check a too rank growth of
stalks and straw; and it is often applied to over fertile
soils for this purpose. It is also mixed with other power-
ful fertilizers, such as gauno, to modify their action. It
gives the best results upon grains, grasses, cotton, hemp,
asparagus, cabbages, tomatoes, celery, onions, horse radish,
cauliflowers, etc. It is not applicable to potatoes since it
diminishes the yield and makes the tubers waxy. The
amount that is applied per acre varies from 200 to 600
pounds.

An over dose of saltis fatal to all vegetation. It is
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more destructive to young plants than it is to older ones,
hence its frequent use for destroying young weeds where
the crop has attained somesize. As agermicide salt is sup-
posed to possess some virtues. It is thought to be destruc-
tive to the spores of the fungous diseases of various plants.

3. Salt is also beneficial to the tilth of land since it
tiooculates clay and prevents it from puddling. It isa
commonly known fact that the addition of salt to the roily
waters of a well will coagulate the suspended clay causing
it to settle and leaving the water clear.

An excess of salt is detrimental to tbe process of
nitrification which is going on constantly during plant
growth in fertile soils. Au excess therefore prevents the
plant from obtaining sufficient nitrogen to reach maturity.
This action of salt might be readily surmised from its well
known antiseptic properties as illustrated in the use of brine
in the preservation of meats and other substances.

The only remedy for a soil surcharged with common
salt is efficient and thorough drainage.

Sovivw Strenare, Na,SO,—This salt is a valuable
fertilizer for cereals, potatoes, grasses, clovers, peas, and
other legumes. It is applied in doses of from 175 to 250
pounds per acre.

This sulphate as well as those to be mentioned here-
after act in soils as oxidizing agents. By this action nitro-
gen in nitrogen compounds is changed into ammonia, car
bon into carbon dioxide, etc. The ammonia thus producedis
now seized upon by the nitrifying organisms in the soil and
converted into nitrites and nitrates. 1t is from these
forms that plants largely secure nitrogen for building up
their albuminoids. Moreover these albuminoids contain
sulphur obtained from the breaking down of these same
sillphates.

Sodium sulphate is one of the chief ingredients of the
so called “mild” or “bland” alkali which occurs as anin-



13

crustation on low places in various parts of this state.
These places are mostly small, a few rods in diameter, and
this salt can be removed from them by drainage. By
means of deep plowing and by the admixture of much
coarse manure to decrense the capillarity of the soil in
these places, large crops of grasses may be obtained. But
the permanent cure of all soils overcharged with this salt
1s drainage.

Sovitm  Cawkwoxars Na,CO_.—This compound has a
favorable effect upon vegetation when it is present in
small quantities in soils rich in organic matter. It fur
nishes a readily salifiable base to unite with the nitrous and
nitric acids produced by the nitrifying organisms present
in all fertile soils. The organisms convert this carbonate
into sodiurn nitrite and nitrate, valuable fertilizers.

But when present in large quantities the sodium car-
bonates constitute the dreaded “black alkali” which occurs
in mdrained places in California, India and elsewhere:
Black alkali is pernicious in its action upon both soils and
plants. Tt puddles clayey soils, or as it is usually termed
turns them into “gumbo.” It also dissolves the humus of
fertile soils which it leaves in black rings or patches as
the water evaporates from places where it has heenstand-
ing in puddles. It is owing to this circumstance that it
has received the name of black alkali. Its action on plants
is corrosive, actually eating ofl the plant at the crown.
Moreover this salt, as well as all of the sodium salts, has a
tendency to creep upward. The rising soil waters bring
them up to the surfacc and leave them as a white incrust-
ation on the surface of the soil. Waters carrying much
sodinm carbonate should not be used for irrigation,
unless, indeed, the land is first thoroughly underdrained.

Analyses of the Rio Grande river waters covering a
period from June Lst, to Nov. 1st, 1893, show an average



14

of .0036 parts of sodium carbonate per 1000. (Bul. 12, N,
M.) This water is considered excellent for irrigation.

Hilgard gives the analyses of two artesian waters
from the San Bernardino Valley carrying respectively
.0102 and .0021 parts of sodium carbonate per 1000.
(Waters and Water Supply, 1889.) He also reportsin
Warm Creek waters supplying the Riverside Canal, .020
parts per 1000. These waters are considered good forirri-
gating purposes. In the California report for 1888 and
1889 he gives the analysis of the artesian water used for
irrigation at the San Joaquin Station. This water has
.0334 parts of sodium carbonate per 1000. He thinks this
water would require a corrective such as gypsum.

But it would be difficult to state just how much of
this salt might be considered safe for any particular sec-
tion. An amount that would be safe to use in one place
might prove disastrous in another. This uncertainty is
due to many factors, such as the saline constituents
already present in the soil, and various climatic conditions
such as rainfall, winds, humidity of the atmosphere, etc.
Moreover, the mechanical condition of the soil and sub-
soil together with the natural drainage constitute impor-
tant factors in the problem. These will be discussed
further on.

Soils containing an excess of sodium carbonate may
be reclaimed by applications of gypsun1 er hy drainage or
by both. There is a reaction between the gypsuni and the
sodinm carbonate whereby the carbonate is converted into
the sulphate, in which condition it becomes mild, while
the gypsum is changed into ime. Drainagesimply carries
the salt away. Sometinies it is best to apply the gypsum
first and then drain afterward. This would undoubtedly
be the best plan for reclaiming the small gumbo patches
which are found in a fow places in this state. In this
way the humus would be retained and the surplus of salts
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removed without detriment to the land. Such spots
would then become exceedingly fertile and easy of culti-
vation.

It will be noticed that none of the second flow wells
contain sodium carbonate. In the Miller well, a first-flow
well, sodium carbonate is also wanting. This is probably
due to the fact that the water has come in contact with
or has passed through deposits of gypsum occurring in the
water bearing rock itself. This supposition is strengthened
by the large amount of sodium sulphate present. Another
striking case is found in the Aberdeen well where the first
and second flow waters are intermingled. Here the
gypsum of the secord flow well has transformed nearly
all of the sodium carbonate of the first flow, only .010
parts of the carbonate per thousand remaining.

M aeNEsTUN St1.PHATE, MgS0,.— Magnesium compounds
are indispensable to plant life. They form an important
part of the herbaceous and woody parts of plants and
occur in the ashes of all seeds. It is in the seeds, however,
that magnesiuin compounds occur most plentifully. It ap-
pears that calcium1 and magnesium salts act more favor-
ably when they are used in conjunction.

Besides acting as a direct plant food magnesium com-
pounds also aid largely, and to a greater extent than
sodium compound do, in the decomposition of soils to
liberate pntash and phosphoric acid in soluble forms.
Magnesium salts are applicable to all crops. Magnesium
sulphate is used in compounding certain special manures.
It is also occurs to a considerable extent in the white in-
crustations of soils. In such cases, if it is too abundant,
it can be rendered insoluble by applications of calcium
carbonate or lime stone. The lime stone is thus changed
to gypsum while the magnesium sulphate is changed into
the more insoluble magnesium: carbonate.

Macymiuyn CarBoxaTE, MgCO,.—This compound of
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magnesium is usually preferable to the sulphate, especially
where the soil already has sufficient sulphates, owing to
its greater insolubility. This carbonate is frequently ap-
plied to lands where dolomite or nmagnesium limestone is
used. Its actions is beneficial to soils and crops alike.

Carcrey Carnonate, CaCO,—Jime stone soils are
famed for their fertility. It is not strange that this
should be so. Lime improves the tilth of soils, prevents
clay from puddling, promotes nitrification, assists in the
decomposition of soils, and besides all this it is itself an
important plant food. For our soils it is probable that the
carbonate as it exists in our artesian waters is preferable to
burned or quick lime. The amount that may be applied
per acre is large, probably much larger than would be
supplied by artesian waters for years to come. From 2
to 10 tons per acre of quick lime are used and in some
countries this application is repeated every six or eight
years. ILime may be applied to all crops and acts advan-
tageously where the supply of organic matter is fully
maintained. If theorganic matter is not maintained, lime
aids materially in the rapid exhanustion of soils.

Calcium carbonate is also an efficient agent in
sweetening sour and hoggy soils a property possessed by
no other salt of calcihum.

Carcivy StrpEATE, CaSO,.—Gypsum has been applied
to land for many years. Its probable effects upon soils
and vegetation have been a cause of much writing and
speculation by agricultural chemists. So much indeed
has been written concerning gypsum, and so many differ-
ent qualities have bheen assigned to it and so many
theories as to its action have been advanced that even a
brief resume of all these here wouldbe neither possible nor
profitable. Ii is generally conceded that it may act in
many respects like the comnion carbonate ofline, like the
other suphates previously mentioned, and that it may fix
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the volatile ammonium carbonate of soils by converting it
into the nonvolatile sulphate while the gypsum itself
passes into calcium carbonate.

It acts as a stimulant to plant growth in soils where
lime and sulphates are wanting and it may applied to any
crop. But its best effects have been observed upon corn,
grasses and clovers.

Some agriculturists maintain that gypsum aids crops
to withstand drouth. There may e some reason in this
since gypsum confains two molecules of water of crys-
tallization. From this ‘water it is exceedingly loth to
part. So great is the tenacity with which this water is
held that some agriculturists maintain that the plant is
unable to appropriate it. But it may be possible that the
powers of the plant in this direction have been underrated.
One fact concerning it, however, is certain and that is that
when gypsum bas been deprived of any or all of its water
of crystallization it becomes exceedingly hygroscopic, so
much so in fact, that it will soon make good its loss from
the atmosphere if necessary or from dew, rain or soil
moisture. No one is more painfully aware of the hygros-
copic nature of gypsum than the chemist who is endeavor-
ing to find the exact weight of the water free residue of a
water carrying much gypsum. It does not seem wholly
impossible then that gypsumi might act as a water
carrier between the plant and the atmosphere.

In this connection it might be well to mention that
crystallized sodium sulphate. contains ten molecules of
water of crystallization and crystallized magnesium sul-
phate contains seven. They part with this water more
readily than gypsum, and consequently they too might
exert some influence in this direction.

Sirics, S1@,, axpo Ferric OxmE, Fe;®,.—In natural
waters these substances do not occur in these insoluble
forms. But when the water is evaporated they assume
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the forms given here. Our soils are abundantly supplied
with both substances. Both are necessary to plant growth
and since they assume the insoluble condition so readily
there is little danger of an injurious accumulation of them
in our soils.

In the regular course of analysis alumina is thrown
down with the iron; but the quantity of both in any of the
artesian waters is so small that no separation was at-
tempted. Both are reported as ferric oxide.

SOME NUMERICAL CONSIDERATI®ONS.

In the reports of the analyses which follow, the
amount of each salt that each water carries 1s given in
grams per litre or approximately in parts per 1000 at
73 o F. There is no uniform practice followed by analysts
in reporting results. Sometimes the results are given in
parts per 10,000, or in parts of 100,000 or even in parts per
1,000,000. Should it be desired to reduce the results given
in this bulletin to any one of the other ratios it would
simply be necessary to multiply thetn by 10, 100, or 1000
as the case might be.

Again some analysts report results in grains per Im-
perial gallon. The results as given here may be reduced
to that scale by multiplying by 70. Again if it be desired
to reduce the results as here given to grains per U. S. gal-
lon, that may be accomplished approximately by multi-
plyiug by the factor 58.3296, since the U. S. gailon of
water at 60°F. weighs 58.329.6 grains.

But for some purposes it is simpler to report results
in parts per 1000 since it simplifies computations. For ex-
ample if we wish to determine how many pounds of
residue per acre the waters of a well will furnish the soil
when a certain number of inches of water are used for
irrigation purposes, the results may be obtained by multi-
plying the total solids of that water first by 2, then by
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113.17, and then by the number of inches of water applied.
The result obtained is so many pounds per acre.

The chemical terms employed in the analyses have
been already explained. It might be well tosay here that
the salts are reported in the anhydrous condition. The
following data are given to facilitate other computations
that may be desired:

1 gram-15.432 grains,=.03527 oz. avoirdupois=.03215
oz. troy.

1 litre=33. 8149 fluid 0z.=2.113 pints.

DESCRIPTIONS AND ANALYSES.
YANKTOX (WHITING) WELL.

This well was put down in the year 1893 for the pur-
pose of irmigating Mr. Whiting’s nursery. The well has
uever clogged nor thrown sand and the water is bard and
very clear. First a 4} inch casing was sunk for a distance
of 185 feet. Then the bore of the well was contracted. A
three inch pipe extends from the top to the bottom of the
well lackmg twenty feet. The last 22 feet were perfor-
ated. The drilling extended into the water bearing roclc
for a distance of 85 feet. About three smaller flows were
obtained before the large flow was reached. Some think
that by going deeper still another flow may be had, but
this is merely conjecture. The analysis indicates second
flow water. Mr. Geo. H. Whiting, the owner of the well
furnished the information.

The altitude of Yankton is 1196 feet above the sea
level according to rail road surveys. The mouth of the
well is about 3 feet higher. The well is 521 feet deep and
the bettom of the well is about 678 feet above sea level
The pressure is 49 pounds per square inch when the well
is closed. Mr. C. S. Fassett, State Engineer of Irrigation,
estimates the tlow to be from 300 to 400 gallons per
minute, but the flow has never been measw-ed.
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For irrigating purposes, the waters of this well are
among the best in the state. The residue of solids carried
by this water is less than that of any other well analyzed.
The piping in this well is galvanized and this will make it
one of the longest lived wells in the state. After stand-
ing a long time the water from this well deposits its iron
as a reddish precepitate.

No log was kept for this well but the strata do not
differ much in all probability from those encountered in
the Carr and Ritchie Mill Well. The log of that well is
appended.

*LOG. CARR & RITCHIE MILL WELL, YANKTON,

No. KIND OF ROCK. TRkl Sral,
ness.

1 |[Snil, sand and gravel 38 38
2 |Chalk rock 62 100
3 |Shale 26 126
4 |Hard rock 4 130
§ |Sand (rock) 34 | 164
67/ [Phaless: 20- 65 | 229
7 |Sand (rock) 25 | 254
8 [Shale 135 | 3%
¢ |[Sand and clay, sand water bearing... ....... 100 489

10 | Water bearingsand(rock).................. 106 | 595

*Vol. 4, Senate Ex. Doc. 1891-2.

8ince no uniform practice prevails in combining acids
and bases to form salts, the bases and acids will be re-
ported as well as the salts.
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YANKTON (WHITING) WELL.

t'arts

BASES ANBD ACIDS. per

1n6g
Suly huric anhydride, SO L CREBORE | oo e £ AR A . 7860
Chlerine, Ci... BEEAL SRS L ST S R R | BT T
Ferric oxide, l‘e,Oa ........ R OIS I e .0032
IETeNECaO). . . S5 ... SE O el 4304
Magnesia, MgO.. 1054
e o) AN B S T g0, o Ul T L e LOT0
Seda, Na,,() .......................................... 1384
Carhon'dioxide'C Oy v . - . o S b S R .0548
RO an - - o e - e D S .k Dassgees il 1, 62548
Oxygen displaced by chlerine. . .. .. .. ... ... ......| .o225
Total basesand acids..............................|1.6023
Tetal solids by evaporatien.... ... ... e anae el ol 117652

Lithium, strong traces; potassium, traces; free am-
monia, trace; albuminoid ammonia, none.

YANETON (WHITING) WELL.

Parts

SAFTS. per

1080
Sodinmichlonid e ia @ Sy . 1643
Sedium sulphate, Na, SO ... oo oo it 1172
Magnesium sulphate, !\-‘IgSO‘. e M RN N .3160
Gaiciumisulphalte, GaSO, .. . .. ool aa LB e e ] 8700
Calcium carbenate, CaCO ............................. . 1246
SHiCa,NSTOE v S w5 AN A T B e B 0070
Ferric oxxde, Hes @ vt Sy SR L. A s e .0032
FlotalilEalts e | vt Nl e R B B IR L e, oG 1.6023
Total selids by evaporatton. ... L. ..cocieeue oiaenanas, 1.6052

TYNDALL CITY WELL.

This well was constructed in 1888 and it supplies the
city with water. It hasnever clagged nor has it been re-
paired. It kas thrown but little sand and none at all for
the past three years. The water is used for all domestic
purposes (except washing) and for watering lawns and
gardens. One weak flow was passed before striking the
one inuse. The analysis showsthat the water comes from
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the second flow. There are upwards of 40 wells in this
county. The water comes through a 4} inch common
iron casing extending throughout the whole depth of the
well. The information was fumished by Mayor V.
Kabena.

The altitude of Tyndall is 1418 feet and the depth of
the well is 735 feet. Consequently the bottom of the well
is about 683 feet above the sea level. The pressure is 39
pounds per square inch and the flow is 530 gallons per
minute. The temperature is 62.6° F.

By long sedimentation this water deposits a reddish
iron precipitate.

The Log of this well is as follows:

*1,06 OF TYN®ALL CITY WELL.

Ne, KIND OF ROCK. 1::;1" Tetal.
i |Leam........ gt ool - B L A s L 4 4
2 WiVielowiclay i o amial | 40 44
3 |Blueclay, 171 215
4 |Shale..... 100 | 3Ig
Sl ardirecK IRl e g Sitne. TR 323
(8 1508 0 Biao 5 oBilc B B0 0608 Bo oo ook s ak an il 81 ERDA
7 [Sand(rock)...,...;.............4,......4.| 6o | 437
R S i 0t 5o a5 06 6 0 a0 b b0, b ROBo8g ank - .| 243 700
g9 'Water hearing sand reck.... . ... o 35 735

| (Stopped on quartz). |

*Vol. 4, Sen. Ex. Dec. 18912 .
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TYNDALL CITY WELL.

Parts
BASES AND ACIDs. per

1000
Sulpburic anhydride; SO, .... ... ........ ... . ..., .9842
Chlarine, Cl.; SN SRS r = n e on . L . 1478
5ime,ACA0 )1 SEAN L Isa i L o P2 i AT i = .5118
e esial (Vo0 St R SRS S R B | [ 1534 6
IBernicloxide, dEe 2 @ sl R IR R L Fl s RN N s .0246
SHICTDSIO . gl S @ilatill ¢ ! 0 DN E AR DG .0076
S R ACEUR B T e I A Sl - - o 0. o o 1732
Catben dioxide, GO SR WIS E o [ DN L0 RIS B IEAL .0398
e e, S o miioney A & LRl B L 2.0236
Oxygeu displaced by chlorine...........ooovii Lol il o383
Total basesandacids. ... ................ ... ...... 1.9903
Total solids by evaporation...............o..ooooon. 1.9938

Lithium, strong traces; potassium, traces; ammonia,
free and albuminoid, none.

TYNDALL CITY WELL.

arts
SALTS. per

1000

Sodium chloride, NaCl..... SR T QR N TR AT A .2438
SodiumisulpiateliNa SO TR 8 R R el . 1002
Magnesium sulphate, MgSO,....oo v iiiiiiii e, .4036
Calciumisnlphaies€aS O REr R g el e e AN Y 1.1199
Calciumicatbonate; dCaE@ -l s S N Cea R ¥y e e .0Q90j§
IEreraichoxid e e (0 S Ny Sy R P TR Bt S AN .0246
Silica SiOg ... cvv..... ESORRRIRORE ) 471 [T TS LB I 0876
TotalEsallts , oo ornortd ol bee - dum o B0 ANELE TN Fe ) 1.6902
Total solids by evaporation...........coooiivi.... 1.9938

ARMOUR CITY WELL.

This well supplies the city water works. It was
drilled in 1890. The water is used for all domestic pur
poses; in fact other waters are not much used in Armour.
The well has never clogged nor thrown sand since it
cleared itself the first week after it was completed. At
this time it threw out about one hundi'ed loads of sand.
The water is hard and very clear and the analysis shows

LSO R
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that it comes from the second flow. Upon long standing
it deposits a reddish precipitate of iron compounds.

An 8-inch casing goes down about 400 feet. Inside,
a 6-inch pipe extends from the top to within about 70 feet
from the bottom. This last 70 feet is not cased. Mr. B. F.
Boylan furnished the information.

The pressure of this well is 57 pounds per square inch
and the flow 18 1600 gallons per minute. The temperature
is 68.3° F. The elevation of Armiour is 1514 feet. The
depth of the well is 757 feet and the bottom of the well is
about 757 feet above the level of the sea. The log of the
well is as follows :

*L0G 0¥ THE ARMOUR CI1'Y WELL.

v Thick-

No. KIND OF R@CK. ——y Total.
Tl SR SokRiE oS o & PRI e Eoptare a0, 1 1
2 |Yellow clay (sandy)}.........civviveenvnnnn. 39 40
giatBluelclayitigreasy it o L d 47 87
Ay 0t dralle, T o Se e amoo o ¢ 0.6 A0S0 8860 866 Boto 119 | 206
SimliBla’cleshallels . R s SN SN R R U N M 255
o/l flGhallkirockes, o, 20 o . BN TR YW e S s 52 307
s imlerockafiblue), S Al s ity e 26 333
S H|Viéllowrsandirock .. 5. ook - armat b s S 25 358
9 |Yellowish sandrock soft.._..... ........... 10 368

18| ‘|Grayisand reck verysoft. .. .0, . ii0 8 a0 S0l 22 | 390
IOl BIuG s hal €SS RN L G B e ter gl LA LE] S0 440
28Snapfstonel 5% S CRUEE D0 K e e e 25 | 465
1398GRay shale. .. DAL L o e e 58 | 523
g Al Blle shale s, nt. e oo stoors St ot & AL HUTAET 83 | 606
1§ [Lime roek (yellowish)..................... 25 | 631
£6l |Biueishaler. o lawn. w0 S0 e s 6o | 691
17 |Layersof sand andshale................... 10 701
i8NS aridirock (pure)l LSl S e 56 | 757

*Vol. 4, Sen. Lx. Doc. 1891-2.
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ARMOUR CITY WELL.

Parts

BASES AND ACIDS. per
i0®0
Sulphuncanhydnde. SO, oy O B L SRR o, | 4@ i)
Chiorine, Cl. . g, b L b i L o e, (XL
Lime, CaO........ B 55 oo oS AR o o e .5214
Magnesia, MgO.. .. ... ... ... ... ... ... ... S| 1671
HegricJoxide, [HicT O RN L S~ = 'y .0i22
Silica ST e . il e . Ll e ,0090
Soda,Nn,é) P e . . LB + o . ol PR IR O
Carbon dioxide, CO ............................... .0684
ilotaly LGN 37 SRRV 0T . b0 Ll T B 2.1786
Oxygen displaced by chlorine. ... .. ...... ... .....| 0394
Total bases andacids........ ........ ... ........|2.1362
Total solids by evaporation. . ....... ............... 2.13%36

Lithium, strong traces; potassium, traces; free am-
monia, trace; albuminoid ammonia, none.

ARMOUR CITY WELL.

Parts

SALTS, per

1000
SadinmfChlonide, JNa € 1S e S A S A was| 2879
Sodium Sulphate;, NagSOl ... 0 cuny o aiiil o e .1186
Magnesium Sulphate, MgSO,.. .. .................. ....| ,50II
Calcium{sulphareiCaS () RN s e e 1.0550
Calcium carbonate, CaCOy................. L e L1554
IR0 O [HC O 5 0 008002 & ol o do o - b 5o . 6 30 B e & 2| 0122
Silica, SO EEEE S S e ,0090
ota] 15allTsfais 1o e et PN R 10 DS S 2.1392
Total residue by evaporation. .. ................... .. 2.13%6

CHAMBERLAIN MILL WELL.

This well was constructed in 1890 for the purpose of
supplying power to a flouring mill. It answered this pur
pose admirably, but it is thought that the bore through
the cap rock was too large for the pipe. This has
caused a leak around the pipe which necessitated repairs
this season. The leak is nearly closed but the repairs are
not completed at this writing (November).
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This is an eight inch well throughout and it yields a
flow of 5000 gallons of water per minute, with a pressure
of 95 pounds to the square inch. But the pressure varies
somewhat depending upon the leakage. The water flows
clear and comes from the second flow having a tempera-
tireof 71.6 @ F. This water deposits a reddish sediment
of iron compounds upon standing.

The altitude of Chamberlain is 1370 feet and the well
is 600 feet deep. The bottom of the well is about 770 feet
above the sea level. Mr. Hopkins could obtain no in-
formation concerning the rock passed through but the
strata could not vary much from that of the city well
which is given below in a condensed form. The city well
is on a high bluff while the mill well is lower down and
close to the Missouririver. The bottom of mill well is in
open sand rock. In this respect it differs from the city
well. There is also less over lying clay.

*LOG OF CHAMBERLAIN CITY WELL.

No. KIND OF ROCK. T;::;( Total,
) FSToTA RS S e e | LIS s S AL Bl 3 3
2 Clay ¥ o el S A Gl e N T it A 107 110
SIS o e b & sl BaBe G AL A Ad08 B8 A4 b 15 | 125
QI Shallen P8, Sox INTS L0 bt O s, S L) 30 | 135
& || ClolR TR $t5e 4« 560 vam 0805 458 50 06604 besd 260 | 415
6 |Shale e 85 200
1 | R T R e S e Fol 0 S vk B S LS S o A 21 | 521
8 |Sand rock..... 17 538
o S, S e SO N6 S A TR0 ol 12 | 530

10 [Shale with layers of soft sand. ..| 80 | 680

NS [ShaleSet 1.7 9, 8 1T SRnlel v I (& 1 T o

12 [Iron pyrites and sand, first flow. Al 3 716

LES | STmlSrociae s, 1, Lpli 0L, P LSOV NPT )

AT 1 Shales Sl SRSl L 1 e e 38 | 738

15 |Sand rvock, second fAow..... 2 788
16 [Sand rock 15 | 7%

Sl Shaleprel Lo, T e ks » |78

I8 |[lron pyrites, sand shale.... ................ 5 | 185

|

*Val. 4, Sen. Ex. Woc, 18g1-2.
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CHAMBERLAIN MILL WELL.

Parts

BASES AND ACIDS. per

1000
Sulphuric anhydnde, SOs ............................. 1,0440
Chlorine, CI.. L | R R U 1 [01
PimegCaOA SR EEASN IR N ril .455¢
Magnesia, JM g @I R o R e e e o o meme & ST L L1370
[ CEaIE) T AOe0b 0606105 05 50008004 48 360 60 90 9600 L0116
S SO S e so8 a0 « oo o bt Seik oo oRAGE 5 ok It - Oty (1 0
S ORI (9)5 5 00 0 060 06 566 50 ¢ 510 oM & RIS HB S S A oo ab 6 . .25136
CagbonndioxidMIGE EF B0 I 5 Fonn s a ity Sl Sk | .u6u2
Totall 1SN ra e WA 150 e Ll L L IR ESE o8 2. 10413
Oxygen dlSplaced by chlorine. k. .., =2 & HEeil TS, o .02.16
[Lotal'bases andiaeidst. FEtd s 80 BL L Ui o N LR I ARE 2.0850
Total solids by evaporation. . ........ocooe cuioenn.. ] 12,0826

Lithium, strong traces; potassium, trace; ammonia
free, trace; albuminoid ammonia, parts per million, .02.

CHAMBERLAIN MILL WELL,

i Yarts

SALTS. | per

1000
Sodium chloride, NaCl........ ... P et S g g S ce.. | 1800
Sodium, sulphate, NaSU ... ..o vl [ 3618
Calcium suiphate, CaSO .............................. 8420
Magnesium sulphate, MgSO ............... R S [ .4735
@alcium garbonatelnCGaG D!, AN S E g N L1573
Herricioxide,tFes €8 LN R ROy s S et e A 3. AL
STlica S 10, AT L et SL R e s e e ]
Reba Tsaltey . e N e Lo e e 2.0850
Total solids by evaporation....................co... 2.0826

KIMBALL CITY WELL.

This well was drilled in 1886 for city uses. It has
never been repaired and has never thrown sand worth
mentioning. The diameter of the well is 6 inches at the
top and 4% inches at thebottom. It is not known whether
the pipe extends to the bottom or not. In drilling this
well the first low was reached at 967 feet and the present
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flow at 1002 feet. It is claimed that in other wells
another flow has been found about 90 feet deeper.
Mr. E. P. Ochsner gave the information.

The temperature of this well is 66.9 °F. And the
analysisindicates a second flow well. The water yields
the usual deposits of iron compounds found in other second
tlow wells. The depth of this well is 1067 feet and the
elevation is 1823 feet, making the bottom of the well 756
feet above sea level. The closed pressure is 22 pounds
per square inch and the fiow is 300 gallons per minute.

*LOG OF THE KIMBALL CITY WELL,

| . [Thick-
No. | KIND OF ROCK. Vs Total.
e J| i
T RN RN RIS " 8 |
2o q|@uictcsandE PR RE 1 A e 160 | 330
3e [ ShaleB SN Pl e ie o S5 e e B0 IDA0
4 |[Sandrock........... o B e if 20N [HA960!
59, 2iSi[s el ot e A S OMERD 4 O OB Ra st on T 20 | 90
6 |tardrock.............. A 8 | 988
7. Sofysandirock. . . Ll ao. bl L el 080, (111068
*Vol. 4, Sen. Ex. Doc. 189 1-2.
KIMBALL CITY WELL.
| Parts
BASES AND ACIDS. per
1000
Sulphuri€ anhydride, SOg 1y st d bl e Suls ci oL oo 5 11210698
Chilopine RGN ey § ol fn e, o o Sl S i et 1023
ISimey Ga@F Al o . LA L. B S T e i D277
MagiesiaSMp OB RS, Al oo v or e oot Tk < AP . 1612
P55 Y 1lEo 190 0 ab 0 0 006 b o aIoBR A Sbdos a0 70306 860 6 g6 6 0090
S SO 50 RO TR P T ST e P Sl [ 9T ] o 0072
S0day NaS@IERESR o ol ok e Gl T e g .1861
Carbon dioxide, CO,.......... R T R .0720
ok ity se MU n . L T LR R 2.1333
Oxygen displaced by chloring . ...................... .0231
Totalibases and acids. v - ... . i . e h s 2.1122
Total residue by evaporation. ....................... 2.1166
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Lithium, strong traces; potassium, traces; free am-
monia, trace; albuminoid ammonia, none.

KIMBALL CITY WELL,

Parts

SALTS. pec

1900
Sodium chiovide, NaCl................. ... ... ....... 1688
Sodiumysilphate,[Na, SOUIRREIEE. N e L S8 L, 221
Magnesium sulphate, Mg§0, ........................... 4834
Calcium sulphate, CaSO,................ s g 1.05¢2
Calcium carbenate, CaCO,.... ... ... ... ............. . 1636
Ferric oxide, Fe,O,.... .. .. R R L W . o 1, .C0%0
STlCTRSTCOPPFR S S80S ri . o i s 0072
otalisaltss: SN SR o 0 e L A N SRR A28
Total soligshy evaporation.... .. ... ... . ... Ry EZ .1166

WOONSOCKET CITY WELL.

This well was drilled in 1890 for city uses. When
tirst made it was cased with 6-inch casing down to the
cap rock, a distance of 680 feet. The well was shut off
entirely in the fall of 1891. Upon opening an immense
amount of detritus was thrown out and the flow has
never reached its original volume since. When first
opened it flowed 3300 gallons per minute. After much
difficulty the well was repaired by inserting a 4 inch pipe.
Since that time the water has been nearly clear. |t comes
as has been supposed from: the second flow. But the
analysis would scem to indicate a first tlow water that
has been transformed by coming in contract with beds of
gypsum. The large amount of sodium sulphate present
hardly seems probable in a pure second tlow well.

This is about the only water used in Woonsocket.
Its temperature is 61. 5 < F.

This well was faulty in construction. The last 41
feet should have been cased with perforated pipe. Had
this been done no doubt the well would be running.
through the original 6 inch casing with its full force. The

i/\ \ p 1
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original pressure was 153 pounds per square inch, but this
has fallen off to 130 pounds. while the flow has diminished
nuder the altered conditions.

The altitude of Woonsocket is 1308 feet and the well
is 725 feet deep which leaves the bottom of the well 683
feet above the sea level. It will be uoticed that the bot-
tom of this well is about 73 feet lower than that of the
Kimball well. TIf the flow be a first flow the dip of the
water bearing rock from Kimball to Woonsocket must be
over from 100 to 150 feet in less than 50 miles. The sedt
ment formed in this water by long standing was slight but
different from that of the other second flow wells. It had
some iron, a little sand and a little clay. The two latter
could be accounted for by the faulty construction of the
well, but the iron compounds were not so prominent as in
the wells previously noted. But the chlorine., lime and
magnesia. present seem to indicate a second flow well.
It is possible that the waters consist of both flows.

*1.06 OF WOONSOCKET CITY WELL.

No, | KIND OF ROCK. .T':'e'::‘_‘ Total,
L ISoil and dlay. . qh. h3 0.l duae ... WieaGa| WO | 119
2T hal O R =3 5T 05006c059 2{0 | 350
3 |iron pyrites (softsandrock)......... el A 2 | 382
4% TShallc, . SPR I INTUEIE  « SIS 4, 0. 180 | 532
d |Hard sand rock, iron pyrites oliEL] I 30 | b62
BYIIShale M IR T S i I e Nt P - 118 | £80
% ldlardsundeaproek. ... ... ... ..., o ey 4 @ 684
8 |Soft sand rock (water). ... ... .. iuu.n. H 729

#Vol. 4, . S. Sen. Ex. Doc. 189¢-2.
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WOONSOCKET CITY WELL.

| Parts

BASES AND ACIDS. per

1000
Sulphuric anhydride, SOy [, . oo i | 1.6080
Chiorine L CURSIE LIPS S Rl N . . % . ! ni o b oa! | 0684
CF 08 @O o AL 0 0 500 o8 5 6 ob Bo o o8 IRMBRERN 10 o o 5%, ¢ .3120
Japnesia, MO EEIME coln 4L Lo ke Lo DAL L1234
Ferricloxide,NEe QRN i S s S s 0072
Silica, SiOg...coueunnn. . L LICALTIRS LRI | Sl 0256
Soda, Na,O........ T R I 0 o0 4u70
Carbonydiox1deRCOIEMEBEE SORE S L B il o Tt Rrps: KUl i
Total. ..... R o n. ... 3. - NP eE . Fhax P TRER 2.0243
Oxygen displaced by chlorine ... ..... ... ... ..... .015¢
Total bases andacids...........c....ooooee oone. .. [2.0087
Total residue by evaporation s T e - A TSRO 0100)]

Lithium and potassium, traces; free ammonia, per
million, .06; albuminoid ammonia, none.

WOONSOCKET CITY WELL.

Parts

SALTS. per

1¢¥10
Sodium chloride, NaCl. . .. ..ottt iiiniannn. soacods L1128
Sodwm sulphat, NagSO,................ ... ... L1941
Magnesium sulphate, MgSO .. ooo.oot ot oot 3701
Calcium sulphate, CaSO,.... ............ BAP e, el .836)
Calcium carbonate, CaCO, . ... ...l ooa... . 1630
Ferric oxide, ¥egOg. oo oovin ... e P ey o) .0072
ST S 0 580 0506 00 SEHE 6 QOB 000 - 0 S 8E: o 3l 1000 = e 1 I00298
otaligale xS e SENE et Nl | rp seh e ey :2.0088
Total sulids by evaporation...................... ... 2.0100

EAST PIERRE INDIAN 8CHOOI. WELIL..

This well was sunk for the use of the Indian school
located at Bast Pierre. The purposes for which the water
isused are to supply the ordinary needs of the school and
toirrigate the large gardens in connection therewith.

An eight inch casing extends down 475 feet into gray
ghale rock. W ithin this is a 6 iuch casing which extends

:',.I
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from the top of the well to within 30 feet of the bottom.
The pressure is about 166 pounds to the square inch and
the tlow is about 900 gallons per minute. The temperature
of the water is 91.8 ° F.

This a first low well and its waters are uuique. It
carries a larger residue than any other well of the twenty
analyzed. Its waters are charged with methane gas and
they also carry au enormous quantity of ammonia for a
deep well water. But this ammonia does not militate
against the pnrity of the water. since it probably owes
its ovigin to the same causes that produce the methane.
The strong tlow of gaswas fouud iu No. 13, at a depth of 800
feet. Otherdeep wells arereported as carryingsmall quau-
tities of natnral gas which probably come from some coal
measures of very limited extent. This water is further
remarkable for the almost entire absence of sulphates, the
sulphates being replaced by chlorides. It is extremely
doubtful if this water proves of value for irrigation. The
large amount of common salt and sodium carbonate point
in this direction strongly. Its greatest value will pro-
bably be found in its uedicinal qualities.  Another well
has been opened at the Locke Hotel, Pierre. The waters
are very similar to those of the School well. The East
Pierre water gave no sediment upon standing.

The altitude of Pierre is 1440 feet and the bottom of
the well is 248 feet above the level of the sea.
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*LOG OF EAST PIERRF. INDIAN SCHOOT, WELL.

No. KIND o1 ROCK. T:L"k Total.
S,

x| Gumbo, BEEATURT . CSRIRR IR || S0 ), el 10 10
2 |Yellow clay Ssandy) ....................... 24 33
3 |Blue sandy clay PO RTINS B e o - 20 58
4 |Blueclay.. ... C 1N R L 17 | 72
S HGraylshaie  SSuag il LS Do MY qgesins 20 9z
6 |Blue shale wath hard streaks of rock......... 88 130
i DR R Go0r a0 a0 30 G070 5 BO00E e 70 250
& |Blueshale........... - aadics S o EE 08 A I 3 320
G [EEESEIER 00 G0 00 0k 50,0 JATE A A6 0K o 6 A 145 | 465
10 |Blue lime stone very hatd. . ............... 3 468
17 |Gray shale. darkcolor................. T2 600
128 BiuEishal el SRSNEEasF R S S s 110 710
13 |Bark gray shale. ... ... o[ P R T 160 | 870
14 |Yellew limerock...................c...... 5 ‘ 875
15 |Blue shale sticky..... ... NN e, 5, TIN5 45 920
16 |Blueshalecavey. ... ...................... 9n ioln
17 |Blueshalewith streaks of sand and lime. . . .. 140 1150
18 |Sand rock. white, main flew. ... ......... . 20 | 170
tg IShale light color.. ... .. .. o - . SRR 22 1192

¥1893 Rep. State Fing. Irrigation.

EAST PYERRE TNDIAN S8CHOOL WELL.

Parts
BGASES AND ACIDS, per

1000
Sulphuric anhydride, ($O4, ... .. ... Lol traces
GhlerinedsGl . Al L Lk e e, e e e o 1. TOE
[ ime; N Ga Gl o s ki n o 5 TEE o dorr o o ol X © - (432
Magnesia, MEO. . ... oot i e | 0024
Ferric oxide, Fe, O ............................. Al L0051
e O U 0 A SRS 0122
"\Odd.N'l,U ............. L Lo b b hon 8 B O8 od aoan obb o 1R
Carbon dioxide, COg. ... ..o i 2734
FTotalieNs DR e Wl L N el en, 3.859h
Oxygen displaced byfchlorine... ., .. ........... ... .. ... . 3834

Total basesand acids......... ...........oeveven.- .3

AT6(
‘Tolal'selids by evaperabion ... . .o.o.iovitivvriaavann 470V

Lithium, traces; potassium, strong traces; free am-
monia, parts per million, 6.05; albuminoil ammonia,
none.
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EAST PIERRE INDIAN SCHOOQIl. WELL.

Parts

SALTS. per

1000
Sodium chloride, MaCl. ... ... ... . .......... c... | 2.8052
Yodium carbonate, NagCO,...o v voi ool BT
Magnesium carbonate, MgCO, ... .. . ............ ... |05t
Calcium carbonate, CaCOyq. ... ... ool o [ 0771
Lerric oxid e Hies O S U e L A e S 3 L005H4
Sitica} SiQFEhE RS TN Y Ealo ARG BO0 e . & SEeey Pl 022
USE FALE o on wha0 8 HHE5 5 o o 0 q d Fa S 6 ces &' 8o llc d - 3.4760
Total residue by evaporatien ............. e [ 3.4TH0

HARROLD CI'TY WEI..

This welt was sunk in 1888 for town purposes. An
8-inch casing extends down 405 feet from the top of the
well.  Within this a 6} inch pipe extends downward from
the top 1002 feet. 1n the bottom of the well there are 5:50
feet of 33 inch pipe. the last eighteen feet of which are
perforated. The well has uever been repaired. 1t clogged
with sand in 1889, but it was readily opened by means of
an iron weight on the end of a rope. 1t has thrown some
sand but for the past vear or two the water has been
clear. Mr. W. A Lichtenwallner gave the information.

The altitude of Harrold is 1801 feet and the well is
1453 teet deep, making the bottom of the well about 344
feet nbove the level of the sea. The temperatire of this
water is 449 F.  The closed pressure of this well is 27
pounls to the square inch and the flow is 84 gallons per
minute. This water gave no sedimeni after standing.
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¥1L0G OF HARROLD CITY WELL.

I
No KIND OF ROCK T;Tf}"'[’ 1al
= —— — —
Py (ol Siis, oe . el S by o L
2y (| YViellowiclay oo Jr R REL oot ST T 38 ‘ 40
3 |Blueclay...... R e (e TR LI ()
5 HHOWIREL IR oyl i ey Te 1 al=s
5 |[Blueshale............. ... Lo ..-| 155 | 280
6 |Limestone.... . ... ... ... ‘ 2 | 282
7 |Blveshale........ ... ... 1.8 | 430
8 |Gray shale, streaks limes:one. . ... «......... | 100 | 550
Y |Black shale. s Bl B b AR o AT Al i)k (D)
i) |Black sandy shale.... . .. iiieeieee | 140 | T4
1l (Gray shale.. ........ ... ......_._...|160 | 900
128 | Bluelsha IS SMepiEe = PSSl Sar by 40 1300
13 |Blue shale, streaks limestone. ... ....... ... 133 |1433
14 |Lignite. . A 2 1435
15 [Sandstoue main flow ... . oore e 16 1451
163, | Brown Shaller. e s oo ot Soia ol asies o e mriis St | 2 1453
*Vol. 4, Sen, £x. Doc. 1891 2.
HAROLP CITY WELT..
Parts
BASES AND ACIDS. per
oe
Sulphurie anhydnde, SOMS. ol et S e IS e 2562
Chlorine,[Cl. . e My I S i et o f
e GaOh e 215, A1 Ty, AT = o L b £ i .0160
MaEnesiagM g2t LR o T o e N .0274
EerfigfoRide;iF eg@ HEE LNV al o astedin il P |, trace
T I W B O S m e S L 022
Sadle Wia Q) 5 e 576 a0 Blalo ot CATALIRE - BabE0 s B3k 6 ot a2 o8 8482
Eavbopkdinxide NEOWRANE 9 LN ' SSp PGS ST, 2010
JeGoiA | U8 IR SECA NPt TN T [ el o A 1.8477
Oxvygen displaced by chlorine.... ................_.. 1098
iotal basesatdNacidsh Mpi R et e S s e 1.79379
Total solids by evaporation. .........c..c. ... .... 11,7456

Potassium, faint trace: lithinm, trace; free ammonia,
parts per million, .02; alhuminoid ammeonia, parts per mil-
lion, .02.
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HAROLD CIlTY WEILL.

Parts
SALTS. per

1000

Sodium chloride, NaCl........ ... ....... LI RRCR 8029
Sadium carhionate) Na GOt on . gt oL SRR SR 3817
Sodium sulphate, Na 5O . ... .. oo o00 oL | 4530
Magnesium carbonate, ‘vIgCOg .......................... 0375
Calcium carbonate, CaCOR ............................. .0286
ST RIS 1@ TS ANE TETp I Tor KA LR PR v S e 0122
Total salis....... N N P s =S ST ST Y
Total sojids by ev aporanon ,,,,,,,,,,,,,,,,,,, ca... | 1.7745B8

MI{LLEE TOWNSBIP WELL.

This well is a new one and was completed in 1894.
The water is used for watering stock, for all domestic pur-
poges and for watering lawns, trees and gardens. Thus
far it has proven very satisfactory. 1t has not clogged nor
thrown sand to any extent. .A few grains of coarse sand
were found in the sample analyzed, bnt no sediment was
deposited by standing.

The pipes used in the construction of this well are as
follows, each extending from tiie top downward: 213 feet,
6-inch; 680 feet, 44 inch; and 1106 feet, 3-inch. The bot-
tom lengths of the inner pipe were not perforated. "Fhe
well is situated in the c¢ity but it is owned by the town-
ship.

The altitude of Miller is 1586 feet, the depth of the
well is 1134 feet, and the bottom of the well is about 447
feet above the level of the sea. "L'he ¢losed pressure is118
pounds per square inch and the tlow is 363 gallons per
minute. The temperature of the water is 79.8 ¢ F

The following log is taken from the report of Clom-
missioner A. 3. Ober to the Miller tow nship board. He
concludes his xepoxt; by saying: “Making the depth of the
well 1139 5-12 feet.” Butit appears upon adding the thick-
ness of the difterent strata that there is a discrepancy of 52
feet. Just where the discrepuney exists, whether in the
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thickness of the strata or iu the depth of the well T have
been unable to Jearn. This well cost 32 830.50.

LOG OF THE MILLER TOWNSHIP WELL.

2 i Thick-| .\
No. | KIND O} ROCK. ets, I'otal.
| (B A O S B B St A8 AP R 43 5
2 |Sand 3 18
3%, [Clag, "Rt Sl AR O R e 4 22
S S0 i sl X oo it o 0.0 d o g o o R MR 5 37
S | Sand and(Clay, SERRERy B iy TR A 26 53
(B LGSt ma A s A AR T R N o - 10 63
7.1 Sand N SSENusRa Pt Sy Sy B e oS 20 83
8 |Sand blue clay .......... 5 ccacoo@obs odec 62 | 145
9. W akerbearimgisardup BE L DA SRR 12 157

o |Lightsandy shale., ., .. .......... . . .. .. 240 397
e [Sonpli i Y, A s 8. TSRS SR e, | i3 400

128 Sagdiysales B 5ol ol o e e coesd ) 00 || 4T@ “
3 Bl Daldesalelr - 5 s e e e 130 | S40
T Chashiatelil . 5 NS e~ S LAY 1t5 | 655
f5hg DARRRS I S-S Sl TR Loy e AR 121 | 776
O il SATMHRE QG B0 B o e o e 3 779
I Seappsrones s ¥ w . Bt e . i 1w 169 | 948
18 [Sand reck and iron pyrites .. ... e e sl Ifs| 949
19 HIShATCEREERERF S 05 SULLRG L. 0 . J 918 MR 20 | 969
20 |Blueshaleand lime rock, ., ... .. .......... 54 |toz3
21 (Sandrock........... e - Y IR R neAg
22 |Shell rock and iren p)ntes A | 23R R 10 /6
23 9 |Caprock oo - s e e e e e s 10 |1063

28 I WitterbearingrSehe S Gl b o 24 %1087,

MILLER TOWNSHIP WELL.

P Pars
BASES AND ACIBS. per

1000

Sulphuric anhydride, SO, ... .. oo cooi i | 9667

O ORITE TR, ialt . [ ioke o fod oW ol Ko - iore B 55 o oo o oo obo]. /8 .0910
T T O (0 e o e T o (ROSRR U ST o BN - B h [ i | { LV 3 1683
MatincsiaSg i @ REEERE T3 5 i e I RS ke e .0886
RepFictoxideBEe] Oaime Son LA L Saaan oo s P . trace
Sl eryRSHTOIN T R IR S ok SRS S anil b e 0042
Seda, Na O Yo J RN Gy e B L, S .8156
Carben dloxlde, CO ................................... 10935
Tatall. T B o S Tt . oo ah e R o, 2.0529
Oxygen displaced by chlerine . ........... ......... 0205
ilo il E S ESEan tRalGic apat AR RN S 8 L R o 2.0324
Total residue by evaporation . .................... 2.0390
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Potassium and lithium, traces; free ammonia, parts
per million, .03; albuminoid ammonia, parts per million,
.04.

MILLER ‘'OWNSNHII’ WELL.

Parts

SALTS. per

1000
Sodium chloride, NaCL........ ... ... .. ... ...l . 18V1
Sodum sulphate, Na,SO, ... ... ........ i 1.2265
Magaesium sulphate, MgSOU, . ............. ... ... 2657
Calcium sulphate, CaSO, .. .. ... .......... ..., . 1884
Calcium carbenate, CaCOyq.........00 i itien vaeenann. 2125
Silica RSO I R it Ly, o N i Ny s 8 | .e082
fliotalfsal to R R e e o & ik 1o - 3% LRt v T0g2s
‘Total solids by evaporation. ., . .....................[2.08%

HIRON (RISDON} WELL.

This well is situated a short distance north of Huron.
It was coustructed in 1841, 1t was smk in bopes of ob-
taining natural gas. At a depth of 960 feet the strong
flow of water encountered prevented further work. An
8-inch casing extends downwands 703 feet and within this
a 6-inch casing goes from the top to within 58 feet of the
bottom. The well is 960 teet deep and the elevation is
1290 feet making the bottom of the well 330 feet above
sea level. 'T'he closed pressure is 165 pounds to the square
inch and the tlow is 2250 gallons per minute. This well is
supposed to be capable of developing 100 horse power and
of covering 20 acres 6 inches deep every 24 hours. The
well is umder litigation and is not used at present. This
water deposits the usual sediment of iron found in second
tlow wells.
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*LeG OF THE HIRON (KISDON) WELL.

| . el Thick
No KIND OF ROCK. 6T Total
1 |Ordinary clay and shale to small tlow . . . .. 240 240
2 | Rock and iron pyrites................,.... 5 | 245
3 ISHalelil. 5 EEn S L e S 213 | 480
4 |Limestone, second flow...... . .. _....... ) 310
5 |shelly lime, thied Bow .. ... .. ... ..., 2 13
i Shales . Sae % 0. 5 L e e AR e 88 (¥ ]
% |-~and and shells, feurth low.... ... .. .. L 5 | 605
8 oShale: LN v s L T e o P 35 | 640
9 [Shelly lime, fifth flow........ ... AP e 1 it
100 [Shaler . S50 00 s e ~ oo kol betye U B LU G 1 1)
11 ISht:lly lime, sixth flow.......... .. ..... B 1 | 6%
12 IShale. ... .0 e aiianann 9 |
13 | \White shale and sand roclk;, seventh flow. . ... 31| 70334
14 | Water bearing rock............. ... ... | 2934 733
13 |\\’hm: slate with water. ., .,. ., . o LA B Hen()
[ o N e L e et ...| 820 | 871
17 !Sand andslate........ rS - a- 3 4 20 | 890
15 |Veryhardcaprock...... ... ... .......... i2 | Y02
19 |Soft sand rock, flow. .. ...... ... ... ... 33 | 936
2.5 |Soft sand rock, heavy flow.................. 25 | 460
*Vol. 4, Senate Ex. {Joc 18912,
HURON (RISDON) WHLL.
T =TI l'urts
BASES ANlID ACLDS, per
tooco
Sulphuric anhydride, SO, .. .............. SSAk Ch PSR 9806
Chlorine, Cl.... ... NSRRI P S R 1244
Lime, (€20 _ ;s ziis Mgl IS T T G 3340
MapneSa A o O1sIasn T EREE A firte. A S 1 SN AR e 1421
Eesracadxad el e () nmiattor | 5 vmwr . SR8 BRI L 029
SHTCa SR T Eh R s S SN, L (180
Soda, l\a.O .................................... YR 3743
Carbon dioxide, COg . ... oovvireeves e e 0884
07 L R B it | B S o S i 2 06813
Oxygen,| dssl:laccd b)_dﬂorme ...................... 0280

Tntalsohdsby evaponation= i L S= I SRS SR LRI () 398

Lithium, traces: potassium, faint trace, free amunonia,
parts per million. .04; albuminoid ammonia, parts pei- mil-
lion, .02.



1“}300“ ARTES'AN WELL. €imen netms. :
 WURON. SOUTH DRAGRGTR . et
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LURON (RIBDON) WELL.

e Parts
SALIS, per
1060
Sodium cloride, NaCl ... ... o .o iiieianiais 20463
Sodiwn sulphate, ¥a,S0,. . ..... ..ooveiiiiiiaioani- .6883
Magnesium sulphate, MgSO,. ... ..ol 1281
Calcium sulphate, CaSO, ............ ... ... .. . ... .5020
Calcium carbonate. CaCOy............... 8063880067 50 00 .1551
IE R R N I G5 60 2. 00 G0 Goms 30 SARBEERE S oo .02%
Silica, ‘SiOE ErEPINS: FORRPEL RN s 1. . . ..k Ne o I 8080
i{lotal Fsaltsi S S 5 T, BTN 2.0334
Total solids by evaporation... ...................... 2.0328

JIROQUOIS CITY WELL.

This well was coustructed in 1890 for city use and it
has never been repaired. [t flows a little sand and mud
at times but uot so much at present as formerly. The
sample analyzed wus slightly turbid. The swmall residue
by sedimientation cousisted of clay, lime and a few grains
of coarse sand.

There are some discrepancies in the reports regarding
the tlows encountered. Some say that the first weak flow
encountered was reached at 845, others say at 500 feet.
Some say that the present flow was reached at 900 feet,
and others say it was 840 feet. The depth of the well is
also questioned. The analysis shows it to be a first flow
well. The pipe was perforated to take both flows. Mr.
J. L. Hammond gave the information.

The casing used is of three ditferent sizes, 6-inch,
5-inch and 44 inch. The depth of the swell said to be 1135
(1100. See log) feet; the altitude is 1403 feet and the bot-
tom of the well is about 268 feet above the level of the
sea. But it is likely that the bottom of the well is nearer
300 feet above the sea level. The closed presswue is 85
pounds to the square inch and the tlow is 213 gallons per
minute. The temperature of the wateris 71.4 © F.
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*LOG OF THE IROGUULR CI''Y WELL,

| 5
| No. KINI) OF ROCK. (g Total.
ness.
1 |Black loam...... ORIy SR S, e 2
| 2 |[Blueclay ...... T e e R 1) 43
S ISR CREPRC: ~_ R R WA S8 A S, L L N 358 400
4 |Sand rock, very lightflow ................. 2 102
' S [ S HRIESS S P e Ml 600
[ t  |Saud rock, very hght LI gy 2 1342
01 s e e I e e S | 248 ¥50
8 |Sand reck, low. B) 855
J 9 |Sand rock, no flow . i A LI R LS| | s ! 9160
| 10 |Seft rock, probably Ehaleaf gl 11 L") 190 1ov
| |
3 *Vol. 4, U. 8. Sen. Ex. Dac. 1891-2.
{
| 1ROQL™OIS CITY WELL.
Do T LN o Ledis Parts
BASES AND ACIDS. per
1800
Suiphuric anh) dndc, SOIS. . TR Sk A L L YLD
Chiorine, Cl . .. Rl e SR Gl il
an NG NN SRR 1 IR Lo s R T T 01Uy
VI rresTay ANT @ RN IS BRI L DN SEOE AL |1 Q68
liCTeROXd N e OSSN LRSS o L D A e (T O
ST SO S | J S o} S T . s L0050
Soda, Na, 0 B R L s e A s |98
Carbon dmmde C (’)s .................................. L1250
R e iy R e it oo ok T TR LR e R b
Oxygen displabed by clortne.. .. ... ... . 0355
Total bases aud acids. ..... .. ................ S 05 23
Total residue by evaporation ... .................... 31880
Potassium and lithium, strong traces;, free ammnonia,

parts per million, .02; albuminoid ammonia, parts per mil-
' lion, .04.
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IROQUOIS CI'EY WELL.

Parts

SALTS. per

1000.
Soedium chlovideXKa €Ll Ca. o B e oo R e . 2598
Sedium sulphate. Na SO ... .. ... ... .ol 1.6153
Sodium carbonate, Na,CO,. ... ... .......... ... ... ... .24:42
Magnesium carwonate, MgCO. ... ... ... oL .0353
Caicinm carbonate, CaCO, ... ... ... ... ........ 01985
Herrric exid e BEc, ORISR RN s T L oo 0040
Silicash SiCHE ERSCRRE W S DO AR e Kol | o (%)
glicea] PO [iSpe SRS INE AT e B L N R 2.1832
Total solids by evaporation. .. ... ................... 2.1880

HITCBCOCK CITY WXKLL.

This well was drilled in 1885, and it has never been
repaived. 1t gives clear water when the flow is undis-
turbed. A § inch stream is left flowing night and day.
If a larger stream is turned on, the well throws some sand.
The pipes are thought to be worn out at a considerable
depth. Tbhe pipes are of common iron and extend to
within 33 feet of the bottom of the well. The first string
of casing is +§ inches, and the inner casing is 32 inches in
diameter. The outer casing extends downwards 800 feet
and the inner one simply laps by 40 feet. This is a faulty
method of construction. The inner casing should always
go the whole length of the weil and the bottom lengths
should be perforated. This prevents the great rush of
water at the lower end of the pipe and avoids the loose
joint which sooner or later gives out. This loose joint is a
special source of weakness in wells where it is necessary
to open and close them. Probably the water works down-
ward between the casings and soon cuts out a cavity
which may become large enough to allow the pipes to lop
over sideways and become completely disconnected. This
hasoccured in other wells and this may be the trouble in
the Hitchcock well. When this wellis thrown wide open
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it will nearly clog with sand. Formerly the water was
used to operate a flouring mill, but at present it is used to
run a feed mill. It has also been used for irrigation pur-
poses. This water gives the same sediment found in
other second flow wells.

The altitude of the well is 1339 feet and its depth is
953 feet, making the bottom of the well about 386 feet
above the level of the sea. The closed pressure is 155 to
158 pounds per square inch and the ilow is 1240 gailons
per minute. The temperature of the water is 70.1° F.

*1,0G OF HITCIICOCK CITY WELL,

O

No. | KIND OIF ROCK. ' nes; |Tnta1,
_l ;¢—
1 |Seiland yellowclay.......... S o g v | 100
| Biteshale SHENR . o bl mer T ek | 350 | 450
SEiiShalesIEEINEREE., St BER: < e e 0 .. 40 | 920
IR NCapirocka MUA IS0 . . LBl e T 4] 924
o (ISand rockasmaillflow. SRR RS SR 4 | 928
6 |Sand reckandsandy shale.... . .. .. ..... 22 | 950
7 ‘Sand eckR(Howi I . SN B Il P 3 | 953
*Vel. 4, U S. Sen. Ex. Doc. 18gI-2.
HITCHCOCK CITY WELL.
» _ak ] [ Parts
BASES AND ACIDS. per
et ] 1900
Sulphuticlanhydridc;ISOREREEEL S P IR e 1.0479
(& il A0 (E 8 ool ™ daa o A oERo A Gal o Fron bt cAOAIR: - 0967
(L (G O e Roe Sl G B L s S Bl ey
MagnesiaiM g O ST SRR S 188 =N Sl s L TS | 1462
IPaiatey OSE ) Qa0 50 ) #1608 6,000 i 0 4556 50 o 968 1 3 ‘ .0158
SHilice S0 Sa 0 oo kit s SELIBERCL T S o ee ceove| .0088
Sod2;dNaSORPE Wy e o ans 2 Koy vt SRR | .3520
Carven diexide, CO,................. 86 JAHL 6 0% 95 abo baph |- @UUE
AMGTET L % L o o AN I T R SIS Sy 4 I 2.1086
Oxygen displaced byichlorine.... .. ...............| o218
Tetal basesandacids................ .... ........|2.0868
Total residue by evaporation. ..................... 2.0892

Lithium, strong traces; potassium, traces; ammoma,
none.
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HITCHCOCK CITY WELL.

Parts

SALTS per

l 1000
Sodium Chieride, MaC). . ... ........... ... ... ... L. 28595
Sodium Sulpbate, Na SO, ... ... .. Lo 6120
Alagnesium Sulphate, Mg5Q0, ... ...... ... . ... .. 4384
Calenimisulphate) IGIS OFT w14 SAVIES EO8 ey St .69%g
Calcium carbonate, CaCUOy.. ... ..o oioiiiuiiainu... 1534
Ferric oxide, Fe, O, .. ... ...... o o 0700 0 che cprBa O o158
Silicay K105 S0, Ltk I EEIEN D e N P 0088
Total salts, ........... AL TRl L 2,0868
Total selids by evaporation. . ....... 2.0892

FAULEKTON CITY WELL.

This well was drilled in 1890, and it has never been
repaired. The tlow was clemr until the fall of 15893, when
the well clogged entirely. It gradually resumed its flow
bist the water has remained muddy. ‘l'be sediment from
the sample analyzed consisted of fine sand, clay. disinteg-
rated shale and some iron compounds,

This well was faulty in construction.  ‘'he tubing is
in several pieces. Beginning with a 6-tich tube at the
top, a smuller tithe was dropped down inside :ind the ends
were 1ot fastened. Within the second a still smaljer tube
was placed and so on until the hore was reduced to 24
inches at the bottom of the well 'These dilterent pipes
are ali disconnected. It is possible Lhat they may overlap
in some places, hut it is quite probable that somewhere
near the hottom of the well they are entirely discomiected
and that the water is now cutting the walls of the well
[t is not thought safe to attempt any repairs.

The altitude of the Station at Fanlkton is 1550 feet.
The surface at the well i1s a little higher. The depth of the
well is doubtful. 1296 feet were paid for, but the well
now measures bhut 10032, Tt is not known whether the
well is filled up 264 feet or whether the contractors gave
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fraudulent measurements. Some of the parties who
drilled this well have since been arrested for making false
measurements elsewhere. The fiow ef this well as deter-
mined by Col. Nettleton was 100 gallons per minute and
the pressure has varied from 25 to 34 pounds to the square
inch. The teruperature of the water is 74.5° F. No log
was obtainable. Captain H. A. Humphrey gave most of
the informatiou.

FAULKTON CITY WELL.

Parts

RASES AN ACIDS, per

10e0
Sulphuric anhydride, SO, ... .............. ... .. el ndda8
Ghlagine; RGN w0 0 bowlei. . el e L D -400%
Lo {BAO G 1 4 4B 5 b 6 Bl 0 60 038 cl Hei6 2 A0 0 0k.0 08 0 5 5 B0 b 66 o0 .0264
Magnesia, Mg .. 5. v e i .034)
FEELic o0 deMEic @ P I iy S SR e ,0198
- UERRSHOL, . § S BG cho o A SR e i RS S o . 0096
Soday Na, Q8o g .. .. B Tl U S I B L )
Gagbon dioxide(GUN Cosy ST M SRS 2164
Botallpte e L o i fe e e el g S | 2.0701
Oxygen displaced by chlorine. . ................... .. 0904
‘Total basesand acids. ... ..........................|1.9797
Total solids by evaporation........................ [1.9794

Lithium, trace; potassium, faint trace; ammonia,
none.

FAULKTON CITY WELL.

Parts

SALTS. per

| 10ce
Sodium) chloside, NaCl........ .. .....0 ... AN N LR 6 6 o)
Sodium sulphate, NagSO ... .vviiit i o | 789
Sodium carbonate, NaSC(Ss ........................... 3814
Magnesium carbenate, MgCOg .. .. ... ... ... ... ... .o716
(Celtaimng Loryditery (13 CoS{O)RR, TN C 5a - AFwa it B Il et o o L0471
ST gl A TG DN SN 10096
Heniaioxad S se Sk U Tl e TR L e e . ‘ L0198
Total salts.. .. .. I g s L 1.9796"

Total solids hy evaporation. ... .................... | 19794
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REDFIELD CITY WELL.

This well was drilled in 1886. 1t has never been re-
paired and it has never clogged. It throws a little sand
when it is wide open but it soon clears itself. It supplies
the city with water for all parposes and it is also used for
irrigating lawns. trees and gardeus. [t gives excellent
satisfactiou. The water deposited no sediment.

The outside casing of 480 feet is 6* inches 1y diante-
ter; the inner caring 501 feet long is 5 3-16 inchex and laps
upon the outer casing 40 feet. 'T'his pipe is seated in the
cap rock. At the bottom of the wellis 53 feet of
44 inch pipe. the bottorm of which is perforated. The alti-
tude of Redfield is 1295 feet and the well is 964 feet deep
which leaves the bottom of the well about 331 feet above
sea level. The closed pressure is 171 pounds per square
inch and the tlow is 1260 gallons per minute. The tem-
perature of the water is 70.1 © F. Most of the data were
furnished by M. E. B. King, water commissioner. Redtield.

*LOG OF KEDFIELD CITY WELL.

No. KIND OF KOCK. 3 .' Total.
IS ISandSandielilyINEEs St T A ‘ 140 140
Sl shater Al SRS o LR . ] 410 | T
3 |Sand rock, smallflew .. ...... .. .......... H Wl
4 [Shateand wron pyriles b e el =l AOSG)
5 |[Shale,, e o] 1B Wl
# {Hard sand vm.k iren p) rites cap ............ | 3 l Wil
)

1Satl rock, flow., SRR a2 () |‘.0M

*Vol. 4, U. S. Sen. Ex. Doc. I1891-2,
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REDFIELD CITY WELL.

Parts

BASES AND ACIDS. per

1000

Sulphuric anhydride, SO, .......... ... ..o i sesunes .88_41
@hlorine, )\GIiw U MRREEIRNS | ol - e e 1592
CiATCAOIT . A oo b S O R Ll b e 0478
Magnesia, MgO . ......... ... .. ... ... ... ... 0316
BerzicioxidePEeROIEBNETIRD e x| Lo . e e - | 0088
Silica SO S SFEMARERER LR, 1. S0 TR S e SR 0114
Soda;pNa’s O SRR S e o e | B
Eagbonldioxice RGO WINE SRS e N T e 931
L 5 6 0 g0 T o deo o6 500 20 8 Bt St B R OB L AR 3 ol 2.0906
Oxygen displaced by chlorine . ... .., ................ .035%
Total basesand acids.. ... ... ........... ... ....... 2.054%
Total residue by evaporation. ... ..... b i U 2.0544

Potassium and lithium, traces; free ammonia, parts
per million, .06; alburninoid ammonia, none.

REDFILLD CITY WELL.

Parts

SALTs. per

1000
Sodium chloride, NaCl, ..... .. M TR B et BN Fa2 626
Sodium sulphate, Na, SO . ... ... .o oo iien .. 1.5701
Sodium carbonate, NayCO,. ... ... .. .. B ! oS04 g0
Magnesium carbonate, MgCO,. .. ... ................ . 9664
(FaidiumicarRonateRCaEC @t 1 e s e T .0854
Slicat Si0 s Lt MR B o ek Lk e S o'
lieETicroxTd e e B e e, e Lt I .0088
‘Sotal sellsant.. o el ol AL B, . B .. oo Bam ) |2.0546
‘Total residue by evaporation....... b ) e LUy U

DOLAND CITY WELL.

This well was bored in 1890. It was constrructed for
the purpose of furnishing the city supply. It has never
clogged and it has never heen repaired. Once when
nearly shut oit, sand, etc., accumulated but when the well
was opened it soon cleared ttself. It is a first flow well
and the water is soft and is nsed for all domestic purposes.
in this well a 6-inch casing extends downward about 200
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feet. Within this a ¢4 inch casing extends from the top
of the well down to the hard cap rock which is about 7
feet thick. Then a 3-inch perforated pipe 38 feet long ex-
tends down 134 feet into the water bearing rock, and to
the hottom of the well. Mr. Joseph Labrie gave the infor-
mation. The water from this well was perfectly clear and
gave no sediment upon standing.

The altitude of Doland is 1335 feet and the well is 957
feet, consequeatly the hottom of the wellis 378 feet ahove
sea level. The flow is 600 gallons per minute and the
closedpressure is 112 wounds per square inch. The tem-
perature of the water is 69.05 @ F. [t will be noticed that
the following log gives a depth differing from that given
by Mr. Labrie, viz., 897 feet.

*LOG O¥ DOLAXD CITY WELL.

NO KIND OF ROCK. Tn:‘;:‘ Total.
T4 ([ellowiclaydi s p el o ool e i B | 2 iz
2 |[Blackclaygzo..... ... ... ... ool L 30 42
3 |Blueshale,bard.................... ... ...- 33 75
AT IBlnetshaler softe ¥ UL AN L o L 200 = 4 B2ge
58 (| Soapstonel NIRRT L T AN LU 50 RS2’
6 MBlueshalel,. . oo fohs - llin o m - - - - A 135 460
7 |Shale, sand and lime, smallflow..... .. .. . |90, 5§0
8 |Blueshale, limestreaks ... .................| 330 | 880
g [Sandstone, main flow............. ... ... .. 15 | 895

o || BlneishalelSus SRR =t 5 e 2 897

*Vol 4, Sen. Ex. Doc. 1891-2.
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DOLAND CITY WELL.

Parts

BASES AND) ACIDS. per

1000
Sulphuric anhydeidCESOLEN: Fewter. 481 LS Eeiy . L 8497
Chlorizie, ICLARNE: ISTERIEPSS R SN IS FGP § oo 2105
Bime, ICa 0y LR T IENRUS R e e ot ) .0129
Mapnesia, Vg () M PR N TPy T 1. g ¢ 0244
SHERy SO o ool M Taall e 4 TR80E .0104
Herricloxide, Fef O RIS L INSaol SuE i . o S .0070
SR INEANB) oo o ot ge 70 306 o 6aR e =505 90 00000900 6 0P &H DG 9641
Carbonjdioxide, 'GORPRRESES UL PRSI ERRE RN L 1222
ISl 480 0 00 0t b 0 g T a8 o 2010 o o B 0s 0 ST A 2.2012
Oxygen displaced by chlorine. ..... ... .............. .0475
Totalbasesandacids............... ... ............ 2.1537
Total solids by evaporation... . ... ........ ......... |2,1528

Potassium, traces: lithium, strong traces; ammonia,
trace of free amwmonia only.

DOLAND CITY WELL.

| Parts

SALTS. per

1000.
Sodium chloride, Na Cl..... ... ....cooiie ciiiniinn.. 3473
Sodium sulphate, Na,SO,................ ... ...... ... 1.5091
Sodium carbonate; NNl G@ZRITE Y LR LS T T B e 2067
Magnesium carbonate, MgCO,.. ... . ........ .. ..., .0612
Calcinm carbpnate, /€aGOL S MELE 8l GURE §SCRN 1 an i) .0230
Ferrric oxide, Fe, O, ... .............................| 0070
Silica;, ST A FRCE o SUsIy LIRS R s 10104
TPFEN BB 0 3060 00 26900 068% 0 080 g 0 Hdae 26590 FO000 o 2.1637
Total solids by evaporation. . ... .................... 2.1528

NORTHVILT.E WELI..

This well was constructed in 1893 for the purpose of
furnishing power for a flouring mill. An outside casing
S inches in diameter, extends down into the black shale of
No. 4. The inner 6-inch casitg extends from the tep of
the well to within 15 feet of the bottom. The last 57 feet
of this pipe are perforated. The well has always thrown
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clay and sand, large deposits of which have accumulated
around the well. Pieces of sand stone and lignite are also
ejected. The sample of water analyzed was soruewhat
turbid and upon standing the sediment arranged itself in
four layers according to its degree of fineness. The sedi-
ment consisted of clay, tiue sand, shale and bits of lignite.
The usual depesit of red iron compounds found in second
tow wells also separated out.

Soon after the sample was taken, repairs were begun
upon tbe well with the intention of inserting a 44 inch
pipe throughout the whole length, hut the 6-inch pipe was
found to be disconnected and the well is now clogged.
This disconnected pipe accounts for the large amount of
sediment ejected. Moreover it is probable that the sample
of water analyzed is not a pure second flow water. The
first flow was encountered at 675 feet, the second at 956
feet and the total depth of the well is 980 feet. The alti-
tude of the station is 1299 feet and the bottom of the well
is 319 feet above sea level. The closed pressure of the well
is 156 pounds per square inch and the flow was 1900 gal-
lons per minute. The information was obtained from Mr.
N. Underwood and State Engineer Fassett. ‘The temper-
ature of the wateris ¢6.1° ¥. The following log appears
m the state engineer’s report for 1893 :

LOG ®F NORTHYILLE WEI.L.

2
2

KIN® ®F ROCK.

Fine yellow sand.
Blueclay..

Light gray shalc
Black shale
Gray shale

Blue shale, streaks of lime. ... ... . ..
Blue shale, tough and sticky._.... ...
Shale and sand shale alternately
/Sand rock, quite hard . 4
| Layers of lime rock, sand rock and shale. . n By Y58
'Sandrock seft . il Al e I ] [ N )

= OL M Ut W (o=

-
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Strong vein of gas encountered in No. 4 at 135 feet.
Nice little flow in No. 9. Smalil veins in No. 10. Main
How from No. 11.

NORTHVILLE WELL.

Parts
BASES AND ACIDS. PQI‘

1ooe

Sulphuric aghydride, SO, . ... . ... . .. |10 s 1) 4911
Ehiorine JCI'S. SusioNRiNEe il e 0 R s 3877
CimeflCa@ N TRIIN SN M LY T SR W 1Y) 4064
Magnesia M ORI RIS s ey . 2y ARG .3330
Wervicioxiday {Heg's SE0Twt T | U !
Silieal IOz . 1. Ly JIRARCE B RAET L D Ep L 0368
SodaINa @), SoWrts. S P et N TS 35 2 k) .4102
Carbon diozide, COy.. ... ... oo veen oo, . 2455
TN 36 S8 64 IR0 5o Hoa oBT 6 o B dom o0 crs sem sy | 2. 1280
Oxygen displaced by chlorine. ... ....... ... ........ -0875
Total bases and acids. ...... ......ooovviie i, 2.0380
Total solids by evaporation. . . ... .... L s 2.0356

Lithium, trace; potassiuin, faint trace; free ammonia,
none; atbuminoid ammonia, parts per million, .02.

NORTHVILLE WELL.

Parts
SALTS. per

1000
Sodium chloride, NaCl.... . ... .... . . .... Ay WS .6396
Sodium sulphate, Na,50,............oo..0 oo .1630
Magnesium sulphate, Mg§0, .......................... .3988
Galcium'sulphate, GaSO, . ... . ...t o I ED2R0)
Calciumfcarbonatela@€aCOy 00 Lo L8 Sr i s S 9980
Hensicloxideifte O S S ST S o Ao ok s S .0148
Silica 8105 ... ..... ... R L R S L 1LY BT

Total salts.oouuuescovniiiiarvaneneeannaen. ... | 2.0380
Total solids by evaporation......................... 2.0356

IPSWICH 1WELL.

This well was drilled in 1885 for supplying the city
water works. The diamneter of the well at the fop is 4
inches and at the bottom it is 5 inches. Although this
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well is faulty in construction it gave no trouble until in
1891, at which time it choked so that the present flow is
only one-tenth of what it formerly was. The well at that
time began to throw mud so that the city pipes clogged.
An attempt was made to repair the well but the tools
stuck at 1000 feet. 1265 feet were paid for when the well
was completed, but that depth is now questioned by some
Ipswich men. Tbis well has been tlowing clear for about
two years, furnishing water from the first low. Itisnew
believed that the well was not cased for thelast 200 to 250
feet, excepting that a 16-feet piece of perforated pipe was
simply dropped in. Where it finally rested is only con-
jecture. The foregoing information was furnished by
Messrs. John L. Wells and G. J. Barker of Ipswich.

The altitude of Ipswich station is 1531 feet, conse-
quently the present flow comes from alevel 531 feet above
the sea. No log was kept.

The temperature of the water is 71.6 © F. The closed
pressure has varied from 85 to 126 pounds per sqare inch.
The present flow has not been determined.

IPSWICH CITY WELL.

Parts
BASES AND ACIDS. per

1000

Sllphuticlaniydride; SO 5 SRSk SuE SN as s BN s .2858
ChloMnellLGll. .. v 555 55 A ol U e By L0 .| 4903
CimelflCa@. 2 i = b Ao e e L AP S 0134
MalonesiagMiT ORI e N e e e 0268
HeEFICsoxide, REle 76 e o o e e SRy S B 0020
T L e A SR U, Bl e gy 0050
Sedlias SN @I58 I Do EN e R e 0BS5S
Carbomgdioxide, CO,. .. .. ... .o.o i 3333
ELEN a8 o ol s SE SN SO R = ool 11 ... |2.2286
Oxygen displaced by chlorine. ... .. ... ........... .1108
Total basesjand acids................ .... .......[2.1180
Total solids by evaporation .. ....................... 2.1162

Lithium, traces; potassium, trace; free ammonma,
trace; albuminoid amronia, none.
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IPESWICH WELL.

Parts

SALTS. per

{coo
Sodiumiclopid@iaCHIes s K8y R ST iiig 108 0. IRl LR | .8089
Sodium sulphate, NagSO,.............................| .50%6
Sodium Carbonate, NagCOy ... .. ..... ..o ... . 7079
Magnesium carbonate, MgCO, . ... ... ... ... ... ... .0557
Celcium carbonate, CaCO, . ............ ... Rororaty. g el -0 230
Ferric oxide, Fe3Og. . .. . . e LAY L LISl S Pl . 0090
Siliea RSO AERRAF S o e - . . ceeerieaoo| 0050
Dotalfsaltomeree SR S | . ks ¢ b o Ao okl €30 TEE
Total solids by evaporation. ...... . ... ... ....... 2.1162

ABEKDEEN NiiW HEEP CTI'Y WELL.

The well was constructed in 1893 for the purpose of
augmenting the city water supply. The type of construc-
tion here employed is one of the vervy best and it com-
wends itself to all who are to sink artesian wells here-
after. 8-inch casing was first settled to a depth of 200
feet, thus etfectually shutting off all quicksand, etc., which
has heretofore given much trouble in sinking the casings.
This casing extends nearly 100 feet into the upper layers
of shale rock. From the bhottom of this pipe the hore was
contracted and a 6-inch pipe extends down from the top of
the well to a distance of 1055 feet. This pipe passes
through the first {low which it shuts out etfectually. The
last 60 feet of this pipe were perforated to allow a smaller
second flow to enter. This tlow, however, is not used at
present. At this point the well was again contracted and
1125 feet of 44 inch pipe were used, the last 60 feet of which
were also perforated to take the main second flow. Then
the 44 and the 6-inch pipes are hermetically closed at the
Lop of the well. Consequently there are no loose joints
and no place for the pipes to fall apart and allow the walls
of the well to be washed away to the detriment of hoth
the well itself and the water furnished. Of course the
capacity of the well could have been increased by con-
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tinuing the 6-i1ich pipe down 70 feet fin‘ther with suitable
perforations to take both lower tlows. And again the last
190 feet of drilling were unnecessary as no water was en-
countered within that distance. The method of inserting
the casings in this well allows the inner pipe to be with-
drawn for repairs, a very commendable feature. The well
has yielded clear water. Lt is 1300 feet deep with an ele-
vation of 1300, consequently the bottom of the well is e x
actly at sea level. The flow is 400 gallons per minute and
the temperature of the water is 66.9° ¥.

Mr. O. S. Cook, who kindly furnished the information,
states that the pressure varies from 80 to 90 pounds to the
square inch, but that it has not been accurately deter-
mined. He also thinks that the old first flow city well
gives a somewhat greater pressure. It is the general opin-
lon that, owing to the sinking of so many wells in the
vicinity of Aberdeen, the pressure has diminished of late
years. W. E. Swan states that the old R. R. well at Aber-
deen, the oldest in the state, drilled in 18812, had a press-
ure of 180 pounds. C. H. Stillwell of Tyndall, gives the
pressure of the same well at 178 pounds. This new well
has aroused much interest since the drill has here pene-
trated through the entire Dakota formation into the
Archaeau.

It was expected that the sample of water from this
new deep well would be an undoubted sccond flow watcr.
But unfortunately for this purpose the city authorities have
connected this well and the old first flow well to the same
mains; consequently a free commingling of both tlows
is permitted. If it is true as stated that the old well has a
somewhat greater pressure there is undoubtedly a steady
current passing from the old well into the new when all
outlets are closed. One would therefore, expect to draw
at any time a mixed sample of water; and the analysis
confirms this expectation. The sample analyzed deposited
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a sediment of clay, line, sand and iron compounds.
following log of the new deep well is from the report of

the Engineer of Irrigation for 1893 :

-&B]:.Ri]h..i- N NEW DEEP CITY \\ ELL.

No. | KIND OF ROCK. ness Total
1 [Blackloam. . ....... ................... A
2 [Yellew cla.y ........ ¢ o 2 e e | AN H]X 20
3 |Blueclay., Rl o e |12 32
AN euGERSaddp = L st MR 58 | 40
5 |Dark gray shale. . 5 | 185
6 |Black shale.. e 1% A e B AR S 125 | 310
D Browisshaleffsis .t o, | v .o o S g il 7 397
% |Gray shale........... BT LR Y - * £ 23 | 420
9 |Lightgrayshale... ....................... | 180 | 600
1 |Darkgraysha]e.... L e B 00N RO
LIl Ilightgzasdshaler. . 000 000 L Lel Sivarais 100 | 8ne
12 |Light gray sand shale........ .. ISR 1R 120 | 920
13 [Sand rock, 380 gals perimin e u NS e 15 | 935
14 |Conglemerate. . o 0 0l Bod e s s [ (] S90S
16 |White sand rock. 30. gals 190 Y .| 5 (1000
165 - PBluelShaleR TERSSN § 5w, .t 58 A B 3.7 IR L
17 |Whitesand rock,qo00gals... ... ........... 23 |uoo
18 s5]|ConglomerareRessi, . -0, ¥ (g gn 44 kL 85 |1135
19 |Blue shale.. N e o . 2 | O ST
20 |Pink and white shale.. . .................. 3 1157
21 |White sand rock, ne water._ .. ...... .. o 84121
22 |Archaen formation er quartz......... ... .... | 46 |1267
D3 Granite ot S URRNIE S DEIL | o 00 e e ‘ 33 [1240
Mr. Stacy gives depth at 1300,
ABERDEEX NEW DEEP Ci'tY WELL.
WA g Parts
BASES AND ACIDS. ‘ per
| 1000
Sulphuric anhydride, SOg.......... v ooiiiiaunn ... .9312
S or e B e S 3 k™ oo oy - BEe 4 gkt Sh . 1443
e G2 O s aacy. b L Rt ihad L AF -, (LS ATn L e . b Y . 0492
INMaghestamMaOF § S0 Sl oy goepelil o folier O ot gF R 0386
Ferric oxide, Fe;0,. 0094
Slllca,SIOg..‘,..,,..‘. Wi OIS, 1 s e .0098
Soda, Na,O.. 8552
Carbon &mxlde, C02 .................................. .08517
LB S0l § ¢ 0 dor o TR ARer It SRS St S ¥ e il ] 2.1234
Oxygen displaced by chlorinve ... ......... ......... 0826
fllotalibases andiacids it e aes o S e mr S Lk 2.0808
Total solids by evaporation . 2.0896

The
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Potassium and lithium, strong traces; free ammwonia,
trace; albuminoid ammonia, parts per million, .01.

ABERDEEN NEW DEEP CITY WELL.

Parts

SALTS. per

1000

Sodiwm chloride, NaCl . - o N U = § 2381
Sodium sulphate, Na,SO, N500.08 C......... 16838
Sodium carborate, Na,Cb ........ RPPL i JL S % 0108
Calcium carbonate, CaCO, . ... ... ... ... . .......... 0879
Magnesium carbonate, MgCO, ........................ .0811
Ferncoxlde,l'eO TR s B S &, I (002
Silica, SiO, 1 = I G, 1 || €00
iotaldsalter . ol ... . ) L 2.0909

Total solids by evaporation. . ............... . ... 2.0896

ANDOVER WELL.

This well was drilted for the use of the railroad in
1882. It furnishes the city supply and no other water is
used in Andover. The water foams in steam boilers when
other snrface watersare mixed with it so the railroads can
not use it. This property is due to the sodium carbonate
carried by the water. This well has never clogged and
the water always flows clear, depositing no sediment upon
standing. It has 735 feet of 6-inch casing and 105t feet of
44 inch pipe within, extending from the tep to within 20
feet of the bottom of the well. Both pipes are joined at
the top. The boring only penetrated the water bearing
rock about 3 feet. Mr. W. K. Swan furnished the infor-
mation.

The altitude of Andover is 1475 feet and the depbh of
the well is 1070 feet, leaving the bottom of the well about
405 feet above sea level. The pressure is 90 pounds per
square inch and the flow is 300 gallons per minute. The
temperature of the water is 71.6 = F.
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“1.8G OF ANDOVER WELL.

No. KIND OF ROCK. Tnhelscslf “|Total.
] e 4 Sl
{: F{Soili¥sandiandiclay, " L C . 0 R 45 45
201 || BluelclayASRein § = 1 ERE R e L R R | 30 %
3 | Bluelshalle/eim. i e 0 L gt 0 500 | 87H
Al CincsEom NN B e 15 | 590
3 |Shale streaks limestone.................... 480 |1070
6 !Sandstone, main flow. ...... .. ... . ... ... 9 (1075
*Vol. 4, U. S. Sen. Ex. Doc. 189r-2.
ANDOVER WELL.,
B 2 | Parts
BASES AND ACIDS. | per
1000
Sulphuric anhydride, SOg .............................| 9332
ChiDEne BEL L0 L 5 L T e R S S S 2085
imey Ca@d, Wity ooy DRy s i ey ui .| 0139
NMalgnesiafiMe® C e 8 R et e 0214
HELEIE o Td ebrey @ g el e .0088
SilicalySIONAE Mardt Lt b v b L bR leeiiii...| 0094
Soda, NaI,O ......................................... 1.0445
€axbanidioXideiCOAE L LRl f S 50 R R e T Ry
fllotalL A et S S L e B 2.3688
Oxygen displaced by chlorine . .. ................ ..  .0453
Efotalihasestand actds,| /SN ST AL TR AR NN A N 2.3235
dioalisolidsibylevaporation . sl 0 b0 S L Sl s 2.3232

Lithium, traces; potassium, trace; free ammonia,
trace; albuminoid ammonia, parts per million, 01.

ANDOVER WELL.

Parts

SALTS. | per

| Jooo
Sodinmiclonide, PINa GRS o 0SSt b R S .3308
SodiumSsulphatePNasSOR s A S e 1.6573
Sodium carbonate, NagCOgq ... ... ... 0oL oLt 2476
Calcium carbenate, CaCO,....... ... .................. .0243
Magnesium carhonates MgCOg. ... ... , .0449
SR SNO)5 - g o S8 AT e D S PP e & B S  C 1 - | .0094
HerpicioxiderRR e @O P e SN S e R ... | .0088
Total salts. . ... o A0 8 GOt ARSI 8 o & i 12.3236

Total solids by evaporation. . ....... ... ... .......... | 2.3232
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WESTPOR]' WELLL

This well was constructed in 1843 for irrigation pur-
poses. The well is cased with 6-inch pipe which extends
to within 30 feet of the bottom. It has thrown sand and
mud ever since it was completed. It nearly clogged before
it was cleaned. 1t was cleaned in July, 1893. For six
weeks previous to the taking of the sample analyzed the
water had been coming tolerably clear with a flow of
about one-fourth of the original flow. The sediment in
the sample analyzed consisted of clay, finesand, disinteg-
rated shale, and some iron compounds. The water comes
from the first flow. When the well was at its best the
pressure was 40 pounds to the square inch but it bas now
declined to 35 pounds.

The well is situated about five miles west of West-
port. The flow has not been measured, but it filled the
six acre reservoir constructed for irrigation purposes 5 feet
deep in thirty days. Mr. H. Barnard, foreman of thefarm,
furnished the information. The temperature of the water
is 662 © F. The altitude of Westport Station is 1313 feet
and the depth of the well is 1030 feet. Therefore the bot
tom of the well is about 300 feet above sea level.

At this writing (October, 1894) Mr. Fassett informs me
that the well is entirely clogged. This well should be
deepened to second flow and cased to the bottom with a
perforated pipe where the second flow enters. There is
too much sodium chloride, sulphate and carbonate in this
water for long and continued use with safety.

No log of the well was obtainable.
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WESTPORT WELL.

Parts

BASES AND ACIDS. per

(¢ 6 0]
Sulphuric anh) dnde, SO uw b1 el < e ] 42302
(G Talersy (BT S0 R S RO S RO 1) B 0
il Ca O5MRERVERERS I RN Doy | 4 s L0112
\/Iagnesm,\{go LN Lt N U SRS ()15
Ferric oxide, Fey O By el S I B e L .ole
Silica, SiO, . AR IS Tl ey S e L T B R OI4
Soda,l\aO ......... e R U T N (B [ (0] Y
Carbon diexide, GO OF RIS MRS, RN R Sy .2561
Total S i - com o B 3 .o | 2. 7956
Oxy gcn dlsp]aC(‘d b) chlerine.. .. ... . s 2212058
Total bases and acids. ... . okl Sl 4 fven A e Y U
Tetal selids by evaporatten. . ... ... .. v b Al D2 5540)

Potassium and lithium, faint trace; free ammonia,
trace; albuminoid ammonia, none.

WERTPORT WELIL.

Parts

SALTS. . per

1080
Seditiin chloride; M NaC i L5 LHNBEEEE 8 it AR 030
SediumisulphatesNagS@). -0 E B al s e sl oo menter <L
Sodifmgcanbonate;PNas GORTEE & Eret R BN E T g 9475
Magnesium carbonate, MgCO, .... .. . ... .......... ... .0386
Calcium carbonate, CaCO,. . ... .. M. 0 g Ly 1]l L0200
Ferric oxide. Fe,O,. .. . ..... . ... AL TR byl 7 L0118
Silical SiO% N Lt L] e ol o daligiE | P L0114
dlretalisalbs e, ot onl B o S e Nl 2.9501
Total selids by evaporatien . .................. ..... 2.5540

Sanrs SOLUBLE AND INSOLUBLE akrER EVAPORATION.
To the irrigator it is of the utmost importance whether the
salts a water contains are soluble or insoluble after the
water which carries them has evaporated. Salts that be-
come insoluble become a fixed and valuable’ part of the
soil. To this class belong all the calcinm salts, silica, iron
compounds and magnesium carbonate. Those which
again dissolve when brought in contact with water are all
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of the sodium salts and magnesium sulphate. Potassium
salts belong to the same class These salts often become
a nuisance owing to their excessive accumulation in and
at the surface of the soil and so as a class are undesirable,
especially when in large quantities in a water intended for
irrigation purposes.

In the analyses of the second flow wells it will be
uoticed that all of the magnesia is returned as magnesium
sulphate while some of the lime is returned as the carbon-
ate. It is ditfficult always to determine in just what way
bases and acids are combined in a natural water, especially
when the water under question is charged with carbonic
actd gas and in addition to this also carries a large num-
ber of salts. But it is safe to say that at some pointin the
concentration of the water as it evaporates and parts with
its carbonic acid gas, a reaction will take place between
the calcinm carbonate and a portion of the magnesium
sulphate whereby magnesium carbonate and calcium sul-
phate will be formed. Both of these compounds are insol-
uble after evaporation. Strictiy speaking it would be bet-
ter to say of all the so called insoluble substances, that
they are very speringly soluble in water, since water does
dissolve minute quantities of substances which are seem-
imgly perfectiy insoluble.

In the following table the soluble and insoluble salts
are returned according to the analyses. Consequently in
the soluble saits magnesium sulphate is included. But if
allowance be made for the reaction just mentioned the sol-
uble salts would be reduced by the magnesium sulphate
changed over to carbonate while the insoluble salts
would be increased by a like amount. But there is
another feature of our subsoils that should be taken into
account at this point and that is this over a large area of
the state there is at depths of from one to three feet a thick
layer of calcareous or marly clay which would for a long
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time continue the conversion of the magnesium sulphate
into carbonate. In this way the whole of that sulphate
might be transferred to the insoluble colummn, while the
soluble salts would be to a like extent reduced.

Soluble after isvaporation
Enanlubly after Bvaporation.
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Arresiay Wareks Nor Uxmrors.—By an inspection of
the following table it will be seen at a glance that the
waters of the different wells are not uniform either with
respect to the kinds of salts they carry or as to the
amounts of the salts which are conimon. In order to
bring this fact out more conspicuously the same method
of combining the bases and acids has been adhered to in
every case.

As to the first kind of variation it will appear that all
of the second flow wells have no sodium carbonate while
all the tirst flow wells either have this salt or they have
in its place sodium swlphate which may have been pro-
duced ey bringing the sodium carbonate in contact with
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gypsum. Moreover, in the case of the Pierre well the ab-
sence of all sulphates is a strange anomaly. This is diffi-
cult to account for unless, indeed, the waters in that
vicinity have come into thorough contact with some
barium or strontinum compounds. Of such contact the
water itself gives no evidence.

As to the second kind of variation the total disagree-
ment of all the figures atfords striking illustrations. But
one variation deserves more than a passing notice, and
that is the compartively large amounts of calcium and
magnesiuni salts in the second tlow waters as compared
with the quantities found in the first flow waters; while
on the other hand the prependerance of sodium salts in
the first flow waters as compared with the second is most
conspicuous. This variation is of such vital importance
that it will be a potent factor in determining to what uses
the diff erent flows shall be put. For example the second
flow waters are better adapted for irrigation while the
flrst flow are miwore suitable for town and domestic uses.
The first flow yields nearly soft water, better adapted for
washing, etc., while the second flow wells furnish a hard
water that can scarcely be used without cleansing.

The reason for the differences between the two tlows
is easy to find. The cause lies in the different strata from
which these waters are derived. 'The first stratum of
rock is more strongly charged with sodium compounds
while the deeper lying second flow stratum carries more
gypsum and magnesium compounds and less sodium.
Now the waters of these two flows may have a common
origin, and may be similarly charged at first, but during
their passage through their ditferent conducting strata
each flow disselves eut the seluble coustituents of the
rocks with which it comes in contact.
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PRINCIPAL SALTS (PARTS PER 1000.)
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SOURCE OF THE ARTESIAN W ATERS. — It frequently occurs
that waters carry internal evidence that betrays their ori-
gin. It was hoped that the analysis made in this investi-
gation might tend to throw some light upon the origin of
the waters underlying the great Dakota basin. Whether
any progress in that direction could be made or not, would
naturally enough, depend much upon the rocks conveying
the waters from their source to the points where they are
delivered. If the rocks contain but little or no soluble
substances, the problem would not be difficult to deter-
mine. [f on the other hand the rocks through which the
waters pass are charged with the same substances which
the water carries before entering them, the problem would
present greater difficulties. But even in the latter case
the waters themselves might furnish evidences which
would determine pretty accimrately the direction which the
underground current or movement assumes.

The following table of the principal bases and acids is
given to make clear the statements which follow. In this
table the second flow wells are printed in italics.
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PRINCIPAL BASES AND ACIDS (PARTS Pk 1000.)
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Let us consider the second flow wells only. Now it is
evident that if the rocks carrying this flow, contain certain
soluble salts which uuder no circumstances forn insol
uble combinations, we should find an increase in such
salts as we follow down the underground current. Again,
if we had a water carrying a certain substance not found
in that stratum and one that enters into no insoluble
combination, we might expect to find that substance tol-
erably uniform throughout the whole length of the
stream.

Of the bases givenin the table it is evident that lime
and magnesia would notserve as indicators of origin or di-
rection. They are liable to enter into insoluble forms
that may he precipitated in such a slow moving current as
that of the underfiow. But in sodium we have a base
that makes no insoluble compounds under auy conditions
likely to arise in these underground waters.

The preponderance of physical and geological evi-
dence points to the out crops of the Dakota sandstone,
lying along the foothills of the Rocky mountaing to the
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north and west of the Dakota basin, and to vutcroppings
of the same sandstone around the Black Hills, as the
points of entrance of the waters in question. It is believed
that the waters of the melting snows and of the rainfall
of large areas lying above these outcrops furnish the great
artesian supply. If now a line be drawn from Aberdeen
to Yankton we shall have a line ruming a little east of
south, or if we broadly take into cousideration Chamber-
lain, Kimbail, Armour and 't'yndall, we practically have a
lme running nearly south. Now, if the second flow
stratum contains small quantities of soda we should find
a gradual increase in that base in coming from Aberdeen
south, provided the ground movement is in that direction.
If the stratum carries no sodium we should find practically
the same amount of soda in all of these wells.

Now, if we take the wells in order, Aberdeen, North-
ville, Hitchcock., Huron, Woousocket, Kimball, Chamber-
lain, Armour, Tyndall and Yankton, we find that they
carry in milligrams per litre of soda, respectively, 855, 410,
352, 374, 407, 186, 283, 204, 173 and 138. At first glance
these figures would seem to mdicate that the stratum car
ries a little soda and that the movement is from south to
unorth. But this we know is an absurdity. A short distance
southeast of Yankton the Dakotasandstone crops out bear-
ing springs coming probably from the second artesian flow.
And again we know that with a low pressure at Yankton
it would be impossible for water entering at the south to
raise water to the level of Huron, much less to cause the
enormous pressure at the latter place. Consequently some
other explanation must be sought. Now as previously
stated, the Aberdeen water is undoubtedly contarninated
by first flow waters that carry as a rule much soda. The
Northville well is sutfering the same contamination on ac-
count of leaky pipes but to a slighter extent, while the
Hitchcock well is leaking still less, and Woonsocket is at
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best doubtfully a pure second tlow. If suitable allowance
be made for these factors it will not be unreasonable to
deduce the conclusion that the second flow stratum carries
little or no soda and that the tlow cannot be from north to
south along the line of the James river. Only one other
hypothesis is available so far as direction is concerned and
that is, that the waters must ceme from a westerly direc-
tion. If we consider the Kimball, Armour and Tyndall
wells we find the soda to be practically the same, viz: 186,
- 204 and 173 milligrams per liter. These wells liein a direc-
tion north of west from T'yndall. But it is probable that
the direction of the flow is still less north of west since
Yankton has still less soda than any of the three.

Again the hypothesis may not prove untenable that
the second flow stratum may have a gradually increasing
amount of soda from Yankton north. If the waterscome
from a westerly direction this would agree perfectly with
that supposition. Of course it might be possible that the
waters enter this stratum comparatively free from soda and
that they receive all their soda at some point west or north
of the region covered by these analyses, and that the stra-
tum so far as explored contains practically none. But still
that fact, if proven, could not by any means indicate that
the underground movement follows the Jamesriver valley.

It is probable that the ficst flow stratum is more irreg-
ular in its composition than the lower second. Indeed the
rule seemsto be that the upper strata contain more soluble
salts than the lower. But still if we leave out the anoma-
lous waters of Pierre, we find in a west to east section from
Harrold to Iroquois, milligrams of soda per litre as follows:
Harrold, 848; Miller, 615; Iroquois, 986. Going still farther
north we tind at Ipswich, 1865, and at Andover, on the
eastern border, 1044. These at least point to no move-
ment from north to south.

But there is an acid radicle that may throw some fur-
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ther light upou this subject. 1 refer to chlorine. = While
carbonic and sulphuric acids might easily be thrown out
of solution, there is probably no base in the Dakota forma-
tion that would in the least have this effect upon the chlo-
rine. Now taking the second flow wells i the order pre-
viously mentioned, we have for chlorine the uumbers (be-
ginning at Aberdeen,) 144, 378, 86, 124, 68, 102, 109, 174,
147 and 99. In these numbers we find a still further con-
tirmation of the probability that the waters come from a
westerly direction, and surely not from a northerly one.
Ttistrue that these numbers do notshow an exactagreement
nor should it be expected over so great a distance. But
the contamination of the northern wells from the first flow
does not exert a very prominent influence in the case of
chlorine. It will be noticed that several of the first flow
wells contain chlorine not varying much from these figures,
This latter fact would go to show, in the light of what has
already been said, that the waters of both {lows have a
common origin and that the first flow stratum is quite
irregular in its composition. Moreover the presence of
Lithium, a rare element, which occurs in waters of both
flows, also points to a commou origin. The “great springs”
above Great Falls in Montana, whose waters have a tem-
perature of 51.5© F. also carry lithium. In this connec-
tion it might be well to recall a fact concerning the
temperatures of these artesian waters. Mr. Hopkins
determined the temperatures of all the wells analyzed and
so the data are comparable with more certainty than
most of the physical data of the wells examined. It will
be noticed that the deeper or second flow waters as a rule
have a lower temperature than the first flow waters.
Here is another fact involving am apparent contradiction.
The usual rule is, the deeper the water the higher its tem-
perature, after the line of ne variation from surface in-
fluences is passed. These wells are all certainly below
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climatic influences. To what is this anomaly due’ To
me it seems there is but one explanation, and that is, the
first flow waters are more affected by heat involved in
chemical changes in the water itself. Some of these
changes have been previously mentioned, such as re-
actions between magnesium sulphate and calcium car-
honate or between sodinm carbenate and calcium sulphate.
The waters at Pierre show evidences of changes even
greater than these with a correspondingly high tempera-
ture. 1t is not impossible that with the carbonic acid and
ammonia present in these waters, a portion of the sodium
chloride present may have been changed to sodium
carbonate.

Now, it must be distinctly understood that the state-
ments made apply to the region covered by the wells
analyzed. More work is necessary to contirm o) disprove
the conclusions reached even in this section. Waters
should be collected in the regions where the Dakota out-
crops occur and they should be subject to analysis.
The data thus obtained would certainly do much more
towards throwing some light upon the origin of the
artesian waters of the Dakota basin. If the source can
be determined, computations can then be made with more
certainty concerning the supply at the disposal of con-
gumers residing in the artesian belt.

Again it is believed by many that the first flow
pinches out or at least comes very near the surface in the
southern part of the State where many shallow artesian
wells are to be had. These waters should be analyzed.
Again there are shallow artesian wells in the northeastern
and sontheastern part of the State and supposahly out-
side the artesian belt altogether. These await investiga-
tion.

ArTESIAN WATERS FOR IRRrieATION.—-The question is
frequently asked, “Will the artesian waters of the Dakota



e

71

basin be injurious to the soil and to vegetation?”’ Differ-
ent replies have been made. Some have thought that the
waters carry too much mineral matter for safe applica-
tion to crops and to soils. Upham (Am. Geologist, Oct.
1894) states that the saline residue after continued use of
the waters would certainly prove injurious to crops so
that the soil would become worthless. He bases his opin-
ion on a single analysis, that of the well at Jamestown,
N. D, and upon the fact that much purer waters have
proven disastrous in India. ‘This positive opinion is cer-
tainly based upon meagre data and partially upon a mis-
conception of facts in relation to the conditions in India.
In the first place the well at Jamestown carries, out of a
total residue in parts per 1000 of 2.2226, 1.7442 parts of
salts soluble after evaporation. Now, this is a higher
proportion of soluble salts than any of the second flow
wells carry. In fact it more nearly corresponds with such
first tlow wells as Faulkton, Miller and Redfield. Again,
he attributes the accumulation of salts on the surface of
the soil of India to the evaporation of the irrigation
water which has left its salts behind. Tbe truth of the
matter is the soil and sub-soil of India already contain
large quantities of alkali which are brought up by the ap-
plication of water. It matters not what the water might
he under :%imilar circumstances, even if it were distilled
water, the rise of the alkali would follow, owing to
upward leaching and surface evaporation.

But there are still other differences which exist be-
tween the arid plains of India and the sub-humid plains
of South Dakota. In the first place Dakota soils are not
already londed with soluble salts. It is true that some
few low lying gumbo patches do exist in some parts
which are poorly drained. But these spots are of such
limited extent, often but a few rods across, that they may
be neglected. In the second place the rainfall of South
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Dakota is greater and more evenly distributed as is
always the case in sub-humid regions, and consequently
there is less water needed for irrigation purposes. In the
third place the natural drainage is far superior to that of
India or of any of the countries where alkali has become
troublesome. Indeed the country is altogether too well
drained, so much so that the storm waters find a too
rapid and too easy exit from the borders of the State.
Those who have given the subject the most thought are
now seriously advocating the damming up of all runs,
draws, sloughs, lake beds and creeks for the conservation
of the natural storm waters. In the fourth place the sub-
soils of this State are porous and admit of the easy pas-
sage of storm waters to underground levels or reservoirs
whence they gradually find their exit hy seepage into
runs, creeks and rivers. Moreover the open and loamy
soils of this region would he less aftected by saline
residues than the stiffer clays of India.

In view of all these facts it is not permissible to draw
inferences from conditions entirely dissimilar. [u short,
the conditions prevailing in South Dakota, are such that
all problems relating to artesian irrigation must be decided
upon by taking into account factors immediately con-
cerned and factors that are unique to this region.

It is undoubtedly true that the artesian waters of the
Dakota basin do carry large quantities of soluble constit-
uents. The residues from these waters are larger than
those of most waters used for irrigation; but when the
various climatic conditions of the basin are taken into
consideration, and when the drainage and soil conditions
of the most favorable kind are considered, it is not un
warrantable to suppose that favorable results may be ob-
tained by an economic and judicious application of the
artesian waters. Especially is this true when one remem-
bers that dnring many years no irrigation is at all desira-
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ble. And then againall parts of the basin are subject to
such heavy falls of rain that any accumulating salts
must of necessity be washed away. Then again, even in
the dryest years, the period when crops would be bene-
fitted by irrigation is short, so that only a limited applica-
tion of water would be needed. All these facts would
lead one to believe that such irrigation as needed here
may be accomplished by artesian waters.

T all probability success may be contidently expected
by a strict attention to the following details: deep and
thorough cultivation; a judicious use of only sufticient
water to insure a c¢rop; a careful conservation of all storm
waters, the systematic planting of trees and shelter belts
and the storage of all surplus artesian waters. Moreover
it must be remembered that the second flow wells are
safer than first tlow wells especially on land at all mclined
to he clayey. And finally, should evil effects from the
water becoine manifest, the remedial agencies of land
plaster, lime and under drainage should be promptly ap-
plied. The large deposits of gypsum occurring in the
Black Hills will be sufticient for all time.

I this connection an ohjection to artesian nrigation
raised by Major Powell may be profitably noticed. He
affirins that the supply would not prove adequate to the
needs ot the country requring irrigation. He admits,
however, that the supply is not as yet developed to its
full capacity. And it is difticult to say with on1r pres-
ent knowledge how great the available snpply mmay be.
But this is known; it is very great, the greatest artesian
hasin in the world. and there is little evidence thatthe water
is showing any signs of diminntion in spite of the waste-
ful manner in which it is utilized. Tt is true that both the
pressure and How of soiue wells are diminishing; and it is
true that some wells have <logged and ceased tlowing
altogether. But both of these phenomena can he more
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readily explained by the careless and faulty construction
of the wells under consideration. Indeed this is more
likely the true explanation since when properly con-
structed wells are sunk in the immediate vicinity of these
failing wells a copious supply is always obtained.

Right here may be noticed other objections some-
tiwes raised, viz: that the wells are too expensive and
that they are not durable. It must be evident to the
careful reader of the foregoing pages that the reason why
some of the wells are not durable is not difficult to find.

Who would expect a string of disconnected pipe
passing through soft shaly walls to make a durable well?
Who would expect that water, driven on by the tremend-
uous pressure to which it is subjected, would not cut
away the soft sand stone rock through which it comes
without any protection to the walls by perforated pipes
reaching down through the water bearing stratum? How
long would it take to tear out a cavern so vast at the bot-
tom of the well that the overlying soft and flexible strata
of shale would hend down and cut off the tlow? And
again why have not more galvanized casings been used
so long as it is a well known fact that waters carrying
salts are quickly corrosive to commmon iron? Moreover,
wells carrying out sand and rocks with the great velocity
observed act in a most destrective niauner upon tize pipes,
actually wearing them out. This is one of the most
active causes in shortening the life of a poorly constructed
well. Taking all these things into consideration it is
scarcely to he wondered at that wells have failed. The
cost of construction is gradually diminishing. Notwith-
standing all these objections, it is «quite probable that
wells can bi .2ade durable enough and cheap enough and
with sufiicient supply of water to irrigate a portion of
nearly every section in the James River Valley. It is un-
doubtedly true that any bonanza operation might not
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prove entirely successful financially and it is undoubtedly
true that any project looking forward to wheat raising on
a large scale by irrigation would sutfer the same fate.
But it is equally true that wheat raising or any one crop
system under the best possible conditions imaginable
would prove disastrous.

What the farmer of the Dakota Artesian Belt should

“aim to achieve should be a small farm with sufficient

water supply to insure successful intensive cultivation.
The home should be furnished with a garden and fruit
trees, and small fruits should be provided, while shade
trees and shelter belts should surround all. Stock
of all kinds should be kept and special pains should be
taken to maintain the fertility of the soil. Pigs. poultry,
mutton sheep, dairy cows and work horses should be
found on every farm and if these are to be kept in large
numbers more land should be provided and used as
permanent pasture and meadow without any attempt to
cultivate or to irrigate. In this way our wealth of native
grasses would all be utilized and we should have thous-
ands of happy and prosperous homes where the land is
now entirely unused. The rule and watchword then
would be, “Intense cultivation or no cultivation at all.”
Diversified farming with all its manifold blessings would
then make a reality of what is now but a dream. A
healthier tone would pervade everywhere and there would
be no further desire to rob this beautiful belt of its fer-
tility and reduce the land to a barren waste by the pre-
valling and wasteful one crop system which has been so
widely practiced. Some wheat together with corn, pota-
toes, rye, millet, oats, green fodders and root crops would
be produced and prosperity would follow.

If, in addition to all this the storm waters were care-
fully conserved throughout the whole belt and an equally
extensive and systematic planting of trees , to be
practiced, the whole aspect of the couutry| would be
changed and even the climatic conditions of'the whole
region would be profoundly affected for the better.
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Sose: Hints ox Agrestan Wenn CoNsstricrtoNy.—From
some of tbe results obtained in the past some useful hints
for future well construction may be gathered. The follow-
ing are suggested:

1. The pipes used should be galvanized and should
be connected by specially strong couplings.

2. An outside casing should be sunk and tirmly
seated in the rock below all sand and quick sands.

3. Assoon as a flow is reached the drill should be
closely followed by the casing in order that no washing or
caving of the walls may occur.

4. The lower end of the iuner pipe that is to pene-
trate the flow should be perforated to prevent any great
rush of water at any point in the sand-rock that carries
the water.

5. The bore through the cap rock should be of such
size that the casing will fit snugly in order to prevent the
water from working up around the outside of the pipe
and thus cutting the cap rock away.

6. All pipes used within the first or outside casing
should come to the top of the well and should there be
securely joiued to the outer pipe.

Lt is true that some of the wells, iu fact some of the
oldest ones, have not been thus carefully constructed.
But in some cases the cap rock and even the water bearing
rock are very firm and hard. Hence no trouble has come
as yet. But these wells will be found ditlicult to repair
when their common iron pipes are worn and rusted out.
Again some wells have encomntered no quick-sand but
there is always danger that the casings miay stick and
thus entail needless cxpense and unnecessarily increase
tbe cost of construction.

It must be borne in mind that the akot: sand stone

varies greatly in its nattire. [n some places it seems little
more than loose sand while in other localities it becomes
quite harZ sud compact. And it is to the non-observance
of somet. r more of the foregoing precautions that
what would, otiierwise have proven strong and durable
wells, have proven unsatisfactory and some times a com-
plete failure.
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