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THE POTABLE WATERS OF EASTERN UNITED STATES.

By W J McGEE.

INTRODUCTION.,
POTABLE WATERS IN THE HUMAN ECONOMY.

Human life depends on the utilization of potential energy stored up
in a variety of substances which are consumed as food. These sub-
stances include minerals, such as water and salt, which are utilized
alike by plants, lower animals, and mankind; vegetal products, com-
prising fruits and grains as well as leaves, roots, and sometimes stems,
which are utilized alike by lower animals and mankind; and a variety
of animal products, which are utilized by certain lower organisms as
well as by mankind. ‘

While mineral, vegetal, and animal substances yield food for living
things, the food substances are not of like value and are not consumed
in like proportiens by different organisms. The prevailing plant foods
are mineral substances which the plants assimilate and transform ipto
higher compounds; excluding water, the prevailing foods of her‘t‘;iv-‘
orous animalsare these higher compounds of the plant laboratory, which
are assimilated aud raised still higher; and, again excluding water,
the prevailing foods of carnivorous and omnivorous animals are these
compounds of the third order which are assimilated and thereby once
more raised in the scale of differentiation. Thus, while certain food
substances are cormmon to all living things, others differ in degree of
differentiation and so in the facility with which they may be assimilated
and utilized in the higher stages of vital economy.

There is a differentiation of organisms running parallel with, and
doubtless practically dependent on, the differentiation of foods; and
viewed broadly the living things of the carth may be classified by the
food substances utilized perhaps as jnstly as in any other way. Under
this classification the lowest organisms are those whose food substances
are mineral; a higher order includes those organisms whose food
substances are predominantly mineral yet in part vegetal; and after
several intermediate orders in which the proportion of more and more
highly organized food substances varies yet progressively increases,
man is found at the head of the series with a higher and wmore elabo-

5



6 POTABLE WATERS OF EASTERN UNITED STATES.

rate dietary than any other organism. The reciprocal character of the
relation between the organism and its food is well illustrated in this
culminating order of the organic series; for while the interdependence
of animal and vegetal life began in earlier ages, while, indeed,/as early
as the Cretaceous of geologic history plant-fertilizing insects and seed-
distributing birds initiated the development of fragrant flowers and
sapid fruits, most of the foods of modern men are essentially products
of human craft, The most nseful grains, vegetables, and fruits are
vegetal monstrosities, so far modified by cultivation that their original
forms are nnknown; so far transformed in habit that they can not exist -
without human aid ; so far reconstructed in constitution that their vital-
. ity i1s expended in producing abnormal developments of tissue useless
to the organisms themselves and nseful only to mankind, for whose
behoof they were transformed. Aud in like manner the chief sources
of animal food-—cattle, sheep, fowls, and swine—are so completely
modified under human will as to be turned into biotic monstrosities, help-
less without human aid, whose vitality is expended in producing tissne
useless to themselves and useful only as food for mankind, Thus food
substances represent a graded series, beginning with undifferentiated
minerals and running up to the most highly differentiated animal com-
pounds; and the living things of the earth, with man at their head,
represent a parallel series which may be classified by the character of
their food. With a single exception there is progressive diminution in
the use of mincral foods in the series of organisms followed from the
lowest to the highest, the exceptional substanee being the mineral com-
pound, H,O, or water, which is consumed alike, and nearly always in
a large proportion, by all living things.

Human foods are classified in a variety of ways. Thus they are
frequently divided into liquids and solids, a division which is meas-
urably indefinite for the reason that the nominal solids are always com-
posed in part, generally in greater part, of water; but even under this
classification it is commonly found that considerably more liquid than
solid food is consumed. Classified chemically, foods are divided into
(1) proteids, or nitrogenous substances, including the most highly dif-
fercutiated among animal and vegetal compounds; (2) fats or non-
nitrogenous substances, in which the proportion of hydrogen and oxy-
gen is nnlike that of water and which are second in the inverse order
of complexity among animal and vegetal compounds; (3)carbohydrates
(sometimes called amyloids) or nonnitrogenous compounds of carbon
with hydrogen and oxygen in the proportions required to form water,
i. e,, relatively simple vegetal and animal compounds, standing third
in the inverse order of differentiation; and (4) minerals, including water
and various salts, This classification, too, is indefinite in that most’
articles of food embrace more than one and many embrace all of these
constituents—indeed, the best dictary comprises all of these food
classes, and none of the food articles in common use ave free from the
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preponderant mineral constituent,water. Classified by function, human
foods may be grouped as (1) nutrients, including meats, fruits, cereals,
vegetables ete., whose substanee is largely assimilated and absorbed
into the system; (2) assimilants, ineluding a variety of condiments
which aid in assimilation; (3) paratriptics, or waste-preventers, includ-
ing tea, coffee, wine and other aleobolic beverages, etc., which in
some little understood way retard the waste of tissue and consequent
dissipation of energy; and (4) dilnents, which modify the consistency
of solid foods and thereby facilitate assimilation, besides maintaining
the water of the systemn and perhaps performing other functions. This
classification also is indefinite, partly for the reason that many articles
used as food perform different functions (e. g., milk is at once a nutri-
ent and a diluent; beer at the same time a nutrient, a paratriptic,
and a diluent, ete.); but, like the primary classification by degree of
differentiation, the classification by physical condition, and the chemie
classification, it indicates the low order of simple liquids among food
substances.

So while water occupies the first place among foods in guantity it
would appear to occupy a low, perhaps the lowest, place in guality.

The average human adult, in a condition of health and moderate
activity, consumes daily about 4% pounds of simple liguids and about
24 pounds of nominally solid food, really consisting of about equal parts
of water and solids, yet so intimately commingled as to demand com-
mon treatment; i. c., nearly two-thirds of the average human food is
liquid, and barely more than onc-third is more or less diluted solids,
Now the character of the liquid food consumed by mankind varies from
place to place and from time to time with many conditions; but under
the social and other conditions obtaining in this country to-day by far
the larger part of the liquid food is simple water; and accordingly it
is fair to estimate that about ouec-half of the matter daily taken into
the average American stomach is nominally pure water, drawn from
spring or river, well or cistern, running brook or city bydrant.

The culinary condition of food substances in this country is not uni-
form. Most solids are cooked, and thereby any noxious germs or gerin
products that they mgfy contain are destroyed ; many fruits and nuts
which are eaten raw are protected by epidermis or shell, so that the
danger of contamination is reduced; most beverages are subjected to
such treatment in manufacture or cooking as to destroy organic germs
(which are now recognized as the cause of most diseases) and thereby
rendered innocuous; but water is commonly consumed just as it comes
from pump or hydrant, without germicidal treatment, without thought
of poisons that may lurk within it. Accordingly, while water may

“constitute but half of the aliment, the danger of germ poisoning from

this substance is, other things equal much greater than the danger
from all others combined.

Solid and liquid foods, even in the uucooked condition, are not alike
in danger of contamination. Meats and other animal substauces are
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highly complex compounds, and therefore, uuder the law of inverse
relation between chemic complexity and stability, they are eminently
unstable, so that decomposition is easily initiated and proceeds with
great and cumulative rapidity; and in somewhat less degree the same
is true of vegetal food substances. Hence, germs which are noxious
alike to these substances and to the cheinically similar substance of the
human body can not long exist without making their presence known;
and devices for cooking and preserving foods and systems of food
inspection have been developed in order to protect human. life from
dangers growing out of organic poisons in solid food substances. But
water is the common food of animal and plant, microbe and mankind;
it is so stable chemically that microbes may exist within it in incalcu-
lable numbers without breaking it down or appreciably changing its
character; and alone or in combination with other substances it is a
favorite, or at least a suitable, medinm for the growth and multiplica-
tion of germs noxious to mankind. Acecordingly, the chance of organic
poisoning by potable water is not simply that of the relative propor-
tion of water and other fonds,not even the greater probability going
with the ratio of danger in raw water to that of cooked foods, but the
very much greater probability growing out of the fact that water is a
fit and favorite medium for the development of microbe life, This
deduction from food character is fully sustained by medical records—
indeed it is really an induction from medical observations traced back-
ward, for the infection of typhoid and intermittent fevers and many
other germ diseases is so commonly traceable to confaminated waters
that the experienced practitioner called to combat such ills at once
turns to the well, spring or cistern as the probable source of the
disease.

In short, potable water oecupies a promineut place in the human
economy; it is preeminently the food substance of living things, and
common to all from the highest to the lowest; it is the most abundantly
consumed of all food substances, often more abundantly than all others
combined; but at the same time there is a danger in its use much
greater than in all other aliments. So it behooves men well to counsider
their water supply.

L%

THE CONQUEST OF THE WATERS.

The land of eastern United States is sinking, and the ocean is
encroaching on its purlieus. The encroachment has continued for
uncounted ages, and the sea waters have backed into the lower reaches
of the rivers, converting the valleys into estuaries; and thus the sink-
ing of the land has given character to our coasts and thereby deter-
mined the rate and quality of settlement, of the subjugation of the land,
and of the conquest of the waters for human weal. This physiographic
change, one of the most notable on the globe, may not be neglected in
considering the growth of the country.
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The first American settlers were invaders of the domain of the red
man; they came up from the sea in ships and found havens in the long,
narrow, deep, forest-protected estuaries, and the returning mariners
carried glowing accounts of fair lands and safe harbors, whereby other
adventurers were attracted; and so the ships came up again and again
into the deep bayed shores, and cargo’ after cargo of men and goods
were debarked. Plymouth and Jamestown were early points of attack;
but the invasion extended along the coast and up the broad estuaries
traversing the coastal lowlands until the invaders displaced the abo-
riginal holders and claimed the land as their own. This was the first
stage in the settlement of the country; and it is none the less real that
it was not simultaneous from north and south and that it blended with
the succeeding stage of internal pioneering.

In the first stage of settlement the invader drank from the fresh
streams falling into ocean and estuary, and rejoiced in the sweetness
of the waters. When later ships came the invaders, whether Puritans,
Knickerbockers or Cavaliers, ascended the tidal canals into which
the rivers had been transformed by the sinking of the land, scanning
one shore or both for inflowing streams of fresh water; and as the
stream mouths were taken by successive communities, or as seaward
sites were found unavailable for various reasons, the vessels pushed
farther and farther into the interior until they reached the cascades at
the termini of the tidal canals; for while the coastwise land is sinking
the interior, is rising, and the zone of transition from downthrow to
upthrow is marked by the line of cascades extending from the Hudson
to and beyond the Roanoke (now known as the ¢“fall line ”), one of the
most trenchant physical and cultural boundaries of the globe. Some
settlers in New England, and a few farther southward, indeed, fouud
natural springs; bnt most of the invaders songht simply for fresh water
streams, and the settlements were located at their mouths. In this
way the earliest centers of population were fixed, and hundreds of them
have grown into towns, and some of them are become commercial marts.

So the dream of the invader of the American soil was a fresh water
stream rippling over silvery sands or rushing over rocky bed; long
before leaving the fatherland he dreamed by night and queried by
day of the tempting flood, and ventured to face the frightsome main
only when assured of the verity of the delectable waters in the fair
land beyond.

At first the fresh brook water of the new found land was a grateful
change from the stale cask water of the ships and even from the pol-
Inted streams and wells of the fatherland; and a refreshing expression
was coined to indicate the fortunate condition of eastern America—it
was said to be a “ well-watered country,” a land ¢ watercd ” by many
rivers and lesser stlecuns and the expression took root and followed
emigration westward untﬂ even the  erudite bookmakers came to
describe the interior as ¢ watered ” rather than ¢ drained ” by numer-
ous waterways.
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The invaders commonly landed in fair weather, when the brooks
were sweet and clear; but storms camne aud the waters were roiled, the
huntsmen with their dogs pushed upstream and the waters were
defiled, and anon the spume of marshes spilled into the brooks
and the weaker folk fell ill of fevers. Thus little by little the waters
of rivers and brooks dropped into disfavor; some sought to store and
filter the capricious supply, but they were too few to make this profita-
ble; some made cisterns for storing rain water, but with the limited
appliances of primitive culture this involved great labor; and the
seeond generation eame to seek for springs and sometimes to dig wells.

So the first stage in the subjugation of the country was invasion by
white men from foreign lands; and the first stage in the conquest of
the waters began and ended with the beginning and ending of drink-
ing direetly from rivers and streains.

The invaders multiplied-and the population of the coastwise country
- grew until the roving hunters on the outskirts found their ranges nar-
rowed, until the farming folk found their acres too few for their fami-
lies, and then began the stage of pioneering, in which the adventurous
sons of hardy sires pushed into the western wilderness toward and
finally over and beyond the mountains, slowly displacing the aborigi-
nal landlords who lived on tithes in flesh and blood exacted from
bestial tenantry. This was the stage of pioneering, the second stage in
the subjugation of the country; and it is none the less real that it was
not simultaneous from north to south, and that it merged into the pre-
ceding stage of invasion on the one hand and into the succeeding stage
of actual settlement on the other hand—for the typical pioneer was a
rover, and his race was but the flotsam borne on the breakers of the
inflowing tide of population. .

A clear cool spring bubbling from moss-covered rocks in a shady dell
was the dream of the pioneer. Sleeping and waking, this vision
haunted his brain as the brain of one of the first of his elass was
haunted by the dream of a fount of perpetual youth. From the mys-
terious sunset land rumors of game-filled woodlands, sparkling trout
brooks, and laughing rivers floated away with the west wind and fanned
into flame the home-seeking spirit smnoldering in a thousand breasts;
yet while the home secker spoke most of fertile ficlds and noisy iills
and busy water eraft, his brightest dreams were of conquest by gun and
rod and ax, and the refreshing and health-giving spring was a feature
in every picture, often the central feature, about which all others
clastered. So the stalwart invader of the red man’s domain looked
first for a land to his liking and then sought among the hills and val-
leys for the clear cool spring of his dream; and when he found it, there
his household gods were enshrined. Ilis helpmeet shared his quest or
soon followed; then children grew up, neighbors came, and the cabin
became a house and later the nucleus of a settlement. Iu this way ten
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thousand settlements on both slopes of the Appalachian mountains and
in the interior were located; and many hundreds of them have beconie
towns and some of them great cities. '

The pioneer accepted the spring asa gift of bountiful providence, or
as the meed of patient search, to be enjoyed without profane scrutiny
or ingrate question, and the origin of the water was a half-sacred
mystery. Ignorant of the source of the crystal flood, he neglected the
precaution necessary to preserve .its purity, even to prolong its exist-
ence; so the fountain was sometimes polluted, often dried np—hundreds
© of cases of typhoid fever have been traced to the waters of erstwhile
healthful springs, and half the springs known to the contemporaries of
Daniel Boone and Davy Crockett have ceased to flow. The pioneer
dreamed of the spring; his children cherished it until it dwindled away
or poisoned their systems; his grandchildren sought the source of the
waters, that the supply might be renewed and purified.

So the second stage in the subjugation of the country was that of
pioneering; and the second stage in the conquest of the waters began
with the search for natural springs and ended when the springs failed.

The pioneer enshrined his Lares and Penates beside the spring, and
his followers sought other springs in the same and neighboring valleys,
until every natural fountain of the woodland marked a household
shrine; and when all were taken later comers crowded around the
springs of the early comers and setflements grew up with a well-worn
path connecting each house with a nucleal fountain. Yet, even when
the springs were utilized to the full, the stream of settlement continued
to flow and the pioneers were followed by men of stabler and less
adventurous habit, who longed for vine and fig tree rather than gamy
sports and flavors, and who sought real homes for themselves and their
children. Then it was fouud that the uplands above the rcach of the
gurgling spring waters yielded more readily to the plow and produced
more abundantly than the steep hillsides bounding the bosky dell, aud
gradually the sparse populaticn of the pioneer stage spread over the
divides and grew into a farming population; later, roads were made,
forests were felled, towns were built, and all but the most intractable
acres were put to the plow or turned into pasture. This was the stage-
_of actual settlement and the beginning of agriculture, the third stage
in the subjugation of the country; and it is none the less real that it
was not simultaneous in all parts of the country and that it merged
with the antecedent pioneering stage and the subsequent intensive
stage.

With the increase in population and the felling of forests the flow-
ing springs became too few and then shrank until a half dried up; so
one and another of the scttlers, and at last nearly all of the rural
householders, were driven te well-digging. At first the failing spring
was deepened, and the spring became a well; then other wells were " .
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located on sites whose moisture indicated the proximity of water; still
later well sites were chosen at random, and some yielded bounteous
supplies of cool, refreshing water, while others were barren. So well-
digging went on apace until no homestead was complete without its
well, until the son came to dream of the ‘“old oaken bucket” as his
sire dreamed of the clear, cool spring; and at length it came about that
the water supply of the country was no longer taken from running
brooks, no longer dipped from natural springs, but drawn from the
artificial well.

The spirit of the pioneer who accepted the spring as a guerdon of
the gods clung to his descendants, and some of them, groping blindly
for better knowledge, invoked the aid of magic in locating their wells,
and the plague of the wizard fell on the land; and from county to
county, from settlement to settlement, from house to house, the craze
of water-witching spread, deluding thousands and delaying knowledge.
Blinded by the glitter of a phantasm, many settlers of the third gen-
eration knew even less of the source of the earth-given waters than the
pioneer; so they, too, neglected Yhe precautions necessary to preserve
the purity and prolong the life of the crystal fiood, and the wells were
often polluted, sometimes dried up. But when the water wizard failed,
and failed again and again until he fell into deserved conteinpt, when
the physician traced the outbreak of typhoid fever to the well, and
when the waters dried up in the long summer, many sons of the third
generation profited by the experience of their ancestors and more
wisely sought to renew and purify the water supply; and thus the
nature of wells is becoming known.

So the third stage in the subjugation of the country was actual set-
tlement, actual transformation of woodland and prairie into field and
pasture, the appropriation of the land surface for human ends; and the
second stage in the subjugation of the waters began with the substi-
tution of artificial wells for natural springs and running brooks aﬁd,

except in the cities, this stage is not yet ended.

Faculty is the child of exercise in mind as well as in body, in a
people as well asin theindividual, in the solidarity of terrestrial life as
well as ju the gronp of men, Now, so long as fertile and humid
lands lay westward, the sons of the settlers sought new homes in the
forests and plains of the interior and rested satisfied with a low grade
of culture. In soil, as in social condition, their energies were directed
toward half-subjugation of the new rather than toward complete sub-
jugation of the old. So, on the Atlantic slope and over the broad
interior, settlers multiplied and the population grew to a certain den-
sity varying from place to place with fertility of soil and local fashion,
when the supposed excess flowed away westward ; and the flux contin-
ved until nearly all of the fertile and humid lands of the interior, the
subhumid lands of the foot slopes rising toward the Rocky mountains,
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and the fruitful valleys beyond, were transformed into fields.. But
when the available lands were taken, the energy born of exercise began
to concentrate and seek higher levels,-just as the pent-up waters of
" the walled spring rise; and the farmer boy ceased to dream of reclaim-
ing the distant prairies, which needed only his presence to laugh into
bountiful harvests, and sought eonquest nearer home. So his heredi-
tary vigor and enthusiasin fonnd outlet first in better methods of farm-
ing through the employment of improved farm implements; and the
improved implements involved manufacturing, which, in turn, led to the
better utilization of forests and the opening of mines of coal and iron,
and finally to the development of tratfic and transportation; and all
these interdependent activities increased cumulatively until human
energy came to be expended largely in transforming not only the land
surface, but the natural wealth of the forests above and of the earth be-
neath, until the power controlling the world came to be‘that of animals
and running waters and of steam and electricity, utilized through the
eraft of the brain rather than the feebler craft of the human musecles.
This is the fourth stage in the subjugation of the country, the
stage of intellectual control, in which not only the lands but all things
that grow upon them and the resources that he beneath are appropri-
ated to hnman welfare; and the stage is none the less real that it is
not everywhere simmultaneous, but proceeds from nuclei or centers of
activity springing into being from time to tine and from place to place
through the ferment of brain activity; nor is it the less real that it
grades out of the earlier stage of subjugatiou of the surface alone.
~ The spring of the pioneer was pure and the surface well of theearly
settler was nearly aspure; but with the increase in settlement and with
the manifold attendant transformations of natural conditions the earth
beneath barus, houses, gardens, even fields, is gradually charged with
noxious by-products of organie activity, and year by year these are
" washed deeper into the soil and eventually the poison finds its way
into spring and well alike. Now in the spring the impurity is diluted
and washed away in the flowing waters, while in the well it gathers as
a grisly leaven which infects reservoir and ‘contents and changes the
healthful flood into festering filth, and curiously—and herein lies the
greatest danger to drinkers of well water—as the filth inereases the
waters become pellueid, sparkhing and even brilliant to the eye, sweet
and palatably salt to the taste, so that the appetite of the habitual
user craves the poison and rejects the pure. How far the surface wells
of the country are already polluted no man may say; but certain itis
that whole countrysides are annually swept by typhoid fever, that
hundreds of towns and villages suffer outbreaks of the same disease
every dry suminer, and that each cpidemie is traceable to the wells;
and it may fairly be questioned whether every surface well in city or
town is not a source of imminent danger, and whether any such well
located hard by village house or country barn is safe. To-day the
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groaning sweep and creaking windlass, ouce beacons of health and the
inspiration of the poet, have become signals of danger.

With development of manufacturing, water came to be used in large
quantities and for many purposes; with the felling of forests and surface
draining most springs failed, and with increasing density of population
many wells were polluted or dried up and some rivers were defiled.
Thus the problem of potable water supply grew into ever greater
importance, and in different localities it was solved in different ways.
Utilizing the wisdom inherited from their ancestors and growing out
of their own observation, the men of the fourth generation sought
potable waters in the deep lying strata of the earth, below the reach of
surface contamination, and so artesian wells and deep pump wells were
opened; where the underground structure was unfavorable for deep
well ‘supply, manufacturers or extensive agriculturists availed them-
selves of modern devices and made capacious cisterns in which the
rain waters were stored; while the urban folk combined interests
and forces and made reservoirs and constructed waterworks supplied
from rivers, and sometimes adopted devices for filtering or otherwise
purifying the waters. All of these solutions of the potable water
problem are more or less satisfactory in different regions; and thus
the prosaic and practical deep well with rattling windmill or coughing
engine or wheezing gauge valves at its head, the undergronnd eement-
lined cistern of the North and the overground wood staved and iron-
hooped cistern of the South, both filled from carefully cleaned roofs, and
the masonry dams diverting river waters into brieckwork conduits and
through elaborate filters and mains and hydrants to the very band of
the urban user, are all signs of the times and mark a fourth stage in
the transformation of nature for human weal. '

" So the fourth stage in the subjugation of the country is that of eom-
plete utilization of natural resources residing m the soil, ou the sur-
face of the land, and in the underearth; and the fourth stage in the
conquest of the waters began with the making of artesian fountains,
or with the diversion of the rains and the control of the rivers, and
will end only when the substitution of artificial processes for those of
nature is completed.

The progress of civilization in this country may be measured in many
ways, but in none more definitely than by the subjugation of the land
and the conquest of the waters. The first stage was that of invasion
from other lands when men lived largely on the products of the chase
and the spoils of the sea, and, like the aboriginal landholders whom
they displaced, drank from the running brooks; the second stage and
generation was that of hardy pioneers who dreamed of clear, cool springs
embowered in primeval forests, and who accepted the flowing water as
a guerdon of the gods; in the third stage and generation men were
lovers of home and the soil, and in transforming the soil to their uses
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destroyed the springs and became well-diggers, and this stage is not
yet fully passed; in the fourth generation and stage, which is not yet
fully come, men transform not only the soil but all nature, and by
cooperation and the utilization of manufactured devices delve deep
into the earth or divert the rains and rivers that they may enjoy to the
full, without danger of poison, the simple mineral food on which all life
depends.

THE SOURCES OF POTABLE WATERS,

The immediate sources of potable waters are (1) the rain water col-

lected in cisterns or other reservoirs; (2) running brooks and rivers;
(3) springs and wells supplied by ordinary ground water; and (4) deep
wells and deep-seated springs supplied by phreatic water. But in the
last three cases, as in the first, the ultimate source is the rain falling
from the clouds. . '
- While the primary source is the natural rainfall, potable waters are
in all cases rendered available by certain natural agencies, or by arti-
ficial devices more or less closely simulating the natural agenéies; and
these agencies and devices give character to the iinmediate sources.

In the simplest case the waters are collected and stored in cisterns
largely or wholly by means of artificial devices. The first device is a
catchment area (or drainage basin) which iS commonly an artificial
roof, thongh it mnay be a tract of gronund surface of 'suitable conforma-
tion, artifically protected-from defilement. The second device is a sys-
tem of waterways designed to collect the rain waters falling on the
catchment area, and these waterways are commonly artificial eaves-
troughs, pipes, and conduits; but when the ground surface is employed
as a catchment area, natural ravines may be utilized in lieu of a part
of the artificial system. The third device, which is not essential to the
collection of water for certain purposes, though it is absolutely essen-
tial to sécuring water of sufficient purity for potable uses, is a settling
basin, or filter, or both combined, in which the water is strained of
mechanicai impuriﬁes taken up in catchment area and water pipes,
and freed (eitiier directly, or indirectly throtugh long storage) from
organic¢ impurities gathered from roof or ground surface; and devices
designed for this purpose in connection with cisterns are always artifi-
cial. The fourth device, which is not a prime requisite but which is
requisite for a permanent water supply, is a reservoir of considerable
dimensions in which the storm waters are kept against the season of
drought; and most reservoirs designed for potable waters in this
country are artificial cisterns.

In the second case in the order of complexity, potable waters are
drawn from running brooks and rivers. In thiscase the primary source
remains the rainfall, and the catchment area which serves as the
agency for collecting the waters is the natural drainage basin of the
waterway, while the settling-basin, or filter, is in some measure



16 POTABLE WATERS OF EASTERN UNITED STATES

replaced by irregularities in the channel,! and the body of the stream
serves as the reservoir. Now in this case only a part of the rainfall
can be utilized; for while a portion of the storm water gathers into
rills and rivalets and flows down the slopes and through the main
waterways, another portion is absorbed by the porous soil to perform
various functions in hydric economy. A fraction remains near the
surface of the soil until drawn npward by capillarity and evaporated
when the sunshine follows the rain; another fraction is consumed by
the plants; while a third fraction percolates slowly downward and
remains long at depths determined by the porosity of the soil, the
frequency of rainfall, and other conditions, as a simple sheet of
moisture known as ‘“ ground water;” or under certain conditions it
passes into deep-lying strata and is conveyed long distances through
subterranean channels or, more frequently, through inclined porous
strata as ‘“phreatic water;”? and the running brooks and rivers flowing
on the surface are supplied only by that portion of the rainfall which
flows off on the surface, together with that portion of the absorbed
water which is.given back through seepage and springs—commonly
ground water, rarely phreatic water.

In the third case in the order of complexity, potable waters are
drawn from ground-water springs or wells. Now, the ground-water
snrface is » somewhat indefinite one, and more or less variable in depth
from storm to sun, from winter to summer but in general it is a sub-
terranean surface commdmg fairly with the land surface, save that it
is somewhat smoother, its divides lower, its valleys shallower; and
when the two surfaces intersect in the deeper valleys, the ground water
exudes and perhaps gathers into subterranean streams, appearing in
the bottoms or sides of the valley as springs; but in general each
surface drainage basin or catchment area has a subterranean double
to which the waters are conveyed by percolation vertically downward
and along which they slowly move in obedience to gravity. The drain-
age basin of the land surface therefore constitutes a catchment basin;
the porous soil and subsoil serve as an indefinite medinm for collecting
the waters, which sometimes form for themselves more definite subter-

ranean channels, the whole constituting an agency for water transpor-
tatlon corresponding in function with the artificial system of eaves-
trouohs and pipes used in connection with the artificial catchment area;
the slightly pervious soil and subsoil constitute an agency for freemg
the water from impurities analogous in function to—and indeed the
model for—the artificial filter; and open caverns, or saturated sand
beds and other exceptional porous deposits, serve as natural reservoirs
similar in function to artificial cisterns.

1 Ay set forth in some detatil later, p. 33.

2This term was coined by Hay, in the course of the recent artesian and underflow investxgatlon
between the ninety-seventh meridian and the foothills of the Rocky mountains, as a ¢convenient des-
gnation for ‘‘underground waters which can be, or which it is hoped may be, reached by wells or
other subground works ” Final Geological Report, ete., to the Secrotary of Agriculture. Senate Ex.
Doc. 41, part 3, Fifty.second Congress, first sesston, p. 8.
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In the fourth and most complex case the waters rise from deep lying
strata through natural or artificial openings, and are thus phreatic
(called artesian when they flow from artificial openings). Now, in this
case, too, there is a catchment area which is, however, only indirectly
dependent on the surface configuration and may beremote from the well
or spring; the deep lying cavern or porous stratum performs a function
analogous to that of the artificial system of waterways used to connect
artificial roofs and cisterns; and as in the case of ground water, either
open caverns or saturated sand beds—nearly always thelatier—replace
the artificial reservoirs. :

So, whatever the immediate source of potable waters, the ultimate

_source is the rain distilled from the clouds; and the waters are made
available by four more or less clearly defined natural agencies, or four
artificial devices of related function. The first of these is always the
natural or artificial catchment area on which the waters fall; the
second is always the artificial system of eavestroughs and pipes, or the
natural drainage system of surface streams, or the natural system of
subterranean drainage; the third is the artificial settling basin or
filter, the natural pools of surface waterways, or the natural filter
afforded by slightly pervious earth matter; and the fourth is always a
reservoir whether in the form of artificial eistern, natural cavern, or
natural mass of saturated sand or porous rock.

Of the four sourccs and mnodes of supply of potable waters, the first—
that of cisterns—pertains chiefly to technology, yet is little understood
and trenches upon applied geology so far asto demand treatment; the
second—that of brooks and rivers—pertains largely to technology and
is specially treated by municipalities and other corporations, and hence
does not require extended technical discussion here; while the third
and fourth sources and modes of supply pertain directly to geology
and require somewhat extended treatment.

CISTERN WATER SUPPLY,
TYPES OF CISTERNS.

A considerable part of the population of the country take their driuk-
ing water from underground or overground cistern supplied from the
stormy water gathered on roofs. Both types of cistern possess merit,
and both are, or may casily be made, safer than ordinary wells; yet
certain elements of danger inhere in both.

UNDERGROUND CISTERNS.

In the northern and middle zones of eastern United States, under-
ground cisterns prevail. The usnal type of cistern 1s a simple excava-
tion in the earth of suitable dimensions, floored and walled with brick

14 ¢gEoOI., PT 2—2 '
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or stone, and covered (except for the neck opening which serves as a
manhole and accommmodates the inflow and pump tubes) with an arched
roof of the materials used for the walls; the entire interior being lined
In the northern zone at least the
excavation is generally made
sufficiently deep to permit the
roof to be covered with a thick-
ness of earth greater than the
maximum depth of frost.

The size of thecistern depends,
of course, on the service expected
of it, and in some measure the
form depends on the size. The
ideal form of eistern is that of an
egg with the small end down-
ward. A common form in some
districts is a modification of this,

= i. e., a jug shape, with sloping
F16. 1.—Cross-section of jug-shape cistern. sides, flator rounded bottom, and
arched roof. A g‘ood example of- the jug form, with rounded bottom, is
shown in Figl. A cistern of any such form is, however,somewhat diffi-
cult to construct, and its contents, full or partly filled, difficult to deter-
nine.

A practical form of underground cistern, which well resists internal
strains produced by its own con-
tents and the external strains
due to ground waterunderhydro-
static pressure, is a simple seg-
ment of a vertical eylinder, with :
hemispheric arched roof and in-
verted floor. Such a cistern is
shown In section in Fig, 2.

The ideal type of cistern is
modificd in many ways: Thus,
wherebuilding stoneis abundant
and brick expensive stone is fre-
quently employed for the floor,
walls, and roof and gives fairly
satisfactory results. In fact
stone 1is inferior to brick in
cistern-making chiefly in that it
is commonly used rough, thereby

. . , . . Fi1G. 2.—Croas-gection of underground cistern of
giving a liability to imperfect ¢ simple Tort. o

Joints and to points aud lines of weakness either in the main structure
or in the lining.

. Again, where the unconsolidated soil is thin and rests on firm and
homogencous rock the reservoir is sometimes excavated therein and the
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cement lining applied directly to the rock surface; an arched roof of
brick or stone being constructed in the nsual way. Where the rock is
sufficiently solid and impervious this method is excellent, giving cis-
terns of great durability; it is objectionable when the rock is porous
or penetrated by water-bearing seams, in which case considerable
hydraulic pressure may be brought to bear upon a relatively thin wall
of cement. '

In regions of exceptional homogeneous subsoil or unconsolidated
earth matter cisterns are sometimes made by simply exeavating the:
earth and lining the bottom and sides of the excavation with cement
applied directly to the earth; when the cistern is commonly roofed
with wood, either lined with

cement, tarred, charred, or in T o T
the natural condition. 'This - F o G Qa
. o == TAe5d ab)

method has given satisfactory ey DN S

. . =" g 2]
results in the loess region of e PR SVAAE O
the Missouri and lower Mis. e eore
sissippi rivers, and sometimes B S -
. . - = - a -(. 4
in glacial drift; but it is sub- -t
jeet not only to the dangers g
common 1o rock cisterns but —

also to the danger of caving
of the little coherent material
of the walls.

The excellence of the un-
derground cistern lies (1) in
the protection of the waters
from organic contamination
within the carefully lined res-
ervoir; (2) in the relatively 2
uniform temperature of the : : ., . \
water; and (3)in the certainty RER
of supply—for while storms =
come at irreg ular illteI‘ViLIS, ¥ia¢ 3.—Unsatisfactory arrangement of cistern cover.
and while precipitation varies somewhat from ycarto year, the average
annual prec{pitatj(m is 80 nearly uniform as to permit caleulation of
the dimensions of a cistern required to yield a given annual water sup-
ply.

The principal sources of danger residing in the cistern itself are (1)
the admission of contaminated surface water; (2) directcontamination
of the water through the use of unsuitable materials; and (3) eracking
of the lining and consequent admission of contaminated ground water.

Surface water may be excluded by suitable construction of the neck
of the cistern and by carrying it above the reach of the highest local
floods. Frequently the neck of a cistern is made to terminate flush
with a cemented floor, aud is closed only by a wooden cover laid flat on




20 POTABLE WATERS OF EASTERN UNITED STATES.

the surface or a cover of wood or iron or terra cotta fitting into a
rabbet or depression, as showu in I'ig. 3. Such an arrangement is un-
satisfactory and a source of danger. Commonlylittle care is taken to
raise the floor above the reach of storm floods or spilled liquids ; and
even when this precaution is taken dust and other solid matter finds
its way under the edge of the cover and into the cistern. The neck
should always be carried to a height of at least several inches above the
floor and the cover should have an outer flange fitting on the outside
-of the neck or on the outside of a rabbet made to receive it, as shown
in Fig.1. Equal carein fitting should be bestowed on the pnmp, which
- colmmnonly passes through an aperture in the cover. The best material
for the cover is terra-cotta ware; the next best iron. If wood is used
the interior should be painted with tar or coated with piteh, and it
should be frequently examined for fungoid growths and cleaned or
renewed.

The direct contamination of cistern waters through materials nsed in
construction is commonly from wood used for roofs and sometimes for
walls. Wood should never be used for cistern walls. If the materials in
which the excavation is made are such as to require c¢ribbing, wooden
cribbing may of course be employed, butit should either be removed on
walling or should be thoroughly and completely lined by a water-tight
wall of brick or stone laid in hydraulic cement. The use of wooden
cistern roofs is also to be deprecated, except, perhaps, when used sim-
ply as a support for a lining of cement, which should join ahd form a
unit with the lining of the walls. It is true that wood kept constantly
moist endures much longer than when subjected to alternations from
wet to dry, commonly longer even than when kept thoroughly dry;
bnt, nevertheless, decomposition begins sooner or later, and certain of
the products are poisonous; and, moreover, fungi and other minute
organisms are liable to infest wood, hastening decomposition and mul-
tiplying the poison.

The chief source of danger in cisterns is cracking of bottom, walls, or
roof, and consequent leakage or admission of contaminated water. The
cracks are most frequently formed in the bottom; first, because the
bottom is carelessly made level, when the floor and lining form a plane
which is more easily deformed and broken by external pressure than
the curved surfaces of walls and roofs; and second, because most build-
ers neglect the ¢“creep” of more or less plastic carth materials which
causes the bottom slowly to bulge upward. . Moreover, 1t is a besetting
sin of the cistern-maker not to floor the cistern at all, even when the
sides are properly walled, but simply to line it with a thin coating of
hydraulic cement. The creep” of clay beds and even of shale is
well known in mines in which the pressure is removed from the portion
of the stratum lying immediately beneath the drift and conveyed to the
portion lying beneath the side walls; when, partly through the elastic
expansion of the materials of the stratum, but chiefly through an
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actual viscous movement of the shale or other rock from both sides,
the floor of the drift slowly rises and in some cases eventually fills
the opening. Now commonly the depth of cisternsis liinited, and hence
this element of ‘‘creep” is much less important than in mines, but it is
always to be anticipated; its tendency is to bulge the bottom upward as -
shown in Fig. 4, and thus to break the floor or crack the ccment lining
This element of danger is to be grarded against by constructing the
floor of the cistern in the form of au inverted arch, as shown in Iig. 2;
or, if this is impracticable, by making the floor so thick and strong as
to resist not only the “creep” of materials, but also to compensate -
" for the relative weakness of the plane structure as against the curved
strncture of walls and roof. It shonld be noted that the most destrue-
tive stress to which the cistern is subjected is commonly that due to
external hydrostatic pressure of the ground water.

Cracking of walls and roofs can be guarded against ouly by the use
of good materials in sufficient quan- 0
tity, and by careful construction. It
is to be remembered, particularly
when water-bearing seams are en-
countered in theexcavation, that the
external water may have consider-
able *“head ” or hydrostatic pressure,
and when the water in the eistern is
low considerable strength of wall
may be required to resist this pres-
sure. In some instances, however,
the external pressure is less than the
internal pressure when the cistern
is full. E
Rupture of walls or cracking of LI
cement in sides or bottom is some- Fo. 4—(Jrackmg0fmstern bottom by “creep.”
times due to the sinple weight of water within the reservoir either (1)
when the material in which the exeavation is made is heterogenous or
incoherent, or (2) when the walls are of inadequate strength. These
sources of danger are always to be foreseen and provided against by
the usc of snitable materials and proper construction.

A serious source of danger in the higher latitudes is expansion and
contraction and consequent cracking of the roof through frost action.
This evil is best prevented by sinking the reservoir to snch depth as
to lie beneath the reach of frost; but when this is impracticable the
danger may measurably be avoided by use of nonconducting materials,
by exceptional strength of roof and thickness of cement, or perhaps
by the use of a cement made slightly elastic by the introduction of a
fibrous material; or. when asphalt is found available for elosed cisterns,
by the employment of this somewhat elastic cement.

A self-evident source of contamination is living things, such as frogs,
tadpoles, fish, larve of mosquitos or other insects, water plants, ete.;

7
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and dead animals or plants are rank poison, their presencce demanding
‘the immediate emptying and disinfecting of the cistern.

OVERGROUND CISTERNS.

On the Gulf slope, and to some extent on the southern Atlantic slope
and in the Mississippi valley, overground wooden cisterns prevail.
The chief advantage of this type of cistern lies in its economy; the
overground cistern is commonly employed where brick, stone, and
cement are expensive, and where, moreover, contaminated ¢ ground
water” is eXceptionally abundant (e. g., in and about New Orleans),
rendering protection therefrom unusually difficult and costly.

Commonly the overground cistern is simply a large, strong, wood-
staved cask, tapering upward like an old fashioned churn or fish kit,
hooped with iron and floored with a strong bottom fitted into a deep

; chamfer, the floor commonly re-
L A ..

N poter) of quiring the support of external

strap bolt crossbeams, Suchcisternsshould
| always be covered in order to cut
off evaporation and prevent the
admission of germ-bearing dust;
if of moderate size a movable
cover with an external flange fit-
ting over the top will suffice, but
if large the cover should be per-
manently attached and provided
N with amanhole. The permanent
N cover may either rest ou the ends
\ of the staves and be attached
: A thereto by screws or strapbolts,

Fia. 5.—Scetion of overgrovnd wooden cistern.  qq ghown in Flg 5, or it may be
chamfered in like the head of an ordinary cask, when apertures should
be provided for the escape of water accumulating within the chine.
The manhole may be circular or square, with a neck (a hoop, it circu-
lar) rising higher than the tops of the staves or other obstruction to
the run.off of rain water; and the cover should have an outer flange
fitted on or rabbeted into the neck: All joints should be pitched or
tarred, and the entire interior should be treated with pitch or other
preservative; good results are obtained by charring, thongh perhaps
the best treatment for the interior is coating with silicate of soda or
“liquid glass.” The exterior should be thoroughly and frequently
painted.

Various kinds ot' wood are used for overground cisterns. The deside-
rata are (1) freedom from ill taste; (2) durability; and (3) the minimum
contraction on drying and consequent freedom from warping. On the
whole, cypress is probably the most satisfactory material. The chief
sonrce of danger inhering in the overground wooden cistern is con-
tamination of the water from the wood itself, and this is to be pre-

s
%
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vented only by constant attention to the cover and upper walls of the
cistern and by drawing off the water and recharring or recoating the
entire interior at intervals of a few years, or whenever the water
becomes in the least degree foul. It may be observed that the existence
of so-called ¢ water lice” or any other visible organisms in the water
affords sufficient warrant for its condemnation; for while the organisms
themselves may not be injurious to the system, and while, as frequently
held,they tend measurably topurify the water by consuming minute organ-
iswsand organic products, their occurrence always indicates the presence
of organic impurities, without which, indeed, they conld not live.

The wooden overground cistern can hardly be accepted as a sign of
the times like the carefully designed uuderground cistern or the arte-
sian well; it stunds rather for the third stage in the conquest of the
waters represented by the ground-water well in more favorably condi-
tioned regions. At best the wooden cistern is a primitive affair which
is bound to be supplanted by more trustworthy and wholesome devices.
It is, indeed, probable that the rain-supplied reservoir will long rewain
in use in the regions in which overground cisterns now prevail; but it
is eminently desirable that some better material shonld be used in its
construction. Probably the best substitute for the easily destructible
germ supporting wooden staves and headings will be found to be terra-
cotta boards or, perhaps, groups of hollow hexagonal prisms of the sanie
material. There is an extensive area in western Kentucky and Ten-
nessee, northern Mississippi, northern IFlorida, and parts of Georgia
and Alabama in which the lower part of the Lafayette formation con-
tains immense beds of fiue siliceous clay, sometimes known locally as
kaolin or pipe clay. This material is admirably suited for the manu-
factnre of so-called terra-cotta in boards, tiles, cylinders, prisms, and

other forms, and, indeed, is already in use for such purposes. The -

deposit is one of the most cxtensive in the world and is bound to be

utilized at no distant day, and o better use can be made of the

abundant and excellent material than in purifying the water supply of
southern United States.

-

ARTIFICIAL CATCHMENT AREAS,

Both underground and overground cisterns are commonly supplied
by rain water caught on artifigial roofs and collected in gutters and
conveyed through pipes directly to the reservoir, or preferably to a filter
chamber communicating therewith. Now, the character of cistern water
is measurably determined by the materials of the roof on which it is
collected. The prevailing roofing material used at the present timeis
wood, generally in the form of shingles; probably next in extent of
use follows metal, usually tin or iron, generally painted; and last in
the order of use come slafes and tiles, The chief advantage of wood
as a material for roofing hes in its cheapness and, if the structure
roofed 1s temporary, consequent economy. It is objectionable from the

e
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hygienic point of view in that unless frequently cleaued or painted the
shingles become covered with fungi, lichens, and mosses which even-
tually cover the greater part of the roof, and in that the wood, howso-
ever dorable or carefully treated, progressively decays. The vegetal
growth and decay, and the breaking down of the wood, yield a certain
amount of mechanical sediment as well as abundant organic impurities,
which are washed from the shingles and are liable to find their way
into the cistern. Accordingly, thie use of shingle roofs as catchment
areas for cisterns can not be recommended, and unless special pains
are taken to prevent contawmination is strongly to be deprecated.

Metal roofs are preferable to shingle roofs partly in that they may be
laid flatter, thereby economizing material. They are preferable also
hygienically in that they are much less liable to support orgaunic
growths. They are, however, in some measure objectionable in that
they readily oxidize, when the oxides are carried into the cistern and
affect its contents; the oxides of lead and zine sometimes used ip
galvanizing iron or in soldering tin and other materials being especially
deleterious. Simple iron oxides are less injurious and, indeed, some-
times beneficial.

Slate roofs are in general nearly as little liable to vegetal growth as
metal, and slates are, moreover, practically free from danger of contam-
ination through metallic oxides. Accordingly, slate is an acceptable
material for roofs used as catchment areas for cisterns. Glazed tiles
are, however, preferable to slates by virtue of their greater freedom
from organic growth; indeed, the ideal roof for use in connection with
cistern water supply is one of glazed tiles.

Both wooden and metal roofs are frequently painted. If renewed
from time to time the paint diminishes the danger from organic growth
on wooden roofs and from oxidation on metallic roofs; but the paint
itself is gradually worn off under the action of the weather and the
beating of the raindrops, and a part is washed into the cistern, either
as inert sediment or an active metallic agent, which may be poison to
the human stomach, the oxides of lead, which are largely used to give
body to mineral paints, being especially injurious.

All roofs, whatever their material, are liable to fouling in a variety
of ways. Where coal is used as fuel, and fo some extent even where
wood is burnt, soot and ashes accumulate during the hours and days
of sunshine, and when the storm comes they are carried into the cis-
tern. While these are, perhaps, the least objectionable impurities (soot
being even superior to charcoal as a deodorant and disinfectant), they
are liable to discolor the water and to affect its flavor. Dust also con-
stantly accumulates on roofs in the intervals between storms, to be
swept down the eavestronghs and pipes when the storm begins; and
dust is one of the most effective vehicles for the transportation of
microbes and spores. Still more dangerous is the pollution of roofs by
cats and domestic or semidomesticated birds, chiefly pigeons, while
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the most dangerous pest of all is the English sparrow, which not only
defiles the roof but nests in and constantly befouls eavestroughs and
water pipcs. Irom the point of view of sanitary water supply, cats
and pigeons are nuisances and the sparrow is a scourge.

The danger of contamination of cistern water inhering in the condi-
tions of roofs can not, perhaps, be completely removed, but it may be
greatly diminished by care and attention. Every roof should be of the
best available material and should be cleaned artificially from time to
time; and, moreover, the system of pipes connecting roof and cistern
should Le so arranged as to permit the diversion of the first waters of
the storm until roof and eaves troughs and pipes are thoroughly
washed.

The catchment area required to supply a giveu household may easily
be compnted from (1) the number of persons to be supplied, (2) the
daily allowance per capita, (3) the rainfall in the district contemplated,
and (4) the frequency of rainfall sufficient to fill the cistern.

The consumption of water in cities and suburban districts has
steadily inereased for many years. The average consumption for
domestic purposes, inclading drinking, is more frequently over than
under 20 gallons per day for each person, but this figure is fair as a
basis for computation. When the cisteru water is used ounly for drink-
ing and cooking this allowance may be much reduced, even to a tenth
in extreme cases. On the other hand, when stables are supplied, or if
water is used freely for baths and closets or in gardens, the allowance
should be much increased, cven to ten times the average amount.

The rainfall and its distribution throughout the season vary in
different districts. The accompanying table, compiled by Mr. Cyrus
C. Babb, Scecretary of the National Geographic Society, shows the
mean rainfall by months in five representative cities of eastern United
States :

Average rainfall for 18 years.

Stations. Jan. | ¥Yeb. | Mar. ; Apr.(May. |June.|July.| Aug. | Sept.| Oct |Nov.! Dec. [ﬁlﬂi
Portland, Me.. ... 3.57 13.6213.28 (315 (3.03]3.36(3.80|3.76 | 2.85»| 3.85 | 3.89 | 3.39 | 41.55
Boston, Mass...__. 4,56 1 3.8814.49 13,95 13.30| 3.58|3.57|4.26|2.72)|4.12|4.86|3.50/| 46.79
Phlladelphn Pa ..| 3.42 | 3.20 | 3.21 [3.01 |2.99 | 3.50 [ 4.36 |4 80 |3.20 | 2.90|3.08 | 2.75] 40.51
Washington, D C 3,41 | 8.26 [4.21 12,95 (3.48 (4. 40 [ 4.52 [ 4.38 | 3.71 [3.15 | 2.85 | 3.11 | 43.43
Angusta, Ga...... 4.63 | 3.71 | 5.39 | 4.01 | 3.34 | 4.42 | 4.77 [ 4.63 | 3.40 { 2.55 | 3.49 | 3,86 | 48.20

The roof area réquired to yield a given supply with any rainfall may
be determined from the following table, also kindly computed by Mr.
Babb. It shonld be observed that where water is collected from ordi-
nary roofs for drinking purposes a considerable allowance should be
made for the washing of roof and pipes by the first waters of the
storm, an element always important, and espeually so when storms
are li ght and frequent
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Quantity of water collected on given voof areas from 500 square feet to 10,000 square feet,
with given rainfall from 0.5 inch fo 5 inches.

Roof area. 0.5 17, 15, | 2, 911 8, 3, I 31,5, 4, 5,

BOO .. ennnns 155.84| 81169  467.5]  623.38 779|  935.06| 1.091] 1,246.7] 1,558
LOOO.. oo, 311.69]  623.37]  935.1] 1,246.7 | 1,538 1,870.13 2.182 2, 493 3,116
1500, .. een... 467.53| 93506 1,402.6/ 1,870.12) 2338 2.805.2 | 3,273 3,740 4, 676
2000 . ... 623.88) 1,246.75) 1,870.1] 2.493.50| 3. 117 3,740 4,363 4,087 6, 234
2500 .. 779.22 1,558.44] 2,337.7| 3,116.88] 3. 806 4,675 5,454 6, 234 7. 792
3,000 ..o en.. 935.06! 1,870.13| 2,805.2| 3,740 26{ 4,675 5,610 6 545 7,481 9, 350
3500 0. enns 1,000,91] 2 i81 83 3,2727| 4,363.6 | 5 455 6,545 7,636] 8,797 | 10,91
Y U 1,246.75| 2.493.50 3.740.2| 4,987 6,234| 7,480 87271 9,974 | 12 408
N S 1,558. 44| 3,117 4,675 | 6,234 7,792 9,850 10,908] 11.467 | 15,584
6,000« eeeeaan.- 1,870 3,740 5,610 | 7,481 9, 351] 11, 220 13,091 13,061 | 18702
[ D 2182 4,364 6,545 | 8 727 10, 909| 13, 090 15.972] 16,454 | 21,818
8O0 . e amnns 9, 494 4,987 7,480 | 9,974 12, 468| 14, 961 17,454 18,948 | 24,936
9000 . oinn.. 2 805 5, 610 8,416 | 11,220 14, 026/ 16, 831 19, 636 21,441 | 28,052
10,000 . ... oennn- 3,117 6, 234 9,351 | 12, 468 15, 585| 18, 701 21,818| 24,935 | 31,170

EAVESTROUGHS AND WATER PIPES.

In early days eavestroughs, and even the system of pipes by which
the roof water was conveyed to the cistern, were commonly of wood,
and the water was liable to contamination thereby just as from the
wooden roofs. Of late years metallic troughs and pipes are commonly
used, and while they are superior hygienically to wood there is a danger
of contamination through oxidation of the metal itself and of the solder
and paint used in connection therewith. Eavestroughs and water
pipes are somctimes made of terra-cotta ware or tiling, and the use of
this material is to be commended in the strongest terms, particularly
in connection with roofs of tiles or slates. ‘

A common source of danger in eavestronghs and water pipes is found
in depressions due to bad designing or workmanship, or to subsequent
sagging, by which pools are formed in which the storm water accumu-
lates and lies until it is swept away by the succeeding storm or, slowly
evaporated. Such pools are particularly objectionable in wooden
waterways. Insects flock into them to dwell or drown; birds have
recourse to them for drinking and for the insects gathered about themj;
spores are caught and develop into noisome scum and fungoid growths
along the margin, and thus the contents of the pool are quickly con-
verted into reeking filth, a mass of organic poison which too often
accumulates only to be washed into the cistern by the next storm. In
metallic pipes the organic action soon developes acids which attack the
metal and add the poison of metallic oxides, but in such cases the evil
soon works its own cure, in that the pipe is oxidized through, forming a
leak- which must be stopped else the water supply is lost. No system
of water pipes should ever be designed or constructed or accepted from
the builder that does not show a decided fall in every part, and the
pipes and particularly the eavestroughs should be inspected from time
to time, and whenever a sag is found it should be remedied at once.

A considerable part of the danger of contamination of cistern waters
from roofs and water pipes may be removed by suitable deviccs for
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diverting the earlier storm waters until both roof and pipes are washed.
The earliest storm water is itself less pure than that which comes later;
for it collects from the lower strata of the air a variety of impurities in
the form of dust, smoke, carbonic acid, etc. Then the early waters
wash the roof and pipes, collecting thereby a series of mechanical,
chemie, and organic impurities which should not be given entrance to
the reservoir for potable waters. Accordingly the cistern should never
have direct and permanent connection with the roof; but the pipes
should be so arranged as readily to be disconnected from the cistern
and turned into o waste pipe.

Moreover, it is important that the waste-pipe connection should be
habitually maintained, automatically or otherwise, except when the
storm waters are deemed sufficiently pure to be admitted into the cis-
tern; and the waters of slight storms and the early waters of all storms
should be excluded froin the cistern for such tiwme as to permit the
thorough washing of roof and pipes.

A common defect in systems of water pipes conneeting roofs and eist-
erns is inadequate capacity, Usually little attention is given to the
relation of roof slope and area to size and slope of eavestrough;
consequently while the trough may suffice to carry the waters of the
light sammer shower, it overflows during the heavier shower and
allows most of the waters from the storm to ran to waste. The serious
nature of this defect becomes evideut in view of the conmsiderations
just mentioned. It is bootless to provide water pipes to carry only the
produet of light showers when this product is turned into the waste
pipe; it is the product of the great storm which quickly washes the
roof and then runs pure that it is most desirable to preserve and con-
vey into the reservoir. Accordingly, care should be taken to make
eavestroughs and water pipes amply large; if there is any doubt as to
the capacity of the former, their slope should be increased to augment
their carrying capacity to the desired amouut.

FILTERS AND RELATED DEVICES,

So many are the ways in which the relatively pure waters falling
from the clouds are contaminated on roofs and in water pipes that
despite the utmost care cisterns connected directly with roofs are cer-
tain to be polluted sooner or later; and if the pollution be that most
pervading and iusidious of all poisons, germ-bearing organic matter,
it will rapidly develop until the entire body of water and the walls by
which it is confined will reek with poison. Accordingly, whatsoever
the materials of which roofs, eavestroughs, and water pipes are made,
whatsoever care is exercised to prevent contamination, no cistern
should be nsed as a source of potable water supply without the further
protection afforded by «a filter.

Filters used in connection with mumctpa,l or other water supply in
which the ground surface serves as a catchment basin are commonly

-~
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designed toserve several purposes, e.g., (1) toexcludethefloating débris,
(2) to remove mechanical sediment pushed forward along the stream
bottom or held in suspension, and (3) to exclude or destroy organic-
impurities. Accordingly in such cases it is usual to employ a num-
ber of devices ineluding (1) grates or strainers, (2) mechanical fil-
ters or gettling basins, or both, and (3) devices for securing protec-
fion against organic mwatter. The rain waters collected on roofs or
other artificial catchment areas, however, carry little mechanical sedi-
ment, and simpler filtering devices suffice. . -

In most cases the first requisite is a grating or strainer designed to
catch leaves, twigs, and other débris that may be blown upon the roof
or swept into the eavestroughs during the storm. Such a deviee is
especially necessary when insufficient care is given to diverting the
early storm water until the roof and pipes are washed; for in that case
there is additional débris of birds’ nests and other inter-storm accumu-
Iations to be removed. A simple grating, or preferably a strong wire
sieve, placed in an enlargement of the pipe immediately below the
waste gate, and provided with a movable cover or door, will commonly
be found sufficient. '

The most itmportant requisite, which is, indeed, absolutely essential
to the purification of water taken from ordinary roofs, is a filter for
organic matter, which may- be so designed as to exclude also any
mechanical sediment that may pass the grating. This may cobnsist
of alternating layers of gravel, sand, and charcoal, or of a single layer
of each of these materiais so arranged that the water passes first
through the gravel, next through the sand, and last through the char-
coal. Other devices are sometimes used with satisfactory results.
The Spencer filter, which has been ¢nsed in England with great suc-
cess in connection with sand filtration,” employs in lieu of charcoal
“#the crushed grains of the carbide of iron prepared by roasting red
hematite ore mixed with equal parts of sawdust in an iron retort.”
This material is mixed with the ‘“sand of the lower sand strata of a
gsand filter and its office is to decompose the organic matters in solu-
tionin the water. The carbide is said to perform this office thoroughly
several years in suceession without renewal.”!

While this device is especially adapted to use on a large scale in
cobnection with munieipal water supply, and has, indeed, been adopted
in several of the cities of Great Britain, it is also well suited for use in
a small way in conbection with cisterns for domestic supply. Another
device recently patented in England, but not yet introduced in this
country, would seem to be specially applicable for use in connection
with household cisterns. This is the Atkins filter, which is designed
chiefly or solely for the removal of organic impurities. It con-
sists essentially of chareoal plates, usually a foot square and 3
inches thick, and so firm that their surfaces wheu foul can be scraped

!'Hydraulic and Water Supply Engineering, by‘J . T. Fanning, 1890, p. 534,
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clean. The plates are setin frames as panes of glass are set in the sash,
and so arranged that the water must percolate through them in pabsmg
from the filter chamber to the main reservoir.!

The filter shonld be so arranged as fo be easily accessible for clean-
ing or renewal, and the conduit opeuning into the cistern should be pro-
vided with a valve or gate, in order that the inflow may be shut off in
case of' accident to the filter. Various arvangements for filtering have
been devised: Thus, the cistern is sometimes divided by a partition into
two portions, connected through the filter, the inflow pipe communi-
cating with one compartment, the pump or outiow pipe communicating
with the other. Sometimes, also, two cisterns are placed side by side and
similarly connected. A move satisfactory arrangement on the whole,
however, is a combination of eistern and filter chamber in such man-
ner that the contents of the latter will flow into the larger reservoir
through the charcoal plates or other device for filtering. In q&pacity
the filter chamber should suffice to contain the water collected from a
single storw; it should be protected from contamination by a manhole
cover, ete., like the main cistern; and the filter should be so arranged
as to permit inspection of either side. Such a filter chamber should
be floored and roofed and lined precisely like the cistern, and provided
with a waste or overflow pipe to prevent the water from flowing over
the top of the filter, and the conduit opening into the main cistern
should always be supplied with a shut-off gate. A filter chamber of
this character may be made to performn the functions also of a settling

“basin by carrying the inverted arch forming the bottom below the level
of the filter; and the sediment aceumulating in the lower part of the
bottom should be removed from time to time,

Filters should be used also in connection with overground cisterus.
A simple and evident modification of the filter chamber just described
may advantageously be employed.

Various expedients may be used temporarily for the clarification and
purification of cistern waters. The most trustworthy -is boiling, and
no cistern water in which the least trace of organic matter, living or
dead, can be detected by the eye, or in which the least trace of fonlness
can be detected by tongue or nostrils, should ever be used without
boiling. Mechanical sediment, which is comwmonly finely divided
clay or mud, may be precipitated by alum when a portion of the orgauic
impurity is commonly carried down at the same time. A saturated solu-
tion of alnm used in the proportion of 1 part of solution to 50,000 parts
of water may be employed for the purpose. The perchloride of iron,
in the proportion of 3 or 4 parts by weight to 100,000 parts of water,
is especially useful for the precipitation of organic impurities in water,
and it has been found by repeated experiments in England and Hol-
land that ordinary iron in the form of filings, turnings, or scraps is a
useful purifying agent. All such devices, however, are to be regarded

10p. cit,, p. 535,
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only as temporary expedients, makeshift substitutes for the more trust-
worthy plan of preventing contamination. \

To palates accustomed to.the water of springs and wells, cistern
water is frequently insipid, particularly .after long standing. Com-
monly the staleness and ill iavor of cistern water is due to impurities
of such character as to warrant condemnation or demand boiling, but
in some cases the difficulty mmay be remedicd by aeration. Many users
of cisterns find that the waters are acrated in a satisfactory wmanner by
the use of a chain pump in which the retnrn pipe is fitted to the valves
or buckets so that air is pumped into the cistern in quantity equal to
that of the water pumped out.

STREAM WATER SUPPLY.
ECONOMIC CONDITIONS,

In the first stage in the conquest of the waters, the invaders of the red
man’s domain stooped to quaff from running brooks and dipped water
from rivers for domestic uses; but this primitive mode of water supply
soon passed away. The watersof runving streams are roiled by storms
and run dry in droughts, while in populous districts they are contami-
nated in a multitude of ways. Accordingly stream water can not be
made available for drinking and domestic uses without elaborate and
costly devices for purification and storage.

The devices for purifying and storing stream waters for drinkin g and
domestic pnrposes usually comprise a reservoir, which may serve as a
settling basin, and some arrangement for filtering; and in addition there
are commonly required & dam across the stream yielding the supply,
together with intake gates and conduits connecting the stream with
the reservoir, and also a system of mains and lesser pipes designed to
convey water from the reservoir to the points at which it is needed,
Conunonly these devices are too extensive and expensive for individual
meansand can not, accordingly, beinstalled until the population becomes
so dense that individunal interests may be united and waterworks con-
structed for the common use. So a practical requisite for strean water
supply is a dense population of united interests. This condition is ful-
filled in various parts of the world, and public water supply has been
found feasible by municipalities in all civilized conntries.

Cooperative water supply from streams, demanding as it does the
construction of expensive works, involves a direct or indirect water tax
which, like all other institutions designed to distribute benefits, is stren-
uously opposed by certain individuals and classes. Moreover,thercisan
undercurrent of opposition to water taxes growing out of the heredi-
tary sentiment that potable water, like the air, like the waters of open
ocean, like the land under primitive social conditions, 18 conmon prop-
erty and should be free to all; and for these and perhaps other reasons
the installation of waterworks and the iinposition of water taxes has
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been in the past and is bound te be in the future vigorously opposed
in every community, municipality, and state; and this altra-conserva-
tive opposition is a condition which has to be faced whensoever and
wheresoever it 1s proposed to improve the common water supply at the
common cost. :

Few partisaun policies are more prejudicial to human interests than
opposition to water taxation. Half the food taken into the human
stomach is water, and two-thirds of the preventable disease of modern
times arises from the use of impure water. So individuals, communi-
ties, mumecipalities, and states are directly or indirectly taxed, and
exorbitantly taxed, in order that individuals may enjoy the inalienable
right of consuming poison. Hospitals are muintained, cemeteries are
l1aid out and beautified, and undertakers are supported in consequence
of the use of impure water; men and women who should be in the
bloom of health are made invalids, children are cut off at the dawn of
life, and the aged and infirm are daily swept away by reason of the
poison in potable waters; and the average life and working period of
man iu every country is materially shortened by defective water sup-
ply. No mauanicipality or. other community can evade certain imposts
which grow ont of the relations of men among each other aud to their
environment, and, laying sentimeunt aside, the questions which com-
munities have to decideare: Is it cheaper to maintain waterworks than
hospitals and cemeteries, and is the water tax less burdensome than
the impost of the undertaker? .

The practical question as to the amount of water tax which a given
community is able to bear can not be decided in the abstract by reason
of the multiplicity of local and perhaps temporary considerations. The
general proposition may indeed be laid down, that no tax is too heavy
which secures the health and happiness of the community through per-
manent immunity from disease; and if the city, town, or village is so
unfortunately located that pure water is not obtainable, it should, in
common bumanity, as well as in the interests of national progress,
be abandoned. Practically, however, there is probably no city, town,
or populous village in eastern” United States which can not secure
a trustworthy supply of potable water by collecting therainfall on arti-
ficial roofs orin artificially protected drainage basins, provided natural
streams are not obtainable; and so the maximum limit of cost for
stream-fed waterworks may be fixed at the minimam cost of rain-fed
reservoirs. -

The practical question as to the size of town or village required to
warrant public water supply is also too complex for solution in general
terms, since it depends on a wide variety of local and variable con-
ditions: Thdé character of the population and industries pursued; the
cost of waterworks and the tax involved; the character and cost of
the present supply, and the preventable death rate depending thereon—
all these and many other conditions bave to be weighed in solving the
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problem as to the expediency of public water supply in city, town,
village, or smaller community.. In general it may be said that a fune-
tion of every incorporated city or town should be the supervision and
control of water supply; for in this case, as in many others, the thought
of the majority is directed elsewhere, 50 that the few mustat least take
the lead in thinking for the many. In general it may be said, too, that
any community burdened by disease or handicapped by a high death
rate is large enough to consider the question of public water supply
and to secure pure water in one way or another; and in a desperate
case it should be remembered that the actual value of potable water in
the human economy, estimated in terms of the quantity consumed,
in terms of the beneficence of purity and maleficence of impurity, in
terms of physical and mental work determined thereby, or estimated in
any other comprehensive way, is fully equal to that of all other foods
combined. B

So the artificial control of stream waters for common nse may be
recommended in the strongest terms, and no reasonable per capita tax
should be allowed to stand in the way of instituting systems of water-
works. This conclusion indeed flows from the logic of events in the
settlement of this and other eonntries, as clearly as from considerations
respecting the source and condifions of potable waters in general.
Public water supply has long been a subject of municipal legislation
and in some cases of legislation by states, and instifutions for water
supply have grown up in spite of vigorous opposition and have spread
wherever men are gathered in sueh numbers as to profit hy coopera-
tion; and this righteous tendency, which has proved stronger thau
crced or platform or parfy in the past, is bound to continue until not
only the greater cities bnt the lesser towns and villages are supplied
with pure drinking water at the common cost.

NATURAL CONDITIONS.

Viewed as sources of potable waters, rivers and smaller streams
may be arbitrarily separated into three intergrading classes, viz, (1)
storm-fed streams, (2) spring-fed streams, and (3) composite streams.

.Streams of the first class serve simply to carry off that portion of
the storm water (including the melted snow fall) which is not absorbed
into the earth to be consumed by plants or to form ground or phreatic
water. Such streams divide into secondary and again into tertiary
tributaries, and eventually spread out in fan-like assemblages of rills
into which the sheet of fresh-fallen storm water qnickly divides; and
in bumid regions, like eastern United States, strcamns of this class are
nearly always more or less swollen by reason of storms in some part of
the drainage basin, though in protracted droughts they run dry. Thus
each rain-fed stream represents tlie accumulation of the storm waters
of a definitedrainage basin bounded by divides. Itissubject tofreshets
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and great floods produced by vernal snow melting and by heavy storms,
particularly when the storms succeed each other in time and place
throughout the basin in such order that the floods of all tributaries
reach the lower river at the same time. Such rivers, moreover, com-
monly carry considerable quantities of sediment, for the falling rain-
drops, by their impact, dislodge particles of soil and these are carried
down the slopes, along the rain-formed rills, and into the ravines and
brooks, where a part are deposited by the water, while another part is
swept into the lower river. Moreover, such surface streams transport
considerable quantities of organic matter swept fromn the living and
dislodged from the decaying vegetation by which the drainage basin is
mantled. These characters of surface streams affect their valuc as
gources of supply for potable waters.

The second class of streams is supplied by springs, which may be

either of the ground water or of the phreatic 'type; and they are always
less liable to freshets than rain-fed streamns, practically uniform in
volume when fed by phreatic water. While such sfreams commonly
convey beneficial or injurious mineral saltsin greater or less quantity,
they usually convey little mechanical sediment derived from the break-
ing up of the soil and the corrasion of channels; and, in general, they
arc much freer from organic impurities than rain-fed streams, These
qualities affect the value of spring-fed streams and in general the
inherent value of spring-fed streams as sources of potable waters,
" The third type of stream is supplied in part by storm waters and in
part from the outflow of springs, and in general their characteristics
are intermediate between those of the disfinctive types. Most of the
rivers of eastern United States belong to the composite type.

Not only the channels of streams but the valleys in which they run,
the hills by which they are bounded, and indecd the cntire surface
represents the secular work of streams, and there is thus a marvel-
ously harmonious interrclation of parts in ecach drainage basin. In
general the slope of the surface of the stream, or the fall,- increascs
from the lower river to the heads of the tributary streamns and con-
fluent brooks, diminishing again toward the divides over the narrow
zone representing the sheet of water accumulated during the storm,
the zoncover which the fresh-fallen rain water flows as a sheet or in ill-
differentiated rills too small to form channels. Thus the profile of the
wuterway fromn the head of the brook to the mouth of the river is
commonly a flattened curve, concave toward the sky, the degree of
curvature depending on a variety of conditions, of which one of the
most important is the increasing volume of the stream. This curved
profile exemplifies the law of water profiles,' and the degree of curva-
ture affects the rate of deposition of mechanical sediment borne in the
stream, and thus the value of the stream as a source of potable waters.

1 Defined in detail in the Eleventh Annual Report of the U. 8. Geological Survey, 1891, p. 246.
14 GEOL, PT 2 3
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The general law of water profiles is affected and measurably antago-
nized by a subordinate law (the law of varigradation),’ under which
the curved stream profile is broken up into alternating pools and rapids.
These alternations of relatively still and relatively rapid water are
initiated by a variety ot causes and conditions, and exert an important
influence on the work of the stream in excavating its channel and in
fashioning its drainage basin; and they exercise a decided influence on
the deposition of matter transported by the stream, and are thus of
exceeding consequence in streams used as sources of potable waters.

The rate of stream flow in general depends on slope or declivity; and
in general (1) the amount of matter trausported in the waters and (2)
the activity of the stream in cutting its channel and fashioning its
drainage basin depend on the rate of flow and so on the declivity.
Other conditionsalso affect the rate at which sediment is conveyed; i.e.,
the muddiness of waters. One of these is time distribution of the raiun-
fall. Nearly all of the work of streams in transporting sediment and
corrading channels is performed during or in consequence of storms;
and other things equal, it may be said that the activity of stream work
diminishes with uniformity in precipitation and inereases with variable
precipitation and c¢nlminates where (as in the arid regions of the United
States) the precipitation occurs chiefly in infrequent storms. This law
finds expression in topographic configuration: Other things equal,
regions and districts of gentle slopes and sott contours are regions of
uniformly distributed rainfall; other things equal, regions of steep slopes
and rugged contours are regions not simply of limited precipitation, as
certain masters have held, but of rare storins. Again, the activity of
stream work depends on the character of vegetation. When rain falls
on a forest the drops are intercepted, and the water percolates slowly
dowu branches and trunk, or drips gently from the,leaves, so that the
force of the fall is broken, and, morecover, the ground surface is further
protected by a carpet of fallen leaves and moss; while on the prairie-
land the raindrops are not intercepted, but beat in full violence on the
unprotected soil, which is thereby broken up, triturated, and in part
carried down the slopes and into the river. Thus, other things equal,
the activity of storm work is greater on the prairie than in the forest,
and this law, too, finds expression in topographic configuration; for the
more active storm waters and streams of the prairie carve the hills into
flatter slopes, the waterways into flatter enrves, than in the woodland,
and there is thus developed a characteristic topography of prairieland
and a characteristic topography of woodland which may be distin-
guished at a glanee. All of these conditions affecting the low of streams
and the transportation of sediment therein have an important bearing
on the utility of streams as sources of potable waters.

The natural conditions affecting stream water supply are so many
and so varied as to render it inexpedient to solve the problem of publie

1 0p. cit., p.269. - -
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water supply from this source in the abstract; but they serve to indi-
cate changes and limitations of stream-water supply in concrete cases.
Thus it may be said in general that spring-fed streams are superior to
storm-fed streams as sources of potable waters; that streams of mod-
erate declivity or geutle (but not too slight) fall are in general superior
" to streams of high declivity; that other things equal, those streams
which are most completely broken up into alternating pools and rapids
under the law of varigradation are preferable to streams whose profiles
are more uniform; that streams collecting in forest-protected areas are
in general freer from freshets and sediment than prairie streams or
. streams in cultivated districts; and that in general streams are more
serviceable as sources of potable waters in regions of uniform precipi-
tation than in regions of variable rainfall.

CULTURAL CONDITIONS,

In thinly settled districts the problem of stream-water supply
involves consideration only of economic and natural conditions; but
the population of eastern United States has already reached such den-
sity and sueh gencral distribution as to compel consgideration of condi-
tions growing out of settlement and industries, The most important
cultural conditions are those growing out of (1) cultivation of the soil;
(2) the sewerage of cities; (3) the by-products of manufactures; and (4)
the waste of mining. _

Cultivation of the soil affects materially the volume, rate of flow,
and quality of stream water. In regions of high relief agrienlturists’
sometimes endeavor to diminish the rate of run-off of storm waters,
either to prevent erosion or to store up ground water against droughts,
as in many of the southern states in which contour cultivation has
beeit extensively adopted to serve. one or both of these purposes. In
regions of low relief, on the other hand, agriculturists resort to open
ditches, under drainage, and other devices to hasten the run-off and
diminish the gronnd water, thereby increasing the volume of the stream
supply from their acres. Bnt whether the streams are increased or
diminished the general effect of agriculture is to increase the trans-
portation of sediment; the plow relieves the beating raindrop of half
its task, while the harrow and drill provide rills for the storm water,
and the triturated soil is borne off more rapidly than in a state of
nature, so that in general agricultnre makes muddy streams. But
whether mechanical débris is added or not, the effect of cultivation of
the soil is to increase the organic impurities;-fertilizers are partly
absorbed into the ground water to reappear at lower levels, partly
washed down the slopes; the annual crop with its enormous waste of
root, stalk, leaf, and flower is a inore abundant source of organic débris
than the natural flora; and, moreover, domestic animalsand fowls and
even man himself are constantly contributing to the land and event-

’
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ually in part to the streams vast quantities of poisonous by-products
of the animmal mechanism. So the eunltivation of the soil materially
affects the value of the stream as a source of potable waters through-
ount most of the area of eastern United States.

Most cities and many smaller towns seeure or seek to secure cleanli.
ness and consequent health by systems of sewerage: and commonly
the sewage is conveyed into a neighboring river or on adjacent lands
sloping away from the city, to be gradually collected by the waters and
conveyed toward the domiciles of their downstream neighbors. In
this way the waters of all large rivers are polluted in grcater or less
degree; sometimes even an immportant waterway, like the Ohio, is trans-
formed into a great sewer throughout most of its course; and but few
rivers, like the Potomac, remain on which the setflements are so few as
not to jeopardize the lives of dwellers on the lower reaches compelled
to drink of their waters. The contamination of river water by sewage
is of great importance in its bearing on the question of stream water
supply.

In most cities manufacturing is carried on, and in most manufactories
considerable quantities of more or less noxious by-products are formed,
and in general these are conveyed either directly or through the sewer-
age system into the neighboring watersvay or on slopes leading thereto.
Thus the question of the pollution of rivers through the by-products
of manufacturing is connected with that of pollntion by ordma,ry sewage
and is of serious import.

Mines and quarries, notably the vast coal mines of the Appala--
chian region in eastern Unifed States, yields cnormous quantities of
rock matter, of which a part is thrown into neighboring streams or on
tributary surfaces, so as eventually to affect the running waters. A
part of the material is organically inert mineral débris, which only adds
to the mechanical sediment transported by the streams; but a part
comprises mineral salts and various unstable mineral compounds, some-
times-of organic origin, which pass into solution, and in some cases
befoul and poison the waters. Thus certain mining operations and
the disposition of the waste products of mines materially affect the
value of the running waters of eastern United States as sources of pota-
ble waters,

It is to be observed that to some extent the effeets produced on run-
ning waters by cultural conditions are compensatory; thus, there is a
highly suggestive reciprocal relation between mechanical sediment and
organic impurity, evidenced by the facts that sewage is an efficacions
precipitant of mechanical sediment and that clay or mnud in sufficient
volume appears to throw down sewage and other suspended or dissolved
organic matter. Thus the mechanical sediment conveyed from plowed
lands and the waste heaps of mines into the running streams measur-
ably counteracts the poison of organic matter from farm, factory, and
sewer. This inverse relation between chemic and organic impurity
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is one of the conditions affecting the value of rnuning streams as
sources of potable waters.

TECHNICAL CONDITIONS,

Commonly a system of waterworks designed to take its supply from
a river or smaller stream requires for its coustruction a special engi-
neering survey and the construction of dam, intake gates, ganges,
conduits, and perhaps other devices which can be successfully installed
only under the direction of a hydramlie engineer. Until within a
decade it was commonly necessary also to make more or less detailed
surveys of the entire area of the drainage basin, designed to show the
character of slopes, the preseunce, absence, or state of vegetal growth,
the extent of cultivation, the declivity of the stream and the danger
of freshets, the location and probable influence of cities, manufactories,
and mines, and in other ways to ascertain the natural and cultural con-
ditions entering into the problem of water supply in the concrete case.
During the past decade, however, such progress has been made in the
subjugation of the country for hwunan ends that the labor and expense
of such general surveys may be spared in many parts of the country.

The U. S. Geological Survey has executed extensive topographic sur-
veys in most of the states and territories; and in the eastern half of the
conntry these surveys are on a sufficiently large scale to meet the gen-
eral requirements of engineers entrnsted.with the instailation of water-
works. The surveys are made commonly on a scale of 1: 62,500, or
about a mile to the inch. They show the eonfiguration of the laund, the
slopes of streams, the location of lakes and large springs, the distri-
bution of forests; together with roads, railways, cities, towns, villages,
and in some cases farmhouses. Several states, acting independently
or in cooperation with the national bureau, have made like surveys
and published maps of similar character.,

Within reeent years the operations of the U. 8, Signal Service have
been extended over a large part of the country, and eareful measures
have been made of precipitation in the form of rain and snow, so that
in almost every distriet in eastern United States the amount and char-
acter of the precipitation may be determined from the published
reports of that'bureau. Furthermore, the same bureau has instituted -
a series of hydrographicstudies and has established a system of gauging
rivers and recording floods, and froin this work average natural condi-
tions affecting stream-water supply have been determined and the
results of the determinations mmade public in official reports; and many
states maintain weather bureaus or meteorologic offices of related
function, either independently or in cooperation with the Signai Serv-
ice. The Geological Survey has also made extended researches into
the hydrography of the eountry, with the view of ascertaining the
extent, character, and frequency of floods in various rivers, and with
the view also of defermining for various districts what proportion of
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the rainfall flows off in surface streams and what proportion is absorbed
by the earth to be consumed by plants or perhaps to reappear later in
the form of springs.

These researches on the part of the Geuneral Government and the

wealthier states represent the wholesale method of acquiring knowl-
edge for the public benefit; observations are made by trained men
working under definite plans and in accordance with the best known
methods; and the results of the work are far more economical and
trustworthy thau those secured through sporadic effort. Such whole-
sale reseaches are preeminently characteristic of the fourth stage in the
snbjugation of the land for the benefit of human kind. 'While they are
50 new that they can hardly be regarded as more than well under way,
the results are already of great value; hundreds of cities and towns are
to-day in a position to install systems of water supply without the cost
of preliminary surveys, and hundreds more are in a position to estimate
approximately the cost of public waterworks, and thereby to determnine
the expediency of cooperative water supply without expensive prelimi.
nary examinatious.
" After the solution of the general problem of water supply there always
remains a variety of local and perhaps temporary conditions, giving
origin to minor problems which can be solved only by the hydraulic
engineer or other technical expert. Similar problems have arisen in
various municipalitics in different parts of the world, and the expe-
rience acquired in solving them has been recorded and crystallized in
the art of hydraulic engineering and in a variety of devices and appli-
ances for use in connection with public water supply. So, while sach
problems are not susceptible of general solution, the present’draws on
the past for the power of solving them cheaply and well.

In brief, while the problems growing out of the technical conditions
aftecting stream-water supply are too complex and too varied for gen-
eral solution, recent progress in scientific work has furnished many of
the essential data in such form as greatly to facilitate local solutions,
and thus the question of public waterworks no longer remains myste-
~ rious and forbidding, no longer transcends the ken of the intelligent citi-

zen, but has become so simple and tangible as to bring cooperative
water supply for the common good within the reach of all. ‘

GROUND WATER SUPPLY.
ACCUMULATION OF GROUND WATER.

When the rain distills from the clouds and falls on the land a part
fiows away in the form of surface streams and another partis drank by
the thirsty soil. Of this part a fraction is consumed by plants, but the
remainder percolates downward through the soil and subsoil and per-
haps into bed rock, where it may either remain as simple moisture or,
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if the substructure is favorable, may flow away through porous strata
or in open channels, Immediately after the rain the wettest layer of
the earth may be thesoil; but as evaporation proceeds at the surfuce and
as percolation proceeds below in obedience to gravity the layer or
conche of maximun wetness gradoally sinks at au ever-decreasing rate
until it is overtaken by the similar couche of moisture derived from a
later storm. In this way there is eventualy formed a fairly constaut
layer or ecouche of moisture at a depth below the surface determined by a
variety of conditions, including the slope of the land, and thus the rate of
run-off, the porosity of the soil and subsoil, and the ﬁ equency of storms.
The moistare of this conche or layer is known, colloquially and techui-
cally, as ¢ ground water.” Ordinary wells are supplied from this layer;
many springs flow from it; in sandy tracts perforated pipes—the
so-called drive wells—are forced into the earth until they cncounter
the couche when they are quickly filled, and the water may be pumped
out; and when a great earthquake comes, like that of New Madrid iu
181113, or that of Charleston in 18386, the shaken earth particles set-
tle into closer contact, and, being heavier than the moisture filling the
interstices, squeeze out the water and force it to the surface under
hydrostatic pressure so great that the sod may be réx_xt by gushing
fountains rising to the height of trees and sweeping out tons of sand
to mark for a century the site of the catastrophe. Ordinarily the
groand water stream is simply a layer of moisture in permeable soil or
rock; yet the disseminated water flows in obedience to gravity, mak-
ing 1ts way slowly through the interstices of the earth matter just-as
water exndes from the solid charcoal plates of an Atkins filter.
Commonly the ground water layer is indefinite; the upper limit is -
simply one of degree of moisture and can only a,rbitrarily be drawn,
perhaps at the horizon at which the moisture is sufficiently abundant
to exude more rapidly than evaporation can carry it away,-and the
tower limit i8 often more indefinite and of less practical interest. More-
over, the upper hmit at least is a variable one, rising with storms and
falling with- droughts, and so changing from season to season. Yet,
albeit indefinite and variable, the ground water layer always forms a
sarface; and thissurface isin general fairly uniforin in depth through-
out each drainage basin, and thus conforms approximately to the
~land surface, so that the land surface ot each drainage system has a
subterranean double which imitates the major teatures of its model.
Thus'in humid lands like eastern United States there is an aqueous
circulation within the earth as well as on its surface; that portion of the-
waters of a given storm absorbed by the earth may exceed the portion
which flows away on the surface, and this absorbed water lies long in
the earth and a fraction of it at least accumulates in a slowly moving
layer of moisture, maintaining approxunabe paralltelism with the surface;
and it commonly lies so near the surface as to be intersected by the
deeper valleys and is often reached by shallow wells. This layer is
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within reach of surface contamination; so while it furnished nectar for
the pioneer it distils hemlock for his descendants.

GROUND WATER SPRINGS AND WELLS.

While the ground water surface conforms fairly to the superjacent
land surface, and while every surface drainage basin has its subterra-
nean double, there is a difference in individuality of the snrfaces; the
land surface rises into higher and sharper crests and sinks.into deeper
and sharper ravines than the ground water surface, and accordingly
when the land surface is exceptionally rngged it somctimes happens
that its deeper ravines intersect the ground water couche when the
moisture exudes in the bottom or trickles down the sides of the ravine.
This intersection of land surface and moisture surface most commmonly
occurs when the Iatter is raised by persistent raius, and is the expla-
smation of the long-continued but gradually decreasing flow of tempo-
rary streams as summer advaneces or as the droughtis prolonged. Now,
when the ground water horizon is permanently above the level of a sur-
face stream the moisture exuding from the porous rock matter grad-
ually opens passages or channels extending into the hills, and these
passages prolong themsclves and bifurcate after the fashioun of surface
streams uhtil they are gradnally formed into subterranean waterways
with tributaries flowing in from right and left and to some extent from
above and below, but all marking approximately the horizon of ground
water; and in this way there may be developed a subterranean drain-
age system, simulating, albeit in vague and variable fashion, the sur-
face drainage system; and the embouchure of the subterranean stream
is a spring..

So the ordinary spring, which was accepted as a mysterious dispen-
sation by the pioneer, really derives its supply from the rains which
supply also the surface streams of the same drainage basin. When the
hills are deforested a larger proportion of the stream water runs off in
freshets and a less proportion percolates into the earth, so that the
ground water level is lowered and the spring dwindles or fails; so, too,
when the land surface is pollnted with noxious fertilizers, or when
stables or shambles are located on the slopes above the spring, its
waters are polluted; and while the percolating waters may be partly
purified in their slow passage through the porous soil and subsoil some
part of the poison often remains, and the spring, once a source of health
and strength, becomes a menace to life.

It follows that the spring fed by a ground water couche is unworthy
of trust as a source of potable water. Half the springs of this character
known to the pioneers have dried up, and half the remainder have
dwindled to the point of failnre, and most of the remainder arc weak-
ened. Moreover, the ground water spring, like the surface stream, is
liable to local contamination. The waters are not distilled from the
depths of the earth,but are accumulated rainfall, often gathered within
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rifle shot; and while the poison in the spring is diluted in the flowing
waters, enough may and often does remain to work mischief—for scores
of cases of typhoid and other fevers in different parts of the country
have been traced to formerly healthful springs.

The ordinary well is simply an artificial spring of limited fiow, and
in the laws of its supply, in its evanescence or permanence, in the dan-
ger of contamination, it is very like the natural spring gurgling cheerily
in the shady dell. Commonly the well is simply a reservoir excavated
in the ground water horizon forming the subterranean double of the
surface drainage basin; and commonly the reservoir is filled by the
exuding moisture from the pervious subseil, so that, when little used,
the water marks the ground water level, thongh it may easily be pumped
out. If the subsoil is exceptionally porous the exuding moisture may
gradually open passages through which the water percolates, or even
streams, mto the reservoir, when the well is a strong one, competent to
supplystock as well as human consumers. But, whether weak or strong .
the ground water well depends for its supply on the rain falling in its
immediate vicinity, and thus the supply waxes and wanes with the
wetness and dryness of the season and fails when the neighboring hills
are deforested. Moreover, the waters are liable to pollution by local
poisons coming from ill-used fertilizers, ill-placed barnyards,ill-designed
outhouses, The spring of the pioneer was pure and the ground water
well of the early settler was nearly as pure, but with increasing popu-
lation, and with the development of -agriculture and manufacturing,
and the growth of cities, the very earth is gradually charged with the ~
noxious by-products of organic activity, and year by year these are
washed deeper and deeper into the soil, and eventually pervade the
ground water horizon. The poison finds its way into spring and well
alike; and while in the spring it is in part diluted and washed away, it
gathers in the well as a grisly leaven, infecting the reservoir and its con-
tents until the erstwhile healthful flood is changed into noisome filth.

Thus the ground water well, ontce a source of health and a mark of
progress in the subjugation of the land, has in most sections outlived
its usefulness and become a source of disease and a mark of social
sloth and decadence. How far the ground water wells of the country
are already polluted no man may say; but certain it is that whole
countrysides are annually swept by typhoid fever, that hundreds of
towns and villages suffer outbreaks of the same disease during every
dry summer, and that each cpidemic is traceable to wells; and while it
would be hasty to condemn all wells indiscriminately, it is not too much
to say that every well within city limits is a menace to health and should
coustantly be lookcd on with distrust, and that every farm well loca-
ted hard by stable or barnyard is a legitimate object of suspicion

‘The pioneer dreamed of the clear, cool spring gurgling from moss-
grown rocks in the depths of the dell;. the farmer boy dreamed of the
picturesque well sweep or creaking windlass and ‘the moss-covered
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bucket that hung in the well;” but both dreams have faded ; for the
spring is dried up and in the well lurks a poison sweeter than poppies,
deadlier than nightshade. . .

PHREATIC WATER SUPPLY.
ACCUMULATION OF PHREATIC WATER.

When the rain falls from the clouds and a part is taken up by the
thirsty soil, the behavior of the absorbed water depends on the texture
and structure of subsoil and bed rock. If soil, subsoil, and bed rock
are homogeneous in texture a simple sheet or couche of ground water
is formed, but if the subsoil or bed rock is composed of layers of vary-
ing porosity, and it these layers are inclined, then the water circulates
the more freely in the open textured layers and slowly finds its way
down the slope in obedience to gravity. In this way the varying tex-
ture of the strata comes to be represented by varying moisture, and
each porous bed becomes a phreatic horizon which is measurably inde-
pendent of surface drainage and closely dependent on structure,

Then, whenever such a porous bed is intercepted by a deep ravine,
the waters exude and may gradually form a subterranean channel with
tributary channels dividing into seepage passages, and eventually a
complete subterranean drainagesystem; and the embouchure is a spring.
The waters of such a spring may come from long distances, and if the
distant margin of the inclined porous stratum opens to sun and storm
well up among the hills or on the mountain sides the waters may have
a strong “head” and gush forth in a natural fountain: -

In some cases 'the inclined porous strata carry the imprisoned waters
to considerable depths in the earth, often far below sealevel. When the
temperature of the water is raised by the proper terrestrial heat, so’
that if they find or by their increased solvent action make for them-
selves a passage through the superincumbent less pervious strata, they
may appear at the surface as thermal springs; and in this case the
waters are commonly charged with mineral salts dissolved by reason
of the pressure or the heat of the waters, when they are known as ¢“min-
eral springs.” There are other cases in which the phreatic waters are
carried down the inclined strata to fractures (faults) or abrupt flexures
in the strata, when they rise to the surface; and if,. as frequently hap-
pens in mountainous regions, the fault or flexure is undergoing move-
ment (either unifornt or spasmodic) and the rocks are thereby heated
by friction, the temperature of the water is raised and warm springs
are formed which may not come from profound depths; and these ther:
mal springs, like those of deeper origin, may be charged with mineral
salts,

In general phreatic waters exist simply as moisture, like that forming
the ground water ¢ouche, permeating porous beds of sandstone and
other rocks; but when limestone or other soluble rocks are permeated
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by ground water or phreatic water the material is gradually dissolved
along the more pervious lines, and subterranean channels are formed;
and these may gradually be enlarged into great channels ever length-
ening and bifurcating until the hills are honeycombed with caverns and
pitted with sinks, and in some cases (as in the Bluegrassregion of Ken-
tucky) subterranean streams take the place of surface drainage, and
sometimes these streams burst forth, Juno like, in full-sized rivers, such
as the elfin Silver spring of Florida and the enchanting Oklawaha
river in which its shining waters are slowly darkened.

So when the subterranean structure and texture are favorable the
rain water absorbed by the earth is carried long distances and to pro-
found depths in subterranean drainage systems which are largely inde-
pendent of snrface configuration. Such are the phreatic waters of the
country which supply most thermal springs, most mineral springs, all
artesian wells, and mauy deep pump wells; and, in general, the course
of the plireatic water from the time of its absorption into the soil to the
time of its reappearance in spring or deep well is so long and devions
that the mechanical and organic impurities with which it~may at first
be infected are almost certainly eliminated. Thus the phreatic mois-
ture of the earth is generally a trustworthy source for the supply of
potable waters.

THERMO-MINERAL SPRINGS.

Some mineral springs are cold and some thermal springs are not
abundantly charged with mineral matters in solution, yet in general
there is an intimate connection between the thermal condition and the
mineral cdndi’oion; accordingly it is usunally inexpedient to separate
spring waters into distinet thermal and mineral classes, and for most
purposes they may be combined as thermo-mineral waters. 1In general
such waters become impregnated with mineral salts in consequence of
the increase in chemic acthty due to pressure or augmented tempera-
ture, or both combined.

The thermo-mineral character displayed by the phreatic waters
appearing in certain springs is produced by a variety of conditions.
The prevailing causes are two, viz, (1) contact with rocks heated by
faulting, flexure, or other diastrophic movements, or by voleanism; and
(2) contact with deep-lying strata whose temperature is raised only
by proper terrestrial beat. Accordingly springs of the first class are
commonly confined to mountainous regions or regions of volcauic
_activity, while those of the second class are found in regions of plain
surface and simple structure. The first class of springs is accord-
ingly represented by the White Sulphur springs of Virginia, the Warn
spring near Asheville, North Carolina,and the Hot springs of Arkansas.
The same general class is represented also by many springs distin-
guished rather for the mineral condition than the thermal condition of
the waters, such as those of Saratoga. The second class of thermo-
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mineral springs is represented by the deep-seated springs of Florida,
of which most are thermal and practically all mineral-bearing,

The thermo-mineral springs of eastern United States are of great
and ever-increasing importaunce as sources of potable waters, for not
only the increase in population, but the gradual pollution and aban--
donment of waters obtained in more primative ways tends constantly
to increase their consumption. Various counditions are, however, com-
bining to regulate and control the distribution of such waters by private
enterprises. For this reason and for the further reason that extended
publications on the mineral springs of the United States Lhave recently
appeared, the thermo-mineral springs of eastern United States do not
seem to demand a detailed discussion in this place. They are more
fully treated in the following memoir by Dr. A. C, Peale.

ARTESIAN WELLS,

Artesian wells (so named from the province of Artois, in France, in
" which wells of this character were first extensively employed in the
present stage in the development of civilization) are usually simple
bores tapping deep-seated strata saturated with phreatic water; when,
if the tapped stratum is sufficiently porous and the head adequate,
the water flows out at the surface, The success of artesian boring
-depends on a variety of conditions more or less closely analogous to
those covering thermo-mineral springs.

In the inverse order of their importance, the requisites for artesian
flow of water are, (1) conditions of structure, (2) conditions of texture,
and (3) conditions of supply. The most favorable structural condition
is an arrangement of the strata in the form of a basin, as in the French

.province of Artois. The rain water falling on the rim of snch a basin
percolates throngh the strata to its center, and there rises through
natural or artificial openings to a height depending on the difference
in altitude between the area of snpply (or catchment area) and
the bead of the well; but the basin structure is not absolutely essen-
tial, and artesian flows are obtained from Tuniformly inclinéd strata
(such as those constituting the Atlantic eoastal plain) when the. catch-
ment area is elevated counsiderably above the wellhead, or when
the strata either diminish in permeability in the direction of inclination
or extend far beyond the point of outlet, i. e., textural and other con-
ditious may combine with structure to produce flow where structure
alone is unfavorable. The most favorable textural condition is found
when the porous stratum extends from the catchment area to the part
of the basin, trough, or moncline tapped by the drill, and is overlain-
(excepting in the catchment area) by an impervious stratum. This con-
dition, like the last, is not absolutely essential to artesian flow, since all
rocks are more or less pervious, and if the difference in altitude between
the catchment area and wellhead is sufficient a slight flow may be
obtained almost anywhere; but it is essential to abundant flow, and even

T
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to the slightest flow, unless other conditions are exceptionably favor-
able. The most favorable condition of supply is found where a porous
formation rises from beneath less porous strata and forms the surface
over a broad area. It should be borne in mind that on nearly all parts
of the land the annual aggregate volume of rainfall largely exceeds
the aggregate volume of river flow; that a considerable part of the
rainfall not carried directly into the sea by the rivers finds its way
* thither more slowly by percolation through the rocks in the form of
" phreatic water; and that in consequence the strata of the earth—at -
least below the reach of surface evaporation—are more or less com-
pletely saturated. Even in desert regions a part of the rain drank by
the thirsty sands during each rare storm reappears in springs, or may
be reached by artesian borings to form oases, at lower levels. In short,
while the condition of supply is the essential and primary one, itis a
fact that the supply is adequate in pearly all parts of the earth, and
that artesian flow or its failure are usually determined by local condi-
tions of structure and texture.

Artesian waters, like the naturally escaping phreatic waters, are
frequently thermal and also more or less abundantly charged with
minerals. The thermal condition, if sufficiently decided, may be util-
ized, e. g., the warm waters of deep artesian wells may be employed
for heating conservatories or residences, as is done to some extent in
Florida. The minerals held in solution are sometimes beneficial, some-
times ipjurious to the human system; and in most sections some welis
at least yield waters whose miperals are not so unwholesome as to
warrant the condemnation of the water for drinking.

On the whole, artesian wells are to be regarded as a trustworthy
source of potable water over large areas in eastern United States. The
areas inciude districts in New England, New York, northern New
Jersey, Pennsylvania, western Maryland, West Virginia, eastern Ten.
nesseeand Kentucky, northwestern Georgia, and northeastern Alabama,
in all of which the phreatic waters represent sublocal rainfall, and in
which, with proper precautions, the waters accumulated under local
conditions of texture and structure may be considered wholesome.
There is another vast area in which artesian waters may be obtained
either generally or under favorable local conditions (e. g., in valleys,
but not on hilltops), embracing southeastern Minnesota, southern Wis-
consin, about half of Iowa, extensive tracts in Illinois, parts of north-
ern Missouri, and some portions of Michigan and Indiana. Through-
out, this district the waters are slightly thermal and in general excep-
tionally free from mineral salts, being derived from the extensive sand
beds of the Potsdam and St. Peter formations. This district grades
southeastward into an extensive area, including portions of the south-
ern peninsula of Michigan, much of Ohio, and parts of Indiana, Con-
necticut, and Teppessee, in which artesian water may be reached
under fair or strong head, but in which the water is commonly too salt
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for drinking purposes and is sometimes charged with ‘a variety of
mineral constituents. The most extensive area of artesian water sup-
ply in eastern United States includes the greater purt of the coastal
plain fringing the Atlantic and Gulf coasts in a belt from 50 to 250
miles broad. In this district strong flows of water are reached at
various depths, e. g., 300 to 700 feet on the New Jersey coast, 400 to
1,000 feet on the eastern shore of Maryland, 1,000 to 1,200 feet in east-
ern Virginia, about 2,000 feet as well as at lesser depths at Charleston,
at different depths up to 1,200 feet at Jacksonville and St. Aagus-
tine, and at more variable depths and with somewhat less trustworthy
results on the Gulf coast. 'The waters in general are sufficiently pure
for drinking purposes without precipitation of the mineral salts, and
are thermal in moderate degree only. Turther westward there is a
vast area throughout much of which artesian supply is possible,
including a large part of the great plains in a zoue stretching from
the international boundary to the Gulf of Mexico, about 97° to 100°
west longitude. g

There are many districts in eastern United States in whieh artesian
water suapply is not and never will be possible, by reason of unfavorable
eonditions of structure and texture. IPPerhaps the most extensive of
these is the Piedmont area of crystalline rocks stretehing parallel with
the Atlantic coast between the coastal plain and the Appalachian
mountaiins fromm New York into Georgia and Alabama.

The general conditions of artesian well snpply in the coastal plain of
the United States have beén set forth in considerable detail in the
Seventh Annual Report of the U. 8. Geological Survey, pages 640-646,
and the requisite and qualifying conditions of artesian wells, consid-
ered in general, were ‘discussed at length by Prof. T. C. Chamberlin
in the Sixth Annual Report, pages 125-173,

DEEP PUMP WELLS. -

A eonsiderable portion of the phreatic water of eastern United States
never reappears at the.surface, bnt is partly consumed in mineral com-
binations in the depths, partly carried directly into the ocean throungh
seepage and springs. There are unquestionably numerous submarine
springs in the Atlantic ocean off the coast of Florida, of whieh some
are so large as to send up strong columns of fresh water to the surface.
Now, the phreatic water conveyed into the ocean in these ways is lost
to mankind. A part of this supply will eventually be utilized by tap-
ping the water-bearing strata at new points, when, even if the water
does not flow at the surface, it will be found to rise within easy pump-
ing distance. Moreover, the principal artesian districts of eastern
United States are so conditioned that the waters rise but little above
the surface, even when the borings are made in valleys. Ib such cases
the aggregate volume of water may be increased and the water supply
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THE NATURAL MINERAL WATERS OF THE UNITED
STATES.

By A. C. PEALE.

~

INTRODUCTION.

Aside from the geological interest attached to the subject of mineral
waters the facts that within the limits of the United States there are
between 8,000 and 10,000 mineral springs, and that the waters from
nearly 300 are annually placed apon the market to the extent of over
21,000,000 gallons, at a valunation of mearly $5,000,000, show plainly
that the subject is also oue of considerable cconomic importance. That
this importance is an increasing one is evident when a comparison of
these figures is made with the figures for 1883, the first year they were
compiled. The production then was 7,529,423 gallons, with a valuation
of $1,119,603, and the total number of springs known to be utilized for
commercial purposes was only 139.

Dr. John Bell was one of the first to write about the mineral springs
of the United States, and when he made his list of them in 1831 he
enumerated 21 in all. To-day the list of commercially used waters
drawn from our mineral springs is nine times greater than the total
number then known. -

When individual localities are considered and comparisons are made
between the present conditions and those of a relatively few years
ago the same advance in importance and interest is evident, At
Saratoga Springs, for instance, a place that has given its name to
many mineral spring resorts from one end of the country to the otber,
40 springs have been discovered in addition to the High Rock spriug,
which, first known to white people in 1767, had been kunown and util-
ized for its medicinal virtues long before that by the aboriginal inhab-
itants of the country. In Saratoga to-day we have a spa that rivals
the best in Europe, where attention has been devoted to the subject
of minera] waters for centuries. In Virginia and West Virginia, also,
which together now have at least 150 known mineral springs, there
were in 1831 only 7 springs catalogued. Of these the Bath Mineral
spring, now Berkeley Springs, pamed after the celebrated English

watering place, was known and slightly improved as a resort in 1777;
' ' 53
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and the Greenbrier White Sulphur Springs, generally known simpiy
as the ‘White Sulphur Springs,” date their first improvement from
the year 1778. These places are the prototypes of mineral spring
resorts now found in almost every State of the Union.

Much remains, however, to be done before the scientitic nse of our
mineral waters can be defined with that careful regard to their chem-
ical composition and their-therapentic value which. is so much to be
desired.

HISTORY.

Inasmuch as the history of our country reaches back only to a com-
_ paratively recent date the written history of its mineral springs must
of necessity also be a rather short one. Although many of our best
known mineral waters were known to the Indians from earliest times,
and traditions of their virtues were transmitted to their white suc-
cessors, the time of the latter was too much occupied to allow of much
attention being paid to them,

The history of mineral springs in general, however, dates from the
most remote periods. The Egyptians, Arabians, Mohammedans, Greeks,
Romans, and, in fact, all nations, have used mineral waters for
medicinal purposes from time immewmorial. Hippocrates, Aristotle,
Herodotus, and even Homer wrote of them; temples dedicated to
Aisculapius, the god of medicine, were erected near them; and they
were made the sites of hospitals, medical schools, baths, and resorts
for the diversion of .the sick.

Pliny, in his Natural History, says of these waters: “They spring
wholesome from the earth on every side, and in a thousand lauds, the
cold, the hot, the hot and cold together, as at Tarbellum (Dax), in
Aquitania, or in the Pyreneces, where they are separated ouly by a
small inferval, or yet the warm and tepid, announcing relief to the
sick, and flowing from the earth only for man, of all living things.”

For five centuries mineral waters were almost the only medicines
used in Rome. In their conquests of northern and western Europe
the Romans sought the springs of the couuntries, and in the names
Acqui, Aix or Aachen, Dax, etc.,, derived from the Latin aqua, we
have testimony of the former celebrity of these towns as watering
places. The reputation of many of them has descended to our own
time. Among the Romans warm bathing was indulged in to excess,
and at one time there were 800 thermz in Rome. Many traces of these
ancient Roman baths remain. They were buildings of great archi-
tectural beanty, grand and magnificent, adorned with statnary and
mosaics, and among them the baths of Diocletian and the baths of
Caracalla were the most cclebrated.

In our practical day we have shorn the springs of the superstitions
of the ancients, and the busy habits of modern times do not permit us
to spend the time and elaborate preparation upon the bath that was



PEALE. ! HISTORY. . 5%5)

bestowed upon it in the luxurious days of imperial Rome. Although
we no longer depend upon hearsay as to the efficacy of springs in
the cure of disease, but have chemists analyze the waters, still the
period of true scientific investigation of their properties reaches back
only a few hundred years, and the therapeutic study, especially in our
own country, will require many more years of patieut labor.

The first work upon the quality and use of water that was printed
in America treats of it from a therapeutical standpoint. 1t is entitled:
The Curiosities of Common Water, or the Advantages thereof in Cur-
ing Cholera, Intemperance, and other Maladies, by John Smith, C. M,
It was reprinted at Boston, Massachusetts, from the London edition of-
1712, for Joseph Edwards, at the corner shop on the north side of Town
House, in 1725. 1t calls special attention to the excellency of water as
a drink, and enumerates its therapeutieal attributes as follows: “It
cures gout and hypochondriae melancholy; it benefits gravel and stone
in the bladder; it makes the child grow strong in the womb, and
inereases the mother’s milk; it stays hunger; for there was a certain
crack-brained man who, at Leyden, when Dr. Carr resided in that
university, pretended he could fast as long as Christ did; and it was
found that he held out the term of forty days without eating any food,
only he drank water and smoked tobacco.” ¢ Water is also of great
use to strengthen weak children; it prevents swelling from bruises,
sickness of the stomach, shortness of breath, and vomiting; it cures
fluxes, consumption, flushes, colic, smallpox, ete.” Although written
one hundred and eighty-one years ago this is not excelled by the pre-
tentious claims of any modern mineral spring cireular.

Dr. John Bell was perhaps the first to write anything like a treatise
on the mineral springs of the United States. In his Baths and Mineral
Waters, published in 1831, part 1T is devoted to “a history of the
chemical composition and medicinal properties of the chief mineral
springs of the United States and Europe.” He enumerated 21 locali-
- ties for the United States, which list was increased to 181 in The
Mineral and Thermal Springs of the United States and Canada, which
he published in 1855, Dr. J. J. Moonman, in his Mineral Springs of
North America and How to Reach Them, published in 1873, refers to
or describes 171 springs. This was preceded by his Mineral Springs
of the United States and Canada, published in 1867, and by several
books relating to the Virginia springs published in 1837, 1846, 1855,
1857, and 1859. Dr. George . Walton’s Mineral Springs of the
United States and Canada, etc. (third edition), published in 1883,
mentions for the United States 279 localities. Drs. William Pepper,
H. I. Bowditeh, A. N, Bell, 8. . Chaillé, and Charles Dennison,-as a
committee of the American Mecdical Association, in 1880 made a very
complete compilation, ywhich included about 500 localities. Dr. A. N.
Bell’s Climatology and Mineral Waters of the United States, pub-
lished during the latter part of 1885, enumerated 173 localities. Bul-



56 MINERAL WATERS OF THE UNITED STATES.

letin No. 32, published by the U. 8. Geological Survey in 1886 (comnpiled
by the writer), included 2,822 mineral spring localities (and 8,843
individual springs), 634 of which were utilized as resorts and 223 as
sources of commercial mineral water. One of the most recent enumer-
ations is by Dr. Judson Daland in the list appended to Gould’s New
Medical Dictionary. An examination of the many works relating to
the springs of the separate States o1 individual spring resorts is not
in place here,

What is now needed most in ‘relation to our own springs is, first, a
careful chemical examination of all our mineral waters. This examina-
tion should be made upon one plan for all the waters, ifnot by the same
chemist in all cases. We have analyses to the number of a thousand or
more made upon almost as many plans as there are chemists who made
them. Many of the analyses also were made long before the spectro-
scope was known, and the waters should be examined in the light of
recent advances in chemical knowledge. Until this is done we have no
way of accurately comparing them with each other or with the well
known waters of other countries.

We need, secondly, a careful therapeutic and clinical study of-
our mineral waters. Until more study is devoted to this subject our
physicians will continue to send patients abroad, because they know
that at the foreign resorts the patient is at once put under the caré of
one who has made a study of the effects of the waters and has mas-
tered all the details of its use in the treatment of disease, " There has
been a great improvement, however, in this respect, in the sanitaria
of the United States in the past ten years, and before long it is hoped
that none will be obliged to go abroad for treatment at a mineral spring
resort. Until that day we shall have to rely unon the comparison of
our waters with those of foreign countries where the study of their
effect has been carried on for years. This comparison, of course, is
facilitated by our knowledge of the chemical composition of the waters.
It is an interesting fact that mineral waters were used by the ancients
for the same diseases to which they are applied to-dajy.

DEFINITION.

The definition of a mineral water will depend upon the point of view,
whether it be tha' of the chemist, or that of the physician or dealer.
In the strictest sense water, being an inorganic body, that is, a com-
pound of definite chemical composition, is itself a mineral. Common
usage has restricted the term to those waters that contain appreciable
quantities of foreign matter.

As water may be considered the universal solvent, all waters in a
certain sense must be mineral waters from a chemical standpoint.
Even glass is to a small extent soluble in water. Absolutely pure
water is a product of the laboratory alone, and rain water, which is the
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purest natural waler, acquires in its passage through the atmosphere
small quantities of solid organic and inorganic matters, as well as.
ammonia, carbonic acid gas, and other gases.

As Daubeny says,! ‘‘the term mineral water in its most extended
" sense comprises every modification existing in natare of that univer-
sally diffused fluid, whether considered with reference to its sensible
properties or to its action upon life.”

From the standpoint of the physician a mineral water is any water
that has an effect upon the human system, no matter how feebly min-
eralized it may be; that is, it is any water that possesses medicinal
virtues, whether they be due to the presence of organic, inorganie, or
gaseous contents, or to the principle of heat. This is the definition
found in most works on mineral springs. Under this definition, there-
fore, would be included many waters that, from a chemical standpoint,
might be considered very pure or chemiecally indifferent. Many of them
" are less highly mineralized than the ordinary potable waters of a great
many localities; yet the fact that they have some specific effect from a
medical point of view entitles them to consideration as mineral waters.

From the standpoint of the dealer in bottled mineral waters the defi-
nition has of course a very wide range. From his point of view all
waters put upon the market for sale in bottles or barrels or in any other
way, come under the head of mineral waters, and in collecting the sta-
tistics of the commercial aspect of the subject it has been found impos-
sible to draw any definite line, either according to the mineralization
of the water or the uses to which it is put.- A number of the waters
included, and of importance commercially, would be cousidered indiffer-
ent when viewed in the light of their chemical composition, but it must
be remembered that some very pure waters have an undounbted thera-
peutical effect, and that chemical analysis, which is absolutely reliable
only in its estimation of basic.salts and acids, will not always explain
the medicinal effect of a water, and that small quantities of some con-
stituents are often more effective as remedial agents than others that
are present in larger quantities. It is an undoubted fact that many
springs which, upon chemical analysis of their waters, are found to benot
so highly mineralized as the majority of potable waters, have acquired,
. and rightly, too, great reputations for their medicinal value. That
their medicinal value is thus recognized and that they are sources of
profit to their owners and also indirectly an addition to the wealth of
- their localities, seem sufficient reasons why they should be included
under thehead of mineral springs, from this commercial point of view.

18ixth Report, British Association for the Advancement of Science 1836, p. 1.
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ORIGIN OF MINERAL SPRINGS,

One of the first questions that presents itself is: whence comes the
great quantity of water that is poured forth by mineral springs and
seems to be unfailing in its supply, changing but little in most cases
from day to day and from year fo year. It is an vadisputed fact that
the water of all springs, mineral or otherwise, is meteoric in its origin;
but for a long time, in fact-for ages, the origin of springs was a pnz-
zling question and a fruitful subject of debate by ancient philosophers.
Aristotle taught that there were large cavities in the interior of the
earth filled with air and that this air condensed to water on the cold
ceilings and made its way to the surface through fissures. Vitruvius
believed that springs were due to an accumulation of rain and melted
snow in subterranean reservoirs. Descartes imagined that the sea
was the source of the water which flowed into subterranean caverns,
was vaporized, and afterwards condensed, finally escaping to the surface
through crevices in the rocks.

The water of mineral springs, as of all other springs, is now, however,
recognized as no new creation, but it is well known that the spring is
only one of the phasesof an agueous circulation whieh begins and ends
in the clouds that envelope our globe. Falling through our atmos-
phere as rain, after it reaches the earth the water ever seeks lower
levels, and while a large part passes directly to the ocean through the
lakes and streams, a very e¢onsiderable portion sinks into the earth
through the creviees in its rocks, and issning later as a spring in some
lower and more favorable level, eventually reaches the ocean, whence
by evaporation it once more becomes a part of our cloudy envelope:
In the latter part of the seventecnth century, Mariott, a French phys-
icist, and Halley, the eminent English astronomer, independcutly of
each other, the one by physical methods and the other from an astro-
nomical point of view, demonstrated that the evaporation from the
ocean is sufficient to account for the supply of water to all the springs
and lakes and rivers that supply water to the sea. Buffoun later demon-
strated the same theory by selecting a lake without an outlet and
proving that the evaporation from its surface was equal to all the
water that was poured into it. It was anciently believed that all the
rain water that fell upon the earth either ran off or was absorbed by
the surface strata a short distance below the soil; but the constant
dripping of water from the roofs of mines and tunnels proved this
, view to be incorrect. In Misnia, in Saxony, water forms in drops on_
the roofs of mines 1,600 feet hbelow the surface, and when the railroad
tunnel through Mount Cenis was cut into rock hard enough to turn
the best steel, that rock was found to be so filled with water that 2
canal had to be built throngh the center of the funnel to earry it away.
Prof. T, Sterry Hunt estimates that a square mile of sandstone 100 feet
in thickness will contain water sufficient to sustain a flow of g cubie
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foot a minute for more than thirteen years. The water reaches the
surface through springs in several ways. Sinking below the surface it
penetrates the strata to a greater or less depth and is frequently sub-
Jected to an enormous hydrostatic pressure as it reaches lower levels;
and when a favorable opportunity oceurs through a crevice in the rocks,
this pressure forces it to the surface, or boring for an artesian well -
gives it the necessary outlet. Many springs, however, find their way
out naturally, as they flow from high altitudes to lower ones, and some
waters, especially in the case of hot springs, are forced to the surface
by an accumulation of steam, or exist as geysers from the very fact of
their higher temperature. The accumulation of gas is also effective
in the case of many cold springs, or in some springs that alternately
throw out gas and water. The great majority of springs, however,
reach the surface quietly either along tlte base of mountain ranges,
or in valleys, or at the coast line. Their supply area is the higher
mountain region that receives the water as rain. This, then, ordi-
narily sinks until an_impervious stratum is reached, along which it
fiows until it emerges at the first favorable opportunity at the lower
level, either as an ordinary spring, as a mineral spring if the rocks
through which it passes are favorable, or as a hot or warm spring if it
penetrates to a great depth or comes into contact with heated rocks
before issuing at the surface of the earth.

FLOW OF MINERAL SPRINGS.

~

To those who have only casually considered the subject, the outflow
from springs is somewhat surprising in amount. Le Coq says that of
500 springs in central France, 231 have been gauged and yield 2,628,000
gallons each every twenty-four hours. This, however, is small compared
with the “Orange Spring,” in IFlorida, which is said to pour out over
5,000,000 gallons per hour. During the eruptions of the Excelsior
geyser, in the Yellowstone National Park, enough water is thrown out
to double the volume of the Fire Hole river, upon whose bank it is
situated. The river at this point is from 2 to 3 feet in depth and nearly
100 yards in width.

Very few observations have been made as to the permanence of flow
of our springs, but mineral springs coming from considerable depths
are not liable to the fluctuations seen in surface waters. The following
is a list of our mineral springs that have a flow of 1,000 gallons or
more per hour:

. . Flow
Name of spring:and location. per hour.
— —
) Gallons,

Addison Mineral Spring, Maine........... e et e e reaaimaeameresateimaanaetaaneeaan s cen 1,800
Lake Auburn Mineral Spring, Maine. .. ..o ia i ittt 2,000
Summit Mineral Spring, Maine. ... oo iiaeiici e e 2,280
Bradford Mineral Springs, New Hampshire ...... g 2,000
Brunswick White Suiphur Springs, Vermont . ..... ..o ool 1,000
Allandale Springs, Masgachusetts. c.coaacecaecaenannn. ettt am e eaaaaa 1,250
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Name of spring and location.

Everett Crystal Spring, Magsachusetts
Avon Sulphur Springs, New York ... _........_....

Iron Spring, Ballston, New York..._..... ... __... e e
Crystal Springs, New YorK. ... oot e e e e et am e e e e
Chilorine Spring, Syracuse, New York................. R
Excelsior Spring, Syracuse, New York . ... . e .
Dansville Springs. Syracuse, New York .. ............ et e s
Lebanon Thernial Spring, New York. . ... ool .. e
Clumq‘)iun Spring, Saratoga, New York....._..... ... ... ... ... e
Tligh Rock Spring, Saratoga, New Y ork. . ... ooo oo e e
Pavilion Spring, Sarato afNew York. o e
White Sulphur Sprin% ew York covooiioanooiioilt

Sharon Springs, New York....._ ... ... ceee

Slaterville Magnetic Spring, New York ..o ettt e e
Warm Spring, Perry county, Pennsylvania
Massanotta Mineral Springs, Virginia ...l et
Roanoke Red Sulphur Springs, Virginia- ... -
Warm Sulphur Springs, Bath, VIrgInif. ... .ot i iaamaiiacae s
Berkeley Springs, West Virginia ... ........ e e e et A
Blue Sulphur Springs, West Virginia ... .. ...l
Greenbricr White Sulphuar 8prings, West Virginia. ... . .eoe i oot
Sweet Springs, West Virginia. ... ocoeoiiuoi i ii e s
All Healing Springs, North Caroling .. .......o... . ........ e e .
Alom Springs, Unslow county, North Carolina ...l
Panacea Springs, North Carollna. co.euueeeoroieie it iaiiar i iiiaiinin s s e
Artesian Well, Citadel Green, Charleston, South Carolina.. ... ... . ... ... ..........
Chalybeute Springs, Merriwether connty, Georgin «....oco.ovi iieveiiiun e
Magnolia Springs, Georgia. . . .oo oot
New Holland Springs, Georgia .....-...... ceeanens reeetineaaraa e,
‘Warm Springs, Merriwether county, Georgia ........... ... e eaaaa
‘White Sulphur Springs, Merriwether county, Georga.....cooooann.... . e
Blue Spring, Florfda. .« owmioiimae e

Green Cove Spring, Florida ... ... oo et e
Orange Sprini,IFlorida ...............................

Salt Springs, Marion county, Morida :

‘White Sulphur Springs, Florida....... ... .. ioill.. e
Bladen Springs, Alabama- ... oo o eia e,
Healing Springs, Alabama. ... .o e e
Belmont Springs, Mi8sias ppI. - o. oo e e iee e inae i
Castalian Springs, Mississippi .......... e ettt S e
Castulian Springs, L ermOS8Ee - c - o -« ot e e e et et e e e e e e aamaas ..
Jordan’s SPrings, ToONNeSEEe « . v . v en ettt aea e ae i auannrranccrreansonemanoranearsmsaaaes
Blue Lick Springs, Kentucky
Grayson Springs, Kentucky. oo oocaenan.on, .
Kuttawa Springs, Kentucky..o..oooooo oL,
Blanchard Springs, Arkansas
Blood Springs, Arkansas......... . e
Dove Park Springs, Arkansas
Enreka Springs, Arkansas . .....coeioiiiii it et e m e e
Floods® CLalybea.te SPring, ATKANSAS. . oo e e i caans e,
Hot Springs, ATKaNSAS. . ..t e ieeam e e mm e e
Siloam Springs, Arkansas. ...... ... ... et S
Carrizo Springs, Texas..................... e meaeam——ae e mmeeaana et
Dalby Springs, Texas ............. ... . e e - e e
Pecan Springs, Texas ......._....... e e e et ama e mme et
Svur Springs, of Caldwell, Texas .. .. ... . o i
Electro-Magnetie Springs. Ohlo.. ... e e g
Green Mineral Spring, Obio ... .. e e e e e e
Yellow Springs, Ohio. ..... e e e e e e e e imam e ea .- e aaan
Cameron Springs, Indiana...... ... et e e N, e s
French Lick Springs, Indiana. o .. oo et e i
Kanpnal Spring, Indiana ... ... ... ... __._... e e s
Trinity Springs, Tutiana ..o ..oooooooiovn ... e et s
West Baden Spring, Inddan:t . ... .. ... ... . e e e e i ieaas .
Ganymede Spring, TIHnods. .. oo .o oo o e
Spring Valley Springs, Illinois ... ........... ... et eaaaaas s
Prairie du Chien Artesian Well, Wisconsin..... e e e s P
Bethesda Spring, Waukesha, Wisconsin. ............. ....... e e meeaiaas
Glenn Spring, Waunkesha, Wisconsin...............o.. L.l et
Horeb Spring, Wankesha, WISCONSIM .« oo oo et e eaaas
Mineral lock Spring, Wankesha, Wisconsin ....... e s et e e
Siloam Spring. Wankesha, Wisconsim ... ... e
Vesta Spring, Wankesha, Wisconsin ... ... e
Todo Magnesian Spring, Beloit, Wisconsin . ... ol
Jacob’s Artesian Well, Milwaukes, Wisconsin .. .._......._. e et
Sheboygan Mineral Spring, Wiseonsiv..... ...l e
Sheridan Springs, WiIseon8IR. «v. e mcver cmimmasicmaaias ceae e e
Chamberlin Mineral Springs, Yowa.............. ... .......... SRR
Big Mineral Surings, Lowa ..« .. . .ocooeiaiiiii L et eemremremeniieseieaaaeeaen
Linwood Springs, Jowa .. ccoveo oo el . R
Blankenship Medical Springs, Missouri
Sweet Springs, Missouri............. cvsenans e e aaem st e traaans
Akesion Springs, MISSOUT «.ao ot

Flow
pet hour.

Gallons.
3,000
7,660
4, 000
1 250
2,000
1, 000
1,000

30, 000
2, 500

1, 000
12, 000
2, 400
7, 680
2, 700
5, 400
30, 000
1,278
360, 000
3, 000
2,000
1, 860
48, 000
3, 800
90, 000
3,700
1, 500
1,500
3, 000
1, 200-
84, 000
1, 200
73, 920
3,000

5, 055, 000
148, 000

1, 200, 000
1, 250
3, 100
3, 600
7, 200

12, 000
6, 000
12, 200
2, 800
1,200
1, 700
2,000
2,160
1,675
9, 000
20,100
12, 800
7, 000
1, 600
21, 600
1,200
1,100
375, (00
6, 600
1,100
1,100
1, 800
18, 000
1, 500
3, 000
2, 000
3, 620
4,200
45, 000
1, 500
2,200
1,000
1, 200
10, 000
18, 000
8, 400
1, 000
2 000
8, 400
30, 000
2, 000
1,100
4, 000
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Name of spring and location. p efl];)cmr
Gallons,
Blue Lick Springs, Missouri «..v.veue-.. st ateeieierseeciae beraiar s s e it e taasn . 3,000
Great Salt Bprings, Missomri. ... coue i i i i i tiate e e aaa e 10,200
Roiling Spring, Benton county, Missouri. ...... ... oo i i iiiie i iiiiiaaaanaas 5, 000
Monegaw Spring8, MIs8omTT. ~. . .. ettt 18, 000
Union Springs, Kanaas City, Missouri. ... ..o o 1,000
Clinton Artesian Wells, Missouri.......o.... ... e e e e e et eeaea e aeaaaaaaa 3,400
Guyer's Hot Springs, Idaho...........o..o..o . i ll.. g 2,000
Hot Springs, near Boise City, 1daho. ...l e eaas 15, 400
Mound Springs, Boxelder county, Utah........_.... o en i amraenaaan e emaaaaaan 1,000
Salt Lake City Warm Springs, Utah ..o e 32,903
Utah or Bear River Hob Springs, Utah. ... ... i i iieiaraae 6,500
Artesian Magnetic Mineral Spring, Pueblo, Colorado. .. ... .ooovoi oLt 5,000
Hot Sulphur Springs, of Middle Park, Celorado. ... .. .. .. coieii o, e 16, 980
Tdaho Hot Springs, Colorado. cc .o en oot i i e i iiicaiaeeaa e 2, 000
Poncho Hot Springs, Colorado. - o ui e iie e iin oo it mcee e aa e e ..} 1,000, 000
Salt Spring, Pueblo, Colorado. .- ... 7, 000
Seltzer Mineral Springs, Colorado. . ... i e 1, 000
(Ojo Caliente, New MoXiC0. c e aa. oo o ittt e it i e aaaaeeen e e 6, 000
Hot Springs near Wellington, Nevada.................. ... ... e 61,000
Hot Springs near Toyabe, Nevada. . ..o L 35, 000
Goodrich Spring, Nevada................ . 28, 000
Shaw’s Hot Springs, Carson, Nevada... i 4,000
Smoky Valley Geysers, Nevada-.......... 4,200
Whelan's White Sulphur Springs, Nevada 5, 000
El Paso de Robles Springs, California. ..... o 11, 000
Goyser Springs, Califernia. .............. e, 1, 000
Hot Borate Spring, Lakeport, California .. ... i i i iineaaan, 18, 000
Harbin Mineral Springs, Califormia... .. ... i aiiiiiimiiiianna.l et 1, 500
Matilijan Bot Springs, California. .....oo i iiiii i e et e riie e ctinnane s 8, 000
‘Warner’s Ranch Springs, California. ... .. ... ... ... ... emeeaeeeas 1,400
Coronado Mineral Springs, California.........o. ..ol ettt 50, 000
Mark West Springs, California .......coooooooeiiiis ooll et e 5, 700
Napa Soda Springs, California........... e mm e ceacreema e mn e e annan 4,000
Paraiso Hot Springs, California. .. ..o it ii e ieice i e ieaaaa 2,000
Santa Ysabel Springs, California. . coo o e e et 20, 000
Seigler’'s Springs, California... ... oo ool e 3, 000
Ukijah Vich{ Springs, California. .. ... i e 20, 000
Belknap Hob Springs, Oregon. ..c.cuoiiiiii et ier e s e e m s arasasrrmanansan 1,260
Denny Springs, Washingbon. ...cv o i i iiiiiaiiiirir it armcesianarmeniestasnnnn- 1,640

SOURCE OF MINERALIZATION.

‘What is the source from which are drawn the various gaseous and
solid constituents of mineral waters? Thisis a question easily answered
when the solvent power of water is remembered in connection with its
penetration of the rocks that enter into the composition of the earth’s
surface. The disintegrating effect of fairly pure water upon rocks is
well known, but when it is remembered how vastly it is enhanced by
the presence of carbonic acid gas, acquired in the passage of water
through the atmosphere and the soil, we need not look very far for the
source of the coustituents of mineral waters, They are derived from
the decomposition of the rocks through which the waters pass in therr
downward course. Carbonic acid may accumulate in considerable quan-
tities, and, besides favoring the solution of caleium, magnesinm and
iron, it may be held in solution in excess in the water. Sulphates may
be reduced to sulphides and yield hydrogen sulphide. Organic matters
also play an important part. In addition to chemical action, high
temperature may assist in the breaking down of therocks, and water
under great pressure, without the aid of heat or with chemical action
alone, may dissolve out not only the more soluble constituents of rocks,
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but others not usually considered so, as silica, which is very sparingly
soluble.

In passing through the sedimentary rocks many of the previously
deposited salts are redissolved, and in these and in the constituents
of the metamorphic and igneous rocks may be found all the solid con-
stituents that we find in mineral waters. They may be rearranged in
the mineral waters after solution by chemical action, but theve is no
difficulty in accounting for the presence of any of the elements that
are found upon chemieal analysis.

A

GEOLOGICAL POSITION.

!

Inasmnech as mineral waters derive their solid constituents from the
rocks through which they pass on their way down and up before their
emergence as springs, there must be an intimate connection between
them and the geological structure of the country. A comparison of
the geological map of the United State with a map of its mineral
springs is very instructive in this respect. In regions where the older
or metamorphic rocks constitute the surface formation, or are near to
it, the waters as a rule contain a much smaller percentage of solid con-
tents than in those regions where the water, to reach the surtace, must
come through sedimentary rocks which arc not only more readily
affected by the solvent powers of the water on account of their struect-
ure, but, naturally contain a larger proportion of readily soluble salts.
Again, it will be seen.that thermal springs in the eastern Umited States
are limited mainly to those regions where there has been more rugged
mountain corrugation. The hot and warm springs of Virginia and
the warm springs of North Carolina and Georgia are found within the
limits of the Appalachians, and in Arkansas the hot springs are fonnd
in connection with the Ozark mountain uplift. When the eastern sec-
tion of the country is compared with the western half, which includes
the Rocky mountain region, the great preponderance of hot springs in
the latter is at once apparent, and the contrast between the two sec-
tions in this respect is striking. It is true that in Florida most of the
springs are slightly thermal, and that in the Mississippi valley there
are a namber of artesian wells whose water is also thermal, but in both
cases this inereased temperaturc is probably due to the greater depth
from which the water comes. In the Rocky mountain region and other
parts of the far west, in addition to the mountainous character of the
country, which is also of recent origin compared with the Appalachians,
we have a region of more recent voleanic disturbance and one in which
rocks of igneons or eruptive origin cover extensive areas, It has-
long been a well known fact that the lines of junction between the sedi-
mentary rocks and the older formations, especially along the bases of
mountain ranges, are localities favorable for the occurrence of warm

-
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and hot springs. Daubeny pointed out the connection of hot springs
with fissures and lines of elevation, and Prof. James D. Forbes,! in
1835, confirmed Daubeny’s views and pointed out the fact that the
springs ot the Pyrenees in almost every case were situated ¢just at
the boundary of the granite with the stratified rocks.”

These lines of junction are naturally weak points, and feel the stress
of an uplift first, and they are therefore the points at which the great-
est number of fractures and fissures oceur and give the best egress to
the water. When two or three axes of elevation cross each other the
disturbance is greater, and as at Aix in France, and Leuk in Switzer-
~land, and at Mont Blane, it is not a matter of surprise to find thermal

springs. - ¥

Prof. W. B. Rogers has pointed out the connection of the warm

springs of Virginia with the faults and anticlinal axes of the Appala-
chian mountains. In almost every country the connection between
thermal springs and mountain ranges is readily recognized, and just
as apparent is the connection between hot and warm springs and the
occurrence of voleanic rocks the world over. Mr. G. K. Gilbert some
years ago called attention to the fact that the hydrothermal contrast
between the eastern and western portions of the country is in accord
with the geological conditions, and he referred the greater heat in the
latter to local uprisings of the geiso-thermal planes, together with pro:
gressive corrugation, the intensity of the phenomena being heightened
by the intrusion or extrusion of iava. -
. The western States may be divided into four great lelblODS, viz, the
. Rocky mountain region, the Plateau region, the Great Basin, and the
Pacific coast. In the Rocky mountain region- mountain corruga,tion
is probably the primary cause of the hot springs, although in many
places it is associated with the occurrence of igneous rocks, as, for
instance, in the Yellowstone National Park, where the latter are
undoubtedly the cause of the geyseric phenomena.

On the Pacific coast we tind a similar association of the two causes,
the uplifts of the Sierras and Coast ranges having been accompanied
with volcanic outbursts, which in Alaska become a striking feature,
the activity there being a thing of the present. All of the Alaskan
mineral springs so far as known are either warm or hot.

In the Great Basin mountain corrugation is subordinate to the dislo-
cation of strata due to profound faulting. Prof. I. C. Russell describes
the region as follows: ¢«The whole immense region lying between the
Sierra Nevada and Rocky mountain systems has been broken by a mul-
titude of fractures having an apparently north and south trend, that
divide the region iuto long, narrow orographic biocks.” With the faults
thus described by Russell are associated hot springs, and a map of the
hot springs of the Great Basin would be to a great extent a map of

'On the temperature and geological relations of certain hot springs, particularly those of the

Pyrenees. Philosophical Transactions, 1836. -
14



64 MINERAL WATERS OF THE UNITED STATES.

its displacements, just as a map of the hot springs of the world would
be a very good map of the lines of volcanic disturbance of the globe.
With the faults of the Great Basin volcanic rocks are also frequently
associated.

In the platean region a similar association of faulted strata and the
former outpouring of lavas is noted.

Thermal springs are not the only mineral waters found in connection
with faulted strata. The disturbance accompanying the formation of
fanlts is the most efficient cause of cracks and fissures through which
waters can find their way to the surface. The springs of Saratoga are
a notable instance of the association of cold mineral springs with pro-
found faulting. In this case, however, there is no connection with
igneous rocks and the water which has its source primarily in the
mountains to the eastward of Saratoga is probably tapped at a com-
paratively short distance from the surface, and hence has not acquired
the temperature that other deeper springs get from the normal down-
ward increase of temperature of the earth. This increase of tempera-
ture, as given by different authorities, ranges from 1° F. in every 23
feet descent to 1° F. in 68 feet. Recently Dr. Wm. Hallock of Colum-
bia College, New York, as the result of observations on the deep well
at Wheeling, W, Va., states that down to 3,200 feet the gradieut is
1° F. for every 81:5 feet whereas the last few hundred feet show an
increase of 1° F. for a,bout every 60 feet.

CLASSIFICATICN.

That a classification of the various mineral waters is desirable is a -

proposition from which ne one dissents, and many writers have pre-
sentéd schemes. ,

Systematic arrangement is necessary for a comprehensive view of
the subject, no matter what the standpoint, and is naturally made in
some shape or other by everyone. The universal use of water for
drinking purposes led men at first to divide waters into potable and
nonpotable (or drinkable and nondrinkable), but mineral waters were-
very early differentiated, and divided into classes according to their
predominant characters or the qualities which appealed most strongly
to the senses of taste and smell. In the time of Aristotle they were
classified according to the vapors or gases they contained, and Pliny
in the first century divided them into acidulous, sulphurous, saline,
nitrous, aluminous, and -bituminous. Many of onr classifications of
to-day have advanced but little beyond this early scheme. If they are
in any sense chemical, they are generally based upon properties that
are not analogous, terms denoting gaseous contents being made equiva-
lent- to those »eferring to the solid constituents. Usually, however,
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there is a mixture of chemical and therapeutic classifications with
other characteristics referable to physical sensations, which are all
considered in these schemes as coordinate. Thus the terins alkaline,
purgative, thermal, and sulphur waters, are found in most classifica-
tions as divisions of the scheme, each one of eqgual value so far as the
classification goes.

Any classification must, from the nature of the case, be somewhat
arbitrary, inasmuch as nature herself is an evolution, and we find that
waters so shade into each other that it is difficult to draw lard and
fast lines; but it is certainly not necessary to adopt a scheme based on
such diverse properties as the contained gases, the therapeutic effect,
the solid contents, and the sensation of heat, all jumbled together.
The thermal waters may be alkaline, sulphureted, or purgative, and so
purgative waters may be sulphureted and alkaline waters may be car-
bonated or sulphureted. A German classification divides the waters
into 1, alkaline; 11, Glauber salt; 11, iron; 1V, common salt; v, Epsom
salt; v1, sulphur; vir, earthy and calcareous; viII, indifferent. Class IV
is divided into 1, simple; 2, concentrated; 3, with bromine and iodine,
This subdivision corresponds to the proportion of sodium chloride con-
tained in the water, and with Class VII can be just as well expressed
by arranging the waters according to the amount of salt contained,
beginning with the weakest or with the strongest,

A classification, as already indicated, may be either geographie, geo-
logic, therapeutic, or chemical. The first two, however, in view of the
uses to which mineral waters are put, are of little practical value. A
therapeutic classification would be most desirable, but the conditions
at present, in this country especially, are such as to render it impossi-
ble. A chemical classification naturally precedes one based upon_
the application of the waters to the treatment of disease, even if we
were not reduced by the necessities of the case to a scheme based
mainly upon the predominance of one or more of the ingredients of the

water. Minor constituents must be ignored to a certain extent, but

the chemical composition can be relied upon with a reasonable degree

of certainty for the therapeutic indications, as certain well defined

effects, resulting from the probable combinations of the elements found,
may be looked for. It is the more reliable from the fact that we have
the results of the experience of those who have made a study of the
well known European mineral waters and can compare our analyses
with theirs, confidently expecting the same results from similar waters,

The scheme of classification briefly outlined below' is applicable not
only to our own mineral waters, but to all, no matter from what part
of the world they may come. Any truly scientific scheme ought to be
broad enongh to include any mineral water that may hereafter be
analyzed. ’

1This scheme is described by the writer 1n detmi {u the Transacti(ms'of the Amerigg{n Climatoloéi:ﬂ
Association, May, 1887, pp. 156-166.
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The following is the
SCHEME OF CLASSIFICATION.
GrROUP A. NONTHERMAL.
GrOUP B. THERMAL.

Class 1, Alkaline.

1. Sulphated.
Class 11, Alkaline-saline .. 22. Mur%ated.

1. Sulphated:
%2. Muriated.
{1. Sulphated.

Class 111, Saline...........

2. Muriated.

Class 1v, Acid. ... . ..._..
3. Biliceous .. %

Sulphated.
Muriated.

Any spring belonging to one of the above classes in any of its sub-
divisions may be characterized by the absence of all gases (that is,
may be nongaseous) or, by the presence of earbonic acid gas, sulphu-
reted hydrogen, ete., when it is designated by one of the following
terms, viz:

et

Nongaseous (free from gases).
Carbonated (containing carbouic acid gas).
. Sulphureted (containing hydrogen sulphide).
Azotized (having nitrogen gas).
5. Carbureted (having carbureted hydrogen).

There may be a combiuation of gases, which is indicated by the com-
bination of the terms, as sulphocarbonated, etc. -

The classes may be further subdivided according to the predominant
solid constituent as follows:

1. Sodic. 2. Lithic. 3. Potassic. 4. Calcic.
5. Magnesic. 6. Chalybeate. 7. Aluminous.

Here also there may be a combination which can be indicated by a
combination of the terms, as calcic-maguesic, etc.

A few words of explanation may be necessary as to the classes out-
lined above.

The alkaline waters (Class 1) include all those which are character-
ized by the presence of the alkaline carbonates, as the carbonates of
the alkalis, the alkaline earths, alkaline metals, and even of iron alone,
althongh the Jatter is usnally associated with other carbonates. Gen-
erally these waters are characterized by the prescnce of free carbonic
acid—the acidulous springs of some classifications—and would there-
fore be additionally designated as carbonated. There are carbonated
acid sulphated springs (i. e., springs with free carbonic acid, free sul-
phuric acid, and sulphates) and to call them acidulous aeid springs
would be awkward to say the least. Nearly one half of the alkaline
springs of the United States are caleic-alkaline—that is, with calcium
carbonate or bicarbonate as the predominant ingredient.

Lo

s
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The saline waters (Class 111) include those in which sulphates or
c¢hlorides predominate. They are probably one-third more numerousin -
the United States than are alkaline waters. Almost all of .the springs
usually classified as purgative or aperient saline would fall under the
head of sulphated salines. Thus a sodic-sulphated water and a mag-
nesic sulphated water could hardly be mistaken for anything else than
purgative waters. Under the head of muriated salines all the brines
would fall, as they are characterized by the’ presence of sodium chlo-
ride. Any of the salines may be sodic-sulphated, or sodic-muriated, or
calcic-sulphated, calcic-muriated, etec. The sodic-muriated spriugs con-
stitute 88 per cent of the muriated saline waters of the United States.

The alkaline-saline waters (Ulass II) include all in which there is a
combination of alkaline carbonates with the sulphates or chlorides, and
they are divided just as the saline waters are, and may be still further
subdivided in the same way into calcic, chalybeate, magnesie, etc., and
are characterized still further, as are the other classes, by the absence
or presence of gases. They are about one-third as numerous in the
United States as the saline waters. :

The acid class (1v) takes in all the waters that contain free acid,
whether it be silicic acid, sulphuric acid, or hydrochloric acid. The
sulphated acid springs contain free sulphuric acid and also sulphates
of various salts. The muriated acid springs have free hydrochloric
acid as their predominant constituent, with various chlorides; and the
siliceous acid springs are characterizéd by the presence of silicic acid
" in great quautity, and are still further divided into sulphated and
muriated, according to the presence of the snlphates or of the chlorides
in addition to the silicic acid.

To illustrate the applicability of the scheme fhree cases will suffice.

The High Rock spring and most of the other springs at Saratoga
would be described as carbonated sodic-muriated alkaline-saline springs,
i. e., the water contains free carbonic acid gas, its predominant solid
constituent is sodium chloride, but it also contains alkaline carbon-
ates. It belongs to Group A, as no temperature is given, it being a
cold spring.

The water of the Gilroy hot springs of California would be described
as a hot sulpho-carbonated sodic-muriatedvsaline water, 1. e., it con-
tains both free carbonic acid gas and sulphureted hydrogen, and its
principal solid constituent is sodium chloride. It belongs to Group B,
as it is a hot water.

A third example is the Hot Springs of Virginia. The water of
the Boiler springs, one of its many springs, may be described as a hot
carbonated calcic-alkaline water, i. e., it contains free carbonic acid
gas, the principal solid ingredient is calcinm carbonate, and it belongs
to Group B (thermal waters).

The designation of a mineral water according to this scheme enables
alny one, be he physician or layman, at once to get a definite idea of its
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general chemical composition and to obtain a clew to its probable thera-
peutic effect, and qualifies him to pick it out as a water probably suitable
for certain cases, after which a more careful study of its analyses will
enable him to determine whether or not it meets all the requirements
for the individual and particular case.

' THERMAIL SPRINGS,

A few words may be added upon the subject of thermal springs, as
we have divided mineral springs into two groups according to their
temperature. Strictly considered, all springs whose mean annual tem-
perature (no matter in how small a degree) is above that of the mean
annual temperatare of their localities is a thermal spring. There is a
variation, therefore, according to their geographical position. Thus,
springs in Alaska or Siberia, where the gronnd is constantly frozen
to the depth of several hundred feet. which have a temperature
between 320 and 42° F, and never freeze, are warm springs, while the
same springs in the Fast or West Indies or under the equator would
be cold springs. For practical pnrposes we must draw an arbitrary
line, and it has been found most convenient to consider all springs
with temperatures above 70¢ F. as thermal springs; thosc whose
waters have temperatures between 700 and 98° F, are called tepid or
warm; and all over the latter temperature are designated as hot. All
the thermal waters (Group B of the classification) are subdivided, as
are all the nonthermal waters (Group A). They may be earbonated,
sulphureted, ete., or alkaline, saline, alkaline-saline, etc. It has gener-
erally been supposed that they are less highly mineralized than non-
thermal waters. A priori, hot water is a better solvent than cold
water, and if sometimes a thermal water is less highly mineralized, it
is probably because it comes from a greater depth, where the rocks are
of such a character as- to be less readily acted upon. Other things
being equal, there is no reason why a thermal water should not
contain the same ingredients that a nonthermal water has. The fact
that a spring is thermal is dependent largely npon its geological
position, as already indicated. The rocks in which they originate are
usually not so readily disintegrated, as are the more soluble sedi-
mentaries. Where the two groups of springs occur in the same geo-
logical position we find little, if any, difference in regard to.the quan-
tity of solid contents that is to be seen. At the Hot Springs of
Virginia one of the springs, with a temperature of 78° F., has 18-09
grains per gallon of solid contents, while another, with a temperature
of 110° If,, has 33-36 grains per gallon. At the Bath Alum springs, in
the same region, with a temperature of 60° F., the total solid contents
are found to be 45-44 grains per gallon (Spring No. 1), which does not
differ materially from the results noted at the Hot Springs. At the
California geysers the coldest spring, with a temperature of 700 F.,
has 7-12 grains per gallon, while the hottest, at 2120 F.; contains 296-4
grains per gallon.
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As stated under the head of ‘“geological position” (pages 62-G4),
the cause of the heat of thermal springs is to be found in their prox-
imity to, or their source in rocks of volcanic or igneous origin; in
their occurrence in areas of mountain corrugation or of profound dislo-
cations; or, if they come from great depths, in the normal downward
increase of the temperature of the globe. Chemical action as a source
of heatplays little, if any, part as a cause. The downward increase of
heat is not the same at all places, and one can not tell, with any cer-
tainty, the depth of the spring from 1ts temperature. Tlie question of
the permanency of the heat is an interesting one. Usually it is very
persistent, especially where it is due to the temperature of the earth
itself, In regioﬁs where there arc active volcanic manifestations and
earthquakes, fluctuations of temperature in springs have been very
common. Prof. Forbes, in his.study of the hot springs of the Pyre-
nees in 1835, compared his observations with those taken nearly one
bundred years previously, and in many cases found a remarkable uni-
formity in the temperatures taken at different times throughout the
period. Tn the case of our own springs, the data are insufficient for the
making of careful comparisons in respect to changes of temperature.
In one case, however, viz, the hot springs of Salt Lake City, a con-
siderable variation in temperaturec has been noted. Ordinarily these
springs have a temperature of 122° F., but in 1889, for one month,
June to July, and at irregular intervals 1n preceding years the sprlngs
became as cold as 500 F,

A comparison of the tempera.,mes of the hot springs of Virginia,
North Carolina, and Arkansas, taken recently, with those taken years
ago, shows little change, most of the differences noted being due prob-
ably to variation in the thermometers, so that the comparative obser-
vations have little value. '

CHEMICAL COMPOSITION AND ANALYSES,

The fact that we are narrowed down to the chemical composition
of mineral waters as a basis for their classification makes it very
important that the analyses, if not made by the same chemist in all
cases, should be made upon some one definitc method and be stated
with some degree of uniformity. As a matter of fact, the analyses of
mineral waters have been made upon almost as many plans as there
have been chemists making the analyses. An inspection of about a
thousand analyses of mineral waters of the United States shows
that at least forty-two methods of stating the results have been
emplioyed. They range from parts per hnndred to parts per million;
from graius per cubic inch to grains per pint; and from grains per pint
of various kinds through grains per quart to grains per gallon. Two
or three scales were frequently found in the same table.” Some gave
only the elements actually found, and others only the probable combi-
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nations. Under such circumstances, a comparison of the different
analyses i8 obviously impossible.

Bergman, the Swedish chemist, was the first to outline a systematic
scheme of water analysesin a paper published about1788, He began
with the examination of the physical qualities, and distinguished the
mafters held in solution from those mechanically suspended. He also
succeeded in manufacturing artificial mineral waters by combining
elements similar to those found in well known mineral springs. Dr,
John Murray, in 1816, still further systematized the plan for water
analyses, and published a general formula for the analysis of mineral
waters. He took the ground that the salts existing in the water need
not be exactly the same as those obtained upon its evaporation, recog-
nizing the fact that salts deemed incompatible may coexist in a state
of weak solution, and though he combined the acids and bases deter-
mined, according to their solubility, into what he supposed was their
most probable comnbination in the water, he held that the analysis con-
sisted in the determination of the several acids and bases. Berzelius
contended that, everything beyond the mere statement of the acids and
bases being matters of hypothesis, nothing should be set down but
their respective weights. This alone, however, is not sufficient, for
while it might satisfy the chemist or the geologist, it would not be
cnough for those who are mainly concerned in the use of the water,
viz, medical men. They wish the analyses to be so stated that the
probable effect upon the human system niay be determined, and there-
fore it is necessary for a clear comprehension of these points that the
probable composition be also given. If at the saine time the elements
actually found are also given there can be no cause for complaint from
anyone. It is, of course, impossible to ascertain the exact arrangement
of the elements found upon analysis. In a solution of sodium chloride
and potassium sulphate, both sodium sulphate and potassium chloride
will be found in addition to the two original salts; and when in addition
other substances by their presence render the conditions more complex,
the impossibility of determining the exact arrangements of the elements
in the water is very apparent. Other things being equal, however, it
is probable that the strongest acid will always unite with the strongest
base, and to obtain an idea of the medicinal value of the water, even if
only approximate, it is desirable to state the probable combination.
From these statements it can readily be seen how vastly more valuable
the resdlts of onr mineral water analyses would be if this combining of
the elements into their probable combinations were in all cases made
upon a uniform plan.

Although nearly all of the modern works upon chemistry and chem-
ical analysis present schemes of water analysis and give usually very
complete instructions, very little is said as to the method of stating the
results. Henry Noad, in his Manual of Chemical Analysis, advises
that the electro-negative and electro-positive ingredients be arranged
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as established by direct experiment into binary combinations in the
ratio of their mutnal affinities, the strongest acid being combined with
the strongest base, attention being paid to the fact that the force of
affinity is considerably modified by the degree of solubility of the salts.
He also says that the direct results should be given, and the total
amount of the final constituents must agree with the joint amounts of
the several ingredients. Such examples as he gives are expressed
in grains to the imperial gallon. Nearly all of the forms in which
analyses are expressed can be reduced to one or another of the follow-
ing methods of expression:

(1) In grains per English or imperial gcmllon (2(7 cubic ‘inches or 10
pounds, 70,000 grains of pure water).

(2) In grains to the United States or wine gallon (231 cubic mches,

58,372 grains of pure water).

(3) On a decimal basis as parts per 100, 1,000, 1,000,000, etc. This
is usually the form adopted in Germany and France, also in the reports
of the Rivers Pollution Committee of Great Britain, and in the United
States by the National Board of Health, and by many State boards of
health.

(4) As so many milligrams to the liter, which would be the same as
parts per 1,000,000 if the liter always weighed exactly 1,000 grams,

The variation of the specific gravity in the case of ordinary potable
waters would be of little account, but in the case of most mineral
waters, especially of those that, are highly mineralized, the difference
between parts per million and milligram per liter is too great to be
disregarded, and précludes in the same analysis the use or combination
of measure by weight and measure by volume if the analyses are to
be exact and mutually comparable. The following recommendations
were made by a committee of the Chemical Society of Washmgton
in February, 1886.

(1) That water analyses be uniformly rcported in parts per million
or milligrams per kilogram, with the temperature stated, and tha,t ‘
Clark’s scale and all other %ystems be abandoned.

(2) That all analyses should be stated in terms of the radicals found,
whether elementary or compound.

(3) The constituent radicals should be drmnged in electro-chemical
series, the positive radicals first.

(4) The combinations deemed most probable by the chemist making
the analyses should be stated both by symbol and by name.

By “terms of the radical found” is to be understood the immediate
results of the actual analysis, so that any one examining the analytical
results will have tlie same facts as the chemist making the analysis.
Thus, if ammonia is found it should be stated as ammonia (NH,), if
nitrogen (N) alone it should be so stated. The use of symbols was

1 Buliletin No. 2 of the Chemical Society of Washington, 1887, p. 44. Report of committee (A, C
Peale, W. H. Seaman, C, H. White) on method of stating water analyses.
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recommended to do away with any obscurity as to the compounds, as,
for instance, in the case of the salts of iron.

It is generally supposed that the statement ¢ grains per gallon” pre-
sents to nonprofessional people a more definite idea than parts per
million. Yet investigation will show that outside of chemists and
pharmacists the idea as to what a grain of any particular substance
means is very vagué. A gallon of water also varies according to tem-
perature, and besides, grains per gallon are incommensurable guan-
tities, whereas parts per million, per hundred, or per thousand can be .
readily understood by anyone.

It is frequently desirable to convert an analysis from one form to
another, and a few words on this subject may not be out of place bhere.

As the weight of the same volume of water differs according tfo its
density and its temperature, the value of a gallon, even if it is a wine
gallon, i1s somewhat indefinite unless these factors are stated. " The
following table compiled from Oldberg will show how this varies:

Apparent weight of water at different temperatuies.

Temperature of air [ Temperature of air | Temperature of wir
= 615)20 F.; temper- = 620 F.; temper- =62°F.; temper- Te?lf,??_téff%of
ature of water = ature of water = ature of water —= tgerm—)eratur"
3020 F.; 1 cubic| 599 F.; 1 cubic| 620 F.; 1 cubic s : re
ingh = 262761 | inch = 252:664 | ineh = 25248843 | 2 VRVT =
grains. grains. grains. .

Grams. Grains. | Grams. Grains. | Grams. Grains. |Grums. | Grains.
One liter...... .. ... 099 -512) 15, 424 *831 998 695 15, 4112 215 998 -435| 15, 408 -204 9975, 15,393
One United States .

,776 | 58,270

or wine gallon ....| 3, 783 «466] 58, 387 -855( 3, 780 371/ 58, 340 011! 3,779 -387| 58, 324 +827, 3
One imperial or
English gallon. . ..| 4, 540 °820] 70, 075 -500| 4, 537199 70, 018 "111| 4, 535926 70, 000 _ 4,532 69, 934

1¥rom Oldberg’'s Manuul of Weights, Measures, and Specific Gravity, ete., Chicago, 1885, pp.
167-171.

Oldberg recommends the temperature of 71-6° . as the best for all
practical purposes in pharmacy, as it is probably the most common
room temperature.

According to the Century Dictionary the United States gallon con-
tains 231 cubic inches, and is equal to a cylinder 7 inches in diameter
and 6 inches high, and is taken at the value of 8:3389 pounds avoirdu-
pois of water at its greatest density weighed in air at a pressure of
the barometer of 30 inches, and a temperature of 62° F. It is equal
to 3:7853 liters. Prof. Paul Schweitzer of the Missouri state geological
survey, using this statement in connection with the values published
by the Office of Standard Weights and Measures ('I. C. Mendenhall,
superintendent, Washington, D. C., 1890), makes the following state-
ment: “In view of the differences in the weight of the same volume
of water, each one of which seems to rest upon an equally secure basis,
and iu furtber view of the fact that the liter flask, as made and sold by
dealers in chemical apparatus, is intended to discharge 1 kilogram of
water at 156-5°© C., the value commonly employed in such calculations,
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viz, 3:7165 liters to the gallon and 15432 grains to the gram, are
employed ; they make 1 gram per liter equal to 58410120 grains per
gallon, the value adopted.”

He gives the following table for the reduction of grains in the liter
to grains United States gallon:

(3rains per
p(e}:&)lil?esr United States
) gallon.
1 58 -41
2 11682
3 175 23
4 233 -64
b 293 -05
6 350 46
7 408 87
8 46728
9 525 -69

The following conversion table is given by Leffmann & Beam in their
book on the examination of water for sanitary and technical purposes,
Philadelphia, 1889:

Parts per 100,000 x 0-7=grains per imperial gallon.

Parts per 1,000,000 x0:07=grains per imperial gallon.

Parts per 10,000 X 0-583==grains per United States gallon.

Parts per 1,000,000 x0:058=graius per United States gallon.

Parts per 1,000,000 % 0-00833=number of pounds per 1,000 United States gallons.

Grain per imperial gallon, 0-7=parts per 100,000. .

Grain per imperial gallon, 0-07=parts per 1,000,000,

Grains per United States gallon, 0'583=parts per 100,000.

Grains per United States galion, 0:058=parts per 1,000,000.

GEOGRAPHICAL DISTRIBUTION.

The geographical distribution of the mineral springs of the United
‘States (see Pls. 111 and 1v)is of course connected with the consideration
of their geological position, and as already indicated, a map of the ther-
mal or hot springs shows that they are most numerous in the western
part of the country. A map upon which all the mineral Springs were
indicated would show that no state or territory in the Unionis without
some spring that is utilized either for commercial purposes or as a place
of summer resort or a sanitarium. A map (see Pl 1v) upon which only
the springs whose waters are used commercially are platted at once
shows that the majority of such springs are found in the eastern United
States and in the Mississippi valley. West of the one hundred and
first meridian they are largely confined to the Pacific coast. In Idaho,
Colorado, New Mexico,and Montana we find altogether barely a dozen
springs so used. This is not because the total number of springs -in
the east is so much greater thun in the west, but is mainly because the
former is the seat of the greatest population and consequently it is
more thoroughly developed as to thc utilization of its resources in
the matter of mineral waters. A map of the mineral spring resorts
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(see Pl. 111) presents a much larger total number of springs and a
more equitable distribution over the country, for many of our most
improved and best known resorts are now found in the middle west,
and in the Rocky mountain region. They in no respect suffer in com-
parison with those in the east or with those on the Pacific coast.

There are in some sections of the country waters commonly used for
drinking purposes which if located elsewhere might be considered
mineral waters. This is because all of the waters of those sections are
mineralized, as in certain alkali regions of the west, and the people
gradually becom(, habituated to their use.

So far as the general geological features of the North Atlantlc States
are concerned they might be divided into the sections so long recognized
in our older school geographies, viz, the New Iingland and the Middle
States, In the former the older rocks form a large part of the surface,
which accounts for the fact that, as a rule, the mineral springs of that
section are somewhat less highly mineralized than are those of the
Middle States. No thermal springs occur in the section. The springs
of Maine are slightly alkaline-saline and chalybeate. A few are car-
bonated and some are sulphureted. They range in temperature from
400 to 46° F. The solid contents range usually from 3 to 31 grains per
gallon, the Lubec Saline spring being the only exception, the solid
contents of its water reaching the total of 322 grains, In New Hamp-
shire, chalybeate waters are the most common, and in respect to their-
total amount of solids they range from 2 to 15 grains per gallon. In
Vermont also_ the conditions are much the same, except that sulphu-
reted springs are more numerous. Massachusetts is not remarkable
forits mineral springs. Chalybeate waters are common throughout the
State, occurring in nearly every town. A mineral spring near Williams-
town, in the northwest portion of the State, is said to be very slightly
thermal, but it is hardly a warm spring. Very much the same state-
ments may be made for Connecticut and Rhode Island as for Massa-
chusetts. Many of the mineral springs of the New England States are
utilized both for commercial pnrposes and for places of resort. In the
Middle States we find a wmuch larger number of mineral waters that ave
utilized, and the total number of springs is also greater. New York
stands at the head of the scction in regard to the total number of
springs, and has more commerciaily used waters than any other State in
the Union. There is also a very large production of salt from the salt
springs of New York, in what are known as the Onondaga and Warsaw
districts. New York has also one of the most celebrated acid springs
in the country in the Oak Orchard spring, which contains free sulphuric
acid. The Lebanon Thermal spring, with a temperature of 75° F., is
the one spring of the group in this State, and Pennsylvania possesses,
in the Perry Connty Warm spring, a very slightly thermal spring which
has a temperature of 66° to 70° F. Bedford Springs is one of the old-
est resorts in the latter State. Chalybeate springs outnumber all others
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in Pennsylvania, New York, and New Jersey. In the latter, the
Schooley mountain spring is the best known resort.

In their general geologic features the South Atlantic States are not
uunlike the Middle States, and naturally the springs are of the same gen-
eral character. Thermal springs are, however, more numerous. Dela-
ware has never had but one spring resort—the Brandywine Chalybeate
spring—and this is now practically abandoued. Maryland has a fair
number of resorts and several well known comuercial waters; but Vir-
ginia is par excellence a mineral spring State, ocenpying among South”
Atlantic States the same position that New York does in the North
Atlantic section, being second only to that State in the number of
springs that are utilized commercially, and exceeding it in the number
of resorts. The Hot Springs of Virginia are among the most cele-
brated in the country. The literature relating to the mineral springs
of Virginia is very extensive. West Virginia is cqually noted for its
springs, having two of the oldest resorts in the United States i Berke-
ley springs, at Bath, and the Greenbrier White Sulphur springs. The
general character of thie springs in Virginia and West Virginia is the
same, saline sulphureted waters being most numerous, although alka-
line, chalybeate, and acid springs are found, both hot and cold. North
Carolina also enjoys the distinction of possessing hot springs.  In most
respects the springs arc not unlike those of the Virginias. Georgia,
in the Warm Springs of Meriwether county, has an important thermal
spring, and the State ranks with North Carolina and Virginia as a
mineral spring State. Florida is remarkable, as already noted, for the
great size of its springs, the flow from some of them being sufficicnt
to float steamboats of considerable size. These springs are generally
deep seated in their origin and are all slightly thermal and mostly
sulphureted.

In the Southern Central States the saline springs outnumber all
others, and the thermal springs ave relatively few. A large part
of the area is occupied by comparatively recent formations. Yet
in the northern and western portions of the section, Carboniferous
rocks with the underlying formations are well developed, and they arc
usually prolific of mineral spings. Tennessee, Kentucky, Arkansas,
and Texas are the important mineral spring States of the section, The
Hot Springs of Arkansas oceupy a-first place among the thermal
waters, not only of that State but of the entire country. The springs
of Kentucky and Tennessee have had considerable attention paid to
them by geologists and chemists, and they have many well known
resorts. Texas is noted for its springs, among which are a number of
acid springs containing free sulphurie acid. In the western part of the
State there are also mauy hot springs. In Alabama, Mississippi, Louisi-
ana, and Indian territory there arc a great many minperal springs, but
they apparently have had little attention paid to them and we find
that fewer of them have been improved than in the other States of the
section. :
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The broad areas of Carboniferous rocks with underlying Devonian
and Silurian strata that enter so largely into the surface formation of
the Northern Central States, especially in the more southern portions,
would lead us to expeet in this section a development of mineral springs
similar in general charcacter to those of the Southern Central States, and
this we find to'be the case.  Calcic springs are naturally nunterous, while
thermal springs are inconspicuous, most waters of this group being
derived from artesian borings, In Ohio, calcic waters are especially
abundant. In the belt of black Devonian shale that traverses the
State from the Ohio valley to Lake Erie, nearly all the springs issuing
from the base of the formation carry iron and are sulphureted. Out of
the hundreds of springs that actually exist, only a few are utilized ior
mediciual purposes. In other parts of the State the waters come from
the drift and underlying beds of beg iron ore, and they are therefore
strongly chalybeate. Thebrine springs of Ohio have not been included
in the list of mineral waters, as they arc the source of one of the most
important industries of the State, and have been considered from an
economic standpoint elsewhere very fully. The Pomeroy or Ohio
valley distriet is the mostimportant in this respect, its salt wells being
the most prominent in the State. The brines carry a small amount of
sulphates and considerable iron, and, like all the Ohio brines, are rich
in bromides. )

The conditions in Indiana are similar to those of Ohio, and conse-
quently the springs are muech the same. Sulphureted and chalybeate
springs predominate. The brines of Indiana are not so numerous as
those of Ohio, and the production of salt is of comparatively little
aceount, A fair number of the spriugs are utilized commercially, and
in the total number of springs and the number of resorts the State
ranks next to Migsouri, which is first on the list for this section.

INinois differs little from neighboring States, the same classes of
springs being fonud within its borders that .are seen in Indiana and
Missouri.

Missouri is a State rich in mineral springs, and they are of great
value in its economic resources. Nearly every county possesses min-
eral springs ot wide local reputation, and many are well known beyond
the State limits. The production of salt from salt wells was at one time
a considerable industry. The Sweet Springs, of Saline county, are
perhaps the best known, but there are many other well known health
resorts, and the State holds average rank as a producer of commereial
mineral waters. The springs are wmainly saline and chbalybeate, and
many are slightly sulphureted. -

Kausas derives a considerable portion of its mineral waters from
ordinary wells and artesian borings. The waters are mostly saline,
and are generally sulphiareted. Chalybeate waters are abundant in cer-
tain scections of the State. In tlie eastern part sulphates of lime and
maguesia are found in the hard waters of shallow wells, and as deeper
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strata are penetrated, the sulphates decrease in amount and the chlo-
rides increase. Nebraska is slightly developed so far as its mineral
springs are concerned. Its known mineral waters, however, do not
differ materially from those of Kansas.

Returning to the eastern part of the section, we find that Michigan
derives its mineral waters largely from artesian wells, which are locally
called mineral springs. These borings are mainly in the Corniferous
limestoue and the Huron group of the Devontan. The waters are well
mineralized, and are popularly supposed to be magnetic. Sulphureted
saline waters predominate. The brines of the State are very impor-
tant, the salt industry dependent upon the salt wells being of large
proportions.

In the northern part of the northern central section, where there are
very considerable areas of metamorphic rocks, the springs are some-
what like those of the New England States in general character, espe-
cially in not being so highly mineralized as those of the States lying to
the south of them.

The mineral springs of Wisconsin are particularly valuable, and the
springs of Waukesha have a wide reputation. In the production of
mineral waters for commercial purposes the State outranks all the
others, as it ddes also in the value of the production. In the number
of springs so used it is third upon the list. The springs are mainly
caleic, alkaline, and chalybeate.

Minnesota aud Towa coutain mumerous springs whose waters are
much like those of Wisconsin in respect to the comparatively small
quantity of contained solids, and in their general character. The
occurrence in Iowa of acid springs is interesting. So far as known,
Minnesota has few mineral spring resorts. lowa has several resorts
and a number of its waters are bottled for sale.

In the Dakotas the recent development of these new States has
resulted in little attention being paid to their mineral spring resources.
In South Dakota many wells are known to be highly mineralized, and
near the Black Hills we have in the Dqkota hot springs the one thermal
spring locality of the section,

In a general survey of the Western States the first thing to attract
attention is the inequality in the development of the mineral spring
resources. Another noticeable point isthe far greater prevalence of thex-
mal springs. Very naturally we fiud that California has made the great-
est advance in mineral spring development. This is dueto the fact that
it has been longer settled, and has more timne to devote to the mineral
springs of which it has 8o large a number. Other States are beginning
to appreciate the importance of a careful study of their mineral springs,
and we find more and more attention being paid to them from year to
year. The Western States (i. e., those west of the one hundred and first
meridian) include a little more. than 39 per cent of the total area of
the country, and yet we find that they contain more than 80 per cent of
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its known thermal springs. This great preponderance is likely to be
increased in the future. It cause has been stated and described under
the head of thermal springs. When we consider the number of indi-
vidual springs contained within the limits of the Western States, the
contrast with the Eastern sections is even more striking; not only is
the number greatly in excess in the former, but the thermal phenomena
are overwhelmingly greater in intensity. The Yellowstone National®
Park is the seat of thermal manifestations not equaled in any other
part of the country, and in fact not excelled in any part of the world.

The proportion of improved springs in the Western States is, how-
ever, necessarily less than in other sections on account of the compara-
tively recent settlement of most of the country in and beyond the Rocky
mountains.

California, as we have said, stands at the head of this section so far
as the improvement of the springs is concerned, both in respect to the
number of resorts and of its commercially used waters. Its mineral
waters are of all classes and they are not confined to any one section of
the state, but are found from one end to the other. With the exception
of Wyoming, which includes the Yellowstone National Park, California
contains a greater number of mineral springs than does any other State.

Of the Pacific coast States Oregon comes next to California in the
number of its mincral spring resorts. The waters of several of these
are bottled and sold.

The State of Washington, in its Medical lake, presents one of the best
known mineral waters of the West. This water is condensed and bot-
tled, and the.eévaporated salts, put ap in packages, are extensively sold.
Nevada is probably better off in respect to springs than in regard to
streans of running water. Hot and cold mineral springs are found in
cvery county, the former outnumbering the latter. Steamboat spring
is probably the best known locality. Salt sprivgs, soda springs and
lakes, and borax lakes abound, and the ordinary potable waters in
many parts of the State are strongly alkaline. In Arizona and New
Mexico alkaline and saline waters, many of them carbonated and sul-
phureted, are so numerous that they attract but little attention.
Frequently they are more common than pure waters. Many of -the
springs are thermal, and many were utilized by the Franciscan and
Dominican friars when they first traversed the country, and also by
the Indians long prior to the advent of Furopeans. Saline springs ave
most abundant in Arizona, while both alkaline and saline springs are
numerous in New Mexico. Several springs in N, ew Mexico are utilized
for commercial purposes, and Las Vegas Sprmgs is one of the finest
mineral spring resorts in the country.

Colorado, sometimes called the Switzerland of America, has had con-
siderable attention devoted to its springs, and there are now within
the limits of the State many well known resorts, of which perhaps
Manitou, near Colorado Springs, is most widely known. A number
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of waters are also used commercially. Hot and cold springs are both
found; many are alkaline, others chalybeate, and saline springs are
numerous. They are sulphureted and carbonated in many cases.

In Utab the presence of mineral springs, both hot and cold, was
noted by all the early explorers and travelers who were obliged to
cross the territory on their way to the Pacific. The hot springs near
Ogden and those at Salt Lake City are the best known and most used.
They are thermal, as are most of the mineral springs of the territory.
Salt lake itself is one of the most highly mineralized bodies of water
in the world.

The mineral springs of Idaho have secured very little attention, -but
it is well known that warm and hot springs are of frequent occurrence,
especially in the granitic and igneous rocks of the mountainous por-
tions of the State. ¢Hailey’s hot springs” and the “Soda springs”
of Bear river are the best known localities. The latter were first
described by IFremont, who called them the Beer springs, and from
one of the cold springs of this now well known resort is drawn the
Idanha mineral water, which is extensively sold throughout the west.

Wyoming, with the immense number of springs in the Yellowstone
National Park, easily stands at the head of the list for the entire coun-
try when we consider the total number of springs, as there are more
than two thousand individual springs within the limits of the Park
alone. The Yellowstone Park is, of course, the greatest spring resort
in the country, and it is deservedly so, not only from the presence of
its geysers but also on account of the great variety in its springs, -
which will one day undoubtedly be more hlghly prized for their medici-
nal virtues than they are now.

The proximity of Montana to the National Park is the principal reason
why its numerous and important mineral springs have not received the
attention and development that they undoubtedly deserve. Many of
them have been known since the days of Lewis and Clarke’s famous
expedition across the mountains of Montana from the head of the Mis.
souri river to the Pacific. Most of the springs in the State are thermal,
_and a number of them have been improved and are used to a consid-
erable extent as resorts. The White Sulphur springs, Hunter’s hot
springs and Ferris’s hot springs are well known locally, while the Broad-
water hot springs near Helena are scarcely exeelled anywhere, especially
in respect to their improvements. The plunge bath there connected
with one of the hotels, is one of the largest in the world. The springs
of Montana present a great variety in their composition, and the water
of one of the cold springs in the valley of the Yellowstone is almost
identical with the celebrated Apollinaris water from Prussia.

Last of all, in Alaska we have a hotspring territory that has few
equals. Little is known as to the mineral contents of the springs, but
their number is very large and they are often found in contact with
glaciers. So far as a cursory examination goes the springs are mainly
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saline and most of them are sulphureted. There are many cold
springs ‘that never freeze and that are therefore in a strict sense
thermal. The geysers or warm springs near Sitka, having a temnpera-
ture of 1534° F., were ‘used as the site of a hospital by the Rnssian
authorities before our pnrchase of the country. Many of the hot springs
have been used by the Aleuts from time immemorial for cooking pur-
poses, while others are nsed as bathing places. Ounrknowledge of the
Alaskan springs is due to scattered nofes of travelers and explorers
who usually have not the means of making careful scientific examina-
tions, and we have no analysis of any of the waters.

The following table gives the rank of the States according to com-
mercial statistics of 1892,

Rank of States according to commeraal statistics.
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Alabvama ... ... ... 12 36 23 || Montana ........... .. 15 35 - 28
Arkansas .............. 11 32 31 || Nebraska. .. .......... 15 38 39
Cahfornia ........... .. 4 15 10 | New Hampshrre ... ... 13 7 3
Colorade ...... ..... .. 8 11 9 || NewdJersev............. 15 37 38
Connecticub «cvvnnenn..o- 1t 34 24 || New Mex1co ... 12 29 34
Georgla .. ......o... .. 15 23 18 || New York ........ ... 1 2 2
Tdaho oo oo oo -.. 15 19 14 || North Carolina ........ 6 17 15
Thnors ...l o0 L.e 8 18 20 ) Ohio cemves o ce ool 7 6 [
Indiana................. 7 22 33 || Pennsylvamia ...... .. 6 5 4
JowWa cveeve 2nn n-. -- 11 25 26 | Rhode Island ... ...... 14 16 32
Kansas ..........20 ... . 9 30 8 |' South Carohma...... .. 13 30 30
Keutucky . ... - 11 31 38 || South Dakota.......... 15 26 30
Lounisiana ...... ....... 13 39 37 || Tenncssee ...... .. ... 10 21 22
Mame.... ..... o4 ... h 10 9 13 || Texas .cocvnvnnnanas.. 5 14 21
Maryland ..... .. ..., 11 27 25 || Vermont...... ... . 12 24 19
Magsachusetts ... ... 8 8 12 | Virgima, ..o oo . 2 10 7
Michigau .oovennnn oooe- 8 4 5 (| Washmgton... ... .... 13 20 11
Minunesota ... . .. ... 15 12 27 || West Virgmia .. ... . 10 33 29
Mississippr oo ...- 12 13 17 || Wisconsin... coucennn.. 3 1 1
MISSOUTT cevvecvmanaanan 7 28 16

THE UTILIZATION OF MINERAL WATERS.

The principal use to which mineral waters are put is of course their
application in the treatment of disease, and in this respect the mineral
waters ot the United States are no exception. The mineral spring circu-
lars issued for the purposes of advertisement abundantly prove the
statement. In many States salt springs are used as the source of common
salt and thus add largely to the economic resources of their localities.
Mineral waters arc also utilized for the anufacture of borax, bromine,
and carbonate of magnesia,and the waters of certain Western lakes are
the sources of large quantities of soda. The mere mention of these facts
is sufficient in this place. Returning to their primary use, that is, as
remedial agents, the waters are utilized, first, at the springs both for
drinking and bathing purposes and, secondly, they are bottled or other-
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wise put up for sale and thus rendered available in the market at a
distanee from their source.

The discussion of the therapeutic application of mineral waters does
not come within the scope of the presentarticle. Itisa medical question
and lies without the provinee of the geologist or economist. The mineral-
spring resorts of the country have never been very thoroughly studied
from a statistical point of view, although there is searcely a state in the
Union that has not its mineral spring resorts, even if only locally
important, or its sanitaria ereeted usually in connection with mineral
springs. Many springs are utilized -both as resorts and as sources of
water for comnmercial purposes.

LIST OF AMERICAN MINERAL SPRING RESORTS.

ALABAMA.

Bailey springs,
Bladen springs.
Blount mineral springs,
Butler springs.

Castle Creek springs.

Hot springs.
Cluster springs.
Eureka springs.

Chandler’s springs.
Cullom’s springs.
Mealing springs.

-

ARIZONA.

Hooker’s hot springs.

ARKANSAS,.

Dove Park springs.
Fairchild’s potash sulphnr springs.
Monntain Valley springs.

CALIFORNIA.

Adams springs.
Atna springs.
Aguade Vida springs.
Alum rock springs, near San Jose.
Auderson mineral springs.
Byron hot springs.
California seltzer springs.
Campbell’s hot springs.
Coronado mineral springs.
El Paso de Robles springs
Felts mineral spring.
Fulton wells.
* California geysers.
‘(Geyser spa spring.
Litton seltzer spring.
Giluwore Glen spring.
Gilroy hot springs.
Glen alpine springs.
Gordon’s mineral springs.
Harbin springs.
Highland springs.
Howard springs.
Klamath hot springs.
Lane's mineral spring.
Carnelian hotf springs.

14 GeOL, PT 2—6

Madrone mineral springs.
Mark West springs.
Matilija hot springs.
Monticeto hot springs

Napa soda springs.
Newsome’s Airoyo Grande springs.
Paraisa spring.

Pagcific congress springs.
Piedmont white sulphur springs.
Rubicon soda springs.

San Bernardino hot springs.
Santa Barbara hot springs
Santa Rosa springs.

Santa Ysabel springs.
Seigler’s springs.

Skages’ hot springs. -
Summit soda springs.
Toscan springs.

Tolenas springs. =

Upper soda springs.

Ukiah vichy springs.

Upper soda springs, Siskiyon Connty.
Saint Helena white snlphur springs.

Witters’ springs.
Wilbur springs.
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Douglas springs.
Canyon City springs,
Siloam springs.

Idalo springs.

Poncho springs.

Ouray mineral springs.
Manitou springs.
Liberty hot springs,
Rock Creek springs.

\

Stafford mineral springs.

Magnolia springs.
Turner springs.
Orange springs.
Tarpon springs.
Benson’s salt springs.
Wakulla spring.

Beall’s springs.

Daniels’ mineral spring.
Franklin springs.
Bowdcn lithia springs.
Chalybeate springs.
New Holland springs.
White sulphur springs.
Watson’s springs,

Ahlfor’s springs.
Elliott’ssprings.
Easbly springs.

Alcyone springs.

Glen Florva springs,
Silver spring.

Diamond mineral spring.
Green Lawn springs.

Peoria magnetic artesian well.

Ash iron springs.

Cameron springs.

French Lick springs,

Hosea saline snlphur springs.
Trinity springs.

Lithium springs.

Avoca springs.

COLORADO,

. Trimble springs.

Steamboat springs.
Glenwood springs.

Pagosa springs.

Seltzer mineral springs.
Hot springs of Middle Park,
Cottonwood springs.
Heywood springs,

Mineral springs of Pueblo.

CONNECTICUT.

Oxford chalybeate spring.

FLORIDA.

Green Cove springs,

Blue springs.

Newport sulphur springs.
‘Wesson’s iron springs.
Suwannee sulphur springs.
White sulphur springs.

{

GEORGIA.

Porter’s springs.
Catoosa springs.
Hughes mineral springs.
Indian springs. N
Magnolia springs.
Warm springs.

Powder springs.

IDAHO.

H:»iley'hot springs.
Guyer hot springs.
Soda springs.

ILLINOIS.

Kirkwood springs.

Perry springs.

Hygienic western Saratoga springs.
Illinois lithia springs.

Moonlawn springs.

Okawville mineral spring. |,

INDIANA.

West Baden springs.

Central springs.

Greencastle springs.

Saint Ronan’s well.

Spring Beach springs.

Kickapoo magnetic mineral springs.
Cartersburg magnetic springs.
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IOWA.
Ottumwa mineral springs. Liuwood springs.
Cherokee maguetic mineral springs. =, Siloam springs.
Black Hawk mineral springs. ‘White sulphur springs.
Lake View medical springs.
- KANSAS.,
Tola mineral well. Mouud Valley springs.
Blaging’s artesian mineral spripgs. Providence mineral well.
Arlington mineral springs. , Topeka mineral wells.
Great Spirit springs. ‘Wichita mineral springs.
Jewell County lithia springs. Louisville springs.
Geuda springs.
KENTUCKY.
Anita springs. Drennon springs.
Allen springs. Buena Vista springs.
Bedford springs. Hardin springs.
Blue Lick springs, ) Kentucky alum springs,
Crab Orchard Springs. Rock Castle springs.
Cerulean springs. Saint Patrick’s well.
Forrest springs. White sulphur springs.
LOUISIANA.
De Soto mineral springs. Castor sulphur springs.
Whate sulphur springs. Ocean springs.
Abita springs. Claiburn spring.
Chiuchunla spring.
MAINE.
Addison mineral springs, Keystone spring,
American chalybeate springs. Old Point Indian spring.
Auburu mineral springs. d Poland spring.
Barker mill spring. Rosicrucian springs.
Cold Bowling spring. Seal Rock springs.
Hartford cold spring Scarborough mineral spring.
Lake Auburn mineral spring. Underm(ood springs.
Lubec saline spring. Wilson springs.
. MARYLAND. ' N
Bentleys springs. Spa spring.
Carroll springs. Strontia mineral spring.
Chattolanee minerul springs. Takoma park spring.
Fhntstone mineral springs, Windsor sulphur springs.
River springs.
MASSACHUSETTS.
Allandale springs. A Echo grove spring.
Beckster soda springs * Everett crystal spring
Bethlehem spriug. Sheep rock springs.
Belmont Hill springs. Simpsou spring.
Belmont, natural springs. Undine spring,

Commonwealth nuueral springs Vishnu springs.

83
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MICHIGAN.
Alpena mineral well. Mount Clemeuns original mineral spring.
Americanus well, Moorman well, Ypsilanti.
Cascade spring. Otsego mineral springs.
Eastman springs. Riverside mineral spring.
Butterworth magnetic spring. Salutaris springs.
Eaton Rapids magnetic springs. Sprudel well,
Bethlehem magnctic mineral springs. Spring Lake mineral springs.
Erie sulphur springs. Shawnee mineral springs,
Flints magnetic springs. Samt Clair mineral springs.
Grand IIaven mineral spriug. Saint Louis magnetic spring.
Hubbardston magnetic well. Zauber Wasser springs.
Leslie magunetic well, Ypsilanti mineral springs.
Midland magnetic well.
MINNESOTA.
(jeissinger springs. IngleWwood spring.
MISSISSIPPI.
Artesian springs. Juka mineral sprmgs.
Belmont spring. Lafayette springs.
Browu’s wells. Stafford mineral springs.
Castalian springs, White's springs.
Godbolds mineral well, Winston springs.
M1SSOURI.
Arkoe springs, Indian springs,
Blankenship medical springs. Jamesport mineral springs.
Blue Lick springs, : Jerico springs.
Belcher’s a1tesian well. Lanandreths springs. )
Boon’s Lick springs. Lebanon springs.
B. B. springs. Landreth’s mineral well.
Barnard mineral well. Mounegaw springs.
Clinton artesian white sulphur well. Montesano springs. .
Denver mineial spring. Moundsville mineral springs.
Eldorado springs. McAllester springs.
Elk Lick springs. Paris springs.
Electric springs. Randolph springs.
Excelsior springs. Reiger springs.
Fair Haven springs, - Reed springs.
Fair View springs. Rogers springs.
Forest springs. Spaulding springs.
Grecnwood springs. Siloam springs.
Greene springs. Sweet springs.
Haupt’s mineral well. Windsor medical spring.
Glasgow mineral springs. Young’s medical well,
Harris springs. Vichy springs.
Jordan artesian well. Panacea springs.
MONTANA.
Alhambra springs. Mill Creek Apollinaris spring.
Allan’s mineral springs, Puller’s springs.
Boulder hot springs, Pipestone springs.
Ferr1s’ hot springs. Warm springs, Deer Lodge valley.
Helena hot springs. White sulphur springs.
Hunter’s hot springs. Ryan’s hot springs.

Lou Lou hot springs.
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NEBRASKA.

Victoria mineral spring.

NEW HAMPSHIRE.

Amherst soda springs.
Birchdale springs
Bradford mineial spring
Londonderry lithia spring.

Ponemah springs.
Unity springs.

‘White Mountain spring.
Yacum springs.

NEW JERSEY.

Kolium springs.
Spa spring.

L]

Schooly’s Mountain spring.
Warwick spring.

NEW MEXICO.

Hudson hot springs.
QOjo Csliente.

Baca springs.

Jemes hot springs.

Aztec springs.
Coyote soda springs.
Las Vegas springs.

NEW YORK.

Adirondack mineral springs.
Avon sulphur springs.
Ballston ;Spa springs.

Cairo white snlphur springs.
Cayuga springs.

Crystal springs.

Columbia springs.
Chittenango white sulphur springs.
Clifton springs.

Dansville springs.

Deep rocksprings.

Darien mineral spring

Dryden springs.

Doxtater’s mmeral well.

Excelsior spring and Chlorme spring,

Syracuse.

Florida springs.

Franklin springs.

Lebanon thermal spring.
Nonda mineral springs.

Oak Orchard acid springs
Oueita springs.

Richfield springs.

Saratoga springs.

Sharou springs,

Slaterville magnetic springs.
Miller’s Geneva mineral spring,
Verona mineral springs,
Victor sulphur springs.
Massena springs.

Ried springs.

Empire Seneca spring.

NORTH CAROLINA,

All-healing springs.

Aghleys bromine and arseuic springs.

Barinm springs.

Black Mountain iron and alum spring

Cherokee springs.

Cleveland spring.

Creswell’s white sulphur spring.
Ellerbhe springs.

Blackwell's white sulphur spring.
Haywood white sulphur springs.
Jackson springs.

Lemon springs. .

Lancoln hthia springs.
Millenheimers sulphur springs. -
Minnekahta springs.

Panacea springs.

Parks alkaline springs.

Piedmont spring.

Seven springs.

Shaws healing springs.

Thompsons bromine arsenic spring.

Mount Vernon mineral spring.
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OHIO.
Adams county mineral spring. Magnetic and saline spring.
Bellbrook magnetic spring. Marquis mineral spring.
Crystal mineral spring. Ohio magnetic springs.
Cedar springs. Rex mineral water.
Devonian mineral spring Ripley brome lithia spring.
Electro-magnetic springs. Stryker mineral well.
Lenape spring. ! Sulphnr Lick spring.
Howland springs. Sulphur spa.
Knisely’s springs. ‘Williamsport sulphur spring.
Greene mineral spring. Yellow springs.
OREGON. .
Belknap hot springs. Sodaville springs.
Foley springs. ‘Wagner soda spring.
MacAlister’s soda springs. Willoit spring.
PENNSYLVANTIA.
Allegheny spring, Minneqna springs.
Bedford springs. Parker’s magnetic mineral spring,.
Black barren Mineral spring. Pavilion spring.
Blossburg springs. Perry county warm spring.
Carlisle White Sulphur spring. Pulaski mineral spring.
Corry artesian fountain. Roscommon springs.
Cresson sprimgs. Saltillo springs.
Doubling Gap springs. Sizerville magnetic spring.
Ephrata spring. Susquchanna spring.
Eureka miueral springs, Wildwood springs.
Frankfort springs. Yellow springs.
Gettysburg Katalysine spring. York sulphur spring. ,

Kingsland spring.
ROODE ISLAND.

Darling’s mineral spring. Ochee mineral and medical springs.
Holly springs. )

SOUTH CAROLINA.

Ambfer’s mineral spring. Glen springs.

Charleston artesian well. New springs, near Spartanbnrg.
Chcerokee springs. Reedy creek spriugs.

Chick’s springs. West springs.

Garrcett springs.

SOUTH DAKOTA.

Dakota hot springs. ‘Wessmgton springs.
TENNESSEE,

Alleghany springs. Castalian springs.

Austiu springs. Clarkstown springs.

Becrsheba springs. Dandridge springs.

Black sulphnorsprings. Draper springs.

Bon Aqua springs. Estill springs.
Cagcade springs. _ Galbraith springs.
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Glover’s springs
Graham’s springs.
.Hager springs.
Hinson springs.
Howard springs.
Idaho springs.
Jordan’s springs.
Klippert’s springs.
Melrose springs.
Mineral 1Iill springs.
Montvale springs.
Naghville sulphur springs.

Oliver’s springs.
Park’s sulphur spring.
Patterson’s springs.
Pettigrews springs
Primm’s springs.

Red boiling springs.
Rhea springs.

Tate’s Epsom spring.
Wayland springs.
White Cliff springs.
White creek spring.
White sulphur spring.

TEXAS.

Bell mineral well.

Boston chalybeate spring.
Burdetts sour wells.
Capp’s well.

Dalby springa.

Duffau’s wells.

Elkhart mincral wells,
Georgetown mineral wells.
Glenmore sulphur springs.
Hancock springs.

Hughes springs.

Hynson’s Iron mountain springs.
Mineola mineral wells.

Mineral wells.
Montvale springs.
Overall mineral well.
Page’s well.
Richards wells.
Roxboro springs,
Sharp’s springs.
Slack’s well.

Sulphur springs.
Texas sour springs.
Tioga mineral well.
Wisner's springs.
Wooten wells.

VERMONY.

Albaugh sulphur and lithia spring.
Brunswick white sulphur springs.
Clarendon springs.

Gulford springs.

Highgate springs.

Middletown mineral springs.

Missisquoi mineral spring.
Montebello springs.
Plainfield spring.

Weldon spring.

Woleot springs.

VIRGINIA.

Alleghany springs.

Bath alum spring.

Bear lithia springs.
Buckingham white sulphur springs.
Buffalo lithia springs.
Cedar Bluff springs.

Chase City chlorine apring.
Chilhowie sulphur springs.
Clifton springs.

Cold sulphur springs.
Cove lithia water.

Coyner’s sulphur springs.
Elk lithia springs.
Farmville lithia springs,
Grayson sulphur springs.

Harris antidyspeptic and tonic spring,

Healing springs.
Hot springs.

Huguenot springs. )

Hunter’s Pulaski alum springs,

Jordan alum springs,

Jordan white sulphur spring.
Kimberling springs.
Massanetta springs.

Millboro springs.

Osceola springs.

Otterburn lithia springs
Paeonian spriugs.

Powhatan springs.

Rawley springs.

Roanoke red sulphur springs.
Rockbridge alum springs.
Rockbridge baths.

Rock Enon springs.
Rockingham springs.

Seven springs.
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Sharon springs.
Shenandoah alum springs.
Stafford springs.

Steep Hill springs.
Stribling springs.

Sweet chalybeate springs.
Valley View springs.

THE UNITED STATLS.

Virginia arsenic bromine and
springs.

Wallawhatoola alum springs.

Washington springs.

Wolf Trap lithia springs.

Yellow springs.

' WASHINGTON.

Cascade springs.
Medical lake.

Yakima soda springs.

WEST VIRGINIA.

Berkeley springs.

Blue sulphur springs.

Capon springs.

Columbia sulphur spring.
Floding springs.

Greenbrier white sulphur springs.
Hart mineral well.

Allouez magnetic springs.
Almanaris springs.
Arcadian springs.

Arctic springs.

Ashland springs.

Bethania mineral spring.
Bethesda spring, Waukesha.
Black Earth nrineral spring.
Clysmic spring, Waukesha.
Crescent spring, Waukesha.
Darlington mineral spring.
Fort Crawford spring.
Fountain spring, Waukesha,
Gihon springs.”

_ Glen spring, Waukesha.
Heuk mineral spring.

Horeb mineral spring, Wankesha.
Hygeia spring, Waukesha.
Iodo magnesian springs.

Irondale springs.
Parkersburg mineral well.
Red sulphur springs.

Salt sulphur spriugs.
Shannondale springs.
Sweet springs.

Triplett springs.

WISCONSIN.

Jacobs artesian well, Milwaukee.
Lebenswasser spring.

Lethian spring, Waukesha.
Mineral Rock spring, Waukesha.
Nee-ska-ra spring.

New Baratoga spring.

Palmyra springs.

Saint Croix mineral spring.
Salvator springs.

Shealtiel mineral springs.
Sheboygan miueral spring.
Sheridan springa.

Siloam spring, Waukesha.

Silver Sand spring.

Sparta mineral wells,

Vesta spring, Waukesha.

Vita mineral spring.

White Rock spring, Waukesha.

lithia
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RESULTS OF STREAM MEASUREMENTS.

By F. H. NEwWELL.

CHARACTER OF DATA.

This report, the fifth of the series’ relating to the measurement of
discharges of rivers, mainly of the western part of the country, sums
up briefly the results obtained by the Geological Survey during the
past year, and in connection with these data discusses a few related
facts regarding river flow. The gagings made by the Geological Sur-
vey have been for the purpose of obtaining a knowledge of the water
resources of those parts of the country where the streams have the
greatest value. As it was obviously impossible to measure all import-
ant rivers, points were selected with reference to .the general applica-

,tion of the data obtained. The choice of localities was largely dictated

by considerations of expense and convenience. As far as possible,
gaging stations were located in each of the larger drainage basins of
the west, so that measurements might be made in streams controlled
by different topographic and climatic conditions. A brief desecription
of each of the gnging stations from which observations have been
obtained durmg 1892 is given in the following pages, these bemg
located in nine of the western states and territories.

In the preceding reports not onlv have the data available at the
time of publication been presented, but somewhat detailed descriptions
have also been given embodying the results of examinations of the
drainage basins of the upper Missouri, Yellowstone, Platte, Rio Grande,
Gila, and Bear rivers. In this paper, besides the results of stream
measurements obtained at a later date, there are presented a few facts
concerning large rivers in the ITast, casting light upon the subject

! The preceding papers of thia series are as follows-

First. ‘*‘Hydrograplic Work,” TFirst annual report of the Irrigation Survey, part 2 of the tenth
annual report of the U. 8§ Geological Survey, pp. 78-90,

Second ¢ Hydrography.” Second annunal report of the Irrigation Survey, part 2 uof the sleventh
annual report of the U, 8. Geologieal Survey, pp 1-110

Third, ‘“Hydrography of the Arid Regions ' Third annual report of the Trrigatiou Survey, part 2
of the twelfth annual report of the U. § Geological Survey, pp. 213-361. ‘

Tourth ‘‘Water Supply for Irrigation ™ Thirteenth annual report of the U, S Geological Survey,
part 3, pp 1-99 :

95
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under discussion and bringing out peculiarities distinctive of rivers
influenced by different topographic conditions. A special study has
becn made of the Potomac and the results are herein given, since this
river is in many ways typical of the streams of the eastern humid
regions. The data thus acquired has been of value in discussions of
geological problems as well as of the water resources of the country.

Besides the stream measurements conducted by the Geological Sur-
vey there have been other investigations of similar character, the
results of some of which have lately become available for discussion
and comparison, so that it is now possible to obtain a fairly accurate
knowledge of the habits of rivers iu many parts of the United States.
One of the most important of recent investigations is that carried on
by the geological survey of New Jersey upon water supply and water
power, the work being under the immediate direction of Mr. C. C-.
Vermeule.!

METHODS.

The methods of streamm measurement were briefly deseribed in the
second irrigation report, beginning on page 5. Inthe three years which
have elapsed since that report was written many improvements have
been made in the instruments used, particularly in the form of meter
employed in measuring small streams. One of the principal changes
has consisted in making the Haskell meters smaller and more portable,
and having but two flukes upon the revolving tvheel instead of four.
In its later form this meter is provided with two revolving wheels, one
for use in swift waters, the other in more sluggish currents, These
wlheels are of the same size, the flukes of one of the wheels having
somewhat greater pitch thau that of the other. The internal diame-
ters are the same, and either one can be used upon the supporting
axis of the meter. The reduction in size can best be appreciated by
the statement that the complete meter, with the exception of the rods,
can be packed in a light carrying case 8 inches long, 4§ inches wide,
and 2 inches thick. The accompanying illustration shows this meter
without the supporting rods (Fig. 6). ;

The small Haskell electric meter, when in use, is generally screwed
upou the lower end of a rod 6 feet in length, this being provided with
joints, so that it~can be unserewed from the meter, and also at the
middle, for convenience in carrying. Through the center of the rod
runs the insulated wire, by which connection is made with the bat-
teries and recording device. -For use in rivers of moderate velocity
the meter can be lowered from a bridge or boat by means of a double
incandescent electric light cord, this being extremely pliable, and serv-
ing at the same time to conduct the electric current. In gagings
made from the shore by means of wires or light cables, as mentioned
on page 17 of the second irrigation report, this new form of meter is
especially serviceable on account of the relatively trifling weight.

1Annual report of the state geologist for the yea: 1890, pp, 137-257, also for 1891, pp 141-2186.
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Besides the current meters used in determining the velocity of the
streams, the Survey has used a number of instruments for recording
automatically the fluctuations in height of various rivers. These self-
recording tide gages or nilometers, as they are usnally called when
used upon rivers, have not proved satisfactory except at points where
a person of some considerable mechanical skill could witeh them and
see that they were kept in order. It has been found on the whole
preferable to have readings taken at short intervals of the height of
water on the inclined or vertical gage rods fastened securely to the
river’s bank or to the pier of some bridge. The Survey has in nse
three forms of nilometers, viz, the horizontal cylinder, the vertical
cylinder, and the vertical disk. All of these are driven by clockwork
and are designed to run a week before renewing the paper. The hori-
zontal and vertical instruments are similar, the latter being found to
have a few mechanical advantages over the-former, arising from the
fact that the cylinders appear to move more easily when mounted ver-
tically. The accompanying illustration (I‘ig, 8) shows omne of these

“instruments.

The record of river height registered by the nilometer is, of course,
on a scale less than the actual range of the water service, the record-
ing pencil being connected by a suitable reducing device with a float

. which rises or falls with the river. This float is usually placed in a

small well near the bank, the bottomm communicating with the bed of
the river by a pipe of such size that it will not become readily clogged.
In the case of the instrument shown in the figure the large wheel at
the right is connected with the float by means of a cord or metallic

- tape which winds or unwinds as the float rises or falls. This large

wheel is fastened to a smaller one, around which is wound the cord
giving motion to the carriage supporting the recording pencil. In the
improved forms this cord is dispensed with, the pencil carriage being
gearcd directly to the smaller wheel, so that there is no lost motion.

The disk nilometers are provided with a face or dial similar in some
respects to that of a elock, with the exception that instead of being
fixed the dial moves forward at a uniform rate, making one revolution
a week. The recording pencil, mounted on an arm, moves across this
face from one side toward the center. The instrument, in general
appearance, is similar to that of the self-recording standard thermome-
ter, of which, in fact, it is simply a modification, the thermometric
strips being replaced by a suitable rack and pinion movement.

The mean daily gage heights, as shown by the self-recording nilo-
meter or by direct readings of the gage rods, are tabulated and against
each is set the computed discharge corresponding to the water heights
as shown by a table constructed for that locality. The method of pre-
paring this table, or, as it is usnally termed, of rating the station, has
been explained in some detail on page 19 of the Eleventh Annual
Report, part 2, and illustrations of the-rating curve are given on the
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ond-foot. If thus clearly defined by statute or by common consent
among engineers the objection on the score of uncertainty wiil dis-
appear, / -

The unit of quantity or capacity commonly employed in considera-
tions of storage is the acre-foot, equivalent to 43,560 cubic feet. There
1§ a convenient connection between these units, since one second-foot
flowing for one day will deliver 86,400 cubic feet of water, or nearly 2
acre-feet (in more exact figures 1-983471 acre-feet). Many engineers are,
however, still inclined to use the million gallous as a nnit of water stor-
age, as this is well fixed in computations relating to municipal water
supply. For convenienee it may be stated that 1 acre foot equals
325,851-45 gallons, or a little less than one-third of a million gallons,

In the following tables the maximum, minimum, and mean quantity
in the streams each month are given in second-feet and the total dis-
charge in acre-feet, as in former reports. To obtain this total for the
month in acre-feet, the usual practice is to multiply the .mean daily
discharge for all months except February, April, Jnne, September, and
November by 61-5, for Febrnary by 555, and for the remaining months
by 59-6. This involves a small error, as the factors are respectively
61-4876 +, 53-5372 4, and 59-5041 4+, but this is far within the range
of accnracy of the original observations. These factors represent, of
course, the nnmber of seconds in a month divided by the nnmber of
square feet in an acre. )

The depth of run-offf over the whole basin is also given for each
mouth in inches, for convenience of comparison with rainfall, and also
in second-feet per sqnare mile dramed. The former is obtained by
multiplying the acre-feet per month by 12, to obtain aecre-inches, and
dividing this by 640, the nnmber of acres in a square mile, and also by
the area of the drainage basin‘given at the top of the tuble, Thernn-
off in second-feet per sqnare mile is simply the mean mounthly dis-
charge divided by the total area of the busin from all of which the
water is assnmed to come. The mean discharge for the year is taken
to be the average of the mean monthly discharges, and the total quan-
tity of run-off is the sum of the monthly ron-offs, these also involving
slight errors, as the months are not of eqnal length. In most cases
with the new data are given fignres previously pnblished, but which
are essential as showing the whole record for the locality.

WEST GALLATIN RIVER

-

The gaging station on this river is about 20 miles sonthwesterly
from Bozeman, Montana, at the mouth of the canyon a few hundred
feet below Spanish creek, being thus above the head of canals. The
resnlts of the gagings obtained at this point, are shown graphically
upon Pl LX of the Twelfth Annnal Report and upon Fig. 53 of the
Thirteenth, the diagram in this latter case extending to the middle of
July, 1892, The accompanying table gives all of the data up to the
present time.
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Discharge of West Gallatin river.

[Drainage area, 850 square miles.]

RESULTS OF STREAM MEASUREMENTS.

' Run-off.
Maxi- Mini- Total for
Month, Mean. Ter
mum. mum, month. Depth. | square
. mile.
1889. Sec..feet, | Sec..feet. | Sec..feet. | Acre feet. | Inches. | Sec..feet.
Angust 16to 31 ... ... ... - 437 402 426 26, 200 58 50
September ...l 640 402 450 26, 775 59 | 53
L 10 70] 1S OO 437 367 402 24,723 54 | 47
November . ... ccoiiiiieiiie e ]. [ DR *400 23, 800 59 47
DeCember. .. .-.uooveei i e e *400 24, 600 , 54 47
1890, - — -
January ......oooooa i *320 19, 680 43 -28
FobIUATY - e v oeoeeee e oenianee ] e bl =320 17,760 39 38
March23to3) ... ...l 320 320 320 19, 680 43 -38
April i e 1,255 280 460 27,370 60 *54
May ..o 3,195 1,300 2,092 | 198, 658 284 2146
JUNG. it R 2, 800 2, 060 2,641 157, 139 347 311
JULY « e eeee e e 2,165 800 1,388 85, 362 188 163
-5 ) g - A R 890 570 761 46, 801 1-03 -89
Septemnber...-cocooriri i 690 570 607 36, 112 80 | T
October. . ..o e 650 570 591 36, 346 -80 70
NOVemMDET -« . - v iaece eeicaeenrnasannes 570 430 506 30,107 66 60
December. cocereeenmam o e see e tlesaoreresa i *450 27, 675 61 54
Peranpum .cccevveanieniiiiaa.., 3, 800 280 871 632, 690 1304 1-08
1891. . ==
January ..... e 400 24, 600 54 47
February.......... LSO N PP - .. 400 22, 200 47 -47
DU 27 v) R R eemene 460 27,675 ‘61 53
7 15 o 1 O e s 500 29, 750 65 -59
May6to3l...coeimeeeiiiaii e e 2. 535 1,390 1,897 116, 665 2-57 223
JUNG. .o et 2,975 1, 615 2 516 149, 702 3.30 295
dJuly ..ol 1,760 1,090 1,534 94, 311 2 06 1-81
AUZUBL. oottt iiiaieaa e 1,050 570 761 46,801 1.03 90
September.......coooooiioo Ll 650 570 583 34, 688 77 69
October. ..o i e 610 570 587 36, 100 80 69
November ... ...... . ....c.L. 570 370 501 29, 809 66 -59
Decomber. ...cceeeavnvecnnnes veenaeen 500 430 434 26, 691 *39 ‘51
Per annum....oooiveniiniaan.. 2,975 370 880 639, 022 14405 1.03
1892. - - - B
JANURLY (ievvrinnnrieniiennionnsnieenss 430 430 430 26, 445 *59 *51
February.........o. cooo....0 L.l 430 400 429 24, 667 55 -50
March .. coermeiimii e e 400 400 400 24, 600 54 47
April ... e, FURPUUUU IO PR .- *450 26, 775 50 ‘53
MAY «.veiimiee e e eaeaa 4,065 465 1,483 91, 532 2-02 175
N R (U Y 6, 800 2,270 4,163 247, 698 548 490
July ooeeiiiai 5,170 1,300 2,544 156, 456 346 3-00
Augusb.. .ol 1,300 810 957 58, 855 1-30 112
September ... ... ... ... 850 650 734 43,673 97 *86
October....... . oooei L 890 650 743 45, 694 1-01 87
NOVEMDEY +cvcoainans cavensaeianan . 650 570 589 35,045 77 69
December...coaaeerinniiiinaaiiian. 570 500 549 33, 763 74 64
Perannumi... ... ooeueen.... 6, 800 400 1,123 | 815,183 1802 182
1894, - - -
B £11101F:3 -G 500 430 469 28, 844 04 55
February ......ooooeiii i aeeea e *430 23, 865 53 51
March19to31 ... .. .. ... .... P 430 370 375 23, 063 61 44
April Lo 500 430 463 27, 549 ‘61 54
May e 3.360 500 1,414 86, 961 1'93 167
Junelto 4. cenn i 5,900 1, 810 3,396 |.on e e
JUlY e T
Auguat22to 3l ...l 730 570 (3701 20 IS FURI P [P
September. ...l 650 670 587 34,927 “7 ‘69
October. . o oee e e 730 500 576 35,424 82 68
November . .. .ooooa ... 570 430 458 27, 251 -60 54
December 430 370 400 24, 600 54 47
*Estimated.

MADISON RIVER.

The gaging station on this river i1s in the lower end of the canyon
below the mouth of Hot Spring creek, at Hayward bridge, 4 miles {rom
the town of Red Bluff, The discharge at this point is shown graph-
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ically for the permd from April, 1890, to May 23, 1891, on Pl LX1 of
the Twelfth Annnal Report, and from J anuary 1, 1891 to July 15,1892,

on Iig, 54 of the Thirteenth Annual Report. For a descrlptlon of the
drainage basin reference should be Lad to this latter volume. The
river at the gaging station flows in a rocky channel with swift current,
the left banks being high and the right relatively low. The gage or
nilometer, like that of most of the other stations, consists of an inclined
stick of timber following the general slope of the bank, Measurements
of the river have been made from a box or small car suspended by a
cable five-eighths of an inch in diameter. The results of the computa-

tions of daily discharge are given by months in the following table.

’

Discharge of Madison river.

[Drammage area, 2,083 square mles,]

| Ruu-oft
Maxi Mini- Total for
Month. Mean Per
mum mam, month Depth. | square
mile
1890, Sec -ft. | Sec -ft See. ft | Acrefeet | Inches. | Sec -ft
January..ceeee coeonn .. cenennas S ! D e *1, 200 73, 800 ' 66 -58
February... ... cooiiiiiiaiiiiis canoiaaa . ceee s *1, 200 86, 600 80 58
March- ..o ceenn...- e eeemetaceans B R PP [ *1,%200 73, 800 GG 58
Apnl 4 to 302 9, 580 1,370 1, 620 96. 390 87 78
27 8, 420 3,080 4,823 206, 614 267 232
B 1 - Y G, 360 3,780 4,977 296,131 2 66 2-38
July.eceiinnnnn.. 3, 860 1,715 2,518 154, 857 139 121
August...... . 1,640 1,375 1,535 94, 462 83 14
September.. 1,580 1,420 1,466 87, 250 18 -70
October. . 1,520 1,420 1, 408 92,125 -83 T2
November. .. 1,470 1,285 1,380 82,110 74 86
December. .....cueeeoiieiciiiiaan e 1,520 1, 285 1,400 86,100 77 -87
Por annum..._ ... ... 8,420 1,285 2,088 | 1,500, 239 13 48 -89
1891 - .
Jannary... ... ceooieuo.o.. O 1,580 1, 240 1,408 886, 469 78 67
Fabruary..ecoeeeen cieiaiie et 1,580 1,285 1,436 79, 698 72 69
March..... e iiereteme meiencses acsronn 1,790 1,470 1,631 100, 306 90 “8
April o e 1, 960 1, 640 1,774 105, 530 95 -85
MO . eeveuennen cernrnearann aeannann 4,260 1,790 3,380 | 208 423 18R 162
JUDG. e e eaanrananans et s 4,820 | 3,788 4,167 | 247,938 290 2 00
B ) 3, 660 1,155 2,045 | 125,767 1413 98
August.. ... 1, 640 1,200 1,429 87,883 80 ‘68
September. ... ..o LL..... 1,375 1,240 1,309 71, 885 70 63
{0,163 71 172 o PN 1, 470 1,240 1,351 83, (186 *75 85
Novembeor.....coeevon oo, 1,470 1, 285 1,400 83,300 75 67
December- ... .veeoenc i cmce e canaaa 1,240 1, 070 1,137 . 69, 925 63 55
Per annum--.oe. ceooeeoina .. 4,620 1. 070 1,872 | 1,358, 208 1219 -90
1892, — T
JanuAry. ..o aeeeiieee el 1,375 1,240 1, 305 80, 257 ‘12 63
Fobrmary.-...ocooon oot iiiiiieaens 1, 840 1,330 1,504 86, 480 78 72
March.. - ... ...... e 1,640 1,330 1,488 91, 512 82 71
Aprilee o 1,420 1, 240 1,295 7,052 -69 G2
B S R et 9, 580 1,330 1,454 89, 421 g1 -7y
BN Y- 5, 940 2, 820 4 900 291, 550 2 62 2 35
July.... -... e et .| 5,340 1,790 3,225 | 198, 337 178 155
AUGUB - cen ooeeiimane cean aaeanne. 1,895 1,285 1,519 93, 418 84 73
September. ... ... ... 1,420 1,330 1,360 80, 920 73 -85
October. .. e i e ot 1, 420 1,285 1,327 81, 810 74 64
November...... oo o oL 1,420 1,330 1,424 84,728 76 68
December.. ..ot e 1,420 1,240 1,324 81,426 73 64
PEr ADDOI - cnnnncmeeeaannns 5,940 1,240 1,844 | 1,336,711 |, 12 02 89
1893. ' N
JANUATY - cnneonncannvaanaan aann s J 1,375 1155 1,229 75, 584 -68 59
LCEY 1) o B8 AR R 1,960 1,030 1,287 71,428 64 62
MArch «nceenns  cr mreanean ceeaeanas 1,200 1,030 1,082 66, 548 60 52
VAPTE e aies 1,240 210 1,019 60. 631 65 49
May «ooveneme e eeanaann ae J 1,520 1,070 1,328 81,549 74 64
JUDB. e cev i e timacacaiaaarenanan 3,180 1,580 2, 421 144, 050 120 116

*Estimated. )
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MISSOURI RIVER.

The principal gaging station on the ‘upper Missouri has been at
Craig, about 30 miles northerly from Helena, where observations were
begun on April 18, 1890. The fluctuations of river discharge at this
point for the greater part of 1890 and for April and May of 1891 are
shown graphically upon Pl. xI1 of the Twelfth Annual Report, and
for the flood scason of 1891 and 1892 upon Fig. 55 of the Thirteenth
Aunnual Report.

Inscharge of Missoure river.

[Drammage area, 17,615 sqnare mmles ]

Run-off
Max:- Mini- Total tor N
Month. mum. mum Mean wmoenth Depth. sqlu?:;e
| mile
1890 Nec ft Sec -ft Sec ft | Acrefeet.| Inches | Sec -ft.
B £:5 (11 T 1 ) UGS PR e boooo .. 73,000 184, 500 20 17
February «....coocoer ciiion ciiear oo |ane aaenns [P * 3,000 166, 500 18 17
Marceh .o i iimaee e e el e *+3, 000 184, 500 20 17
April 176030 .. ... _o.ii.. ciioo. 6, 100 3,595 4, 662 277,389 29 26
May ..oooveeeean ooo J . 12, 500 6, 900 10,472 644, 030 68 59
Juuve .. v e eeeae e e e - 11, 900 8,100 10, 074 599, 401 64 b7
July...._.. 7,800 2,614 5,020 308, 730 33 “8
Angust.... 2, 505 1, 960 2,216 136, 284 15 13
September . 3,396 1,960 2,232 132, 804 14 13
(October.... 2,722 1 742 2,379 146, 308 16 13
November ..... ... 3,159 f 2,723 2,868 170, 646 13 16
December. .. 3,159 " 1,742 2,763 169,924 18 16
4,307 | 3,121,016 433 24
2, 967 182, 470 19 17
*3 500 215, 250 24 20
“4 000 | 246,000 26 «o93
b, 794 344, 743 37 32
Y, 015 554,422 59 ' 51
e . 13, 645 811, 877 85 77
July. . o0 . .o ... ..l 12,960 5, 890 9,115 | 500,572 60 5u
7 N 1 3 f 5, 890 2, 832 4,415 271, 522 29 25
September ... .. ... .. ... ... 3,704 2,614 3, 078 183, 141 19 17
October... ... ... 11l Tl | S70a) 35v) 3511 215 0% 23 )
November 1tol0 ... .._...... e 4,358 3 486 3,802 226, 219 25 <22
Decernber . . ; | 16,355 |...... .. 13,200 | 196,800 21 13
Por annnm ... ooeoeoeeooi. . | 16, 355 1,748 | 5,508 | 4,008,042 4 97 -31
1892 ‘
January c....o.oo. Lol il aiiiifemmeei e box 8,000 184, 500 20 ‘17
February ...... .. R U (R 173,000 172, 500 18 17
March.... .. ... .. ... ... J T I *3,200 196, 800 | 18
April ... .o 0 Ll Ll .. 1,140 3,268 | 3,552 | 211,344 23 20
May . oooeaiiiiil L e e mmmmemeiauen 18, 550 3 486 | 8, 004 492 246 52 45
Jupe 1to25. . (... ..., ... 28, 650 13,270 , 21,027 | 1,251,106 134 119
.............. SR RN I DRSS SR
i

* Bstimated

YELLOWSTONE RIVER.

The measurements of this stream have been made mainly at the
station at Horr, about four miles below Cinnabar, as described in the
general discussion of the Yellowstone basin on page 66 of the Thirteenth
Annual Report. The finctuations of the river are shown diagrammat-
ically from August 12, 1889, to May 30, 1890, on P1. LX1V of the T'welfth
Annual Report, and from January 1, 1891, to July 15, 1892, on Fig. 56 of
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the succeeding volume.

slightly greater than that for 1891,

YELLOWSTONE RIVER.

105

The discharge for the remainder of 1892 was
The following table gives the

figures relating to the discharge since the beginning of the observa-

tions: h
Discharge of Yellowstone river.
[Drainage area, 2,709 square miles }
! i Ruu-off.
Maxi Mini- Total for
Month, Mean TPer
mum mum. month, Depth square
male
1889 See -ft Sec..ft Sec -ft | Acre-feet. | Inches Sec -1t
Augustl12t031 ... ..ol 1, 833 1,411 1, 660 102, 090 71 2
September ...._.... ... .. ...l 1, 633 1,126 1,270 75, 565 52 47
Qctober .. ... ... ... oaol.o Ll 1,126 811 970 60, 024 42 30
November ... ... L.l 841 651 743 41, 208 3 27
Decemiber ... .. .. i e e " 650 39,975 28 24
1890.
JADuary ...cceooin oi 4 aiicaa... B P *550 13. 825 '23 -2¢
February ... oo o iiil aiin o feeeeea e * 550 30, 525 21 *20
March23 to 31..._.. .. . ......... 620 | 560 585 35,977 25 22
Aprid... ..o o0 0 o Lo L. 4, 485 510 1,417 ¥4, 311 59 -52
May. ... ool il el o 11,915 5, 090 7,922 462, 603 34 279
JUDe . i aiih e 11,915 8,720 10, 086 600,117 4 17 374
July ceee- Mo 9,410 5,761 7,682 472,443 328 2 B4
Augnst . . L. ool eaiaeiail. ' 5, 600 3,145 4,375 269, 065 1 87 162
September... .. .. L..oLLoilll. 3,146 1,670 2,276 135, 422 94 -84
Oetober..... . ......... . ... ' 1, 920 1,160 1,473 90, 589 63 55
November.. . ... .. iiiiiaeiaa... : 1,160 B850 970 57,715 40 36
December ........ - 81H 590 695 42,742 30 26
Per annum .... e eee e 11,915 510 3,181 | 2,815,334 | - 16 08 118
1891
January... ... ... o Lol 590 © | 470 488 30,012 21 ‘18
Febrnarv 1to 14 .. ... e ol *500 27,750 19 r18
Muareh .. .. .0 . o L. Ll L 360 285 316 19,434 13 12
Aprit.a...... L. .- 2,720 360 1, 082 64, 379 15 40
May ...... S 7,480 1, 855 5 227 321, 460 224 193
8 1 ) 0 | 8,975 6, 685 7,592 451, 724 313 2 81
July ... .. il ol 7,110 5,090 6,135 | 377,302 2 62 297
Aungust .. .. L aLLill L. . Ll 4 920 2, 060 3,442 211, 083 147 128
September... . .. ... ... ... L.l 2,625 1,250 1,641 97, 639 68 61
October ...... 1, 610 1, 080 1 264 77,786 54 47
November .. .... .. ... ... .... 1, 080 630 801 53,014 37 33
December .. . ___ . __ 745 360 475 29,212 21 ‘18
Perannum . . .. . .. ... ... 8,975 285 2,421 I 1 761, 345 1224 90
1892 !
JANUATY «vv ceiiiil 4 4 L aieaaa.s T . =500 10, 750 21 19
February ..... .... ..... . 650 470 570 | 32 775 23 21
March..... ... _. e 780 620 713 43, 849 30 26
-5 13 v 1 P . 780 590 664 39,508 27 -25
May .. .. e o i .- 10, 200 T10 3 544 217, 956 151 13
JUIRE L oiiis e ceaa e ol e 15,200 8, 520 11,201 666, 460 4 63 4-15
B 1 3 Rt 15, 500 6, 770 10,180 626, 070 4 35 3178
August_o..o..ooiiiiil Lo oLl 6,770 3,400 4,931 303, 257 210 182
September_...___... ... ... 3,485 1,920 2, 808 167,076 116 1 04
QOctober....... b e e .. 1,920 1, 200 1,555 95, 632 66 *58
November ... ... ... ..... ..... e 1, 200 745 952 56, 644 30 35
December.. .. ... oiiio0 . ciiileeeeae e il i, * 800 49, 200 34 80
Perannum ... ... .............. 15, 500 470 3,202 | 2,329, 177 16 15 119
' 1893
B L3 e eeemaens * 800 49, 200 34 80
February... ... ... ... .ooiadill. [-cmmmennnn =700 38, 850 29 -26
Mareh - .. ceoe i e o e e [, * 700 43, 050 30 26
Aprit16to30...... ... ... . 745 | 590 665 39, 568 29 25
AY ceeaenn e meeeimmeme ceemmmanaaaa 8, 630 | 650 3,282 202, 274 1+42 122
June. .. ... oo ..._. 13,610 5, 090 9, 602 571, 319 3 08 3 58
July . ooon o i e o 9, 590 5,430 7,399 455, 039 316 2-74
Aajgust .. ... . S . 5345 9455 3780|232 470 1 62 140
September... ...... e e et eiaea. 2,540 | 1,855 2,098 124, 831 87 -78
OCtODET . .. oot oi iiieeae e 2,060 | 1,440 1,630 100, 245 70 -80

* Batimated,
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ARKANSAS RIVER.

A general description of the drainage basin of this river, accompanied
by a map, has been given by Mr. H. M. Wilson in the Thirteenth
Annual Report, part 3, and the measurements of the stream have been
referred to on pages 45-52 of the Eleventh Annual Report, part 2. The
principal gaging station was located at the mouth of the canyon, about
a mile above the city of Canyon, there being a relatively small amount
of water diverted at points above. The following table gives the dates
of measurement, height of river, and quantity of water flowing in the
stream, these later being the data upon which have been based the com-
putations of the relation of river height to quantity of water cxpressed
by what is eommonly known as the rating table. In the accompany-
ing diagram these results of measurements have been plotted, each

" Discharge in second-feet.
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3 3 23 b= 3 8
5.0 — — o o e
' .
0 )
13
12 16
18 4
40 )/ :
20
[]
4
o z/
1] /|
S
=
= 3.0 28]
] HPH
a V.
2, b
-3
3 /
ot/ .
2.0 ,/
2Rl
T4
]
1.0 '

Fi1c. 9.—Rating curve for gaging station at Canyon, Colorado.

being shown by a black dot, against which is placed a figure corre-
sponding to the number of the gaging as shown in the table. For
example, number 7 refers to a gaging made on May 1, 1890, at which
time the water stood at a height of 2-73 feet on the gauge and the dis-
charge was found by the use of the current meter to be 775 second-feet.
In the same way 19 refers to a gaging made on July 12, 1890, at which
time the river was at a height of 4-05 feet and the meter measurements
gave a discharge of 1,806 second-feet. The heavy curved line drawn
through or near the points thus obtained is known as the rating curve
and serves to express the general relation between river height and
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discharge. From the position of this curve is taken the value of dis-
charge corresponding to each fraction of a foot rise of the stream.

f

Gagings of the Arkansas rwwer at Canyon City, Colo

’ Gage |- Dis-
No. Date hclg{-{lt. charge
o Feet See feet
1) July 26,1880 ... . --oc-0 oo .. 225 421
S S 300 833
- 3] April 1,1800 .. _....... . 162 222
4| Apnl2,1890..._...-. .- 1-70 28b
51 April 3, 1890 ...... - 188 360
G| April 28,1890 ... . -- 2-93 744
7 ay 1,1800 ... ... -. .- 273 775
8] May2,1890 _.coemcann —oin oalin 2 80 891
9| May2,1890 ouueuninaann o - 2178 862
10| May 23,1800 cevoae i iaeaatns 477 2,705
11 | June 5,1890..... ..oo.ol. - 4°85 2, 641
12 | June 12,1890 - ccc o vavaao ... e 4 53 2, 220
13 | June 14, 1880....... ¢ eeeeeaas 4 65 2,598
14 | June 19,1890........cc- . ... 448 2,380
15 | June 23,1800, ... ...ceoiaiiiiaiann 4 55 2, 886
16 | June 27,1890, .. . acciivininaenns 1 55 2, 304
17 | June 30, 1890... ... .. .ilealann 4 23 2, 055
18 | July 9,1890 . coocvnnaaaniiens 422 1,988
19 | July 12,1890 ... ..o ceieionin 405 1, 806
20 | July 16,1890 ... —covv cer oen - 3-82 1,546
21 | April 13,1801 .... -~ -c.ooi--a- 3400 77
22 | December 4, 1891 .. .cocveoiiaain. 185 328

'The following table gives the discharges by months since 1888, an
estimaté of the quantities for the spring and winter months being
_added in a number of instances, The fluctuations-in mean annual dis-
charge of this river have been discussed and shown diagrammatically

JAN | FEB | MAR | APR | MAY |JUKE fJULY } AUG | SEPT | OCT | Nov | DEC,
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Fic 10.—Daily discharge of Arkansas river at Canvon, Colorado, for 1891 and 1892.

on pages 19 to 21 of the Thirteenth Annual Report, bringing out the
general coincidence of these fluctuations with those of other bodies of
water. The daily variations in discharge for the greater part of 1833,
1889, 1890, and 1891 are shown upon PJ. LXVIT of the Twelfth Annual
Report, and those for 1891 and 1892 upon the accompanying diagram,
Tig.10. By reference to this figure and the following table ot digcharges
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it will be seen that the maximum flood of June, 1892, was greater than
that of the precediug year. but that the average discharge for 1892
was somewhat below that for 1891, this latter quauntity, 1,012 second-
feet, being greater than any of the years during which measurements
had becn made at Canyon City. By making use of measurements of
the river at other points 1t has been found possible to compute the
probable discharge for the six mdyear months, including the sum-
mers, of 1836 aud 1887, from which 1t appears that the discharge of
1891, althongh above the average, did not reach the unusually high
water of preceding years. ’ ‘

Discharge of Arkansas river.

[Drainage area, 3,060 square miles ]

A3
Run-oft
Maxi Mim Total for
Month. Mean ] Per
mum muwn month Depth square
! [ mile.
!
1888 Sec -ft | Sec. ft Sec..ft | Acre-feet | Inches Sec ft.
January ...........c.... *400 24, 600 15 13
February *500 27,750 17 16
Mareh ....... .. ......... came .. . *600 36, 900 22 20
- ) o | S O *1, 000 59, 500 -36 -33
May ... it i iii e 1,440 88, 560 -54 17
June..... ...l iiiiiia--s \ 2,090 124, 355 76 ‘68
July.. ... ... fe e eeeeiaeeeaaian 1, 350 83, 025 51 44
August...ooiiiiiiiiiiiiiias i cae 932 57,318 35 ‘30
September. .. ... o. coiiiiiiiaiiiiaaan : 605 35,997 22 20
October ... . ... ... ... .. . .. ... *500 30,750 19 16
November ....c.c.ivvinn veiinmnnenans *500 29, 750 18 16
Decomber. .o vnin e vieeen e o *100 24,600 15 13
Perannum.....o...ooeeenean.en. 860 624 105 380 28
1889,
Janpary ... ............ ierrecine ses. P D *300 18, 450 11 10
Febiuary. .. .. ... ... il F Y P *300 16, 620 10 10
March .............. .. ... .. ... PO P P 300 18 450 11 10
Apnmil17to30 ... ..ol Ll 438 214 300 17,850 11 10
MY ot e e e e 1, 960 324 600 36, 900 23 20
Jube........oiieiiiiiiiiia. R 2,010 1, 002 1,374 81, 753 50 45
July ool ol e 1,150 290 602 37,023 23 20
Angust....... ... L. Lol Ll el -l 2,620 243 340 20, 910 13 11
September.......... ... ...o....-.. 258 190 220 13, 090 08 07
Qctober. .. .ooiinee i 284 190 223 13,715 08 07
November . coovee. ot ticeinin teanennn 335 243 299 17,790 11 10
December.... .. ..ociiiiiien. coeun- | 438 274 335 20, 602 13 11
Perannam... ... -ceo.. ... L 2620 190 433 313, 153 192 14
1890 ! I
January......o.--0 ...l fer emesemns ! 494 180 310 19, 065 12 10
Febrnary .. .. . ... ... c.ooiiiea.. f 446 250 363 20, 140 12 ‘12
March.... .. ... ... . . .. cicei... 391 180 320 19, 683 12 10
APPI o it ceiiaaas 980 200 477 28, 381 17 ~ 16
MY et e aieaen 3,270 841 2, 090 128, 535 79 -68
June. .. ..o R 3, 260 2, 068 2,611 155, 354 95 *85
July el il e 2,132 920 1,571 96, 610 59 51
Angust. .. ..o oL . Lo 1,425 580 670 41, 205 25 22
September ... ... ... .. iiias aan 625 455 519 30, 880 10 17
Qctober... ....... .. ... .. ... o 605 505 531 32, 656 20 17
November ..._........ ... ... ! 555 480 522 31, 059 19 17
December......... .. ... .. ... i 580 455 502 30,873 19 16
Perannum.... -cceeeeeeaanaancnn , 3,270 180 874 634, 153 3 88 28

* Kstimated.
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Discharge of drkansas river—Continued.
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Run-off
Max)- Mim- Total tor
Month. Mean. Per
mum mum, month Depth square
mile
1891 Sec .ft See -ft. Sec. ft | Acre-feet Inches Nee -ft

JdJanuary .. ... . L. .. iiaa.. 505 325 431 26, 506 16 ‘14
February ...... . e e aeaeee e e 580 365 474 26, 307 16 15
March ......... ... .. ... 685 530 686 36, 039 22 <19
Apul....... e et et e weeae . 1, 600 580 857 50, 992 31 28
May . el 3,700 1, 340 2 012 123 738 76 -66
June. . ..., ...... ... _.. e e 4, 230 1, 600 3,291 195, 814 1 20 107
July e L.l 2,810 770 1,468 90, 282 55 48
Augnstbo. o L L. 1, 925 530 951 58, 486 36 N
September ... .. ... ... 715 345 473 28,143 17 15
Qotober............ ._ c e s 825 530 624 38 376 24 -20
Novembet 530 430 498 29, 631 , 18 ‘16
Decembher 605 345 476 29, 274 18 16
Perannum... ... ... ... ...... 4,230 325 1,012 733, 088 4 49 30

1892
dJanuary . ... ...l 630 345 496 30, 504 19 16
February.......... .... e et e 555 430 493 28, 347 17 ‘16
March...... ... .. ... ... .. ... 605 430 524 32,226 20 17
April...... ... ..... e e e e 715 410 622 31, 059 19 -17
[ PP e e e e 2,250 685 1,241 76, 322 47 *41
June ............... e s 4,750 1, 780 2,787 165, 826 101 91
July.ooooooooiol o L e 3,050 1, 060 1,798 110, 577 68 b9
Angust........... f e il eaeaeaa- 1 425 455 769 47,203 29 29
September. .. ... . ... ... ... ... s 530 365 435 25, 882 16 -14
Qctober ... .. coeoos ci il aaan 605 410 511 31,426 ‘19 17
November... -a. oo .. . ...... 605 455 627 31,356 19 17
December...... ... . ... ... .. 630 480 561 34, 502 21 -18
Peranppum........... ... _.... 4,750 345 889 645, 320 3-85 29

1893
;01 21 o 580 430 505 31, 058 19 ‘16
vFebrmary. ... ... oLl Lo 630 455 533 29, 582 -18 17
March .. .o e e 885 480 565 34,133 21 -18
Aprilo oo e el eeas 800 480 568 33, 796 21 ‘19
MAY oo e . PO 3,210 480 1,480 91, 020 56 -48
JUNe oo iieiii o e vee . . 4, 750 1 875 3,115 185, 343 1 U4 i 102

The waters of this river are diverted by many ditches and ecanals
heading at short intervals in snccession and covering lands on both
sides of the stream. Some of these canals rauk among the largest in
the United States, and the aggregate capacity of all these systems of
irrigation, when they are completed and 1n operation, will probably far
exceed the mean annual discharge of the rver.
of the suinmer season all of the waters are diverted and the river bed 1s
almost completely dry, at least at points above the Kansas line.
are, however, many pools of water and occasionally little shuggish
streams meandering across the broad saudy channel, showing that the
underlying material is fully saturated and that there is considerable
percolation from higher beds. At various points in western Kansas
attempts have been made to utilize this secpage water by drainiung it
out by gravity into the irrigation canals which are left dry durmng the
summnier. A large amount of mouney has been expended iu trenching or
digging the so-called “underflow” canals in the pervious sands and
gravels of the flood plains of thé river and 1n some iustances an appar-

During the latter part

There
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ently constant stream of a few cubic feet per second has been obtained,
there being, however, no definite measurements available as to the
quantity or fluctuations of the water thas drained from the low lands.

After passing through western Kansas the river changes its character
and becomes a perennial stream, subject, however, to lrregula,r fluetua-
tions of short duration. The floods of May and June, so characteristie
of the upper river, are obscured by earlier and later rises, so that they
do not become noticeable upon the diagram of gage height. The river
takes on the cha,racter of streams of the humid region, with less differ-
ence between the aver age amount of water ﬂOW]Ilé in the earlier and
later months of the year.

RIO GRANDE.

This river, as mentioned in preceding reports, has been gaged at
three places: Del Norte, Colorado; Embudo, New Mexico, and Kl Paso,
Texas. The drainage basin of this river has been described in some

\
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F1g.11.—Daily discharge of Rio Grande at De] Norte, Culorado, for 1891 and 1892.

detail on pages 240 to 282 of the Twelfth Annual Report, and the dis-
charges have been shown diagrammatically for the years 1889, 1890,
and 1891 upon the plates accompanying. The gaging station in Colo-
rado is at a point about 3 miles above the town of Del Norte. being
thus above the heads of the principal irrigating canals. The results
of measurements at this point are shown in the following table and the
accompanying diagram, Fig. 11, which gives the daily fluctuations for
1891 and 1892. The rating curve for this station is given on PL LXX
of the Eleventh Annual Report, the results of nineteen measurements
being plotted upon it. Since the time of publication fifteen other
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measurements have been made, all of which fall along the plotted
carve with as close agreement as could be anticipated, showing that
there has been little chauge in the channel of the stream.

Discharge of Rio Grande at Del Norte, Colorado.

[Dranagoe area, 1.400 square miles.]
\

Run-off
Maxi- Mim- Total for
Month. Meun. Per
mum. nium. month. Depth square
Taile
1889 ' Sec..ft Sec -ft Sec.-ft. | Acret Inches. | Sec -ft.
October 11 to 33, .. ... i anms ciainn 345 214 278 17, 097 23 20
November 364 290 319 18, 080 <25 23
December 364 200 281 17,281 23 -20
January ...l aaeiiiiilnn 1,000 326 552 33,948 45 39
Pebroary ... ... ..o ieoiaaiil-s 896 745 796 44,178 59 57
March ..., ... oo iiiiiiil mieeiiianann 842 404 487 29, 950 +40 35
X513 0§ A P 1,380 404 913 54, 323 73 -85
May .o e 5,930 1,990 4,331 266, 356 357 3-09
JUDB. ... i eiiil i i 5, 625 2,550 3, 807 226,516 303 272
July oo e i e . 2. 260 862 1,515 93,172 125 108
August . ....... .o ciiiieiieieal e 930 450 812 37, 638 50 “44
September - ..... ... L L ceeeeiaii. 450 328 383 22,788 -31 27
October.... «..oo ool ciilla 862 307 470 28, 905 39 34
November ......... .o iiiaaeaiiit 610 345 478 28, 441 38 -34
December. . cooae ciemaiiaiiac e aaaan 670 475 565 34, 747 46 40
Perannum .. .coooiciinnniiiaaan. 5,930 307 1,242 | 900,962 12 (6 ‘ -89
1801 }
BN 111 T:0 N R 1,320 7C 990 60, 885 81 71
FObIUATY -.ovvovmenirinonns vee annn J 1,410 1,196 1, 294 71,817 -96 -92
March .0 o eii il e il 1, 460 930 1,280 78,720 1-06 91
April. .l . .. 3, 160 796 1,410 88, 895 112 101
MY (i iiiio e aeiae- 5, 650 1, 860 3,245 202, 027 2 70 234
JUDB. coitiiant cer eait eiiaea ceoaan 55551 . 2,180 4,146 246, 687 3-31 208
Jaly ... ooollll.. . —- 3, 565 862 1, 693 104,119 138 121
August.......... tae seree ee eaa 1, 460 404 663 40, T74 v 54 47
September. .. ... ... . ...l 1,234 290 527 31.356 42 -38
QOctober...... .. .c.o.o. oaen .- 2,475 450 , B4 51, 006 69 60
November -.........o.. . oo cilll. 450 308 374 22, 253 30 27
DACOMDAT -« -r neercanncnnraanecncnaalieancncnan . .. *325 19, 987 ! 27 ~23
Per annum ............ —ceon.- 5,650 200 | 1,403 | 2,014,426 | 13 56 100
~ 1892 -
January ... ool L. #300 18, 450 25 21
February... .. oo iieiiell Ll *300 17, 250 23 21
March 221031, ........ . 316 19, 484 26 -23
Apod o e 2, 400 345 1,047 62, 296 -83 75
May ... o e el 4,710 1,510 2, 605 160, 207 2-15 186
June........... ... ... .. 3, 160 1,152 2,187 | 130,126 174 1 56
July o i e 1,074 554 740 45,510 61 *53
August..... ... L. Lol ooiiiias 610 308 444 27, 306 38 -32
September ...... ....l.iicc-iiciiana.n 308 243 262 15,589 21 19
October.... ..o v i i 290 243 259 15, 928 21 18
November. ... ... .ooiaoiil tiiin 829 243 360 21, 420 29 -26
December....... .- cer aeae- 1,074 862 022 56, 703 76 66
Per aumiun v..ceueen cceeen... .. 4,710 243 812 590, 219 792 -58
1893
JOOUATY - vee weiner o aenen vreaannnns 1,113 862 966 59, 400 -80 -69
February ... ... .0 oo ool cac iiais o leaiiain *700 38, 850 52 “50
March .. - B DO IR *500 | 30,750 41 36
April.. . ... .0 Ll 1,087 326 533 31,714 49 -38
Y £ ) 3,320 732 1,044 | 119,556 160 139
JUDE. L.l ciiiiiiie aiimiee il e 2, 850 670 1,749 104, 066 139 1-25
July ..o - 640 290 395 24, 292 33 28
Avgust...... o oLoiiil aeeeaiiiia- 450 258 324 19,926 | 2 23
September... .. ... ... ..o alii.- 345 228 270 16, 065 22 19
October... . ... . .- ... 308 243 263 16, 175 22 ‘19
NOVEMDET cetins ceianiiiacaanaecannnns 450 214 278 16, 600 22 ‘19
Pecember . .. .. .. ceiiiiaan 862 228 642 39, 483 53 46
POr annU ... coeeeeinn e aenn 3,320 j 214 l 714 | 518,886 8 93 51

*Egtimated.
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STREAM MEASUREMENTS.

The gaging station at Embudo was the earliest established by this
Survey, observations having been carried on since the fall of 1888,
The daily fluctuations at this station for 1389 and 1890 are shown upon
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F14. 12.—Daily discharge of Rio Grande at Embudo, New Mexico, for 1891 and 1892.

Pl. LxxiI of the 'Eleventh Annual Report and those for 1891 and
1892 upoun the accompanying diagram, Fig. 12, the details by months
being given in the following table:

Discharge of Rio Grande at Embudo, New Mexico.

' Run-off.
Maxi- | Mini- Total for
Month. mum. | mum, Mean. mouth Depth Sqlx)):n'e
. [ SO O N
— _ I .
1889. See.-ft. i Sec..ft. Sec.-ft. | Acre-feet. | Inches.

B P25 (DL 495 ' 379 431 26, 506 07 06
February .....ooooooiiiiiiiiiit, 576 420 473 26,251 07 07
March.. ooy coemiiie e 1.042 637 784 48, 216 "13 11
April.o ool 4,420 970 2, 261 134, 530 *36 32
MAY e et e 5 075 2,443 3,430 | 210,945 56 49
June...... ._........ RN 5, 660 1, 390 2, 922 173, 850 47 42
JULY o oo e e e 1,105 236 471 28, 966 07 07
August........ i e 253 181 206 12, 669 08 -03
Septemler.........-. e 264 184 212 12, 614 03 03
Oetober. . .. e 324 243 283 17,404 05 -04
NoOVember - .ooiiiiiiaiiiaiaaeaaiaanas | 507 253 366 21,777 06 03
December............. e ! 610 364 542 33, 333 l 09 08

Per anntun..... ..., 5, 660 181 © 1,032 747.070 0% 15

1590 ,
JANUATY et e o aaeaaa 617 260 437 26, 875 07 07
Febrnary.....-c.cooieeaaiiiii oot 670 344 553 30, 691 -08 08
March...... ... e eieaaa _1,044 330 682 41, 943 11 10
April. ...l 3,220 842 2,083 123, 938 ‘33 =30
Mav...ooo.o0. o aeiia 6,071 2,660° - 4,960 305, 040 82 71
JURe. e PR 5,740 2, 768 4, 107 244, 366 65 -59
July i e evea i 2, 640 920 1, 593 07, 569 26 -23
August.......... e, 1,134 636 814 50, 061 13 ‘12
September ... ... L. e s 1,044 496 | 545 32,427 ‘09 08
etober. ... .. e 606 523 562 34, 563 +09 08
November . ....... ..ol L 699 550 $16 36, 652 ‘10 09
Tecember. .. ..ot i i 660 636 648 39, 852 -11 09
- 1 _—
Perannum .. ... ... 260 1,467 | 1,064, 377 2-84 -21

6, 071 {

[Drainage areca, 7,000 square miles.]
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¢
Disclarge of the Rio Grande at Embude, New Mexico—Continued.
R Run-off.
Maxi- Mini- Total for
Month. Mean. Per
B mum. mum, month. Depth. | square
mile.
1891. Sec.-fe. | Sec..ft. | See.-ft. | Acrefeet.| Inches. | Sec.-ft.
January 666 560 586 36, 039 16 08
TFebruary 1,000 550 616 34,182 -09 -09
March .................... 1,459 735 917 56, 395 ‘15 13
APl oo e 5, 690 735 2,370 141,015 38 34
May... . ... 8550 | 4,520 5,965 | 366,847 98 85
June. i 6, 340 4,325 5,040 299, 8380 80 72
) L R 4,130 1,250 2,356 | 144, 894 -39 34
August. .. oo 1, B05 320 933 67,379 ‘15 13
September ... .ol 2,025 320 469 27,905 08 07
OOBODCT . - - oo o o et 3,350 225 1,681 | 103,381 23 24
November - .. ocne e iiiiieaeaaann 970 515 778 46,291 12 11
December ... ... ..o 880 340 553 34, 009 09 -08
Per annum ........oiiieieiaia.. 8,550 225 1,855 | 1, 348, 217 3-61 26
1892,
January ....c.........l. cheasrarenanaaas 615 440 497 30, 565 08 07
February .....coocoemiiaai L. 700 490 596 34,270 09 08
March - oo oo LTI 1,550 700 | 1,051 | 64,636 17 15
ADPTl o i, 4,910 860 2,979 | 177, 250 47 42
My oo 6, 665 4,130 4,890 300, 735 81 70
Y R 4,715 1,550 3,146 | 187,187 50 45
. JULY o i 1,400 280- 538 33, 087 09 08
Aungust. ..ol 300 152 191 11,746 ‘04 03
September .. ...c.ciiiiiiiiieni e 165 140 152 9,044 02 02
Ootober.. ... .. ..o, fecmaen. 260 165 202 12, 423 -03 03
November .......ovmvimmnimiiiiaai.. 400 243 317 18, 861 05 05 .
Decertber. c.coeeriincciiiaiieissnnannan 490 165 324 19, 926 05 05
6, 665 + 140 1,240 899, 730 240 18
360 280 332 20,418 06 05
465 340 4156 23,033 . 06 06
670 360 601 30, 812 ‘08 07
2,465 700 1,436 86,442 24 21
5,105 1,500 3,119 191, 819 51 45
3,740 540 2, 533 150,714 41 -36
1,150 130 226 13, 899 04 03
565 140 230 14, 145 04 03
September..... ... 440 225 287 17,077 ‘05 04
October. - .o e 420 340 363 22,325 ‘06 ‘05

14 GEOL, PT 2
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The gaging station at El Paso is located at Fort Bliss, about a
mile above the center of the town, and above the dam built for divert-
ing the water into the Mexican canals. The fluctuations at this locality
for 1889, 1890, and the carly months of 1891, are shown upon Pl LXXI11
of the Twelfth Annual Report, and those for 1891 and 1892 upon the
accompanying diagram, Iig. 13. The most noticeable feature is the

JAN | FEB.] MAR | APR | MAY | JUNE| JUly | AUG | SEPT | OCT | NOv | DEC
to20 | 1020 ]| to20 | so20 | 020 } 1020) to 2o frwze | wweo ) iozo ] wao] 020

14, 000 A

. 12, 000

10, 000

J
i
WV | L,

6, 000

Discharge in second.-feet

‘_‘-\‘—N

4,000 A
’ \
2, 000 \ ! lJ\\ W r(
C N 1892 ‘\ \\‘
ek o Waf- -

F1q. 13,—Daily discharge of Rio Grande at Il Paso, Texas.

unusual flood of May, 1891, reaching a computed discharge of 16,620
second-feet. The average discharge for 1891 was, as shown by the table,
about twice as great as that for the years 1890 and 1892, The rating
curve for this station has been reproduced on page 555 of vol. 20 of the
Transactions of the American Institnte of Mining Enginecrs, illus-
trating the peculiar form due, probably, to partial obstruction of the
river by the dam helow the ganging station.

Discharge of Rio Grande at Il Paso, Texas.

[Drainage area, 30,000 sqnare miles.]

Run-oft.
Maxi- Mini- Total for |~ -
Month. muni. mum. Mean. month. Per
= Depth. square
mile.
1889. Sec. ft | Ses.-ft. Sec..ft. | Acrefeet.| Inches. | Sec..ft.
May10todl....o.oooovimivinin. ... 4,705 2,060 3,116 191, 634 120 ‘104
JUNC. o 4 460 660 2. 638 156, 961 098 090
July ....... e eeeeceiaeian 930 0 237 14, 575 000 © 007
August. ..ol 0 0 0] . Y 0 0
September. ...l 0 0 0 0 0 0
Qctober. .. e ieaaaan 1] 1] 0 0 1] 0
November . ...ovoioiaii i, 0 0 0 0 0 0
December ....oovvvveiioeaiiaenae .. i 252 0 71 4,366 003 002
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Discharge of Rio Grande at El Paso, Texas—Continued.
Run-off. .
h Maxi- Mini- i Total for
. Mot mum. mum. Meun. m(jnth. Depth, sqI:leaI;'e
. mile,.

1890, Sec..ft. | Sec..ft. Sec..ft. i Acrefeet. | Inches. | Sec.-rt.
January ..oooeeoiieoaiaioo DY 280 126 196 12, 054 008 ‘007
February ........... e aeeeeaamaann 458 108 290 16, 095 010 010
March ool el 1 140 45 424 26, 076 -016 014
April...oa s 4.108 470 2,190 130, 305 081 073
My (i el 7,200 8,495 5,771 354, 916 221 -190
June. ... DR SURPR 7, 200 2. 925 4,404 | 262,038 164 -147
8 1T 2, 3565 235 854 52,521 ‘033 028
August. ... 2,497 170 734 45,141 028 024
September. .. ... .. ... ...o.. 660 40 176 10,472 -006 -006
Oetober..... ..o iai e 116 40 65 3,097 003 002
November . ... ... . ociiceaaao- 610 40 284 16, 848 ‘011 009
Decembor......... oo 610 430 "535 32, 902 -020 -018
Per annum .o ....iioaaiiaiiaaaan 7, 200 40 1,827 (963,415 ‘601 044
JANNATY - it 715 140 451 27,736 017 015
February 2, 640 470 809 44,899 028 027
4,635 470 1, 866 114, 759 ‘072 062
8,625 1,040 | 4,265 | 253,767 -159 142
My . iemini i a e 16, 620 8, 340 11, 852 726, 528 454 346
By 10 ¢ Y 8,340 5, 045 6,714 1399, 483 -249 °224
JULY e 68, 845 610 2,271 139, 666 ‘088 076
Augnst. ...l . 1,785 17 662 40, 718 <0325 <022
September.............. eaamaaiann- 9, 480 0 768 45, 695 030 “027
October......... O IR 3,535 560 1,488 91, 512 037 050
November .. ..o ci i 515 235 341 20, 289 012 011
Decembtr (cvenrnniieieeirameroaonnn 540 190 344 21,156 0138 011
Perannum _....eomenniiean..... 16, 620 0 2,653 | 1,926,203 1-204 *D88

1892.

JANUATY - eeviiiiiiiii i e 470 155 326 20, 049 013 011
Febrnary .. ... ool 830 290 476 27,370 017 016
Mareh ..o 2,070 300 752 46, 248 029 025
Aprih. oo 7,485 470 3,147 187, 246 117 *105

May (e e i aniaenas 10, 050 5, 205 7,083 436, 219 272 *23
JUDe . eee i iie e e 6, 485 560 2,948 175,108 109 098
July el s 2, 600 0 G68 41,082 026 022
August.. .....ooiiiil. e tadeeaeaaas 140 1] 13 800 -000 000
September... .. ...l 0 0 0 0 0 0
October-- ..o - 0 0 0 0 (] 0
November ....oo.ceees Lol 0 0 0 0 0 0
December........ e I} 0 0 0 ) 0
Ter annum _......o..... e iemaan 10, 050 0 1,285 934,122 | 0583 043

1893. .

JANUALY «oee e e i e e, 190 0 134 8,241 ‘005 004
Yebruary . 355 62 144 7,992 005 -005
March ..o e e 128 0 35 2,152 -001 001
Apral ool 3, 495 0 808 48,076 “030 027
MOy o e ns 8, 630 860 3,764 | 231,486 145 ‘125
B O 660 20 225 13, 388 008 -007
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CARSON RIVER.

\

Gagings on the two principal branches of this river were carried
on through 1891, those upon the West Carson being discontinued at
the end of that year. The accompanying diagram (Fig. 14) shows the
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F1G 14 —Daily discharge of East Carson 1iver at Rodenbahs for 1891 and 1892,

daily fluctuations of the East Carson for 1891 and 1892, the principal
feature being the extraordinary discharge m December, reaching an
estimated amount of 5,540 second-feet, this continuing, however, but a

short time.

Discharge of East Carson river at Rodenbahs, Nevada.

{Drainage area, 414 aquare mles ]

Y

r Run-oft.
Maxi Mini M Total for
Month. ean. wonth. Ter
mum mum Depth. | square
mnle.
1890 Sec -yt See,-ft Sec ft. | Acre-feet | Inches Sec -ft.
JANUATY . oie i aeea e *390 23 985 108 94
Foebruary ..........o0 .. - *400 232,200 101 97
March .cooveoianain e * 780 47,970 218 1-89
April7te30 ... ... —o.eas 1, 026 61,047 2 76 2-48
May4to3l..... caiiiiiaenes . 2,654 163, 221 7 38 6 11
JUDO. et ies et . 2,430 144, 5835 6 55 5 87
July . t freme emeca e mammaea aan .. 2 ggg 750 1, gBQ llg, U2g 4 98 »% ii
August... e emaeceme emmeaann 437 97 36,71 166
Sep%ember ................... 437 400 415 24, 692 112 100
gptobei .................. vee aeeea. 390 328 ggg gg, Zjﬂ 107 gg
OVeMbeOr. .. Leeee i i e 85 3 , 848 104 .
December... ... ... ccciveneearraeanan 400 375 379 23, 308 1 06 92
Per anhuil .......ceccecavrrecess 4, 260 375 970 704, 335 31-89 2 34

.

* Iistimalted.
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EAST CARSON.

Discharge of Fast Carson river at Rodenbahs, Nevada—Continned.

117

jun off.
Maxi- M. Total for
Month . Mean Per
mum. mum, month. Depth. | square
mile
1891 Sec -ft. Sec -fi Sec -fi Acre-feet, | Inches See. Jt
JANUATY ccocerreccnecunas ciiseaarsanca- 395 385 388 23, 862 1 08 94
February .. «-cvioeeian Lin iiaaiaaao, 715 377 402 22,311 10 97
March ... Y 1, 650 390 784 48, 154 2 18 189
Aprl oo o e e e 580 410 452 26, 894 122 1 09
May .. cie i aee i 1,884 1,010 1,445 88, 867 4-02 3 49
June........ .. . .. oliiiiiiiieeaas 1,884 565 1,328 79, 016 3 58 312
TULY « oo oo e it eeeeamaaaaas 1,1%0 445 618 | 38,007 172 150
Angust... coeiviiii e eeas 447 390 408 25,009 114 09
September ... .o iaeiaiiaaaiaes 400 385 388 23,086 104 -93
October.-...... cor o iei e 385 385 385 23, 677 108 93
NOvember . .vvocvircareracman savrsas 385 385 385 22, 907 105 -93
December. .. oonuiieeiiainienn cennen-n 480 385 438 26, 937 119 1-06
Perannum ... .o.iiiiiiaiaan... 1,884 377 619 448,810 20 31 150
1892, -
January --.o.ce.e-eea--. esssssrtiaenaan 405 375 390 23, 985 108 91
February - ..ceovieiiiiiaaa e 400 290 388 22, 310 100 04
March ... ool e 415 400 422 25, 954 117 1 02
- 1 o 5 545 400 478 28, 441 129 115
MAY e iae e et s 2, 590 480 1,226 75, 400 3 41 2 96
TUNE e c e aeemmne e eeeene e eeaneaanee s 1,790 715 1, 158 68, 782 3 11 281
Jaly -l e el el 715 420 506 31,119 140 122
Anpgust . oo 420 410 413 25, 399 115 1+00
September ......oc.oiiaiaol Lol L . 420 410 414 24, 633 112 100
Qctober. ..o o ool Ll 420 410 416 25, 584 118 101
Novermber......oocoocoiiiiiil vir ones 535 400 414 24, 633 132 100
December. ...oeviinneiinnseiannacenn 5, 540 400 1,097 67, 465 3 06 265
Peraunum. ......ceceeremennn . 5,540 | 290 610 | 443,704 20 07 147
1844
January ressaanae eteatieraanaann 3,230 390 6554 34,071 1 54 134
February .. .cooooeaie oo il aaeenn 715 390 425 23, 588 107 103
Mareh - e e e 1,980 300 728 44772 2 03 176
April. ool 2, 320 535 1,13 67,770 3 06 2175
5y 2,020 | 1,055 | 1620 | 100 184 4 56 304
June. . ... ol ool ol PP, 3,070 1,460 2,021 120, 250 5 46 4 88
TUIY oo et eeee e aaeas 2,125 1,100 | 1,462 | 89,013 4 07 353
August ... ... Lo il Lol 1,010 410 507 31,181 1 42 122
September ... .. il LLilLl 438 400 416 24,752 112 1-01
QOctober. .. i 420 890 408 24, 684 111 99
November . ... .o oooiiiviiiian oLt 443 390 425 25, 288 114 103
Decomber......ievvvines vee vrevennn-. 460 382 404 24, 846 113 98
Perannuom. ... ........... e 3, 230 382 843 611, 299 27 71 3 04
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Inscharge of West Carson river at Woodford, California.

| Dramnage area, 70 square miles.)

Run-off.
Maxi- Mini- Total for
Month. Mean. Per
murm. frm- month Depth, | square
mile.
1890, Sec -ft. | See..st Sec-ft. | Acrefeet | Inches | Sec.-ft

JaANATY o v v v i aieieiane e foan mamaes =50 3,075 82 71
February .......ooociiiins ciiiis mven femmeiiain e Lt ~50 2,715 75 71
Maroh ..ol il it e e feeeree e eae e eas *60 3, 640 99 -86
April 91030 ._...... ... c. e e 448 145 284 .16, 898 456 4 +0b
1 15 924 218 6567 40,405 10 83 940
SUNG. oeitiimiiar taimcimaaa e el 1,284 448 614 36 533 979 8 77
July. ..o il il e 600 252 380 23,370 6 27 543
Augusb.......o0 Lo ee mma eo ae- 249 90 135 8,302 2 23 1-93
September 8G 70 75 4, 462 109 107
October .. ... ... freecaaveannan 78 54 67 4,120 1-10 *96
November . 58 46 19 2,915 78 “70
Decemnber 58 42 53 3, 259 87 76

Perannum. .. ... ..... e 1,284 42 206 149, 804 40 08 2 95

1891

JANTATY tosnesneernannararsnsnnassncas 62 46 52 3,198 .86 74
Fehruary ... ............. S . 58 42 48 2, 664 71 69
Mareb . ... oo L Lol . L. 68 50 61 3,758 101 -87
Apnl....... e tieaneaaa feeaaneannaa 384 62 127 7,556 2 02 1-82
). ) R g 740 300 534 32, 820 879 7462
JUNO. . eiiieiieeraitaarimace cmmnnaa 456 26¢ 338 20,111 5 38 4-83
Ty ovr cimii i e 280 82 130 7,995 214 186
August............ oLl Ve emaaan 78 50 65 3,997 107 93
September. . .............oo.. Lo 50 34 4] 2,439 65 60
October ... . . ... reeaae e e 54 42 48 2,952 80 -89
November. ............. ... .. 50 38 43 2, 558 69 61
Decomber ...o.. cvieveiiriieaaianana, 54 42 49 2, 890 77 67

Per annimi....... oeeivaanonoiann 40 34 128 92,938 24 89 183

* Estimated
BEAR RIVER

Measurements of this river have been made at two points, the first
being at Battle Creek, Idaho, a few miles north of the Utah line and
in the upper part of the Cache valley, the second at Collinston, Utah,
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F1¢ 15,~Daily discharge of Bear river at Battle Creck, Idaho, for 1891 and 1892.
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BEAR RIVER.
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at the lower end of the canyon through which the river escapes from
The drainage basin of this river has
been briefly described upon pages 327 to 334 of the Twelfth Annual
Report, and diagrams of the discharge of the river at both stations are

this valley into that of Salt

shown on the accompanying plates,

lake.

The data obtained at later times

are given in the following table and illustrated by Figs. 15 and 17.

Duscharge of Bear rwer at Battle Creek, 1daho,

[Drainage area, 4,500 square miles ]

Rua-off,
Magi- | Mini. Total for
Month. mum. Mean. o Per
mum. month. Depth square
mile,
, 1889. Sec oft. | Bec fi. | Sec.ft | Acre-feet | Imches, | Bec'-ft.
Oclober 111031 . e ieeeiceenas 430 300 855 21,832 . 07
November . ... _.cc.-_. e menaaaaa 830 430 487 28, 076 12 11
December...o..oei ciin tin cibaiaene- 735 350 565 34, 747 14 13
1890 —
Janvpary ... ... ..iian febesanonean . 1,255 270 875 53,812 29 19
Febronary ..zl ool 2, 040 600 809 44,900 18 18
March oo moiiiia s e e 2,040 780 1,271 78, 166 -39 28
April oLl e cenen - 3, 960 2,170 2,978 177,191 “74 66
1 I e 5,080 3, 960 5,199 319, 738 133 1:60
JUBC. ceieit i cieiabae e iaaaaaa 5,980 2, 300 4,074 242,403 101 01
2,170 1, 200 1,582 97, 203 40 35
1, 200 880 1, 000 81, 500 -26 22
880 780 843 50, 158 21 '19
880 780 854 52, 521 -92 ‘19
880 730 783 46, 588 19 17
December. oo oveniiiiieaieanaas feaann 780 690 748 46, 002 19 17
Perannum..cceeoeeiicneaicaaan. 5, 980 270 1,751 | 1,270, 272 527 42
1831 — — —
January ...... e Cieieearaeheeaas 690 690 690 42,435 "18 “15
Febroary . ..ol ool aiial)e- P J P 780 43, 290 18 "7
B I 0 U 880 780 790 48, 585 20 17
APl e 2,950 780 1,623 96, 509 *40 *36
My oo i e 3,030 2,440 2, 652 163, 098 -68 *59
JUDC cesn iccianea e ce e s 2,870 1,660 2,245 133, 578 56 -50
N T 1, 660 980 1,288 79, 213 -33 -20
AUZUst oo 980 780 835 51, 452 21 19
September ... ..o ioiiiiiiiiiiiiao . 980 890 798 47,481 20 18
Qctober. ... .. c.i.aaai... 980 980 980 b0, 270 o5 99
November . coocvvecn tin ccceian weaonn 980 880 957 56, 941 24 a1
December......... ...... Crseemceeean 1,910 880 1,053 64, 759 27 23
Per annum ...... TR PP 3,030 690 1,224 887, 511 370 27
1802, —
January ....cooooaviinaas haearsactaaaann 800 800 800 49,200 21 18
February ... ... .ociov aiiiiieain- 880 780 855 49, 162 -20 ‘19
B | SR 1,540 880 1,304 80, 196 -33 29
April... __.... ... - . 2,040 1,540 1,824 108, 528 45 41
Y o e aa et e ieaaan 4 370 2,040 2,710 166, 665 69 60
TUNCL et voe e cns e o e el 5, 260 3,200 4,446 | 264,637 1°10 99
July........ ... e emeeaan 3, 200 1,540 2,345 144, 217 60 52
AVGUSt e e ns voiaiiiit ceeciee e 1,420 880 1,025 63, 037 26 21
September.... ... oo Loiiiiaio.- 830 780 793 47,183 20 18
[T 70 =3 780 780 780 47,970 20 17
NoveTuher o v e aeeiiaerans 780 600 687 40, 876 *17 15
Deceinber. .. coe tav vat ccesavesinanan 880 880 880 54,120 -23 -20
Perannum - . - . . oae. oo 5, 260 600 1,537 | 1,115,601 4 64 84
1894,
January ... --.e-oa-..- PP 980 880 909 55, 904 23 -20
February .......-. .. ocooiiiiaa.. 980 780 873 48,452 20
March v cha e 1,310 780 861, 52, 962 -22 ‘19
April.o.oooaao L. 2,720 1,420 2,131 126, 795 *63 47
AV Toennn 3, 960 2,720 3,401 | 209,162 87 76
June ... 3,960 2,870 3,677 | 212,832 89 -79
July..o..... 2,720 880 1, 567 96, 371 40 35
August 880 690 772 47,178 20 17
September 690 690 690 41,056 17 *15
QOctober 880 690 737 45, 326 -19 ‘16
November ..oceeoiim e 980 880 890 52, 955 22 20
December ........... eere et 1,090 980 1,019 62, b69 26 23
Per annom ... ... ........ v 3, 960 690 1,452 [ 1,051,951 4 38 32
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OF STREAM MEASUREMENTS.

o o = =3 = o o o o
2 3 8 8 2 =4 8 3 =4
- & of ~ s o = o5 of
T
- 8
8.0 =AY
7
4
5
7.0 s: -
B
A
o 6.0
Q
< pdi
=
= 5.0 a
o0 £
& i
)
o &0
iz
M) "
13
3.0 '8
/ [
2.01 ¢
- ’
1.0
F1a. 16, —Rating curve of gaging station at Collinston, Usah, for 1881 und 1892.
Discharge of Bear river at Collinston, Utak.
[Drainage area, 6,000 square miles.]
Run-off.
Month. Maxi Mipi- Mean, | Lotal for Per
muoi muom month, Depth. squaro
mile.
1889 Sec.-ft Sec..ft See..ft. | derefeet. | Imches. See.-ft.
Juno.... . R (MR PR s *800 47, 600 15 13
JULY ceee el 385 340 362 22, 263 07 ‘06
August.....oooiiaa. 450 385 417 25, 645 08 07
September. ... oo ool 610 450 509 30, 285 -09 08
Qctober. ..o oo ol 825 610 728 44,772 ‘14 ‘12
NOVEINDET - v et ae e ceamaammns 1, 000 780 848 50, 456 ‘16 14
Decomber .- -c.o.......... et 1,925 955 1,395 85, 792 27 23
1890. T o T
5 15V R7F: PO *1, 500 92, 250 20 25
15 ] P G U e *1, 000 55, 500 17 17
March2to 31 ... ... . ioiiiiaoan 4, 860 1,100 3,188 196, 062 61 53
ADril. e e 6, 680 4,600 4, 953* 204, 703 -02 83
L 1Y 8,220 6, 890 7,924 487, 326 152 1-32
U e e eeeee e e e e aeameann 7, 840 4,440 | 6,234 370, 923 1186 1+04
JULY e e e 4,230 22060 3, 250 199, 875 62 54
Aungust. ...l 2, 060 1,545 1, 754 107, 871 34 *29
September .. ... . . oiooilll 1,425 1,310 1,344 79, 968 -25 22
OOLODOT .« o e e eeeee e careaeeeaeans 1,665 1,365 | 1,544 94, 956 30 26
November ... oo, 1,425 1, 365 1,403 83,478 -26 23
DECEIMDOT . veerae oo eeannnann 1,545 1,000 | 1,243 76, 444 24 | 20
Perannum .....o.oiiieooaioan 8, 220 1, 000 { 2,945 | 2,139, 356 6-68 | ‘49

* Estimated.



NEWELL.] BEAR RIVER. 121
-]
Discharge of Bear river, at Collinston, Utah—Continued.
Run-off,
Month. Total for
o Mean. month. Per
Depth. | square
mile.
1891 Sec.-ft. | Acrefeet. | Inches. | Sec.-ft.
January 1, 000 61, 500 -19 17
1,308 72,504 23 -23
1, 766 108,710 34 *29
2,729 162, 375 51 45
4,509 210, 993 88 *76
3, 595 213, 902 67 60
1, 565 96, 063 -30 26
938 57,687 *18 ‘16
986 58, 667 18 ~16
1,235 75, 952 24 -21
1,262 75,089 24 21
1,216 74,784 23 20
1,847 | 1,338, 316 4-19 -31
1892 , -
JANMUATY .« oo ee ot et caee e as 1,202 73, 923 23 *20
Yebruary... ... . ..._..... 1, 209 69, 517 22 “20
March - ooooee e . 2, 037 125, 295 -39 =34
April. .. 2, 397 142, 621 45 40
MAY eeennonnee I 3,869 | 237,943 4 -64
JUNG .o 5, 660 336,770 1-05 *94
JUly oo 3,037 186, 775 08 51
August. ..o e 1,195 73,492 -23 20
September. ........... ... e 1, 000 59, 500 19 17
Oetober. ... . .. ... .... 1,131 69, 550 22 ‘19
November 1t026. ovue oo, 1,195 71,102 22 =20
December ...... ..o o.oiiiiiin. 1,235 75, 952 24 21
Per annum ... eeovnevneennnnn.. 2,007 | 1,522,406 | 476 35
1893.
JADUATY . tio i i e 1,052 64, 698 20 17
February .........ooeee. .. 969 53, 779 17 -16
March.. ..ot 1, 340 82,410 -26 =22
Aprid ol e 3,579 212, 950 67 -60
Ay cem i it e, i 4,920 302, 580 95 -81
)1 11 4,645 276, 378 ‘87 MR
JULy oo e 2, 000 123, 000 -38 -33
August ..o e 765 47,048 156 ‘13
September... ... ... . ... ........ 760 45, 220 14 ‘13
Qctobers_ . .----........ R 990 60, 885 ‘19 17
November . ... ... ... ... .... 1, 090 64, 855 20 17
Decen}ber ............................ 1,144 70, 356 *22 ‘19
Perannum ...................... 1,938 | 1,404, 159 4-40 .32
JAN, | FEB | MAR | APR, SEPT | OCT ] NOv. | DEC.
10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20
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F1a. 17.—Discharge of Bear river at Collinston, Utah, for 1891 and 1892,
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WEBER RIVER. -

The gaging station on this river is located in the lower end of the
canyon about 1,000 feet east of the bridge, at the point kunown as Devil

Gate, about 2 miles above the town of Uinta,.

Brief mention is made
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F1a. 18.—Daily discharge of Weber river above Uinta, Utak, for 1891 and 1892,

of the drainage basin of this river upon page 334 of the Twelfth Annual
Report and domparisons are drawn between the fluctuations of this
and of Bear river. The following table and the diagram (Fig. 18) give
information obtained since the publication of that report:

Discharge oy’ Weber river,

[Drainage area, 1,600 square miles. ]

Month.

October 13 to 31
November

December. ..o e

............................

......................

Run-off.
Maxi- Mini. Total for
wum. | mum. | Mean. | Tk Depth. sq]:JZI;"e
mile.
See.jt. | Secoft. | Sec.ft. | Aerefeet. | Inches. | See -ft.
200 130 v 181 11, 131 18 11
200 160 208 12, 376 ‘14 12
815 200 430 26, 445 31 27
815 290 457 28,105 -33 29
1,400 200 547 30, 858 ‘36 34
2,130 200 1,001 67, 606 *79 68
4,280 970 2,184 120, 948 1-52 1-36
5, 465 3,470 4, 528 278, 472 3-26 2-83
3 635 1, 220 2,017 | 120,011 1-41 1-97
1, 220 290 549 33, 763 40 34
450 200 280 17, 220 20 18
290 240 265 15, 767 ‘18 17
450 200 331 20, 356 22 21
340 290 298 17,731 21 19
340 240 290 17, 835 21 ‘18
5,465 200 1, 076 776, 662 9-09 67
—| | Sp—S | —
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Discharge of Weber river—Continued,

A

Run-off.
Maxi- Min- Total for
Month mum mum Mean. muonth Depth sqlrxg,l;e
mnile.
Sec -f;o See {50 Sec -{ta Ac;gﬁ:ﬁ. I ncheg:.} See.-ft
4 a2 30, , 6% 19
1,220 290 461 25, 586 *30 29
1,220 450 625 38, 447 45 39
2,420 520 1,502 89, 369 105 91
4, 655 1, 940 2,762 169, 250 198 192
2,226 1,135 1,621 96, 449 113 101
N . 1, 265 305 844 51,906 61 53
Augunsto.. oo L.l o gt 520 240 338 20, 787 24 21
September ........... ...... e anaaan 520 290 402 23, 919 28 -25
Oetober. ... . .oiiiiiaaa I, 665 520 599 36, 848 43 -38
November - .. cccciiiaiiiiiiiaaaanaes 665 520 573 34,093 40 -36
December. .. .oooiminiramaivaciaens 665 520 534 32, 841 39 33
PEr annnmt -« coevmmmenn caaren. 4,655 | 240 880 | 638,109 719 65
1892
JaANUATY «cneenncvarnrraneasosacaatans-n 890 520 599 36, §38 ‘43 <37
February........... .o aiiiaiL 890 520 605 39, 962 47 43
March.......... Ch e reeeeeeae aae 1,220 590 800 49 200 58 *50
Apnl... ...l e e e 1,220 450 900 53, 550 63 -56
May cuon cien eein et aaa 5, 750 590 2,705 166, 357 195 169
15 4 1§ - S . 4,530 2, 035 2,867 170, 586 2 00 179
July ... ... -eols e etemeiaataaaan. 2,035 160 819 50, 368 39 *51
ABGUSt. i cia caiian 160 100 239 14, 608 17 15
September.... oo ceaiivar en ciiienn. 200 160 187 11,126 13 12
Qctober... ... ...... e Tea.n 290 200 246 14,760 17 ‘15
JONE135) 111 1155 450 280 857 21, 241 25 22
Decembor...o..oo0 cut iiiiiiiiaiaaa. 890 395 476 29, 274 34 36
Peor alfum eeeecevas von o 5,755 100 807 657, 960 7MN 57
1893,
JANMALY v coceennnnrvranaanson, sacnannn 740 200 T 264 16, 236 ‘19 -16
February .... -.cceoovooviiiaaLL 200 200 200 11,100 13 12
March ..o o 2,225 200 912 56, 088 66 57
2% 173 2,930 240 1, 605 95, 498 112 1 00
MAY ccreetviae e aiire et caaaaan 7,280 2,225 3,772 231, 978 272 2 36
JUDE coiren i it ciiic tiaeraanaaa 4,540 1,135 2,991 177,965 2 08 1 87

PROVO RIVER.

The gagings of this stream have been continued at the point in
Provo canyon about 6 miles from the city, For a description of this
river reference should be made to page 72 of the Eleventh Annual
Report, part 2, and for the fluctuations of discharge to Pl. Xc1v of the
Twelfth Annual Report. The data obtained since the publication of
these volumes are given in the following table and are shown upon the
accompanying diagram forming the upper half of Fig. 19:

Discharge of Provo river,

[Drainage area, 640 square miles ]

. ! Run-off.
. Maxi. Mim- Total for
- Montll . wum. =} mum. Mean. | "1 onth Ter
Depth. | square
mile,
1889, ° Sec -fi. See.-ft. | Sec -ft. | Acrefeet. | Inches Kec -ft,
JULY 27-21 cevvcs civiiiiaefeniaaaaaaaas 150 149 160 9, 2256 27 23
Angust oooe i 149 144 145 8,917 26 23
September _... .... __..... e 174 144 150 8,925 26 23
(G141 701 01} P 200 174 186 11,070 -32 28
November ...... . «........ PO 280 200 224 13,328 30 - 35
December...ccooiiviirieiiiriiiairicann- 630 240 384 23,616 63 60
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Discharge of Provo river—Continued.

rs
. Run-off.
Month. Maxi- Mini. Mean. Total for Per
mum. mnm. month. Depth square
mile.
1890 Sec..ft Sec.-ft Sec. ft. | Aeve feet. | Inches. | Sec.-ft
January «....e.oo.-- e immvimmeacanaa- 700 200 305 18, 751 55 48
February ..o ool i 564 280 _ 377 20,923 61 59
March........ e ammmeemaie eaeeeaas 700 240 519 31,018 93 81
April oo oooiial.. e aiccmcbeaane 1,240 500 840 49,980 1 486 132
AY vevemenan neare mmmmammeceaas aan 2, 180 1,316 1,926 118, 450 347 301
JUDE . e e e e et eaaas 2,260 440 1,184 70,448 2 00 185
0 440 280 314 19,311 56 -19
August, oo an 280 210 252 15, 498 45 -39
SepEOmbBCT oo et ee e aaaaes 280 240 244 | ¢ 14,518 43 *38
October .. .. ool 330 280 304 18, 686 *55 48
November ...cocoimuae cooiinion cans 330 250 303 18,028, 08 -47
December. .. -ueovemerecaneacnaacs cann 330 | 240 293 18, 020 53 46
Perannum. . ... .oceceiiaaennnn- 2,260 200 572 414, 541 12°13 89
January ....... 280 240 255 15, 684 46 40
February ... 500 280 311 17,240 50 48
March .c..ou. vaennnns - 1,316 280 492 30, 258 89 7
7 132 7 2R R 930 280 478 28,430 83 15
BY cesincmnennnnnnts wrmeneaaanaaaann 1, 704 851 1,226 75 399 221 192
JUDBe e ieecniacs cevecs cccavaececeman 1,470 851 1.190 70, 805 2407 1 86
JULY e eee eeeineneimecmcaeemememean 1,240 200 493 26, 014 76 67
ADFUSE .o e 280 200 260 15,990 47 41
September-.. ... ... ool L.l 440 280 314 18, 683 45 49
Qctober. .. o v iin e 380 330 364 23, 386 68 57
November .. .....ooviaiaaiiaial Lol 380 380 380 22,610 67 60
December. .. ccoieiecirincianncaranen.. 380 330 343 21, 094 42 54
Perannum ......eecewmeeiieann. 1,704 200 503 365, 591 | 07 70
1892,
January - ... ..ol . = 330 330 330 20, 295 59 59
Foebruary ..coveeiviiceiinnannnns ivene 380 330 351 20,182 59 5%
MAarch .. oooee e i eens 440 330 361 22201 65 .57
75 £ R 440 330 377 22, 431 66 -59
May . ceve e el 1,780 774 1,079 66, 358 1 45 168
JUDO e cteeiiaccaie tiaaaiaameaeann 1,626 1,316 1,511 89, 903 264 237
July... 1, 240 200 441 27,121 80 -69
Augusb...oa.ol.. 280 174 201 12,361 36 31
September - 240 200 201 11, 959 35 =31
Qctober.. ... ... ool oolilles 280 200 241 14,821 43 *38
November 280 240 279 16, Goo 49 44
December... ....... ... cemeaeeaan - 330 240 257 15, 805 45 40
— 1
Peramnu.... ...coooiiioao.. 1,780 174 469 340, 039 9 96 -73
1893

January .. ........ e e ceen 250 240 252 15, 498 -45 *3%
February .o coeeeiiaeliiiiil oo RO 280 240 271 15, 041 44 12
Maroh - ooee i e 774 280 326 20, 049 59 51
Apnl. 928 380 638 37, 961 111 1-00
May .ol e eeemanaa. 2,340 564 1,237 76, 076 223 1-93
dJune... o-....o...l0 oLl Ll Lol 2, 260 774 1,579 93, 951 275 247
1) R3O IN 1, 006 280 400 24, 600 72 -63
Auvgast. ...l Ll 280 240 250 15,375 45 -39
September. .... _....o..oli.i.aoo. 280 240 260 15, 470 45 41
Qetebey. ... Lol Loliil Ll 380 280 348 21,402 63 54
November ... .. ... ..o ......-.. 440 380 388 23 086 68 61
December....... ... i eeemaeaeaan 440 380 413 25, 400 75 65
Perannum.... ... 2, 340 240 530 | 383,009 11 95 83




NEWELL.] SEVIER RIVER. 125
SEVIER RIVER.

The gagir;g station on this stream is in the lower part of its course,
being at Leamington, at the foot of a narrow gorge through which the
river winds on its way to Sevier lake. Along the upper part of the
river, south of and above this poin%, are many irrigating canals, divert-
ing at times the entire amount of water in the stream. A small amount -
returns, however, by seepage or from the drainage area below Sevier
valley to maintain a constant flow at L.eamington. Below this point
are canals irrigating lands in the vicinity of Deseret, Oasis, and other
settlements in the vicinity, There are, northeasterly from Sevier lake,

JAN | FEB.] MAR | APR | MAY [JUNE] JuLy | AUG. | SEFT | OCT | Nov | DEC.
w20 | 1020) to2c ] 1020 | w20 ) oze | oo | waeo | oz | wozo ) 10 20] 1020
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1,500 - ’\
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A
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1,000 -

_///L = 4’ fig8z '\ rr
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¥1a. 19.—Daily discharge of Provo and Sevier rivers, Utah, for 1891 and 1892.

enormous areas of land upon which water is needed, the extent being
so great that even if all the water is held by storage a small part only
of the land can be supplied. The measurements at this point, there-
fore, have an especial value in determining the possibility of future
developmentin this broad valley, The matter hasbeendiscussed briefly
on pages T4 to77 of the Eleventh,and on pages 339 to 344 of the Twelfth
Aunual Reports, since which time the amount of information at hand
has been greatly increased, that councerning the water supply being
shown by the following table and the diagram forming the lower half
of Fig. 19: ’ -
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Discharge of Sevier river.
[Drainage area, 5,595 squars piiles.]
Run-off.
Max- Min- Total for | -
Month. imum. | imum. | Meau | Lonth. Per
Dopth. | square
mile.
18839. Sec..ft. | Sec.t Sec..jt. | Acre-fect. | Inches. | Sec..ft.
August23io3l........... Ceevanmanann 60 40 48 2, 952 01 -01
September.....ve. coioaieaaiocaiiaaans 80 48 53 3,153 01 01
OCtober. oo e e iaaaaaa 160 48 111 6, 826 02 02
November «veomcoan-.. e maamaeaean 444 210 274 16, 303 05 05
December. oo e 526 280 395 24, 292 08 07
1890
JANUATY omimveecs pieaniameaamemaaaanl h 1, 058 280 625 38,437 13 11
February . .ocoeoam i 1,340 567 713 39, 571 13 *13
Mareh . oo e 690 567 630 38, 745 ‘13 11
Aprileee. ool e mimaaan 976 608 726 43,197 ‘14 13
DY 2, 329 976 1,705 104, 857 -36 31
JUNCa ceseasvmmmccascvmmamammmmecaaaan 2,206 449 1, 250 74, 375 2 22
July oooe I 649 185 346 | 21,279 07 ~06
August......... ey 185 150 153 9, 409 03 ‘03
September......o...oooiviiiiiiaeiats 185 150 157 9, 342 03 03
QOetober-........ e eteemaaeceieaaaan 962 185 810 19, 065 06 ‘06
November-.. ... .ooeoiveiiiiiinenn - 403 321 373 22, 194 07 07
December......... AU 649 403 509 | 31,304 10 | 09
Per annuin . -av.veememeaeennnas 2,329 150 625 | 451,775 149 | 11
1891
N 0011 T: ) o) S 772 649 735 45, 202 15 ‘13
February cc..ooeameieae i ciacvanaes 772 772 772 42, 846 ‘14 ‘14
March.ooeaviomeimiiimni i 772 526 618 38, 007 13 -11
7N 5 o ) s 608 526 503 29, 928 10 09
) T 1, 386 608 1,114 48,511 23 20
PV ¥ < TR 1, 140 567 952 56, 644 19 17
JULY - cece e e 52 |, 140 207 | 18,265 06 105
August. oo 245 140 195 i1, 992 04 03
September..... ...l 185 160 175 10,412 U3 03
Oetober. oo e 210 185 202 12,423 04 *04
NOVOIDET «evruraravacernamemeamananas 403 210 312 18, 564 06 <06
December .o one it 813 403 551 33, 886 11 10
Perannum ..oooveaoamei oo o 1,386 140 535 386, 680 1-20 10
1892.
January . o.............. ... 1,058 813 1,016 63,485 21 18
February . -..ocoioiiiiaai e 1,017 895 931 53,532 T 018 17
Mareh ..o oo iieean.. 854 608 738 45,387 ‘15 *13
April ... B 567 100 232 13, 804 05 04
MAY - nmcmmeoemee e eeaes e 1,017 80 9250 15,375 05 04
JUNB o ceiani e iee e aeas Caeeea- 1,222 210 718 42,721 14 -13
July -l 210 48 88 5,412 02 02
AUZOSl, - e e meeeeeennes e 80 48 53 3,259 01 01
Septembor ..o Lliiiiiiiiia 60 48 49 2,015 01 01
October. - oo il S 80 48 53 3,259 01 01
NOvember . .o it iieaaaaa 120 100 117 6. 961 02 02
December .. .- oLl 976 140 570 35,055 12 ‘10
Perannum ... ...l 1,222 48 401 291, 165 07 07
1893,
JANUATY ssesavacueociiarranns . 1,304 526 798 49, 077 *16 ‘14
February -cooooaan oo e riemeaa v, 304 567 630 34,065 12 11
March ..ol 1,058 245, 274 16, 851 06 05
April e L 895 280 642 a8, 199 13 ‘11
Moy e 1,058 245 775 47, 662 16 ‘13
JUNB . e e mm ey e eaeaaaeaa 76 120 479 28, 500 ‘10 -09
July oo eae 1,304 40 157 9, 655 03 03
Avgust_ ...l caeeamaan 567 35 280 17,220 -06 05
September. . ......... ool 403 40 273 16,243 ‘05 05
October...ocon i iiieaa 100 - 35 55 3, 383 01 01
November .....oo.oiocioiiioiaaanna.. 100 60 R3 4 939 02 01
December. ... ... eiiaiiill 140 80 104 6, 396 02 <02
Peraunum. . ...oeocceeeenvenn.... 1,304 35 379 | 273, 090 92 1 07
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SNAKE RIVER AND TRIBUTARIES.

The gaging stations on the upper tributaries of the Snake river, in
Idaho, mentioned on pages 78 to 83 of the Eleventh Annual Report,
have in the main been abandoned on account of the expense and the
difficulty of securing observers of river height. At two_localities,
however, later readings have-bcen wmade, these being on the Teton
river ncar the mouth of its cauyon, about 3 miles from the town of
Wilford, Idaho, and that on the Snake river itself, 2 miles below Eagle
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Fi1a. 20,—D:uly discharge of Teton river, Idaho, for 1891 and 1892,

Rock, or, according to the change of name, Idaho Falls. The results
of these later observations are shown in the following tables and by
the accompanying diagrams, Figs. 20 and 21. In the case of Snake
river no observations were made during 1891, the diagram therefore
showing the fluctuations for 1890 and 1892. The gagerod or nilometer
at this point has an inclination of about 30 degrees, and is located on
the right or western bank of the river. '

-

Dischar gg of Teton river.

[Dramage area, %67 square miles }

Run-off.
Maxi Mini- Total for
Month, muom. . Mean. month. Per
Depth square
wile.
1890. Sec -ft See -ft Sec -ft | Acre feet | Inches Nec,-ft.

January . oo o.aeeeiail e *400 24, 600 48 41
Tebinary ... . >465 25, 807 50 47
Marceh.__ .. .. *450 27,679 54 47
April5to 30 . 740 44, 030 85 77
May.. ... .. 2,730 | 167,895 3 26 2 82
June............ ... 2,812 167, 314 3 26 291
dJuly. ... . Ll 2,130 130, 995 254 220
August... ... ...l Lalellllilll 678 41, 697 81 70
Septetsbor .. -.ovoeiiiee e 462 27,489 *563 *48
October. .. ..o o 475 29,212 57 -49
November... 450 26,775 52 -46
December... ... ... cer ciriernencaan. 510 450 459 28, 228 b5 47
Porannum ... v iiai e 4,445 450 1,0.1 741,717 1441 1-05

* Estimated.
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Discharge of Teton river—Continued.

~ [Drainage area, 967 square miles. |

. Run-off.
Maxi- Min- Total for
Month. s mum mum Mean. month. Depth. stﬁfafre
mile.
1891 See.-ft See -ft Sec.-ft. | Aere-feet. | Inches. Sec.-ft.
JANMUATY eeeeeeanmnionrnacaonaansnarmonn|ocunrannas]inenansans *400 24, 600 48 41
February 17to 28. ... ... ...oliial. 475 450 465 25, 807 *50 48
March_.._...__._....... [ 450 450 450 27, 675 -54 47
April. i iiiiiiias 935 450 630 37,485 72 65
. 2,360 720 1,402 86, 223 1+66 145
JUAC. «ceeeee e i, 2, 360 1,295 1,661 98, 829 1-91 172
July .o .. 1,635 670 1, 050 64,575 1-25 109
Augusb. oo 670 450 547 33, 640 65 57
September. ... ... ... 450 450 © 450 26, 775 53 47
October................... mmmemmaaaas 450 425 444 27,308 53 46
November *425 25, 287 49 > 44
DecombDOrs eeemnn i e *425 26, 137 -51 44
Perannum ... ... ... 2, 360 425 696 504, 339 9°76 72
1892. - T
P37:1% ¢ L1 1 g ) DA, ' »400 24, 600 48 41
Foebrualy..ooooi i e *425 24, 437 47 44
Margh ................................ 450 450 450 27, 675 54 47
April e 820 450 575 34, 212 66 60
MY - eee e e e eaanns 4,990 585 1,811 | 117, 526 2-28 1-92
JUNG oo 5, 270 2,245 3, 845 228,777 443 400
B T 2 4,575 1, 545 2,780 170, 970 332 2-88
P 7 T 1,455 545 758 46, 617 90 *79
September...... ... ... ..... 510 475 488 28, 036 *56 51
OCEODEX - o ee e e 475 450 471 28, 965 ‘56 49
November ..., oo iiieiiiiiiinenaes 450 450 450 26,775 52 47
December ... i *450 27, 675 54 47
Peraunum .....oooiiioiiiaaian. 5, 270 450 1, 084 711, 265 1526 1.12
1893. '
January.....-........ I D *425 26, 138 51 -
February.coo oo oot *425 23, 588 46 44
March 19to 3! (... .ol 425 425 425 26, 138 -51 44
S ) S 820 425 628 37, 366 13 -85
AT e e et e 2, 590 670 1,400 86, 100 1-67 145
JUNO ee e 5,830 1,725 4, 868 230, 146 447 400
JUly .o o 2,950 1,215 1,770 108, 855 2-12 1-83
August......... o eeemamaea cereaan 1,140 585 794 48, 851 95 82
September. ... .. .. . ... iil... 625 475 530 31, 535 61 54
* Estimated.
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Fra. 21,—Daily discharge of Snake river at Idaho Falls, Idaho, for 1891 and 1892,
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Discharge of Snake river at Idaho Falls, Idaho.
{Drainage area, 10,100 square niiles. }
| Run-off.
Maxi- Mini- Total for .
Month, mwu. mum, |, Mean. month. Depth squl?;_e
mile.
1889 Sec.-ft. Sec..ft. Sec..ft. | Acre-feet. | Inches. | Sec.-ft.
July ...... feteeimaitaraca et ananatans 8, 646 3, 174 B, 184 318, 816 - 59 o1
Avgust. ..ooieeeiiiiiiioanl e 3,130 2, 286 2, 596 159, 654 30 26
Neptember. ... 2, 508 2, 286 2,300 136, 850 25 23
October. .. .. oo Sl 2,730 2,286 2,425 149, 137 28 24
November . ... iiiiaian. 2, 952 2,508 2,737 162, 851 30 =
December. . ..o .  eeienans 2,730 2,508 2, 601 159, 961 30 *26
1890. . |
B 1 3 T e *2, 000 123, 000 23 20
February «oooeoeoao i e oevemmenen *2, 000 111, o0 *2) -20
Marcl e e e B P *2, 000 123,000 <23 20
April .................................. 15,000 2, 900 5, 702 339, 269 63 57
D1 49, 350 16, 900 35, 606 { 2, 189, 769 406 3-52
P 2 5 - TS 50, 450 24, 930 i, 870 | 2,074, 765 385 345
JUlY oo e 28, 800 10. 700 19,970 | 1,228, 155 2°28 198
August. .ooooni e e 10, 350 6, 250 7,875 484,312 90 ‘79
September. ... . ioeei it 5, 950 4,350 4, 934 293, 573 54 48
OCtOEL . e e e iinteaceaannnarnns 4, 600 4, 350 4,552 279,948 52 45
November......... .o et 4. 350 3, 900 4, 207 250, 316 47 42
December. ... .oovirviavnenivrmemmaeslieaaina, formeeeen *3.900 239, 850 45 39
CPor annum. . .ceeo. o cioaiiiiaann 50, 450 2,900 ! 10,635 | 7,736,937 1437 1405
1892. ) :
JHNUATY - cvicmmeimieemaenerneasnannn N 3,000 184, 500 34 30
February ..o.o oo 3, 000 172, 500 32 30
March24to 3l conienn i 1,100 3, 500 3,900 239, 850 ‘44 39
April oo 4, 600 2, 250 3, 760 223, 720 4] 38
MAY oo e e et 51, 000 4,725 | 18,187 | 1,118, 90 2-08 1-80
B L T S 54, 300 29, 675 41, 357 | 2, 460, 741 4 -56 410
00V oo e 51,000 | 10,000 | 24,069 | 1,480,243 275 240
J T 9, 650 4, 850 6,463 | 397.474 74 64
Septermber.... ... e 4, 850 3, 800 4,312 256, 546 48 43
QOctober...... et enmamean e 4,350 4,100 4,156 255, 594 47 41
November oo oo e e i 4,100 4, 100 4,180 243, 950 45 41
DPecember. ..o e *4, 000 246, 000 46 40
Por ANMIM .« een o e, 54,300 | 2,260 | 10.025 | 7,279,618 1350 | 1-00
ST/ —_=c | =—= == b e —y
1893, ‘ | . |
) )T P G S *4, 000 246, 000 46 40
February.. ...t . R T %3 500 194, 250 16 35
.11 I: 5 o 01§ DR PRI RN . *3, 500 215, 250 R (] *35
April 231031 i 4,100 3, 900 4, 023<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>