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WILLIAM J. McALPINE.

GENTLEMEN : Herewith we hand you the report in detail
of the Engineer in Chief, Horx. Wu. J. McALPINE. Also,
an analysis of the waters of the Nansemond river, above
Suffolk, at Kilby’s Pond, West Neck river, and the Black-

iﬁomﬂ off aﬁﬁatzz Qljmnmissiomrs: water, near Franklin Depot, by Dr. J. G. PoHLE.
E. W. MOORE, CHAIRMAN. Very respectfully,
SAMUEL KIMBERLY. E. W. MOORE, Chairman,
JAMES H. CALROW. For the Board of Water Commissioners,

MARSHALL PARKS, SECRETARY.
WM. W. CHAMBERLAINE, TREASURER.
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ANATYSTS.

[LETTER FROM PROFESSOR POHLE.]

NEW YORK, Sepremeer 7tH, 1870.

E. W. MOORE, Esq.,

DEear Sir: I have progressed far enough with the three
waters you sent me to give you a general idea of their quali-
ties. They contain Saline and Organic Constituents in the
following proportions to the gallon :

Nansemond—Kilby’s Pond, 2.70 grains per gallon.

West Neck, 8.06 ¢ « o«
Blackwater, 8n0 o« o« o«
* % % %k 3k sk * 5

I remain, respectfully, yours,
J. G. POHLE, M. D,,
Analytical Chedbtist.

e e ———————————————— .

REPORT.

NORFOLK, Januvary 31, 1871,

S\t {
qu the %Battr (Enmmissiomrg of fthe (ljitg of Torﬂu[k:
J J

GENTLEMEN: At your request I addressed a meeting of the
citizens, in December last, on the subject of a public water sup-
ply, and then stated the general points, which had been embraced
in my previous preliminary report to you.

In an address of an hour’s length, it was impossible to include
the detailed discussion of the several subjects, and the followin
written report is submitted, which will embrace the same an§
some other subjects which it was then considered inadvisable to
present at length.

The subject naturally divides itself, and will be considered un-
der the following general heads:

I. The comparative value of a public water supply over that
now in private use.

II. An examination of the sources of fresh water in and near
the city, and of its quality.

III. The quantity of water which is demanded for the present
and which will be required for the future population of the city.

IV. An examination of the several plans which have been sug-
gested for introducing water from available sources.

V. The method of constructing the works, including the dis-
tribution of the water throughout the city.

VI. The estimates of the cost of the several plans.

VII. The comparison of these several plans and the arguments
in favor of the one which may be the best adapted to the circum-
stances of the case.

VIII. Some general remarks in regard to the foregoing sub-
jects.

I.—THE VALUE OF A PUBLIC WATER SUPPLY.

In a general way it may be stated that, by a public water sup-
ply, this element is furnished :

Of a superior quality, in greater quantity, and at less expense
than it can be obtained by any individual method. That its in-




6

troduction always increases the health, comfort and convenience
of all classes of the citizens, induces new settlers, additional in-
vestments, and especially manufactures of a smaller class, which,
in the aggregate, make up so much of the material interests of
so many American cities.

In your city, as in a score of others where I have been called
upon to arrange plans, certain odjections to a public water supply
have been made.

The first and most prominent of these is made by those per-
sons who are rich enough to provide for what they consider to
be an ample supply of the purest water.

As this class 1s generally the most influential in directing pub-
lic sentiment, it is somewhat dangerous to attack any of their
prejudices or preconceived opinions.

Dangerous only for the present, because a truth only requires
time to justify itself.

In the present argument it is only necessary to refer to other
communities to completely sustain the following general state-
ments :

1. That well water is the most impure that is ever resorted to
in a city.

2. That stored cistern water is the next most impure.

3. That the cost per capita, or per tenement, for supplying a
city properly with water is considerably greater by any individ-
ual system than by a judicious public supply.

4. That no individual supply is adequate to the proper demands
of even the richest and most careful citizens, and is wholly inad-
equate to meet the wants of a middle class, while the supply of
water to the poor is so meagre and so bad in quality as to pro-
duce disease and epidemics, which extend to the households of
even the rich, so that the latter are, in fact, almost as deeply in-
terested in supplying wholesome water to their poor neighbors as
to obtain it for themselves.

5. That a public water supply, under pressure, and constantly
available, day and night, has, by long experience, been found to
be a preventive to fires, which the houseEold extinguish with a
few buckets of water, always at hand, without which the Ibuse
would be burned ; and these early preventives of fire do, in fact,
save more money to a city than the cost of the public water works.

In the case of large conflagrationsa public water supply lessens
their ravages and prevents their extent.

Insurance companies are so well aware of these facts that they
invariably reduce the rates in towns which are well supplied with
water.

6. The luxury of hot and cold water in every story of a dwell-
ing, of baths and water-closets, of private and public fountains,
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and of street sprinkling, all of which are furnished by a public
supply, almost without cost, are only duly appreciated in cities
where they are enjoyed.

It is only those citizens of Norfolk who have visited other cities
which are thus well supplied with water that can realize the com-
fort and luxury of these modern adjuncts of civilization.

Among the other objections which are urged against a public
distribution of water are the following :

1. Doubts as to the quantity and quality of the water from the
new source.

2. Fears that the cost of the new works will greatly exceed
the estimates, and that the revenue therefrom will fall short of
the expenses, and that the expenditure may be extravagant, or
applied to selfish purposes, and that the patronage may be pros-
tituted to personal political purposes, and that these apprehen-
sions of a large outlay will saddle a heavy debt and taxation on
property, and thus deter settlers and business from the city.

3. Contentment with the present supply, arising from the want
of knowledge of the excessive impurity of wells and cisterns, of
their cost and maintenance, and liability of failure or increased
impurity in dry seasons, and the daily tax on labor which they
involve in drawing and distributing the water.

Several of these subjects will be discussed, in connection with
the other general sub-divisions of the report. The others will
now be noticed.

The quantity provided for by the proposed plan, is sixty gallons
per day for each inhabitant, which is four times as much as is
used for domestic purposes when it has to be hoisted from wells
or cisterns by hand power for each habitation. The cost of the
labor of the latter, and of maintaining the wells and cisterns, and
of the the hoisting power, is several times greater than the usual
charges from a public water supply.

Baths and water-closets have changed in late years from luxu-
ries to the necessities of modern civilization; and, with a liberal
use of water, epidemics are not only prevented, but disease is
lessened among the poorer classes, and thus the poor rates are
diminished, and more labor is given to the community, which is,
in itself, the true source of material prosperity to all communities.

With an ample supply of water, well distributed, experience
has shown that the household itself, in a vast number of cases, is
able to put out the small beginnings of fires, which, without such
provision, would, in a short time, defy the efforts of the whole
fire department. It furnishes water under pressure ordinarily
sufficient to apply directly to burning buildings without the aid
of fire engines; and, in all cases where these engines are used,
their power and effectiveness is greatly increased.
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Almost every city in our land has been visited with one or
more of those extensive conflagrations, which have destroyed
more property than the cost of water works, constructed on the
most liberal scale. It is true that large conflagrations sometimes
occur in places supplied with water, but it is self-evident that the
liability to such accident, and the amount of damage caused, is
much lessened by having always on hand an abundant supply of
water under pressure.

The rates of insurance on property against losses by fire will
therefore be materially lessened, and thus indirectly contribute
largely towards the repayment of the cost of water works.

Water for steam engines is required to be more pure than can
generally be obtained from wells in a city. The absence of such
water prevents the introduction of machinery to a large extent.

On the other hand, the experience of all cities, where water
has been introduced, has been to induce the erection of a great
many of the smaller class of manufactories, and, in the aggregate,
to largely increase business, and thus add considerably to the
means of paying not only the expenses for water, but also those
of the government of the city.

The objections to a public water supply will now be considered.

The most important of these objections are discussed elsewhere
in the report, and it may be briefly replied, in general terms, that
the present examination demonstrates, beyondall reasonable doubt,
that an ample supply of pure and wholesome water can be pro-
cured and distributed to nearly every building, for domestic and
manufacturing purposes, and for the present and future require-
ments of the city, at a moderate outlay, and that the revenue
will repay the cost of maintenance and contribute so far towards
the interest on the cost of construction as not to seriously encum-
ber or tax property, and that instead of keeping away settlers
and business, the introduction of water upon this plan will bring
in new citizensand encourage additional manufactories, and there-
by add to the wealth and lessen the tax on the present praperty.

The discussion of the quantity and quality of the water®from
the source herein recommended, will be considered in another

lace.
g The cost of too many of our public works has unfortunately
exceeded the previous statements of the engineers.

In many of these cases this has not been wholly the fault of
the engineer. At the commencement of such an undertaking

neither the officers in charge nor the engineer have fully appre-
ciated the extent of work necessary to meet the demands of the
future growth of the city. As it progresses they begin to realize
the necessity of larger works than at first contemplated, and these
enlargements have greatly added to the cost. In many cases the

—
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engineer has been urged to keep his plans and estimates down to
the lowest economical limit to avoid alarm to the more cautious
citizens.

There are occasional cases where the engineer’s want of knowl-
edge of the expensive character of some of the works hasled him
to estimate them at rates prevailing for less costly structures.
With the present knowledge of the cost of so many water works,
already built, there is but little difficulty in estimating before-
hand approximately accurate; and, if the construction is en-
trusted to officers of integrity and reasonable skill, there need be
no fear of extravagant expenditure or misapplication of the funds
and patronage.

At the ordinary rates charged for water in other cities the
annual revenue would be equal to about one dollar for each inhab-
itant. In the larger cities the annual revenue gives a mean of
about forty cents per lineal foot of pipe, or two thousand dollars
per mile. In smaller cities the houses are further apart, and,
unless the charges for water are made higher, the revenue would
be less pet mile of pipe.

A tariff of charges, for ‘the use of water, sufficiently high to
repay the expenses of maintenance and the interest on the cost
of the works, would be less than the actual present cost from
wells or cisterns, and would not prove oppressively burdensome
upon the citizens. The comparatively small outlay which is re-
quired to give you an ample supply will enable you soon to make
your water works self-sustaining. Inone city, where I have been
in charge for a dozen years, the works now repay the annual ex-
penses, the interest on the cost, and enough more to extend the
pipLeTs several miles every year.

nder the head of the quality of the water will be discussed,
that furnished from wells and cisterns in a city. The analyses
of these well and cistern waters, in every city in the Union, show
them all to be entirely unfit for drinking, and many of them dele-
terious to health.

The limpidity and comparative coolness of such water, and es-
pecially wgen ice is freely used, disguises to the taste, to some
extent, the impurities which are chemically united with the water ;
but in most cases these ingredients give a certain flavor which, by
long use, becomes even grateful to the taste.

When water is first introduced, many persons refuse to give up
the use of their accustomed wells and cisterns; but there is not
a single city where a public water supply has been established
where, after a very few years, all of the wells and cisterns have
not been abandoned ; and the same result will follow in your city.

With the water from the new source, side by side with that
from your wells and cisterns, the contrast between the purity,
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quantity, cost and convenience of the one over the other will be
80 great as to leave no douht as to the result.

In closing this branch of the subject, I may remark, that the
universal experience of all other places has been, that when a
feasible project for introducing a water supply has been once
started, it sooner or later prevails; and, when such plans have
been carried out, and the benefits practically demonstrated, it has
answered all of the previous objections and secured for it univer-
sal approbation.

II.—THE SOURCE AND QUALITY OF THE WATER.

In the mixzed population of a city there are always prejudices
and fallacies in regard to this branch of the subject, which it is
advisable to remove by a statement of the received opinions of
the source of water and the changes which it undergoes before
it is used, and there are some general principles which may be
applied to determine the quality of the water which any partic-
ular source will furnish. :

Many of these are but repetitions of what have been learned at
school, but which have, to some extent, been forgotten by those
engaged in active life.

Water, in its three-fold condition of vapor, liquid, and solid,
performs some of the most important functions in the natural
and artificial purposes of life. In the first, invisibly associated
with the air, 1t nourishes vegetation ; in the second, it forms one
of the components of almost every substance in nature;* and,
in the third, it protects vegetation and prevents the injurious
effects of the low temperature which gives to it a solid form and
furnishes man with one of the most agreeable of modern luxuries.

The parent source of all of the fresh water on the earth is the
ocean, and the atmosphere is the vehicle by which it is conveyed
over and precipitated upon the land, from whence, after perform-
ing its various functions, it flows back to the seg, to be again
exhaled and distributed over the land, and has thus incessantly
circulated for ages.

The amount of watery vapor in the air, at any given time, is
determined by its temperature. As this increases, the air absorbs
more vapor, and as it diminishes, the excess is thrown off. The
temperature of the atmosphere is constantly changing, daily, day

*The extent te which water mingles with bodies, atppa.rently the most solid, is very wonder-
ful. The glittering opal is only flint and water. Of every 1,200 tons of earth 400 are water,
In every plaster of Paris statue there is one pound of water to every four pounds of chalk.
The air we breathe contains five grains of water to each cubic foot of its bulk, and a health,
man consumes nearly two cubic feet of air per minute. The potato contains 75 per cent. an
the turnip 90 per cent. of water, while the cucumber and melon contain 96 per cent.

The human body is exactly one-half of water ; or, chemically speaking, is composed of 45
pounds of carbon, and with the nitrogen and a few other elements diffused through five or six
pailsful of water.
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and night, and even hourly; and, therefore, this process of abs
gorption and precipitation is in constant action, and produces the
palpable changes of drought and moisture, besides a vast imper-
ceptible action of the same kind in the growth, ripening and
decay of vegetation and animal life.

The winds, apparently so capricious, are governed, in a general
way, by certain fixed laws. The increasing temperature and
velocity of the rotation of the earth, from the poles towards the
equator, give the first general direction to the winds. These great
currents, encountering the elevated ranges of land, are deflected,
and produce eddies and irregularities near the surface of the
earth ; but there will, in all places, be found a general direction
to the winds. The warm atmosphere, from towards the South,
moving over the face of the ocean, absorbs its moisture, which
it discharges on the land in dew, rain, or snow, and then passing
onward, to regions of higher temperature, is again warmed, and
renews its absorption of watery vapor, to be again discharged on
the land.

The water which is precipitated upon the earth, is in part ab-
sorbed by growing vegetation,and the remainder flows off through
the superficial water courses to the brooks and rivers, and back
to the ocean, or it penetrates the porous soil in drops, which unite
together beneath the surface in threads, veins and strata, and de-
scending until they meet some impenetrable stratum of earth or
rock, over which they flow subterraneously and reappear in seep-
ing places, springs, and sometimes in streams of considerable size.*

Springs derive their supply from the aggregation of these rain
drops, which have penetrated the poroussoil, and wells are merely
the interception of these underground threads and veins of water,
while ponds and lakes are formed in depressed places by the same
drops collecting in a mass over a substratum of soil or rock,
through which they cannot percolate, and then the water rises
to the brim of the natural water-tight basin and flows over in a
brook or river.

Water is never found, in nature, in a perfectly pure condition.
In its vapory form it has a strong affinity for the other gaseous
substances with which the air is charged from effete matter; and,
in its liquid form, it is a solvent of many substances which it is
brought into contact with upon and beneath the earth. Water

*In the neighborhood of the ocean, or other large bodies of water, the rain-fall on such per-
vious earth as sand or gravel flows off subterraneously on precisely that slope which is neces-
sary to give the water a head sufficient to overcome the friction of the particles of earth
through which it runs.

This subterranean water slope is stecper during the rainy season, and flatter at the end of a
long dry spell. In the sand and gravel soil of 10ng Island, N. Y., I found it, from a great
many measureinents, to he irom tive to eight feet per mile. Through the Dismal Swamp the
water slo&)e i8 from two to four feet per mile, as carefully deterinined by the level of the water
in the wells and swamps, taken in & dry time, and the rise which occurs in them during the

rainy season.
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1s most ptire wher it is first evaporated in mid-ocean, but as the
vapory winds are driven‘over the land, as before stated, it absorbs
the gases which are encountered in the air, and when it falls to
the earth and flows over or beneath it, it takes up in solution
decaying vegetable and animal matter, and the earthy salts and
other injurious soluble substances.

Rain water, falling through a pure atmosphere—as outside of
towns—upon a clean surface, is the purest form in which it can
be found. That which falls upon a pure sandy soil, free from
ve%etation, is the next most pure.

egetation and animal life, while growing, are absorbents of
deleterious matter in the air and water, but, in decaying, give
out that which is noxious to both. Surface water is therefore
the least pure in the Autumn, when vegetation begins to decay,
and the most so in the Winter and Spring, when no decomposi-
tion occurs, or when vegetation is growing; while spring and
well waters, which derive their principal impurities from earthy
solutions, are nearly equally impure at all seasons of the year,
a}clcording to the presence or absence of such solvent materials in
the soil.

The foregoing description of the natural operations to which
water is subjected, is necessary to enable us to determine which
is best for the purposes under consideration.

For drinking, water should be wholesome, clear, cool and
aerated ; and for other domestic and manufacturing purposes, it
must be soft and limpid.

For a public water supply, therefore, the water should be
selected having the following characteristics in the highest
degree possible, viz: first, purity; next, softness; and next,
limpidity.

he atmosphere over a city is always contaminated with the
gaseous products of combustion, and those arising from decaying
animal and vegetable matter, garbage, which is strewn over
vacant places so freely, and from manufactories, slaughter-
houses and sewage matter—all of which are constantly sending
upward volumes of noxious gases, which the descending water
rapidly absorb, or which are condensed in the upper strata of
the air, and are precipitated upon the roofs and surface of the
ground, where they will be absorbed by the first fall of water.

The roofs of houses are covered with these substances, and
with soot, dust from feecal matter in the streets, and decaying
woody fibre on shingled roofs, and metallic oxides on metallic
roofs. The rain water absorbs all of these, and when stored in
close cisterns, loses its aeration and becomes insipid, and unless
cooled with ice, is repugnant to the taste.
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That such water is very impure, is evident from the rapid pros
duction of animalculz in it, which shows the abundant presence
of the food necessary to maintain that minute, but vast quantity
of animal life.

It is often asserted that impure water may be purified by
filtering. In most of the filterers in use the operation is merely
to separate such matter from the water as is held in mechanical
suspension, the molecules of which are larger than those of
the water, but will not remove any which is chemically united
with it. Turbid waters may be rendered clear by filtering.

The best filter, is quiescence—that is, by standing quiet in a
natural lake, or the engineer’s imitation thereof, a reservoir.

The reservoir, or lake, also performs another important ser-
vice in purifying the water, which artificial filters cannot do.

When the water is kept quiet, all foreign matter which is
heavier than it, is precipitated to the bottom, where it is no
longer subject to decomposition; and all that which is lighter,
floats, and in warm weather, is dissolved into gases, which the
wind drives away, leaving the water in its most pure condition.

Filters to separate the matter chemically united with the water
are expensive, and must be changed with the constant changing
condition of the water, and practically are never kept in use for
any long period of time. Carbon filters are used to absorb the
impurities, but their capacity of absorption is comparatively
very small when providing for a household which consumes a
hundred gallons of water faily. English experiments show that
this quantity of impure water will fill up such filters in a few
days, and thereafter they will be useless.

Spring water is rarely found in a city, and is usually the least
pure of the waters of the nei%hborhood, while outside of a city
it is much more free from such impurities.

The temperature of water from deep seated springs, is that of
the earth at such depth, which is about the mean temperature of
the place for the year. At the point of issue, the temperature
of spring water changes a little with that of the season, so that
deep seated springs near Norfolk would probably have a tem-
perature of 55° in winter and 60° in summer. Spring water is
usually highly charged with air, and this, with its low tempera-
ture in summer, and high in winter, compared with that of the
atmosphere, renders it so grateful to the taste. The earthy
salts in such water frequently renders it more pleasant to the
taste, but they are not always healthful.

Water from wells in cities is always unfit for drinking, and in
most cases is very deleterious to health. These contaminations
are not the less real because they are not usually observed. The
gases of dissolving matter frequently impart a sparkling life to
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well water, and a small mixture of earthy salts adds a flavo¥,
and with a temperature lowered by ice, induces many to express
a preference for such mixtures over more pure but (to them) less
palatable water.

This popular fallacy often forms one of the strongest objections
to any scheme of public water supply. Investigations have been
made all over the country, which show that some of the most
serious diseases arise from the use of well water in cities.

In times of cholera, the progress and fatality of this disease
has been traced, in a vast number of cases, directly to the use of
impure water from certain wells, and their analyses, compared
with that of other waters in the same cities, show that this
frightful disease is promoted and rendered more fatal by the use
of impure well water.*

From what has been said before, it will be seen that well
water becomes charged with all of the dissolving gases in the
city atmosphere, and on the surface, with the solutions of decayed
animal and vegetable matter, and mingled with the drainage of
stables and privies, which have entered the soil, all of which
combine to render such water a most disgusting solution.

Several analyses which I have had made of water, taken from
wells where the soil and other circumstances were similar to
those of the wells in Norfulk, show impurities of twenty-five to
thirty-five grains to the gallon, (equal to the half of one per
cent.) of which one-half is from organic animal matter, exactly
similar to that derived from sewers and cess pools.

I have but little doubt but that analyses of the water from the
wells in the compact part of Norfolk will show them to be
equally impure.

I understand that the better class of dwellings are generally
supplied from cisterns of stored rain water. Analyses of such
water in other places, have shown them to be also very impure.
Many careful persons frequently allow the first part of the rain-
fall to run to waste, before it is allowed to flow into the cisterns,
because they have found that it contaminated the whole cistern.

This cannot always be done, even by the most careful, and is
not done at all except by a very few of the householders.

I have also learned that it is a customary practice among your
most careful citizens, to ventilate the cisterns of stored water,
and that this is a recent practice, before which the water fre-
quently became exceedingly offensive.

The cause of this offensiveness is well known. It is nature’s
method of purification. The vegetable and animal matter which
water has absorbed is dissolved, and all of its lighter portions

* Some interesting facts in regard to the effect of the nse of impure water, in extending
cholera in some of our western cities, will be found in the Appendix,
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are thrown off in gases, which are so evident to at least one of
our senses.

Henge, I am warranted in the assertion that stored cistern
water is certainly unwholesome, and generally loathsome and
unfit for the use of man.

Annexed will be found a table, showing the character of the
well water which at one time had been used in several cities, and
fully bear out the assertion that well water in cities is not fit for
drinking.

Water from wells is rarely found soft enough for washing, and
resort is therefore had to cisterns of rain water. The water
from Lake Drummond and the Nansemond are quite soft, and
after their introduction into the city, will soon be used exclusive-
ly for washing. It has been ascertained that in the use of soap
the difference between well water and tolerably pure brook water,
is equal to one dollar per annum for eachinhabitant,and a saving
equally great will be made in the wear and tear of clothes.

Mr. Soyer, the most eminent cook in the world, says that
there is a differeace of one-half in the time required to cook vege-
tables and meats in hard instead of soft water, and adds that one-
third of the tea used in London is wasted by the use of hard water.

For drinking, most persons only regard clearness, coolness and
flavor in water. The first can be attained either by quiesence or
filtering, and the second by ice—now so universally used, but
which merely disguises many of its impurities.

Perfectly pure water is tasteless, and when uneerated, is in-
sipid; and if we depended on taste alone, we would frequently
select water for drinking which would be deleterious, as is no
doubt the case with most of the well and cistern water in use in
cities.

It will follow from this discussion, that all of the water which
is obtained from wells is that which the excavation intercepts,
as it flows subterraneously through the soil. The quantity which
any well will furnish depends merely upon the area of the land
which drains into it, and the porosity of the soil to receive and
store it. If the ground around a well was level, and the soil
equally porous in all directions, the quantity which it would
furnish could be approximately determined. But wells under
these conditions are rarely met with ; and as water obtainable
from this source (wells) can only be stored in the interstices of
the surrounding soil, they can furnish only a limited supply, and
will always be deficient in a dry time.

Occesionally, such wells intercept some subterraneous flow of
water, from a source at a considerable distance; but even in this
case, the same law holds good, and the capacity of supply of the
well depends simply upon its drainage area.
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By an economical use of water, wells will generally furnish a
limited supply for ordinary domestic purposes; but so many of
them fail £1ring the dryest times, that, as a rule, they must be
considered as unreliable.

A popular idea prevails in many districts of the country that
Artesian wells can be found which will supply large quantities
of water. Within my own knowledge, enormous sums have been
expended to obtain water from this source, and unsuccessfully.
A moderate amount of knowledge would, in most of these cases,
have saved the projectors the large sums which they have use-
lessly expended.

In Artois, a district near Paris (from which these wells derive
their name), there is a peculiar formation. A large area of high
land is of open, porous rock ; super-imposed upon this (geologi-
cally) is a water-tight rock and soil, and below it is a similar
impermeable stratum.

These rocks, pervious and impervious, dip from the high land
around the basin of Paris and Artois, under the former, and rise
again upon the apposite hills.

The rain water which falls upon the highland porous soil sinks
into it under this basin, amc{D prevented from escape upward,
forms a large subterranean reservoir of water, contained within
the interstices of the porous and cavernous rocks. When
borings are made, as at the wells of Grenelle and Plesses, through
the impervious superstratum to the water-charged rocks, the
water rises to a height above the surface of the ground corres-
ponding to the head of its source, and spouting wells ensue.

This whole system of Artesian wells may be familiarly illus-
trated by two soup-plates, separated by coarse sand. If water is
poured into the sand until it is surcharged, and a hole is bored
1n the upper plate, the water will rise in a pipe as high as the
level of the water in the sand at the upper edge of the lower plate.

Similar conditions of a porous strata between two impervious
ones must exist wherever Artesian wells are found.

The soil about Norfolk is almost wholly sand, and the stratifi-
cation of the deposit is nearly level. And this character of earth
doubtless continues to a very great depth, probably to the rock
itself. Hence, it would be idle to seek for water in any consid-
erable quantity by this method.

The waters of rapid brooks and rivers become highly charged
with air; but their currents abrade the banks and bottom, and
take up in suspension the alluvial matter which renders them
turbid, ard in that condition unfit for domestic uses. When
such water is discharged into a lake or artificial reservoir, and
allowed to stand quiet, it precipitates all of the heavy portions of
such suspended matter, and becomes clear and limpid.
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These rapid streams also gather and carry forward with them
a considerable amount of vegetable matter, which is of the same
or less specific gravity as t%le water. A warm atmosphere dis-
solves the latter into gases, which arise and are driven off by
the winds, and-a process of self-purification goes on, which greatly
improves the water thus stored.

bjections have been made to water which has been stored for
use in reservoirs in some of our cities, because at intervals of
several years it has been defiled for a few days during the warm-
est weather.

This defilement is generally produced by the rapid production
either of animalcul® or of aquatic vegetation, the seeds of which,
perhaps, lie dormant within the body of the water, or are carried
to it by the air, and are generated when the water has remained
stagnant, at a high temperature, for some time, and probably
when the atmosphere is in a certain electric condition. The
conjunction of all the causes necessary to generate this minute
life occurs only at long intervals of years, and then only exists
for a few days ; and the first fall in the temperature, or the first
brisk breeze, destroys the conditions necessary to maintain this
ephemeral life, and, following a general law of nature, they die
and dissolve into gases as quickly as they were generated, and
in a few days the water is as pure as before.

This class of aquatic vegetation, and also animalcule, are
brought into life and propagate themselves with astonishing
rapidity.*

The original purity of water is no protection against this con-
tamination, though it doubtless lessens its extent and frequency.

It has also been stated, with some degree of probability, that
the appearance of such excessive quantities of these animalcule,
or of the minute aquatic vegetation, which is sometimes found
in water, is due to either the sudden destruction of one or the
other ; that all water is full of minute seeds or spores of both
animal and vegstable matter; and that naturehasprovided that
exquisite adjustment, by which animal life is produced sufficient
to consume the vegetable matter, by which means the water is
kept pure; and whenever from any cause there is a sudden
destruction of the animalcule, the vegetation becomes excessive
and decays in such large quantities as to defile the water. These
creatures are, therefore, nature's aquatic scavengers.

Again, if from any cause there is a sudden destruction of this

* Rain water, which one day shows no evidence of animal life, will the next be found
teeming with animalculee In hot weather, the body of a dead animal will in a few days
become a mass of living matter; and the shallow, staﬁnnnt pools of water by the wayside,
under the influence of great heat for a few days, will be covered with ** frog spittle ”—a
species of vegetation. Another of this class will propagate itself in water in all directions, at
the rate of a foot an hour,

(2]
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minute aquatic vegetation, the animalcules die suddenly for the
want of food, and their decaying bodies poison the water.

Stored water, however, always carries on a system of sell-
purification. i

So large a body of water as Lake Drummond will probably
never be contaminated in this manner, and on that plan, provi-
sion has been made to carry the water around each of the pro-
posed reservoirs directly to the main pumps. So that if the
water in all of the reservoirs near the city should be fouled at
the same time, the supply to the city would be maintained per-
fectly pure.

On the Nansemond plan, the same provision has been made,
by the introduction of five separate receptacles for the stored
water, viz.: Kilby's pond, the Nansemond, Gosport and the city
storing and receiving reservoirs. The Nansemond reservoir is
fifty feet higher than Kilby’s pond, and on an elevation of land
exposed to whatever winds may prevail. It can hardly occur,
therefore, that it will be affected in this way at the same time as
Kilby’s pond.

In addition to this, both of these receptacles are twenty miles
distant from the city, and it is not probable that they and the
reservoirs at and near the city will be affected at the same time.
If it should happen that all but one of these receptacles should
become contaminated, that one will furnish the supply for a week,

during which time one or more of the others will purify them-
selves.

Water does not receive or part with caloric freely, and when
stored in large and deep bodies, maintains nearly an equal tem-
perature at all seasons of the year. The fierce rays of the noon-
day sun and currents of hot air, in contact with the large bodies
of water proposed to be stored in the reservoirs, would be tem-
pered by that of the cooler nights and less warmer days, so as to
give a lower temperature in summer and a higher one in
winter than that of the streams from which it is derived; and
this water, conveyed in conduits and pipes below the surface of
the earth, will be delivered at the houses at a very pleasant and
equable temperature.

Professor Silliman says that decomposition does not take place
to a depth of more than ten feet below the surface of water.
Hence, the reservoirs proposed have been arranged for from ten
to fifteen feet depth.

From the preceding discussion, the character of the water from
the sources under examination can be approximately determined
without the aid of a chemical analysis.

The atmosphere surrounding the sources of the water is quite
pure, though probably it contains some saline matter. It is not
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éontaminated by the gases of any considerable quantity of decay-
ing matter.

The soil-is chiefly sand, which has been washed by the raing
of ages, though it containg decomposed shells and marl, which
probably somewhat hardens the water. The water shed is cov-
ered with a strong growth of vegetation, the decomposition of
which in former times has united with the sandy soil, and, to-
gether with the semi-aquatic vegetation of the swamps and muck
around the Lake, has charged the water with considerable vege-
table matter, and gives to 1t a slight color.

The water-shed of the Nansemond is, however, a more barren,
open, sandy soil, and its water has almost no trace of color.

Whenever such water is collected in lakes or reservoirs, and
especially where these lakes are large compared with the water-
shed, this coloring matter has been more or less removed by the
bleaching effect of sunlight—the only practical method of remov-
ing color from water. There is a decided difference in the color
of the water from Lake Drummond, the Feeder, the Canal and
Deep Creek, although the waters of each are brought into contact
with the same vegetation and soil.

I regret that I have been compelled to devote so much space
to this branch of the subject. It has been deemed necessary to
meet certain prejudices and popular but incorrect opinions.

For instance, it has been alleged that the Juniper water from
Lake Drummond is so highly c%arged with tannin, or a vegetable
acid, as to rapidly corrodeiron. A gentleman, extensively engaged
in steam navigation on the Dismal Swamp Canal, informed me
of this rapid corrosion of the wrought iron tubes of his boilers.
The engineer, who had the boilers built, informs me that he
remonstrated with the makers of these tubes, because they were,
as he believed, of very poor iron. This at once explains the
failure of these tubes, which I have so often heard referred to as
produced by the acids supposed to be present in the Juniper
water.

The lock-gates of the Feeder were taken off a year since, after
having been in the water directly from Lake Drummond for
twenty three years. The wrought iron clamps, spikes etc., were
found to be so little oxidized that they were all used in the new

ates.
. This has also happened in the iron work of other gates on this
canal.

The chemical tests fail to discover any tannin or acid in the
composition of this water in sufficient quantity to be injurious.

In every other respeet, except that of color, this water is fully
equal to any of the purely white water found, and far superior
to the stored cistern waters nowin use in your city. It has been
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stated that the Juniper water will soil lace and linen in washing.
This is also a mistake, for on trial not the slightest discoleration
of fine linen was produced. It may be difficult to persuade per-
sons of strong prejudices, yet the fact is as I have stated, that
no perceptible tinge is given to fine linen which has been washed
in the water from Lake Drummond.

The explanation of this is, that the sunlight bleaching process
deprives the Juniper water of much of its color in the large
area of Lake Drummond, and that its waters, mingling with
those of deeper hue, directly from the swamp, and flowing into
the feeder and canal, also reduces their depth of coloring.*

This examination enables us to ascertain the qualitative analysis
of these waters, which show that they contain saline, lime, and
vegetable matter, in chemical combination.

The third part of this subject requires an examination of the
quantity of water which will be required, and that which each
source will furnish.

As an ordinary rule it has been found that in cities of the size
of Norfolk sixty gallons per day for each inhabitant will be re-

uired.

7 Not that each person will require sixty gallons, for it has been
found that a household averaging seven persons will require only
from seventy to one hundred, or an average of ten or fifteen gal-
lons to each person. But the demand for water for baths, water-
closets, and private fountains, for manufactories, shipping, water-
ing streets and the extinguishment of fires,i and, above all, the
waste from the street and house service pipes in the aggregate
amounts to what has been above stated.

In New York, Boston and some of the larger cities, it has been
found that an average of one hundred gallons per day per capita
are required.

In smaller cities, where more vigilance against the waste of
water is exercised, sixty gallons are found to be necessary.

* The United States ships for half a century before the war, have been supptied for long
voyages with Juniper water from the Dismal Swamp. This water was preferredin the navy to
any otherin the United States, and has proved to be perfectly healthy. Age removesits color.-
I have drank it, after having been kept in the tank of the store-ship for twenty years. It
has always been found that like all other confined waters, in a warm place, it would decom-
pose and send off gaseous exhalations, after which it would remain in the ship’s tanks, pnre
and sweet for years.

t There is but one city which publishes separately the consumption of water for fire and
other city purposes.

In Montreal, in eighteen hundred and sixty nine, there was consumea for all purposes about
seventeen hnndred millions of imperial gallons, of which twenty-one millions (one and a
quarter per cent.) was used for watering the streets; and one and a quarter millions, (less
than one-tenth of one per cent.) was used for fire purpeses, and about half of the latter quan-
tity for cleansing the sewers.

In the cities in the United States and especially where the buildings are chicfly of wood, the
;}:ater required for flre purpoges must somewhat exceed one per cent. of the whole consump-

on, -
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Yout present population is almost twenty thousand, and yot
would now require (by this rule) a million and a quarter of gal-
lons daily.

Some portion of the work may be adapted to a moderate sup-
ply, and be susceptible of a future increase without the loss of
much of the first expenditure.

Other parts of these works when required to be enlarged,
would become worthless, and the present expenditure for them
would be wholly lost.

It therefore becomes necessary in these cases to assume a fu-
ture growth of the city, which will probably be realized, within
some approximate limits in regard to time.

The Board at an early day, authorized me for this purpose, to
assume that the growth of the city might be as follows, viz.: in
fifteen years, the population would be doubled; in thirty years
trebled ; in forty years quadrupled; and that the plans of the
work should be arranged for a minimum supply of two millions
of gallons per day and a maximum of not less than five millions.
and they further advised me, that I need not particularly exam-
ine any source which would not, when eventually required yield
less than five millions.

At the beginning of the investigation my attention was di-
rected to the stream of water in Princess Anne county which dis-
charges into North Landing river.

The West Neck river is a broad stream of a hundred yards or
more, and with a depth of six to ten feet, and contains a large
body of water, which it was supposed came from the land side.

On the second of my visitations there, I found, by the use of
submerged floats, that the flow of the river at this particular
time, was actually westward at the rate of a hundred millions of
gallons per day. That is the water was actually flowing in from
the lower or Carolina Sounds.

The area of the water-shed of this stream does not much ex-
ceed three square miles, and cannot deliver into it on the aver-
age more than three millions of gallons daily.

On a second visit, the water was found by analysis, to be
brackish, (strongly saline,) and hence must have come in part,
from the ocean through Hatteras and Ocracock inlets and min-
gled with the waters from the Roanoke, Tar and other fresh
rivers in North Carolina.

Thefresh water which dischargesinto these interior Sounds, will
generally produce a current outward, and therefore the waters
contained therein would then be mostly fresh water, and would
set back as is usually the case, into such bayeux as the one in
question.

The direction and long prevalence of the ocean winds in one
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direcfi.on, will occasionally produce a flow of salt water from the
ocean mward., which will Tender the water of these sounds more
or les_s bracklsh, as we found in our last visit,
It is possible to dam the mouth of this stream, and by gates

control the admls.swn of the water from below when it was
fresh, and exclude it when it was brackish ; but this is not con-

creek, and of several contiguous ponds discharging northward
were also particularly examined, ,

It was evident, that if a suffchent supply of good water could
be obtained from them, it would greatly reduce the expense of
the works.

he gauges seemed to indicate at first, that enough water could
be obtained from these several sources, but subsequent examina.-
tion showed that only about three millions of gallons daily could
i by t -
tion of the Board, also to be dismissed. i

he examination of these northern sources occupied a good
deal of the time of myself and of the field party.

It was now evideni that the sources of supply northward of
the city were either inadequate in quantity, or Improper in
quality; and hence it became necessary to seek for water south
of the city.

General Mahone has reported and recommended g supply from

eep creek, or rather of the surplus water from the Dismal
Swamp Canal.

Other persons have suggested bringing the water directly from

Lake Drummond, and others from the Nansemond river, near
Suffolk.

The deep color of the Juniper water from Deep creek, and of
a lessened color from Lake Drummond, is by many considered
very objectionable-—not so much, perhaps, by the olq citizens as
the apprehension that it will not be approved of by new citizens,
whom it is your interest and expectation to bring into your en.
larged city.

I was subsequently advised that your citizens would not be
willing to incur the comparatively large expense of a system
of water works unless they were assured of a sufficient supply,
from the best source, at a moderate present outlay.

In considering this question, I found that much the larger part
of this outlay would be the same from whatever source selected
south of the river.

The only maps of the country which exist show that Lake

rummond was apparently but seventeen miles from Norfolk ; yet
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as no white men whom I could find had ever penetrated theswamps,
from the north to the Lake, it was impossible to form any cor-
rect opinion, either of the distance or of the nature of the ground
through this portion of the Dismal Swamp. A survey of the
Lake therefore became indispensible, and the operation required
several weeks of very hard labor and resulted in showing that it
Was two miles or more further off than the old maps represented.

It had also been suggested that one of the branches of the
Nansemond would afford the requisite supply, and that it was
pure, white water.

The examination and surveys of this source have also con-
sumed a good deal of time.

At first it seemed doubtful whether the stream in question
would afford the ultimate supply required by the resolution of
the Board.

On several occasions during the driest part of last season, I
gauged the affluents of this stream and its discharge at Kilby’s
mill, and after carefully considering all the circumstances, I came
to the conclusion that it might he depended upon for an average
supply of five millions of gallons per day, if all of its waters
were properly stored. As a matter of safety, however, we may
assume that this estimate of the quantity may perhaps be found
too high for the occasional years of the least rain fall, and there-
fore I examined the second of these Nansemond streams, (Cahoon’s
creek) and ascertained that the supply from it would be nearly
twice as great as from the first one, and that if, at any time here-
after, the demand for more water to Norfolk should be made,
that this second stream could be added to the former at a mode-
rate expense.

The result of these examinations enables me to state that an
abundant supply for a large population in Norfolk can be ob-
tained from the Nansemond, An examination and analysis of its
water, show it to be nearly colorless and quite pure and healthy.

The whole question of 4 proper source of supply seems, there-
fore, to rest between Lake Drummond and the Nansemond.

The former has, in its highest stages, more than a thousand
billions of gallons of water stored up, and never less then one-
half of that quantity.

The imperfect maps of the country contiguous to, and draining
into the Lake, show an area of water shed of at least fifty square
miles, which, in this latitude and position, should furnish an
annual supply of ten thousand millions of gallons.

Of this quantity, the Dismal Swamp Canal will require, with
their present trade, two or three millions of gallons of water per
day for one-third of each year, from the lake, and almost cer-
tainly, at some future time, ten times that quantity.
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This draft will of course, as it did two years ago, exhaust two
or three feet of the depth of the lake, or perhaps one-twentieth,
equal to five per cent. of the water.

A population of forty thousand ‘in Norfolk, would require an
average daily supply of two and a-half millions of gallons,
or about a thousand millions of gallons per year, which is nearly
one-third as much as the canal requires. These two amounts
together will be less than six per cent. of the whole supply.

I have been led into this investigation because of the expres-
sion of an apprehension that the abstraction of water from Lake
Drummond for the use of the city, would seriously injure the
Dismal Swamp Canal. That canal is one of the important ele-
ments which will give to the city its proper commercial standing,
and hence the city ought not to sanction any project which would
be likely to interfere with an interest so important to its pros-
perity.

V. DESCRIPTION OF THE PLANS OF THE WOREKS PROTOSED.

Soon after I had commenced the examination and had ascer-
tained that the water supply must be obtained at a distance of
twenty miles or more, and that the water must be carried under
two wide branches of the Elizabeth river, and also must be ele-
vated by steam power in two or more places, I realized that the
usual plans of construction adopted elsewhere, would involve a
larger expenditure than the present financial condition of the city
would probably justiflz.

Hence I gave my thoughts to the arrangement of some method
of construction, which would be effective and durable, and at the
same time materially lessen the cost of the works.

The pipes to distribute the water through the city, the ma-
chinery to force it through those pipes, the process of conducting
it under the river, and its storage at and near the city, were fixed
items of cost which could not be much varied.

The only item which could be materially cheapened, without
lessening the stability and effectiveness of the works, is the con-
duit which is required to bring the water to the banks of the river.

Such conduits have elsewhere been universally made of brick,
or of a still more costly material.

To have adopted this usual plan of construction would have
added to the cost of your works nearly, or quite half a million of
dollars, more indeed than all the other appurtenances would have
cost.

Believing, as I said before, that your city was not mow pre-
pared for so heavy an expenditure, I sought for a plan which,
while meeting your requirements, would avoid this enormous and,
I am happy now to say, unnecessary heavy expenditure.
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In carefully examining the district of country between the Eli-
zabeth river and both of the proposed sources instrumentally, I
took care to obtain the level of the surface of the water in all the
wells, and the lowest fall in each, which the owners had ever ob-
served in the dryest times.

It was the universal opinion of all of the owners of thcse wells,
that the season of eighteen hundred and sixty-nine was the dryest
of any, within the knowledge of the present generation.

This recent date aided in determining what I have termed the
subterranean water-slope of the country, both from or toward
Lake Drummond, and from or toward the Nansemond.

Timber of good quality, that is taken from uninjured trees, yet
in a growing state, will not decay in many centuries, if wholly
submerged and maintained so. Of course we are all aware that
timber alternately exposed to water or moisture, and dryness will
decay rapidly.

The substitution of a wooden conduit for brick, or iron, was
simply the saving of twenty thousand dollars or more per mile,
or of nearly half a million of dollars inghe first cost of the
works. '

Now, if this wooden conduit, or pipe, could be placed below
the permanent level of the subterranean water-sheet, or strata, it
would be imperishable for a century or two, and would save the
extra expenditure above alluded to.

It is to be considered, that to place a wooden pipe of some
three feet interior diameter, below this water-level must necessa-
rily involve the expense of excavation on the average, at least to
a depth of four feet in water, or in other words of dredging to
that extent, unless a plan of operation could be arranged, by
which the work would to a great extent, drain itself.

These things have been considered in great detail, and when
the project is offered for contractors’ competition I shall be pre-
pared to show to them that iy estimates are abundantly ample to
cover the cost of the work, under even the most disadvantageous
circumstances.

This kind of conduit, therefore, meets your case exactly.

It will be as durable as the brick conduits of any other city,
and it is nearly half a million ot dollars cheaper than if made
in the ordinary way in other places.

That I may not be misunderstood by the profession, who will
closely criticise this suggestion, I will add that this plan of con-
struction can rarely be adopted, and that its inception and appli-
cation are due to the peculiar circumstances of this region of
diluvian deposit and geological uplift.

This first important question having been settled, the remain-
ing portions of the work are of a more general and usual charac-
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ter, and quite similar to the works of supply to other cities of
the same, and prospective population.

THE LAKE DRUMMOND AND NANSEMOND PLANS.

This lake is found to be twenty-four feet above the level of
ordinary low water tide. With a conduit of three feet diameter
the water can be delivered at the rate of two millions of gallons
per day into a reservoir within the city limits, with a loss of head
of about eight feet—that is, the friction of the water in passing
through about twenty miles of wooden pipes, of three feet diame-
ter, and half a mile of iron- pipes, of sixteen inches diameter,
will destroy, by careful calculation, nearly eight feet of its head.

Hence, until the demand for water exceeds the above amount,
no mechanical works for lifting the water are required, except at
the city.

On the Nansemond plan, we find the water in a mill pond,
which is from nine feet above low water in very dry times, to
about nineteen feet above at the end of the rainy season.

For a distance of ene or two miles between this mill-pond and
the outlines of the Dismal Swamp, in the rear of Suffolk, is a
ridge of dry land, elevated from forty to fifty feet above tide
level, over which the well waters in the dryest time, sink to a
depth of eighteen or twenty feet below the surface.

The “pocosin” or the surface-drained exterior of the Dismal
Swamp, which extends from a little south of Suffolk, between the
two railroads leading to this city and partially eastward of the
Petersburg railroad, has some peculiar features.

The Jericho Canal which crosses it eastwardly, just north of
Suffolk, is never entirely dry, and indicates that the subterranean
sheet, or strata of water in the dryest times, is not more than
from three to five feet below the surface of the ground.

In the determination of the plans for the conduit, from the
Nansemond, it was evident that the wooden pipe could not be ex-
tended farther south, than to where this “ pocosin” approached
nearest to the Nansemond, or in other words, to within a couple
of miles of the Nansemond, and over this two miles, a conduit of
the usual construction of brick must be built.

As before stated, the density of the foliage and brush, through
this region, rendered the expense of making instrumental sur-
veys very great, and but one absolute line has been so examined ;
but others have been run along each of the railways and along
the Jericho Canal, by means of which, the topography of the
country has been determined with considerable certainty.

Lest any question should be raised, that these surveys are not
sufficiently definite to base estimates of the cost of the works
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ipen, I will add that the surface of the whole country, varies 86
little from a regular inclined plane, that it is not difficult to de-
termine beforehand the level of the surface of the ground over
the whole district within a foot or two, from the longitudinal and
cross surveys which have been made.

It must also be recollected, that the subterranean water-sheet,
must be, and is found to be, an inclined plane floping towards its
water- outlets, and that this plane determines the grade and
depth at which the wooden conguit must be placed.

I have taken care to estimate a depth of excavation, which
will cover any probable differences in the elevation of the surface
of the ground, over the dozen miles of this ‘pocosin.”

The plans proposed for obtaining the supply from the Nanse-
mond, are to draw off the water from Kilby’s, or Smith’s mill-
pond. Remove from its bed and shores all vegetable matter.
Line the front of -the existing dam, with a water-tight puddle-
wall, which will extend under the hed of the stream and into the
sides, so as to effectually cut off all leakage, and to provide a
self-acting waste and discharge culvert.

The water must be elevated from Kilby's pond into a Reser-
voir by steam power.

This engine will be located on the margin of the lake, about
half a mile eastward of the Petersburg railway.

The perpendicular lift of the water from the pond in its lowest
stages to the Reservoir when full, will be fifty-six feet, and will
require an engine of fifty-horse power.

I'he Reservoir has been arranged to contain ten millions of
gallons in each of two compartments; and from it the water will
be conveyed in a brick conduit for two miles to the edge of the
‘““pocosin,” and then falling perpendicularly twenty feet by a
well-fall, (so as to avoid the loss of head) and will deliver the
water to the wooden conduit, which will be extended to a Reser-
voir at the east end of Gosport.

From this point the two plans, viz., that from Lake Drum-
mond and that from the Nansemond, will be the same.

In the former an inlet-chamber and gate-house would be re-
quired to be built at least ive hundred feet out from the shore of
the lake and a wooden conduit extended from thence to the Gos-
port Reservoir.

These conduits have been arranged each of a size to deliver five
millions of gallons of water daily. In the lake plan, this requires
an interior diameter of three feet, and in the Nansemond plan (in
consequence of the greater fall per mile) the conduit will be two
and a half feet diameter.

The Reservoir near Gosport should be of capacity to contain
ten millions of gallons in each of its two divisions,
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Whenever the demand for water exceeds two millions of gal-
lons per day, it will be necessary to build the Gosport Reservoir.
and to erect a pumping engine of about twenty-five horse power
to force the water through™ the river pipes and conduct it into
the Norfolk city Reservoir.

The water will be carried across the South and East branches
of the Elizabeth river in cast iron pipes, one of sixteen and one
of twelve inches £ameter, laid in separate lines a hundred feet
apart, which will be jointed upon the Ward plan, and across the
Broad Creek Canal by a cast iron syphon,

East of this creek will be located g Storing Reservoir, which
will contain forty millions of gallons, and within the city bounds,
another of ten millions,

The main pumping engine will be placed as shown on the ac-
companying map of the city, within two thousand feet of the cen-
tre of water consumption.

This central location has reduced the duty upon the engine by
one-fifth, from that which was at first considered necessary, thus
lessening its first cost and the annual expense of the pumping.

The water required for the city will be forced by the engine,
directly through the street Pipes; but to prevent these and the
house service pipes from recelving the shock of the reciprocating
action of the pumps, a water-tower of one hundred feet hei ht,
will be placed at the eugine. This tower will also act as g safety-
valve, so that no excessive strain upon the machinery or pipes
can take place.

The distribution of the water through the city has received
much of my attention,

I have assumed, that the water must be delivered to the ex-
treme portions of the city, under a pressure equal to a head of
not less than fifty feet above the level of the streets, or in other
words, so that the fire hydrants, without the aid of the fire en-
gines, will be able to throw a stream of two inches diameter over
the roofs of all private dwellings.

Of course it will be understood that the head of water on the
bipes nearest to the engine, will be much the greatest. For in-
stance, this head will be ninety-six feet above tide at the corner
of Church and Charlotte ; eighty-six feet at the National and
eighty-three feet at the Atlantic Hotel, and only sixty-five at
the Iron Works Bridge, Chamberlaine’s wharf and at the Peters-
burg railway depot.

The centre of consumption may now be taken, at about the in-
tersection of Cove and Avon streets, at which locality the water
hydrants, unaided by fire engines, will deliver a stream from g
nozzle of two inches’ diameter fifty feet perpendicularly.

I have prepared plans of an Equalizing Reservoir, to be Lere-
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atter placed somewhere near Granby and Washington streets,
which will have the effect of giving a greater head of water to-
ward the westerly portions of the city.

This Reservoir should contain enough to supply the night con-
sumption of the whole city, 50 as to avoid the necessity of run-
ning the great pumps by night as well as day.

The map shows the location of the water mains, water districts
and fire hydrants. There will be SiX water districts, so arranged
that new pipes may be placed, or repairs of old ones made in
each district, without shutting off the water from any other part
of the city.

The hydrants are placed, as a general rule, at each alternate
street corner, and three of these hydrants in the most central
portions of the city, are placed on the largest mains, with four
way-nozzles, and will therefore be very effective in the event of
large conflagrations near those localities,

The specifications and detailed plans which accompany this
report, will be sufficient to enable you to enter into contract for
any portion, or the whole of the works.

he Pumping Engine at the Nansemond, now proposed, will
be non-condensing, and whep hereafter, the demand for water
shall be largely lacreased, a condensing engine of the same gen-
eral plan as that shown in the drawing for the main Norfolk
engine, can be built, leaving the first one to be used as a relieving
engine.

The pump wells will be arranged for two engines of the charac-
ter above indicated.

The force main from this engine will be sixteen inches diameter
and sixteen hundred feet long, so arranged as to deliver the
water into the Nansemond Reservoir, and also into the conduit
without entering the reservoir, ’

In this way, if the reservoir should happen to get out of re-
pau;, ((i)r require cleansing, the water supply will not be inter-
rupted.
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The wooden conduit is Eroposed to be made in lengths of sif-
teen feet, tapering six inches, and of staves four inches wide and
three inches thick. The staves will be sawed with radial joints,
and rough planed on the proper curve on the outside, and’ bored
true on six inches length of the interior, so as to make a tight
joint, and the sections will be forced together by a jackscrew.

The greatest head which can ever come upon the Lake conduit
will be about twenty feet, and that upon the Nansemond fifty
feet; but an arrangement can be made to leave the discharge
open into the Gosport Reservoir, which will reduce the head in
either conduit, to not exceeding fifteen feet.

The staves will be confined by galvanized iron bands, half an
inch square, placed three feet apart. Itis supposed that galvan-
izing will protect the bands from oxidation ; but if it should not
prove a perfect protection, the use of square instead of flat bands
will make them effective for more than a quarter of a century.

The process of removing the four feet depth of excavation on
the bottom will be on the Lake plan, to start from the level of
the water in Deep creek, and carry forward the ditch on an in-
clined plane, witﬁ at first, a steep slope, and when this has
drained the water from the swamp contiguous, to start another
plane with a flatter slope, and so procee(i;ing as far as possible,
and finally letting the men shovel out from under water, the
earth, which at the bottom will be hard sand.

When the conduit is placed in position, it will be covered with
the lightest soil that can be procured. At intervals of about a
mile, a puddle wall of clay must be placed around and over the
pipe, so as to keep back the water and preserve the submersion
of the pipe.

Ventilators will be placed at intervals of a mile.

If in any particular place apprehension is felt that the earth
around the pipe may become free from water, some very small
holes bored in the top of the pipe, will supply the trench with
water and keep it always wet.

For the excavation of about a thousand feet of the upper end of
the conduit ditch, a hand, horse, or steam dredge will be required.

The inlet well and gate-house will be placed about five hun-
dred feet from the shore into the Liake, where the water is most
pure. The cost of this part of the work, including that of ex-
tending the conduit to the shore, is considerable, and has been
amply provided for in the estimates.

On the Nansemond plan, the wooden conduit will be smaller,
but will be made and placed by the same method. TIts line is so
frequently approached by tidal bayeaux from the river, that the
excavation can be drained in a great many places, and thus lessen
the cost of the lower part of the excavation.

31

On both routes, but especially upon that from the Lake, large
stumps will sometimes be found in the direct line; but in these
cases, the conduit can generally be swerved to avoid them. It
is also probable that some large logs will be found underground.
In some cases the conduit can be placed under these logs without
removing them, and in other cases they must be cut away. The
expense of this work is also included in the estimate, at what is
deemed a very liberal allowance.

On the Lake plan, provision has been made in the estimate for
building a road from Deep creek to the Lake, over which the
materials can be conveniently carried.

On the Nansemond plan, there are several cross roads and
some parallel ones, not very far from the proposed line of the
conduit.

The dam at Kilby’s mill pond is abundantly strong, but has
not been made water tight at the bottom and ends. It is there-
fore necessary to face it upon the inside with a puddle wall,
which will cut off all of the present leakage.

The method of building this wall will be the same as that
hereafter described for those of the reservoirs, except that it
will be trenched into the bed and side banks of the stream.

A waste culvert, and regulating waste overflows, will be ar-
ranged to discharge the surplus water.

The latter must have length of spill-way, so as to self-act, and
discharge the waters of the great floods without allowing them
to rise more than one foot above the flow line.

The mill pond must be drawn off to make these repairs, and
should then be cleaned out and freed from the decayed vegetable
matter and logs, and in some places, sand dams put in across the
bayeaux to prevent the contamination from them.

After this is done, the water from this stream will be found to
be very pure, and probably entirely free from color.

The plans and specifications will more particularly describe
the method of building the pump-well, engine-house, and: the
pumping engine at the Nansemond.

Generally, it may be said that the foundations will be made
with piles, timber and plank.

The walls of the well will be of hard burned, smooth brick,
all laid in hydraulic cement, and the house also of brick.

The first engine will be non-condensing, with double-acting
pumps of the same size and plan as that arranged for the Norfolk
city duplicate engine.

The second engine, when required, will be built on the same
general plan as the principal engine at Norfolk, but of less size.

The pump main, leading to the Nansemond Reservoir and to
the conduit, will be sixteen inches diameter and sixteen hundred
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feet long, and provided with a check-valve at the lower end, and
a branch and two water gates at the upper end, to direct the
water either into the reservoir or into the brick conduit.

The Nansemond Reservoir will be located at the top of the
hill, near the pump well, on land which is forty-five feet above
high water. It will be five hundred feet square on the bottom,
and with water at ten feet deep it will contain twenty million
gallons.

The banks will be fifteen feet wide on top, with slopes of two
horizontal to one vertical, on each side, and carried up three
feet above surface water.

The bottom will be covered with a layer of puddle eighteen
inches deep, which will be extended to, and connect with, side
puddle walls. The latter will be laid sloping on the earth banks
and will be sixteen féet inside at the bottom and eight feet at the
top (measured on horizontal lines) and extended to within one
foot of top bank.

In front of the puddle will be placed a layer of gravel of eigh-
teen inches thickness and in front of this a pavement of brick
laid in hydraulic cement mortar.

The inlet and outlet gate-houses and waste-pipe will be as
shown on the plans.

The top and rear slope of the banks will be séeded down with
grass or turfed.

Around the foot of the banks, will be a carriage-drive, outside
of which will be a strong, tmht picket fence six feet hlgh and a
carriage and also foot entrance gate.

The brick conduit will extend from the outlet gate-house
through the embankment of four feet diameter, and four courses
of sixteen inches thick, provided with a cut-off wall of brick ma-
sonry, and a puddle-wall around, and under it.

From the outside of the bank to the ““pocosin ” the brick con-
duit will be three feet in diameter and terminate in a well of
brick masonry, as shown on the plans. All of the brick will be
laid in hydraulic mortar.

DETAILED DESCRIPTION OF THE WORK COMMON TO BOTH PLANS.

The Gosport Reservoir will be of the same size, and built in
the same manner, as described for the Nansemond. The conduit
will be extended into it of four feet interior diameter, laid with
four courses of brick (sixteen inches) well bonded.

The pump-well, engine and house, will be placed outside of the
Reservoir, and connected with the outlet conduit (which will be
made in the same manner as the inlet ,) and also connected with
the iron pipes leading across the river.
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The drawing will show the arrangement of this well. The en-
gine will be made ou the same general plan as the duplicate for
the city engine, but will be ot less size and will have a stand-

ipe.

%f it should be desired, this engine can be made of the same
size as shown on the plan for the city duplicate, and will then
have power enough to supply the Navy Yard and a counsiderable
{)ortlon of the city of Portsmouth. As it will be several years

efore this engine will be required for the supply to Norfolk, this
question may be now dismissed.

The pipes across the river will be of cast iron with universal
joints, which will enable them to accommodate themselves to the
form of the bottom without causing leakage or fracture.

The earth at the bottom of the river will be dredged to a depth
of six feet, and after the pipes are laid thev will be covered with
a rip-rap of stone, so as to protect them against the anchors of
vessels.

The pipes are put together and the joints filled with lead upon
a decked scow, and then payed out like a chain cable, by hauling
the scow forward. :

In this manuer, when everything is prepared, the pipes will be
laid across each arm of the river in a single day.

Hereafter, whenever the demand for water requires it, another
pipe of twelve inches diameter will be laid down, a hundred feet
or so distant from the first one, so as to lessen the chances of
injury to both of the pipes at the same time.

All of these river pipes will be provided with water-gates at
each end.

In the actual execution of the work it will probably be found
practicable and cheaper to extend the conduit, or an ordinary
iron pipe upon an embankment, or pile bridge, but the estimate
provides for the more expensive plan of jointed pipes for the
whole width of the two branches of the river.

The Storing Reservoir should be located at one of the numer-

_ous bayoux half a mile beyond the city, where land is the cheapest.

It should have a capacity of at least forty millions of gallons,
and can be made cheaply by damming across, and lining the sides
with clay puddle, following the irregularities of the sides of the
baveux.

The conduit should discharge into the Reservoir and also ex-
tend around it, and with the gate-houses, should be made as be-
fore described for the Nansemond Reservoir.

Broad Creek Canal will be crossed by a cast iron pipe in the
form of an inverted syphon.

The City Receiving Reservoir will also be located on a bayoux,
and made as before described.
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The plans and specifications for the pump-well, will explain its
construction. It will be similar but larger than that described
for the Nansemond engine. The engine-house will be fitty feet
square, with a rear building of forty-eight by fifty feet, for the
boilers and coal-house.

In the middle front, and adjacent to the engine-house, will
be erected the Water Tower, one hundred and ten feet high.

This Tower will rest upon a foundation of piles, timber and
plank, all of which will be placed below the level of low tide
water, so as to preserve the timber from decay.

The Tower will be arranged to protect the stand-pipe. The
top will be ornamented with a roof and balustrade, access to
which will be had by an interior stairway.

The stand-pipe will be placed over the central delivery pipe
from the pumps.

It will be two feet in diameter and of cast iron for sixty feet
height, and the remainder of wrought iron.

On the top of it will be placed a reservoir tank of wrought iron,
eight feet in diameter and twelve feet high, into which the stand-
pipe will deliver. A waste-pipe of two feet diameter at the top
and coning to eight inches will be placed within the tank with
its top two feet below, so as to prevent the water in the column,
or its pressure upon the pump valves exceeding that due to
eighty-six feet head.

The waste-pipe will be extended to the pump well, and will be
eight inches diameter below the tank.

Care will be taken to have this building and Tower tastefully
executed, as it will be a conspicuous object from within and when
approaching the city.

The grounds about this Reservoir should be tastefully laid out
and improved, and hereafter, there should be erected a dwelling
house for the engineer.

The Pumping Engine has been arranged with a };ower capable
of delivering into the distribution pipes three millions of gallons
of water in twenty-four hours, of which two-thirds must be de-
livered in the twelve hours of daylight, during” which the con-
sumption is twice as great as it is during the night.

Until the Equalizing Reservoir is built, the engines must be
kept in operation all of the time.

I have proposed a condensing steam engine, with a steam cylin-
der of thirty inches diameter and seven feet length of stroke, and
two single-acting pumps of twenty-nine inches diameter and four
feet length of stroke, and a duplicate non-condensing engine with
a steam cylinder of seventeen inches diameter, driving a direct,
double-acting pump of fifteen inches diameter, both of four feet
length of stroke.
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. The plans of both of these engines have, under my directiofi,
been arranged by Mr. H. A. Ramsay, of Norfolk, in the most
creditable and satisfactory manner. . A

The condensing engine is similar to the one which I designed
for the New Bedford water-works, which your Board of Commis-
sioners examined in operation. Several minor improvements
have been introduced which will render it, if well built, a more
economical engine even than that one.

There have been four of these engines erected for this purpose
in the United States, and there are many others here, and abroad,
which embrace one or more of the leading principles of this ma-
chine, so that it is not an invention, but merely the application of
all of the best principles in one machine. These principles are as
follows :

1. That steam and water cannot be moved at the same velocity
without an increased loss of power. The former is very light and
elastic, and the latter seventeen hundred times heavier than steam
and inelastic. Hence, all direct acting pumps for such works
are wrong in principle.

2. That water cannot be abruptly changed in its direction or
form of volume without great waste of power, and hence double-
acting pumps, which must have two absolute reversals of the
water, are much inferior to the single-acting pumps, where these
reversals are avoided.

That the induction and delivery pipes of the pumps should be
in straight lines, or when necessary, in curved lines of large ra-
dius, and with no changes, or at least with very gradual ones, in
the passage of the water to, through and from the pumps.

That valves which produce the least distortion of the form of
the volume of the water, and without unnecessary changes in its
direction, should be used.

3. That in reciprocating engines and pumps, the power devel-
oped by the steam should be wholly exhausted (if possible) at the
end of each stroke, and that (unlike almost all other applications
of steam power) the perfection of motion of the stroke of a water
pump piston is a slow commencement, increasing speed to the
middle of the stroke, and a gradual reduction, until, at the end
of the stroke, the power (including the momentum) is barely able
to carry the engine over its centres.

In a Cornish pumping-machine, the steam engine and its pumps
work independently, and are in fact two distinct machines. The
load on the pump is carefully adjusted to overcome the resistance
of the water, and exhibits the natural, and nearly perfect move-
ment, which ought to be given to water passing through a pump.

The ordinary application of steam, working expansively in the
cylinder, produces precisely the degree of speed in every part of
the stroke of the water-piston that is desired.
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The New Bedford pumping-machine accomplishes all of these
objects better than any other in use. It is a vertical beam en-
gine; the steam cylinder is placed under the end of the beam,
and the water cylinders at such distances toward the main
centre, as will give the exact relative speed to the steam and
water pistons. Two single-acting pumps are placed, one on each
side of the beam centre, with the delivery pipes carried off from
the pumps on gentle curves to the force-main. The valves are
similar to those ordinarily used in the air-pump. The fly-wheel
is made as light as possible, being only used to carry the engine
very slowly over its centres, and the cut-off is so adjusted that
almost the whole power developed by the steam is exhausted at
the completion of each stroke.

There is, therefore, no concussicn or wrenching of the various
parts of the machine, at the end of the stroke, when the direction
of its reciprocating parts are reversed, and the machinery, except
the rubbing surfaces, must therefore endure almost indefinitely.

The water, starting from the pump well, passes to, through and
from the pumps to the force main without change of direction, in
straight lines or gentle curves, with small change of form of vol-
ume or direction, and therefore its resistance from these causes
is reduced to a minimum.

It is safe, therefore, to claim for this machine, as effective a
duty as can be obtained by any other pumping-machine. This
machine is simple in its construction, and the steam engine part
corregponds with that in use in most of the large engines built for
other purposes. Its cost is thereforereduced to a minimum. It
can be bullt or repaired at any good machine shop, and can be
run with perfect safety by a moderately good mechanic; in fact,
by any one who can run an ordinary river steamboat engine.
There are no patents upon any portion of the machine.

I band you with this a report of a board of distinguished civil
and mechanical engineers, (Messrs. James B. Francis, Charles
Hermany, J. C. Hoadley and George H. Norman of the first, and
Messrs. Charles H. Haswell, D. M. Greene and Joseph Belknap
of the second,) who have recently made a most careful examina-
tion and trial of the New Bediord engine, the result of which was
most satisfactory to the Water Commissioners, and compares fa-
vorably with the best pumping engines in use.

The result of these trials shows that the engine lifted at the
rate of six hundred thousand pounds of water one foot high with
each pound of coal burned ; but as the coal used was not of good
quality, the Board ascertained that the engine lifted seven hun-
dred and twenty thousand pounds of water with each pound of
combustible used.

The Board remarked that this trial was unfair to the engine, in
one respect, because it was made with a machine that had not
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beeti used but a day or two previous to the trial, and all of the
parts were stiff and the journals unworn and more or less rough.

The average daily duty is now fully equal to that shown on the
trial, and is constantly improving. as the engineer becomes better
acquainted with the manner of running it.

You will observe from the report of the Board that the most
critical examination was invited and that the trials were made
under its sole direction and with locked doors, and that the mem-
bers were without bias or prejudices in favor of this style of en-
gine, having in their own practice used that of a different type.

There has been much discussion among engineers in regard to
the use of cast iron pipes, and those made of sheet iron, lined and
covered with cement mortar.

Against the former it is urged that they are more costly; that
they oxidize, especizlly on the inside, and form tubercles, which
materially obstruct the flow of the water, and which contami-
nates it.

Against the cement-lined pipes it is asserted, that they do not
have sufficient strength to resist the water ram which so frequently
occurs, especially when a considerable number of the hydrants are
simultaneously closed after the extinguishment of a fire; and
lastly, that these pipes are inflexibtle and break with the slightest
unequal settlement of the foundation on which they rest, and the
slightest crack in the outer coating of the cement leads to a rapid
destruction of the iron, &nd that they are very difficult to repair.

As a general rule, the cost of cast iron pipes for a city distri-
bution has heretofore been about twenty per cent. greater than
that of cement lined pipes. I have recently received a letter cou-
taining an offer for cast iron pipes for the city distribution, which
is almost as low as those for cement-lined.

The force mains from the pumps to Chapel street, which are
constantly subjected to the blows from the alternating pumps,
must be of cast iron.

The oxidation of cast iron has received a good deal of attention
among the KEnglish engineers, and after careful examination and
a long discussion in the London Engineers’ Society, the leading
engineers expressed the opinion: that iron can be selected of such
quality, as will not materially corrode even in salt water, for a
century.

The examples of the corrosion of iron pipes and the formation
of the interior tubercles, are therefore doubtless due to the use of
a quality of iron not suitable for that purpose.

The extra cost of this suitable iron is only a few dollars (less
than five) per ton.
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The strength of cement-lined pipes depends almost entirely
upon the strength of the sheet iron riveting. Repeated experi-
ments in hydraulic presses, show that they will, when properly
made, and of sufficiently strong, good iron, resist the pregsure, of
more than three hundred feet head of water.

The pipes laid in the streets, however, are often subjected to
much greater pressure than that due to the statical head of the
water.

During a conflagration a very large quantity of water is drawn
off from the pipes, producing a very rapid current through all of
the adjacent ones for u large area. At the termination of the
fire, it often happens that the firemen shut off a number of hy-
drants nearly or quite simultaneously, the effect of which is, that
the whole body of water in all of the pipes, for a considerable
area, receives the shock or blow, due to the momentum, or weight
of the water multiplied by its velocity.

" This has been ascertained to be in some cases five times as
great as the effect of the statical head, and the effect is communi-
cated to the water in the whole system of pipes. If there be, in
any part of this system, a weak joint or pipe, it bursts at that place.

In my own experience I have had examples of this effect, and
have ascertained that it is not an uncommon one.

After a while, the Fire Department, having experienced the
effect of a simultaneous closing of the hydrants, meets the diffi-
culty by ordering the hydrants to be closed slowly, and one after
another,

This is one of the reasons for making the cast iron pipes of such
extra thickness, as compared with the lined wrought iron pipes, so
that they may be able to resist these occasional severe pressures.

The experience of many of the smaller cities at the North has,
however, demonstrated that the cement-lined pipes are not more
liable to leaks and bursts than those of cast iron, and, therefore,
I do not consider this alleged objection to them as of much account.

The cement-lined pipes will, at first, give out to the water a
little lime, which will harden it; but in a few months this will

cease, and thereafter the water will be conveyed through them
without any further effect.

The last objections to these pipes are because they are unyield-
ing, and when they are laid in trenches, where the ground gives
an unequal support, it will settle more in one place than in
another, and this must necessarily break the outer cement en-
velope of the pipes, and permit the access of moisture and air,
which will rapigly corrode the thin sheet iron and produce a
leak or rupture. v

These pipes should not, therefore, ever be placed, or used,
Where there is any danger of this unequal settlement.
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In the case of the iron pipes, at each twelve feet there is a lead
joint, which will allow the adjacent pipes to settle at their ends
an inch or so without producing a leak, and this will generally
be sufficient to prevent the breakage of any of the lengths of the
cast iron pipes.

I have treated this subject at greater length because, aware of
a general impression in favor of the use of cement-lined pipes, I
deemed it advisable to fairly state all of the advantages and ob- -
jections of each kind of pipe. .

With the foregoing statement of advantages and disad vantages
of the two kinds of pipe, you will be able to select either; and I
would recommend that you should request offers from the manu-
facturers of each kind, by which means you will obtain a healthy
competition and a contract at the best rates.

It is important that the water in the distribution pipes should
circulate freely, and that there should be no dead ends. A pro-
per arrangement of the pipes and some blow-off cocks occasionally,
mtroduced in the lowest places, to discharge the stagnant or
soiled water, will accomplis% these purposes.

It has been frequently asserted in the newspapers that lead
pipes in the dwellings is productive of injury to the water, by its
absorption of the metal. I consider this as a mere popular pre-
judice, urged upon the public to promote the use of some of the
various patented processes of service pipes. The chemists of
some of our cities have demonstrated that certain soft waters will
decompose lead from service pipes. All of these experiments
have been made on water which has been allowed to stand qui-
escent for many days in the lead pipes, and by analysis, will of
course show the presence of lead. Practically, however, no per-
son would use such water, because if a cock is opened for ten
minutes, it will empty all the water from the lead pipes, and then
the supply will be directly from the street mains, which will be
perfectly pure and harmless, and none of the apprehended dangers
of the chemists will occur.

VI. THE ESTIMATES OF THE COST.

The following estimates, the details of which will be found in
the Appendix, have been based upon the present prices of mate-
rials and labor at this place. A portion of the skilled labor must
be imported, and cannot be employed during the hot season. Al-
lowance has been made for the increased cost of the works which
requires such labor.

I have endeavored to cover all of the detailed items of cost,
either specifically or by merging them in the quantities or prices
of the other work with which they are connected. The quanti-
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ties have been liberally estimated, and I feel confident that the
entire cost of the work, when completed upon the plans here-
with submitted, will not exceed the aggregate of these estimates.

The aggregate cost on the two plans, viz., from Lake Drum-
mond and the Nansemond, is as follows :

1. The value of the water; of the land; and of the right of
way and damages on both plans.

2. The repairs and improvement of the mill-dam at Kilby's
and cleansing the pond.

3. The Nansemond pumping-engine, well, engine-house and
force-main.

4. The Nansemond Reservoir and its appurtenances.

5. The brick conduit therefrom and the well-fall.

6. The inlet-well, and conduit in Lake Drummond.

7. The wooden conduit to the Receiving Reservoir at Norfolk,
on both plans.

The following items will be the same on both plans:

8. The Gosport Reservoir and its appurtenances.
9. The Gosport pumping-engine and its connections.

10. The juinted pipes crossing two branches of the Elizabeth
river, and the syphon pipe under the Broad Creek Canal.

11. The Storing Reservoir near Norfolk and"its appurtenances.

12. The Receiving Reservoir in Norfolk and its appurtenances.

13. The pumping-en:zine and duplicate at Norfolk and the pipe
connections and stand-pipe.

14. The pump-well and its fixtures.

15. The engine, hoiler, and coal-houses.

16. The Water Tower.

17. The Equalizing Reservoir.

18. The distribution, including the street pipes, water gates,
fire hydrants, and blow-off cocks.

19. The cost of superintendence and contingencies.

The total estimated cost of introducing the water from Lake
Drummond on the complete plan is $893,000, and on the modified
plan is $550,000; and from the Nansemond on the complete plan
18 $1,000,000, and on its modified plan is $832,000.

I have also presented a statement of the annual cost of running
the engines, and the superintendence and repairs of the works,
and of the probable revenue.

The estimates, except in a few cases, have been made with a
view to supply five millions of gallons daily.

As has been previously stated, the present demand for water,
and allowing for an increase of one third, will permit the omission
of certain items of the work, without losing any part of the pres-
ent expenditure, and when they are demanded they can be added.
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Hence, a modification of the foregoing estimates has been
added, under the twentieth head, which shows the amount re-
quired for the first outlay.

THE EXPENSES AND REVENUE.

The result of the experience at New Bedford is, that the con-
sumption of one pound of common coal will raise six hundred
thousand pounds of water one foot high.

On the trials, it was found that eighteen per cent. of this coal
was not combustible, of which two-thirds was ashes and one-third
clinker. In addition to this there was consumed thirty per cent.
for getting up steam and waiting for the examiners, one-half of
which, or fifteen per cent., may be charged to the former.

The Pumping Engine or its Duplicate at Norfolk will be kept
in almost constant operation, so that there will be but little loss
of coal after the first day, in getting up steam.

It will be necessary, however, to occasionally (perhaps once a
month) change from one engine to the other and draw the fires
from one of the boilers and to stop the engine at night for half
an hour.

In addition to this, there will be times when the fireman gets
up the steam too high and it must be blown off. Whenever the
Duplicate Engine is run, the consumption of coal will be twice as
great as for the principal Engine.

Almost all of these Fosses are avoidable, but are found in prac-
tice to occur with all descriptions of Pumping Engines. f)t is,
therefore, more safe for an estimate of this kind, to assume a duty
at but five-sixths of that above stated.

The repairs of an engine of this character built for the Chicago
Water WI())rks, for seventeen years averaged less than a hundred
dollars per year, including those made in boiler and pumps.

The estimated cost of running for one year will therefore be:

The Chief Engineer $1,500, Assistant $1,000, and two Foremen, for 24
LGRTREF P D i e B s e e TR R S ol 1 T $4,500
The travelling expenses of Chief Engineer to Nansemond.......ce...cc... 250
The coal consumed in delivering three millions per day, say 650
tons, to include waste and loss in handling, etc., $5
Repairs to machinery and boilers......ceeceiieeerieiennn.
Oil, Tallow, Waste and other items. ...... ccveeecesie ceveeees oo

The cost of running the engine to supply the present popula-
tion will be $6,500 per annum, and when there is a demand for
five millions it will be $10,750.

The Nansemond Pumping Engine will be run only by daylight,
and when delivering three millions of gallons in twelve hours,
will be as shown on following page.

6
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For Assistant Engineer and one Fireman........c..coeeeee oo oo coreeece $2,000

For coal consumed when delivering three millions of gallons in
twelve hours each day, 1,000 tons, $6...cccccveevereiriereiiensvrneeens ceruneees 6,000
HOrrepairs; 01l iWasto) O1C: telvecet. cuort. R oeisttne. Jotisceseeh ol MPTMASL R Jar. 6 500
$8,500

The cost of running this engine to supply the present popula-
lation will be $5,000; and when there is a demand for five mil-
lions of gallons and a condensing engine is substituted for the
non-condensing, will be $8,500.

The staff necessary to superintend the works and to make or-
dinary repairs, will be as follows :

One Superintendent, who may be the Chief Engineer of the Engine
Department, and in that case must have another Assistant Engi-

TR £X B 6 TR A o o T G 0080 Cotbetod! B oo od $1,000
One Foreman or Assistant Superintendent. ........ccccc vervieis cvrenenec v, 1,000
A gang of four men to attend to the city pipes, water-gates, hydrants,

and t0/8toRe i thelGOAT, 1OLC . i s h et i i oo e stouasasresaoealosionsste s obfesase  foush 2,000
One Foreman on the line of the conduit........cccceernsnen 1,000
With the occasional services of a few laborers, say 500
One Water Register or Collector of Water Rates....coeeers -ouns 750

$6,250
Making the total annual expenses at the present time.. ..c.een veveereeen. $12,750
The Water Rates, at twice those charged in Northern cities, will be

on Iimiles 82 000: B dere. veik s fvailh sezs sespavasess Sessspas) serersal o ee s cavans $22,000

T,eaving a net reventie per annum Of.......cceceeiees +esersene sessnerossnnes weses $9,250

VII. THE COMPARISON OF THE PLANS.

This comparison will be made in regard to the quantity, quality,
cost and efficiency of the several plans.

FirsT—THE QUANTITY.

1. The streams at Moore’s Bridges and the Lakes beyond will
furnish a supply for a population of fifty thousand, and when the
city increases beyond this demand, all of the expenditure north
of the Receiving Reservoir will be lost, because the source south
of the city, which must then be resorted to, and the works which
they will require will farnish an ample supply for the largest de-
mand which will ever probably be called for.

2. The West Neck Eanding will afford an abundant supply,
but it is frequently brackish.

3. The Deep Creek and waste from the Canal, as reported by
General Mahone, will furnish an ample supply of very deep col-
ored water.

4. The East Branch of the Nansemond, when stored as pro-
posed, will furnish sufficient for a population of at least seventy
thousand, (perhaps more.) An additional supply for twice that
number can be obtained from the West Branch at a very small
expense,

18
SEconD—THE QUALITY.

1. The waters from Moore's Bridges and from the nearest
Lakes are deeply colored.

2. Those from West Neck are also deeply colored and highly
charged with floculent vegetable matter, and are often brackish.

3. The water from Deep Creek is the most highly colored of
any which have been examined.

4. The water of Lake Drummond is but slightly colored, and
is otherwise very pure.

5. The waters of the Nansemond are but slightly tinged with
color, and are very pure, but probably contain more lime and
less vegetable matter than any of the others.

THIRD—THE CoST.

1st. From Moore’s Bridges and the Lakes beyond.

2d. From Deep Creek.

3d. From West Neck.

4th. From Lake Drummond.

5th. From the Nansemond.

For the purpose of making a true comparison between the cost
of these several plans, these should be added to the sum to repre-
sent the capital the interest of which would elevate the water so
as to flow through the conduit pipes, and deliver the water into
Norfolk City Reservoir at a level fifteen feet above low tide.

This method will not change the relative order of cheapness
above stated, except to place the Lake Drummond cheaper than
the West Neck plan, and to increase the difference between it
and the Nansemond plan as follows :

The level of Lake Drummond is twenty-four feet above low
tide, and the conduit will deliver two millions of gallons into the
Receiving Reservoir by gravity.

The cost of elevating this quantity from the Nansemond will
be $6,500 per annum, which will require a capital of $81,250,
the interest of which, at eight per cent., will pay the cost of this
elevation of the water.

The difference between the first outlay for these two plans is
$52,000, to which should be added $81,250, making the Nanse-
mond plan, by this method of comparison, $133,250 greater than
that of Lake Drummond.

And when the city demands five millions of gallons daily, the
difference is $104,000 plus $81,250, making $185,250 difference
in favor of the Lake Drummond plan.

FourrE—THE ErriciEncy.

The plans for Moore's Creek and West Neck avoid the hazard
of carrying the supply under two navigable branches of the river,
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All of the plans except that from Lake Drummond are wholly
dependent upon the maintenance of machinery to elevate the wa-

ter, so as to flow through the conduit; when, however, the de- -

mand for water exceeds two millions, this advantage will, in part
at least, be done away with.

It has been suggested that the wooden conduit through the
Dismal 8wamp and its ““ pocosin ” is liable to be burned %y the
furious fires which sometimes rage there.

From the nature of its construction this conduit cannot be
burned. It is indispensable to its durability that it should al-
ways be kept submerged ; and if, at any time hereafter, any part
of it should become dry, it would be necessary to open small
holes in the top, as before stated, and allow enough water to es-
cape to keep the trench filled above the top of the conduit.

The loss of water to accomplish this object would be inconsid-
erable, and would not be missed from the large supply which the
conduit is able to deliver.

These fires cannot, therefore, burn the pipe, for they would be
extinguished before they extended deep enough to reach it.

But assuming that they did reach the pipe, the first hole burnt
into it would discharge a volume of water which would at once
extinguish the fire and prevent any farther injury, and even then
the great capacity of the conduit would be sufficient to supply the
city until the pipe could be repaired.

On a review of the whole subject, I am of the opinion that the
Lake Drummond plan is the best one to adopt, unless your citi-
zens should desire a water entirely free from color, in which case
the Nansemond plan should be adopted, at a present increased
outlay of about fifty thousand dollars and a future one of the
same amount.

VIII. GENERAL REMARKS.

Accompanying this report are detailed plans and specifications,
and forms of contract for all sorts of the work, upon which you
can at any time make contracts therefor.

The elaborate map of the country over which the surveys
have been extended, and the detailed drawings of the structures,
have been made by Mr. Augustus Plinta, and are most creditable
specimens of skill in that line.

Mr. H. A. Ramsay, as before stated, has made the drawings
of the engines.

All of the field work has also been performed by Mr. Augustus
Plinta, under difficulties which are well known to your Board,
and with an energy and skill which merits the highest commen-
dation.

The surveys were necessarily begun when the foliage was still
very close, and the bushes and chaparal very dense. This, to-

m

gother with a want of knowledge of the interior, which could
not be obtained from white men, and the destruction of the sur-
veys and levels of the railways during the war, and the imper-
fect, and, in some cases, incorrect maps of the country, have
combined to render this part of the examination tedious, and
sometimes unsatisfactory.

For instance, a fortnight was spent in cutting a line through
the Dismal Swamp from Deep Creek to Lake Drummond, and a
week of intense labor in running the line instrumentally—the
result of which was that the distance between the two places
was found to be two miles greater than any map of the district
exhibited.

While these surveys were in progress, I was engaged in pre-
paring the sketches for the detailed plans of the work, but very
little progress could be made in the estimates or in the report
until the surveys were completed and the skeleton of the map
was drawn out. The time, however, was not lost, as it enabled
me to perfect the plans as they are now presented to you.

There is one subject which I alluded to in my address and
which you have requested me to embrace in this report, viz.:
the probable future growth of Norfolk.

The population of Norfolk is now nearly 20,000—its future
growth can only be estimated.

If judged by the experience of former years, it may require
half a century to double its population.

The history of other maratime cities of America has showed a
growth equal to the doubling of the population every 15 to 20

ears.

y There are some circumstances cornnected with Norfolk which
lead me to believe that it will probably increase more rapidly
than any other Southern city. A new element has been intro-
duced among its population since the conclusion of the war. I
mean that of the personal energy of new men ; not that many of
the new people whom you have so far received will of them-
selves do much towards this progress, but that they will infuse
into your society more energy, and that your own more solid and
substantisl citizens will themselves take a new start and give to
your material interests more determined energy than has been
exhibited in years now passed.

Besides this, there is very little doubt but that additional capital
from the financial emporiums is constantly seeking investment
far beyond its own domains, will soon be directed to this section
of the country.

Your great Engineer, General Mahone, has recently completed
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arrangements which bring you into direct communication with
the far interior of the country, and, as far as one line of railway
can do, will bring to you a large trade from that direction. It is
quite true that your city will only at first receive directly the
benefit of the mere transfer of this trade to coast vessels, that it
will all or nearly all go to the great maratime city New York;
nevertheless, this transfer will indirectly lead to the further in-
troduction of capital and of the smaller class of manufactories,

which, as in Philadelphia, Boston and some other places, do so
much towards maintaining considerable sized cities.

Having alluded to the subject, and well knowing that it has
been a favorite idea of Virginians and other of the Southern
States, that direct trade with Europe can be had, I take the lib-
erty of stating my opinion, that for many years hence such direct
trade will not prove profitable to the projectors or very useful to
your city.

European vessels must have cargo in both directions, or that

of one must pay the cost of navigating the ship twice across the
Atlantic.

Until capital has concentrated in your city, sufficient to pur-
chase your home products, and an equivalent value of the im-
ported articles demanded by the producers of home cultivated
articles, ships cannot be employed sailing from this port direct
to Europe. The history of Boston shows this to be true. The
merchants own most of the ships in the China trade, and almost
every one of them sail to and from New York.

Lowell, Lawrence and Lynn manufactures are all shipped to
New York and purchased there by Boston and New England
country merchants for retail.

In looking over the sources of the future of this city—not
quite as a stranger, but yet with a more general coup d’'eil than
a citizen would take—I have been profoundly impressed with the
concentration at this centre of some of the most noble and exten-
sive water line communications that exist on the continent.

Let me here call to mind the extraordinary fact, that almost
without an exception, every commercial centre of modern times,
is where one class of water lines meet another class. New York,
with its interior water lines by river, canal and lake, and its
ocean lines to all portions of the globe.

Philadelphia in part the same. 8o with Baltimore, New Or-
leans and Mobile. Boston, on the contrary, with naught but
railway lines, on the most extended scale it is true, is now in de-
cadence, merely because she has no interior water lines.

Chicago, St. Louis, Cincinnati, Pittsburg and a dozen more of
the interior centres of trade, owe their success to this same fact
of a change of water conveyance.
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Norfolk stands within twenty miles of the Atlantic; north-
ward stretches the Chesapeake and its tributary navigable rivers
of nearly a thousand miles; the James westward with nearly
its five hundred miles of water lines tributary to Norfolk ; south-
ward by two short steamboat canals to those pacific sounds, Cur-
rituck, Albemarle and Pamlico, with their navigable tributary
rivers, Roanoke and others, of nearly two thousand miles.

The whole continent does not exhibit such a concentration of
internal water lines on the very verge of the ocean lines to all
portions of the globe. Why is it that these eminent natural ad-
vantages have not heretofore produced an effect upon the rapid
growth of this city.

The subject is too delicate for a stranger to more than allude
to; your own national reflections will suggest the reply.

I may, however, say, that when you encourage immigration,
as has been done elsewhere, and when the country along these
magnificent water lines are occupied by an industrious popula-
tion, the trade which must concentrate at this point will require a
city half as large as New York ; and when your State shall have
also built its Kanawha Canal, the other half of New York, and
its adjacent cities, must be added thereto. Twenty years ago I
made a report to the Legislature of New York, in which I stated
that the only formidable rival to the transport of the agricultural
products from the basin of the Ohio river through the %\Tew York
canals, was the the Virginia canal line; and in that document I
showed that whenever the Kanawha Canal was completed, even
upon its first limited size, these products could be carried by the
way of the James river and the ocean to New York itself cheaper
than by the Erie Canal.

The comparative value to a maratime city of interior water
lines as compared with railway lines is best exhibited by the
amount of business done by the Erie Canal, compared with that
of all of the trunk lines of railway between the West and the
Atlantic.

A few years ago the Erie Canal carried during the eight
months of the years in which it was in operation, more than twice
the freight coming from the west to tide water, than all of these
railways put together carried in twelve months.

By supineness, inattention and illiberality the Erie Canal traf-
fic has not of late years kept pace with that of the railways, and
the proportion is not now so large in its favor; but the recent
efforts of the canal managers, their large reduction of the State
tolls and their encouragement to the substitution of steam, will
doubtless soon restore to the canal its former proportion of the
traffic of the West.

The railways have heretofore had an advantagein the rapidity
of movement of freight, which very frequently overbalanced the
economy of transport on the canal. The use of steam on the
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latter will soon enable it to transport nearly as quickly on the
average as the railway, and at much less cost.

To give a better idea of the relative cost of transport by rail
and water, I may state that the least cost of sending a ton of
freight by railway from New York to San Francisco, three thou-
sand miles, is one hundred dollars, thirty-three mauils per ton per
mile; and the charge for carrying the same freight by sea by the
way of Cape Horn, nineteen thousand miles, is nineteen dollars
per ton, or one mill per ton per mile—that is; at one thirty-third
per mile, or one-fifth of the whole cost.

The railway charges for freight from Albany to New York, one
hundred and fifty miles, are frequently as much as the ocean
freight from New York to Liverpool, three thousand miles, or the
latter is but one-twentieth the cost per ton per mile of the former.
The charges for freight between Albany and New York by the
Hudson river are but one-third of that by rail, and the former oc-
cupies only ten or twelve hours longer in the transport.

These cases may be multiplied indefinitely, and all demonstrate
the extraordinary cheapness of water transportation.

New York owes her supremacy in the commercial world to her
canals and the long line of lake navigation beyond them. Nor-
folk, with the Kanawha Canal, would be even better situated to
command a trade as great as that of the Erie Canal.

Persons who have not considered the subject niay regard the
advantages of a railway terminating at a seaboard city as equal to
that of a water line. During the season of navigation the Erie
Canal brings in daily to Albany a tonnage equal to that of four
thousand railway cars, or of two hundre§ a,n% fifty trains similar
to those on the New York Central railway; while the latter,
with its double track and immense facilities, never brings in forty
freight trains a day.
©* From the peninsula situation of Norfolk, railways can only be
built in two directions, (viz., to the West and to the South,) and
in each they will be parallel to admirable water lines of hardly
any greater length. The latter must of necessity convey the
great bulk of the trade, for a considerable distance into the
interior.

The railways in this case have an important office to perform ;
they must convey nearly all of the passengers and mucﬁ of the
freight of a perishable or costly character, and in this way they
will become important adjuncts to the water lines, as the latter
will also be to the railways, and therefore each, when confined to
its legitimate business, will aid the other, and both will promote
the public good. -

Respectfully submitted,
WM. J. McALPINE,
Engineer-in-Chief.






