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THE UNDERGROUND WATERS OF ARIZONA
—THEIR CHARACTER AND USES.

By W. W. Skinner.

This bulletin is a compilation and discussion of the results of
an examination of the ground waters of the Territory as to their
suitability for sanitary, irrigation, and technical uses.

The results are sufficiently exhaustive to afford certain defi-
nite conclusions, which are believed to be a matter of general public
interest at a time when more and more attention is being devoted
to the development of ground waters for irrigation, municipal and
other uses.

CLASSIFICATION.

Waters may be classified, according to the purpose for which
the supply is used, into three divisions; namely, sanitary, irriga-
tion and technical. The chemical examination to which a sample
is subjected, the interpretation of results, and the standards of
purity adopted vary according to the class to which a sample
belongs.

SANITARY STANDARDS OF PURITY.

Some authorities upon the examination of waters, and the
correct interpretation to put upon the same, lay great stress upon
certain hard and fast rules for judging as to the potability of a
water, adopting fixed standards according to wMch a sample is
pronounced good, bad or doubtful These standards are, how-
ever, distinctly local in their application. Judged by standards
adopted by Eastern authorities, nine-tenths of the drinking w&tef s
of Arizona would be condemned upon their content of soluble salts
alone; yet, to persons accustomed to the strongly sulphated and
carbonated waters that occur in certain sections of the Southwest,
the supply is entirely agreeable, and apparently uninjurious.
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One of the first things to know in judging of the character of
a water, is the condition of the surroundings of the source of
supply. The statement of results may mean very little indeed,
even to an experienced chemist, unless considered in connection
with such conditions. One instance will sufficiently illustrate the
point. A sample of water is found upon examination to contain
large quantities of free ammonia. If such a water is from a shallow
well or spring, the conclusion is that the source of contamination
is near at hand and in an active state of decomposition—probably
some form of sewage, or the drainage from a cesspool. Such a
water should undoubtedly be condemned. On the other hand,
if the sample comes from a deep well, the interpretation would be
entirely different. In this case, in the absence of surface con-
tamination, the conclusion would be that in some period of its
history the water, containing nitrogen in the form of nitrates or
nitrites, probably came into contact with reducing substances,
such as some of the iron salts, ammonia thereby being formed.
Such a water should not be condemned.

A point of considerable interest in regard to the well waters
of Arizona is their uniformly high content of nitrates Here again
we cannot be governed by Eastern standards, but are compelled
to adopt a standard applicable to local conditions. A very high
percentage of nitrates, which would condemn an Eastern water,
may be looked upon here as a very natural effect of our semiarid
conditions. Nitrification takes place with extreme rapidity in
this climate, and as the nitrates are soluble, we would natu-
rally expect to find them in large quantities in our well waters,
and in the seepage waters from the irrigated districts; and this is
what we do find to be true. Being an inert and harmless form of
nitrogen, however, and the effect of natural causes as stated above,
too great significance should not be attributed to the presence of
nitrates, even in relatively large amounts.

As to the harmful effects of the large amounts of so-called
alkali salts found in solution in the well waters of Arizona which
are used for drinking purposes, expert opinion differs. Some phys-
icians state that waters highly charged with sulphates of lime
and magnesia are prone to produce disorders of the stomach, cal-
careous concretions in the system, and phosphatic calculi* On
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the other hand, many of our spring and well waters very nearly
approach noted mineral waters, as the Kissingen Springs of
Bavaria, renowned throughout the civilized world for their cura-
tive effects in certain disorders. Indeed, the curative properties
of some of our Arizona springs are becoming well known, notably
Iron Springs near Prescott, and Agua Caliente southwest of Phoenix.

Water for drinking purposes is continually in danger of inoc-
ulation by dangerous bacteria, especially the water of surface wells;
but if the supply contains little or no organic matter, which is the
food upon which bacteria live, it naturally follows that the chances
of its becoming permanently dangerous are remote. On the other
hand, when such organic matter is present in great abundance,
the conditions are favorable to the rapid growth and multiplica-
tion of the bacteria. When it is considered that one single bacter-
ium, reproducing by division, may, theoretically, increase to over
sixteen and a half millions m twenty-four hours, the importance of
knowing the presence of sufficient organic matter to bring about
such a condition is seen to be indeed vital. A bacteriological ex-
amination is necessary, of course, to determine the presence or ab-
sence of a specific bacterium, and is absolutely necessary when a
water is already suspected of causing «a specific disease; but a chem-
ical analysis is usually of greater general importance, as it indicates
not only its past and present character, but what reasonably may
be expected of the supply in the future.

WATERS FOR IRRIGATION.

The use of well waters for irrigation, with the exception of
those from artesian wells, is as yet in its infancy in Arizona;
although considerable developing is being done along this line in
different localities, notably near Mesa, by Dr. A. J. Chandler,

The serious difficulty where water has to be pumped for
irrigation is the cost of fuel. With the advent of cheaper power,
the question may be solved in certain localities, as is notably the
case in Southern California.

In the district above SafTord and Thatcher, on the upper
Gila, and at Saint David on the San Pedro, artesian water has
been obtained, There is already quite an area of land irrigated
from this source, and it is probable that the amount so irrigated
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will be largely increased in the near future. The first well in the
Saint David district was bored in 1899. The well was on
the east bank of the San Pedro, and was about 450 feet deep.
Since then much property has been located in this %icinity,
and artesian water has been developed on both sides of the river,
there being now about 210 artesian wells in this locality.

While the upper Gila and San Pedro valleys are the first to
be successfully exploited for artesian water, it is very probable
that it can be developed in other valleys of Arizona, the solution
of the problem—where water can be obtained—depending entirely
upon the first cost and permanence of the well, and the value of
the land which could be utilized.

The cost of artesian wells, of course, varies with the depth of
the water-bearing stratum below the surface. Other factors
which affect the cost are the size of the well and the character
of the various strata through which the well passes. The average
cost is probably between fifty cents and two dollars per foot.

The prospect is an inviting one, and seems to give evidence
of being profitable. However, the water from all of the artesian
wells so far developed in Arizona is more or less black-alkaline, —
that is. contains sodium carbonate and bicarbonate,—which is a
serious factor that must be reckoned with. This will be brought
out in greater detail in the discussion of artesian wells, page 282,

The quantity of soluble salts allowable in water for irrigation
purposes, varies with the composition of the salts, the methods of
irrigation and culture* the drainage, the character of the soil and
the kind of crop grown. Professor Forbes, who has given tlie
subject much attention, states in Bulletin 44 that, with the prevail-
ing agricultural practice in Salt River Valley, irrigating waters
containing 100 parts of salts of average composition in 100,000
parts of water are liable in a few years to cause harmful accumu-
lations of alkali, and that the use of such waters, must be attended
with precautionary care.

WATERS FOR TECHNICAL USES.

For steam.—The most general and important use of water in a
technical way is for the production of steam. It is therefore of the
highest importance to know the quantity and composition of salts
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held In solution by the water to be supplied to steam boilers. To
develop one horse power per hour requires about 3^ gallons of
water; therefore, a 100 horse power engine running 10 hours re-
quires about 3,500 gallons of water. An average of the soluble
salts in the underground waters of Arizona is approximately 135
parts in 100,000 of water. From such a water there would remain
in the boiler at the end of a ten-hour run between 39 and 40
pounds of salts.

For boiler use, judged by undesirable qualities, waters may
be divided into three classes; namely, scale-forming, corrosive, and
foaming or priming. By far the most common in this Territory
is the scale-forming class.

Boiler deposits, including scale-forming salts, are largely com-
posed of the sulphates and carbonates of lime and magnesia. Cal-
cium sulphate is decidedly the most objectionable of the scale-form-
ing salts. Alone, or when mixed with a relatively small amount
of calcium carbonate, it forms a hard nietal-like scale which is a
very poor conductor of heat and extremely difficult to remove from
the tubes and boiler plates. This scale is a non-conductor of heat,
and therefore prevents the maximum efficiency being obtained
from the fuel used, thereby increasing the cost of producing
steam. The loss of heat varies with the composition of the scale,
the harder kinds being as a rule the more perfect non-conductors.
One authority*1* places the loss of fuel at an average of 8 per cent
for every 1-16 of an inch of scale, making a loss of 64 per cent
for a half inch of scale.

In addition to the loss of fuel, boiler scale may cause disaster
if the deposit is allowed to become sufficiently thick, as the plates
and tubes may then be heated until red hot, when, if the scale
should crack or flake off, the water suddenly coming in, contact
with the Overheated metal would be liable to cause an explosion.
The overheating of the plates and tubes also causes them to warp,
thus seriously weakening the boiler.

Water containing carbonate of lime alone, or in a large pro-
portion to the sulphate, forms a soft mud-like deposit that does
not readily adhere to the plates and may be blown off. Sulphate
and carbonate of magnesia are similar in character to the lime
salts, but are usually present in very small amounts.

*Wahl & Henius.
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Water containing magnesium chlorid produces a rapid and
disastrous corrosion of boiler plates. This is due to the fact that
magnesium chlorid is not a very stable compound and readily
undergoes decomposition at the high temperature and increased
pressure obtained in steam boilers. The product of this decom-
position causing the trouble is hydrochloric acid, popularly
called muriatic acid. Being a volatile compound, it escapes with
the steam, and not only seriously corrodes the boiler plates, but
also the steam pipes, valves, etc.

Priming or foaming is caused by muddv water, by the for-
mation of soft scale, or by alkaline water, that is, water which
contains carbonate of soda, which is frequently found in the well
waters of Arizona. It is also frequently caused by an excessive
use of scale preventives, which as a rule contain some form of
alkali.

The theory of scale preventives is based upon the fact that
certain of the alkalies will precipitate in a soft condition the
troublesome lime and magnesia salts which may then be blown
off; but, as an excess of the alkalies in a water causes almost as
much trouble as the scale, it follows that just enough of the alkali
should be used to combine with the lime and magnesia. Hence,
in order to get the best results from a scale preventive, it is
necessary to have it compounded expressly for the water to be
treated by it.

For brewing.—For brewing it is essential that the water used
shall be of the highest organic purity, and the soluble salts also
exert a very marked influence upon the product To produce the
best pale beer or ale, a hard water, poor in carbonates, is desirable,
that is, one containing calcium sulphate. 30 to 40 parts in 100,000
is considered the correct amount by authorities upon this subject.
On the other hand, very soft water is desirable for the production
of dark beers and porter, as soft water leaches out more of the
extractive and coloring matter from the malt*

For laundry purposes.—The character of soluble salts is of
great importance when water is to be used for laundry and d otnestic
purposes. The amount of soap wasted is proportional to the con-
tent of lime and magnesia salts, the presence of these salts causing
the water to be called hard water. Soap is a combination of fatty
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acids with some base, nearly all of our commercial brands being
either soda or potash soaps. Now, when soap is added to a water
containing lime and magnesia salts, a reaction takes place, the
soda soap is decomposed and the corresponding lime or magnesia
compound formed, which is insoluble. It therefore follows that
none of the sod a soap is available for cleansing purposes until all
the lime and magnesia salts present have been combined in this
way. The lime and magnesia salts are also objectionable because
the new compounds formed have an undesirable effect upon fab-
rics, especially woolen goods, causing an unpleasant odor and
shrinkage.

The extra cost, in soap, of using a hard water is likely to be
thought an item of little importance; but this is by no means the
truth. Dr. Mason, an authority upon waters, states that each
grain of carbonate of lime, or its equivalent, per gallon of water,
causes an increased expenditure of about 2 ounces of soap for every
too gallons of water* It is not unusual for well waters of Ari-
zona to contain 30 parts of lime per 100,000, stated as carbonate,
which is equivalent to about 18 grains per gallon. The use of
such water in a family of five persons would probably cause an
actual waste of several dollars worth of soap a year,

Very hard waters may be satisfactorily and profitably treated
before being used for laundry purposes by adding an amount of
sodium carbonate (washing soda) proportional to the amounts of
lime and magnesia present. The water should then be boiled
for a few minutes (all the lime salts being thereby precipitated),
allowed to settle, and then drawn off from the sediment.

For sugar making.—Another technical process in which water
plays a very important part is the manufacture of sugar from
sugar beets,—a fact which is of special interest in connection with
the building of a beet-sugar factory in Salt River Valley at the
present time.

For sugar-making purposes* sodium chlorid, or common
salt, which is far the most abundant in our Arizona waters, is the
least troublesome; while nitrates and alkali carbonates are the
most undesirable. The action of these latter salts is to prevent
the crystallization of the sugar in the concentrated juice. It is
stated that a nitrate will prevent six times its weight of sugar
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from crystallizing. As shown in Bulletin 30 of this Station, an or-
dinary beet factory, using 200,000 gallons of water daily, would
lose approximately $10 a day for each ten parts of soluble solids
in the water used. A factory operating with a water containing
50 parts of salts to the 100,000, for 60 days, would lose therefore
from this cause approximately three thousand dollars for each
season's run.

THE SANTA CRUZ UNDERFLOW.

The underflow of the Santa Cruz valley may be divided,
according to the chemical nature of the dissolved salts, into t\\ o
distinct classes of water; namely, hard and soft.

The analyses of the waters of those wells which tap the under-
flow of the Santa Cruz river above its confluence with the Rillito
are shown in Table I, from which it will be seen that a large per-
centage of the salts in solution are compounds of lime and mag-
nesia, existing both as carbonates and sulphates. These waters
are, therefore, both temporarily and permanently hard. The lime
and magnesia salts are more abundant in the waters of the upper
than in those of the lower Santa Crtiz, as is shown by a compar-
ison of the analyses of the waters around Nogales with those near
Tucson.

By reference to Table I, it will be seen that the water near
Nogales and Calabasas contain on an average about 45.6 parts

i total soluble solids, and 14.9 parts permanent hardness expressed
as calcium sulphate in column No. 7; while, coming down the
valley, the waters gradually change for the better, the total sol-
uble*solids gradually decreasing, and the permanent hardness in
some instances entirely disappearing. This is easily accounted
for, however. It is known that along the upper slopes of the val-
ley there are large beds of gypsum and limestone, and, since the
mineral character of a water is influenced by the nature and
character of the mineral deposits with which it comes in con-
tact, we should naturally expect the waters of the upper Santa
Cruz to be charged with lime salts. Coming down the river
towards Tucson there is a considerable influx of water from the
Santa Rita Mountains, the character of which is shown in Table
I. No. 2932 is from a spring in Madera Canyon, and No* 2935
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from a well at Hart's Ranch on the east side of the Santa Cruz,
and both are seen to be black-alkaline waters. With this
information we are able to account for the decrease in total solu-
ble solids and the partial disappearance of the hard character of
the water in the lower valley. The water from the Santa Ritas
being alkaline (containing sodium carbonate) and the Santa
Cruz above the point of influx containing lime salts, there
should be a chemical reaction when the two unite tending to precip-
itate the salts of lime and magnesia; but, as the volume of water
coming from the Santa Ritas is probably very much less than that
coming down the Santa Cruz, the effect, indicated by analyses, is
to modify instead of entirely altering the character of the flow in
the lower valley as compared with that of the upper.

In general, it may be said that the waters of the Santa Cruz
underflow above Tucson are hard, bicarbonated, saline waters,
containing a considerable quantity of sodium sulphate or Glauber's
salts.

The other distinct supply in the Santa Cruz watershed is the
Rillito underflow, which joins the Santa Cruz below Tucson. By
reference to Table II, it will be seen that all the waters in this area
are black-alkaline and it will be noticed that in this case, also, the
waters of the upper valley are the more heavily charged with sol-
uble salts. Thus the Agua Caliente contains 52 o parts of total
soluble solids and 7.42 parts sodium carbonate, while the well at
the University, in the same water zone, contains only 24.8 parts of
total soluble solids and 3.5 parts sodium carbonate. This change
is quite probably brought about by the influx of water from the
Sabino Canyon district, which is by far the purest water in the
vicinity of Tucson. The Rillito underflow also carries a small
amount of lime salts in the form of bicarbonates, and therefore
presents the somewhat anomalous condition of being a soft
water, but temporarily hard.

The economic value to any locality of having two distinct
sources of supply near at hand is worthy of consideration by those
contemplating the erection of factories and other institutions re-
quiring much water. For instance, for laundry and boiler pur-
poses, water from the Rillito underflow is undoubtedly superior;
while for irrigation, brewing, and some other technical purposes,
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where a calcareous water is desirable, the Santa Cruz underflow is
very much better.

For drinking purposes, without considering possible local
organic contamination, the Rillito underflow is superior to that
of the Santa Cruz A comparison of the Tucson city supoly and
the University supply, which are representative of the two under-
flows, shows the latter to contain les^ total soluble solids and less
lime and magnesia salts; although, on the whole, the supply from
the city water works of Tucson is in purity much above the
average to be found in most sections of the Southwest

ARTESIAN WELI/S.

Flowing wells have been developed for irrigation purposes in
but two localities in Arizona; namely, the upper Gila in and around
Safford, where about thirty wells are flowing, and on the San
Pedro near Saint David, where about 210 wells are in operation.

By reference to the appended table of analyses. No. Ill, it
will be seen that all of the artesian waters so far developed in
Arizona have one important common characteristic, which is that
they contain sodium carbonate or black alkali. Mud Spring well
on the east slope of Mt, Graham, which is the strongest one in
this respect so far examined, contains 19.6 parts black alkali per
100,000 parts of water. This means that every acre-foot of this
water used for irrigation would carry upon the soil 534 pounds ot
black alkali, and since approximately four acre*feet are necessary
for all the year round irrigation, it follows that such a water
would carry on to each acre of soil 2136 pounds of black alkali
every year, the injurious effect of which would undoubtedly be
manifest in a very few years unless some means were adopted
to counteract it. The most effective method of accomplishing
this is by a system of flooding and underdrainage, especially in a
heavy soil where the natural underdrainage is poor. Under this
treatment a portion of the salts is carried away in the seepage
water, and that which is left is carried down and away from the
surface and more evenly distributed through the lower soil where
it will do the least possible injury.
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Where m rare instances it is possible to do so, it would be
wise to use artesian water to supplement the usual stream sup-
ply, as the sulphate of lime commonly contained in the latter,*
under proper conditions of moisture, aeration and temperature
will react with the black alkali of the artesian waters and pro-
duce carbonate of lime and sulphate of soda, which are not so
injurious to plant life. Or, the artesian water may be used dur-
ing the period of low surface flow and when the rains come and
surface water is abundant, a thorough flooding of the land will
materially decrease the injurious effect from artesian accumula-
tions.

SALT RIVER VALLEY UNDERFLOW.
The ground waters of Salt River Valley, generally speaking,

are relatively high in their content ot soluble salts, varying from
27.6 to 531 8 parts per 100,000 As shown in Table IV, the
average is much above 100 parts in 100,000, which is the maxi-
mum amount believed to be allowable in irrigation practice in .
Salt River Valley,

A comparison of the well waters of the Valley with those
of the Salt River is interesting. In Bulletin 44, it is shown
that the average content of soluble salts in Salt River for 1899-
1900 varied from 52.5 to 157 parts per 100,000, and that the
river water is normally a hard water—that is to say, lime and
magnesium salts are present as carbonates and sulphates. It is
also shown that at certain storm periods, when the influx of water
is mostly from the mesas, the character of the river water some-
times changes from a hard to a black-alkaline condition, caused
by the washing into the river of black-alkaline accumulations;
but that the river resumes its normal character very shortly after
each storm period has passed.

This accumulation of black alkali on the surface of the mesa is
confirmed by the examination of the ground waters of the Valley.
The shallow wells are frequently found to contain black alkali,
while the deeper wells (those 100 ft. and more in depth) are
characterized by the lime and magnesium salts which they con-
tain. By referring to Table IV, it will be seen that, with very few

*8ee Arizona Station Bull, 44, pp. 212, par. IS,
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exceptions, the black-alkaline wells are shallow, these wells
containing sufficient alkali to make it a serious consideration
indeed, if such waters alone are to be relied upon for irrigation
purposes. Fortunately, as before stated, the lower water-bearing
strata yield an entirely different supply, and one which is very
similar in character to the normal supply from Salt River, but
usually containing a higher percentage of soluble salts.

Until within the past two >ears, few reliable data were
available from which to form an idea of the variations in char-
acter of the different water-bearing strata of Salt River Val-
ley; but some work is now being done along this line. The
efforts of Dr. A, J. Chandler, near Mesa, have cast considerable
light upon the subject. By referring to Table IV, the vary-
ing character of water coming from the different water-bearing
strata underlying this section of the Valley is strikingly apparent.

Sample No. 2804 is from a shallow well about 54 feet deep,
located in the N. E. # of Sec. 27, T. i SM R. 5 E. This water

'is strongly black alkaline, containing 7.63 parts of sodium car-
bonate. Each acre-foot of this water would carry on to the soil
about 208 pounds of black alkali, an amount which would un-
doubtedly cause ill effects in time, if the water were used con-
tinuously.

In Sec. 22, immediately north of Sec. 27, Dr. Chandler has
bored a number of deep wells, the deepest being 705 feet; and while
these deep wells usually contain a larger amount of soluble salts,
they are shown by the analyses in Table IV, to be invariably hard
waters. The hard water from the deeper water-bearing strata is
an antidote for the harmful black alkali contained In the water
from the shallow well, making it possible to combine these waters in
proportions disposing of the" most harmful black-alkaline con-
stituent-

This change of character is again clearly shown by the deep
well of Mr. Thomas Murphy, on Sec. 30, T. 2 N., R. 4 E., south
of the Arizona canal.

In Table IV, Nos. 2837, 2838 and 2839 are samples taken
from the same well but at different depths. No. 2839 was taken
when the boring had reached a depth of 78 feet, and the analysis
shows that at this level the water contained 388 parts per 100,000
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of soluble salts, of which 45 2 parts are sodium carbonate or black
alkali. In sample 2838, from the same well at 168 feet, the total
solids had decreased to 303,2 parts, and the character of the water
was entirely different from the previous sample, being decidedly
a hard water, and containing the equivalent of 26,65 parts per
100,000 of sulphate of lime. At 187 feet the water was also hard,
but contained less sulphate of lime than did the preceeding sample.
No. 2842 was from the same well at a depth of 325 feet, and the
analysis shows it to have been very similar to samples 2837 and
2838.

The deep well waters so far developed probably contain too
high a percentage of soluble salts to be used continuously as a
source of irrigation supply. An acre-foot of water containing 200
parts of soluble salts to the 100,000 would carry on to the land about
5,445 pounds of these salts. Estimating 3^ acre-feet as the min-
imum year's supply, such a water would carry on to each
acre so irrigated the enormous quantity of about 19,000 pounds,
or g)4 tons a year. However, the development of such a supply
is often desirable in order that the irrigator in an emergency may
supplement his usual supply from the river. This is especially
applicable to orcharding in Salt River Valley. In fact, it would
seem to be unwise, in view of the experience gained during the
recent years of unusual drouth, to engage in orcharding upon
a large scale without such an emergency supply. During periods
of low water in the river, which frequently occur when water
is most needed, the pumping of the underflow could be resorted
to with great advantage to the orchard so irrigated, even though
the water should contain an excess of alkali salts, as any unde-
sirable accumulation of salts may be materially decreased by thor-
oughly flooding the land with the river flood waters as soon as
they are available. The river at the time of flood usually contains
a comparatively small quantity of saline materials, and by its use
much of the alkali accumulated during the irrigation with well
water may be leached out; and if this is supplemented by a
good system of under drainage, only favorable results are to be
anticipated.

It would also be highly desirable to have such an emergency
supply in general farming. The cost of fuel and the necessary
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expense of operating pumping plants make it impracticable how
ever for most small fanners. If the time ever comes however,
when cheaper power is available in Southern Arizona we may
expect a development along this line similar to that which has
occured in several of the fruit-growing districts of California.

MISCELLANEOUS.

Table V, contains the analyses of miscellaneous samples
collected throughout the Territory, not a sufficient number coming
from any one point, however, to enable us to draw definite conclu-
sions as to the character of any local supply. Some of these
analyses are of particular interest from sanitary and technical
points of view. No. 2294, the Prescott city supply, is shown by
the analysis to be an unusually good water for sanitary purposes.
The samples from the Buckeye country and the lower Colorado
are invariably high in total soluble salts, which consist chiefly of
sodium chlorid (common salt) and sulphates of lime and magnesia.
Sample No. 2803, from Clifton, is remarkable for the large amount
of salts which it contains, consisting chiefly of sodium chloric!.
One hundred gallons of this water contains approximately 9.6
pounds of salts, or about one-third as much as sea water.

Sample No. 3162, is from a crater near Hunt, Apache Co,,
and is also worthy of notice. One hundred gallons of this water
contains in solution the enormous quantity of 170 pounds of salts,
of which 157 pounds is in the form of common salt.

DEFINITIONS AND APPROXIMATIONS.

In stating the results of analyses or observations upon the volume or
rate of flow of water, certain terms are used such as acre feet and parts per
100)000. Frequently it is desirable to convert one statement into terms of
another for more convenient usej for instance, to change cubic feet per
second to acre feet, parts per 100^000 to grains per gallon^ etc*

A few definitions and approximations are appended below which, it
is believed, will be found valuable:

An acre foot of water, is equivalent to an acre covered with water
one foot deep, and is equal to 43,500 cubic feet, or, approximately, S20»700
gallons.

To change second feet of finw to acre feet per day> multiply by 1.984.
To change pa rts per 100 >OOOM pound* per acrt foot, multiply by 27 JK*
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To change acre feet to gallons, multiply by 43,560, and the product

To change parts per 100,000 to grains per gallon, multiply by .5833.

SANITARY STANDARDS OF PURITY,

For the judging of water for sanitary purposes in Arizona, the fol-
lowing standards of purity are proposed:

From
From
From

Total soluble
solids,

0.
50.

100.

to 50.00 parts per 100,000 Good
to 100.00
to 200.00

Above 200.00

Fair
Acceptable

Nitrates,

Nitrites,

Free ammonia,

Albuminoid
ammonia,

From
From
Above

From
From
Above

From
From
Above

From
From
Above

0.00 to
0.20 to

0.00 to
0.01 to

0.00 to
0.005 to

0.00 to
0.005 to

0.20
1,00
1.00

0.01
0.10
0.10

0.005
0.010
0.01

0.005
0.015
0.015

Bad

Good
Fair
Doubtful

Good
Fair
Bad

Good
Fair
Doubtful

Very Good
Safe
Doubtful




















