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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES (GEOLOGICAL SURVEY,
D1visioN oF HYDROGRAPHY,
Washington, October 25, 1898.

Sik: I have the honor to transmit herewith a manusecript entitled
Sewage Irrigation, Part II, prepared in Oectober, 1897, by Mr. George
‘W. Rafter, of Rochester, New York. This paper consists in part of
material furnicshed for Water-Supply and Irrigation Paper No. 3, on
Sewage Irrigation. In the printing of that paper it was found that
the limit of 100 pages set by law would be exceeded in spite of consid-
erable condensation in the form of statement. The original manuscript
was therefore divided into two parts, the first, relating to the general
subject and giving the practice abroad, having already appeared as
Paper No. 3. The present manuscript, which has been considerably
extended by Mr. Rafter, is devoted mainly to the discussion of data
obtained in this country and in Canada, and of all the plants erected
and operated, together with brief notes on the projected plants. There
is included an appendix containing a list of publications relating to
the subject.

Very respectfully, F. H. NEWELL,
Hydrographer in Charge.
Hon. CHARLES D. WALCOTT,
Director United States Geological Survey.






SEWAGE IRRIGATION, PART IL

By GEORGE W. RAFTER.

RESUME OF WATER-SUPPLY AND IRRIGATION PAPER NO. 3.

In a previous publication on sewage irrigation! we discussed the
general principles governing the utilization of sewage in agriculture, as
well as the relations of such utilization to the public health. It was
shown, also, how the gradually increasing pollution of streams first led
in England and other manufacturing countries, to a demand for sew-
age purification, and the probable value of sewage in agriculture was
indicated.

In that paper the various methods of sewage disposal in common use
were discussed, with special reference to the modern views about nitrifi-
cation. Descriptions of methods of applying sewage were given with
information as to the best crops for sewage farming, the proper quan-
tity of sewage to be applied, limiting temperatures, cost of labor on
sewage farms, sanitary condition of such farms, and a number of other
important subjects which it is necessary that one should understand
before embarking in sewage-utilization investments. Brief descrip-
tions were also given of a number of the principal sewage farms in
England, of the sewage farms of the city of Berlin, Germany, and of
sewage utilization in France on the Plain of Gennevilliers.

In the present paper it is proposed to give additional data relating to
stream pollution and sewage purification, together with a brief account,
so far as it has been possible to obtain the information, of every sewage-
disposal plantin the United States and the Dominion of Canada, whether
now in use or abandoned, that has actually been built, or that has had
plans prepared for its construction.

CLIMATIC AND GEOGRAPHIC DISTRIBUTION OF SEWAGE-
DISPOSAL WORKS.

As regards rainfall, the United States divides naturally into three
regions—the humid, subhumid, and arid. The humid region includes
all of the country east of the Mississippi River, together with the
States of Iowa, Missouri, Arkansas, and Louisiana west of that river.

1 Water-Supply and Irrigation Paper No. 3, 1897, 100 pp., 4 pls.
11



12 SEWAGE IRRIGATION, PART IIL ‘ [No. 2.

It also includes portions of North Dakota, South Dakota, Nebraska,
Kansas, Indian Territory, and Texas. The subhumid region may be
taken to include the remainder of North Dakota, South Dakota,
Nebraska, Kansas, Indian Territory, and Texas. The arid region
embraces Arizona, California, Colorado, Idaho, Montana, Nevada, New
Mexico, Oregon, Utah, Washington, and Wyoming, although limited
areas in several of these States and Territories may be classed as
humid.

The great lack of water in the subhumid and arid regions would
naturally indicate a relatively large development of sewage irrigation
in those portions of the United States. As a matter of fact, however,
other conditions than mere shortage of water have controlled—for
instance, the degree of advancement of the towns themselves—and we
accordingly find, on the whole, more sewage irrigation and general
purification in the humid East than in the subhumid and arid West.
The Western towns are, nevertheless, advancing rapidly, and we may
expect changes in the figures in the near future.

The following paragraph gives the approximate statistics of sewage
purification in the United States to-day:

In the humid region there are sewage-purification plants in operation,
actually building, projected, or built and abandoned, distributed by
States as follows: Maine, 1; New Hampshire, 2; Massachusetts, 32;
Rhode Island, 5; Connecticut, 7; New York, 33; New Jersey, 11; Penn-
sylvania, 5; Maryland, 1; West Virginia, 1; Louisiana, 1; Texas, 3;
Ohio, 11; Michigan, 2; Illinois, 2; Wisconsin,2;! Minnesota, 1; a total
of 120 for the humid region. In the subhumid there is 1 in Nebraska.
In the arid region Arizona has 1; Colorado, 4; California, 8; Montana,
1; Utah, 1; Wyoming, 1, or a total of 16. There are also six plants in
the humid portion of the Dominion of Canada.?

The foregoing figures indicate a total for the United States and
Canada of 143. About 120 of these plants have been either built or
projected in the last ten or twelve years. This total includes, so far as
can be learned, all the purification plants of every kind, whether
irrigation, intermittent filtration, or combined chemical-purification
and filtration and irrigation plants, either actually in operation now or
formally projected and in such a state of advancement as probably to
be carried out in a few years.

The intermittent-filtration plants are properly included in a paper on
sewage irrigation, because the filtration areas either now are used for
raising cropsor are likely in the end to be so used. As to the propriety
of including the chemical-purification plants, it may be pointed out that
this system of purification has been adopted in several towns before all
the controlling conditions were taken into account. In one case an

1 Aside from three plants for purifying manufacturing wastes, etc., there are only twosewage-disposal
works in Wisconsin.

2The foregoing statistics of the distribution of sewage-disposal works were prepared in September,
1897. At the present date (February, 1899) there are a few additions.
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eastern town has adopted chemical purification and operated the plant
at large expense, in spite of the existence of ideal conditions for irriga-
tion and filtration in the immediate vicinity. It is probable, therefore,
that, as soon as the advantages of irrigation and filtration are more
fully known, a number of the chemical-purification plants will be
changed to either irrigation or filtration, or, without a complete change
of plant, the effluents from chemical-purification works will be further
treated by either irrigation or filtration. This proposition is especially
true of a number of chemical plants in the State of New York, where
the capitalized cost of chemical treatment will be considerably in excess
of thas of intermittent filtration, even though sand of the proper quality
were transported some distance and high-grade filtration areas con-
structed. It is in this view of the case that the statistics of chemical-
-purification plants are herein included. There are also a number of
cities and villages in the Eastern part of the United States where crude
sewage is discharged into ponds, lakes, and running streams, which
either now are or are likely in the future to be the source of public
water supplies. In the end the sewage of all such will require purifi-
cation. In many cases proper land areas can be had in the immediate
vicinity; hence we find an additional reason why a complete exhibit of
the whole subject should be made at this time. All town authorities
need to understand tbat, with other conditions equal, the capitalized
cost of the land-purification processes is ordinarily less than that of
the chemical. Farmers in the vicinities of towns need also to under-
stand this, as well as the benefits to themselves to be derived from the
utilization of sewage in agriculture.

ORIGIN OF SEWAGE IRRIGATION.

The growth in England of great manufacturing industries and the
consequent pollution of the streams of that country at the beginning of
the present century forced the English cities to consider the necessity
for sewage purification at an earlier date than elsewhere. Sewage irri-
gation as a branch of applied science may therefore be said to have
originated in England. At thepresent time amore general useof sewage
purification may be found in that country than elsewhere, although, as
we have seen in Water-Supply and Irrigation Paper Ne. 3, the Ger-
mans and the French have now extensive sewage-purification plants of
a high order of excellence. Nevertheless it is true that a large pro-
portion of the data of sewage disposal, as it exists to-day, must neces-
sarily be drawn from English practice.

COMPARISON OF ENGLISH AND AMERICAN SEWAGE.

First of all, it is necessary that we establish in some way a measure
of the relation which average English sewage bearsto American. The
great difficulty in making comparisons is the fact that the English
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chemists, following the lead of Dr, Frankland, have mostly used the
combustion process in their sewage analyses, while in the United States
the Wanklyn albuminoid-ammonia process has been almost exclusively
used.

By way of explaining the terms used, it may be pointed out that free
ammonia as determined by the Wanklyn process represents that por-
tion of the nitrogenous matter present which has already, at the time
of analysis, passed into a state of decay; whereas the albuminoid
ammonia represents the nitrogenous matter which has not, at the time
of analysis, undergone decay. These are the two main determinations
of the Wanklyn process. -

In the combustion process Dr. Frankland attained much greater
refinement than is possible with the albuminoid-ammonia process of
Wanklyn, and the only reason why the combustion process has not
been universally adopted is because of the difficulty of working it. By
its use we determine not only the different states of the nitrogen, but
that portion of the organic matter present which is carbonaceous in its
character, or, technically, the organic carbon. The organic nitrogen of
the process is that portion of the nitrogenous matter due to living sub-
stances, and corresponds in a general way with the albuminoid
ammonia of Wanklyn. The ammonia represents dead and usually
animal matter, and is, in the opinion of Dr. Frankland, the chief index
of recent sewage contamination.

There are four states of the nitrogen as found in contaminated
water—ammonia, free ammonia, nitrite, and nitrate. The nitrates rep-
resent the final fixation of the ammonia by combination with a mineral
base, and hence a state of innocuousness. By a comparison of these
various states Dr. Frankland arrives at the previous sewage contam-
ination, which is one of the most interesting determinations of his
system.!

If we refer to the various reports of the Rivers Pollution Commission,
the Royal Commission on Metropolitan Sewage Discharge, or the Royal
Commission on Metropolitan Water Supply, or to the various reports
of the English local government boards, we find the analyses usually
given in terms of the combustion process, in which organic carbon,
organic nitrogen, ammonia, and total combined nitrogen may be con-
sidered the chief controlling constituents. Referring to a table in the
first report of the Rivers Pollution Commission, on pages 28 and 29,
we find that in English water-closet towns the total solids in solution
in the sewage amount, on an average, to 72.2 parts per 100,000; the
organic carbon to 4.696 parts per 100,000; the organic nitrogen to
2.205 parts per 100,000; the ammonia to 6.703 parts per 100,000; the
total combined nitrogen to 7.728 parts per 100,000; and the chlorine
t0 10.66 parts per 100,000, Of the suspended matters the minerals

1For a definition of these several elements of the combustion process in detail the reader is
referred to Recent advances in water analyses, etc., by the author, in American Monthly Microseopi-
cal Journal, May, 1893, p. 127.
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amounted to 24.18 parts per 100,000, and the organic to 20.50 parts per
100,000, giving a total of 44.69 parts. If we bear in mind that free
ammonia, albuminoid ammonia, and organic nitrogen refer to the same
things, and also that the organic nitrogen is usually about double the
albuminoid, we may still make comparisons which are close enough
for the ordinary purposes of agriculturists.

Comparing several series of analyses, both American and English, it
becomes apparent that ordinary town sewage in England is usually
considerably more concentrated than that of the American towns. It
is very important to bear this in mind in applying English data to
American conditions. The elaborate experiments conducted by the
Massachusetts State board of health at Lawrence, which have been
reported from year to year in the annual reports of that board from
1888 to the present time, indicate that there is a relation between the
purifying capacity of different filtrating materials and the amount of
impurity which can be removed from sewage of a given strength. This
point is strongly brought out by the experiments. It follows, then,
that if we prepare special areas for sewage purification in accordance
with the indications of the Massachusetts experiments, we may expect
to apply sowewhat larger volumes of average American dilute town
sewage per unit of area than has usually been found expedient in
English practice. If, therefore, we use English data without reference
to the quality of the soil to which the sewage is to be applied, or of the
sewage itself, we shall be likely to arrive at more or less erroneous
conclusions,

As a summation of this part of our discussion, we may say that the
chief object of sewage purification is to rid the sewage of a thousandth
part, more or less, of the organic matter which it contains, and that all
of the appliances for sewage purification and utilization may be con-
sidered as directed toward this one point.

POLLUTION OF RIVERS.

This division of the general subject has been discussed in Water-

Supply and Irrigation Paper No. 3 under the general head of ¢ Stream
"pollution.” The following additional information is herewith presented

by way of extending somewhat the discussion there given:?!

As an exceedingly marked case of river pollution, we may refer to
the report of the Passaic Valley Sewerage Commission, authorized by
an act of the New Jersey legislature approved February 26, 1896. The
report of the commission appointed under the terms of this act was
issued in February, 1897, and therefore may be cited as one of the most
recent extended studies on stream pollution to be had.

1For a more extended discussion of river-pollution questions the reader is referred to River pollution
in the United States, by Charles C. Brown, a paper read before the Engineers’ Club of St. Louis,
June 18, 1890, and published in the Journal of the Association of Engineering Societies for Qctober, 1890,
Vol. X, No. 10, p. 475, and to Sewage Disposal in the United States, Chapter IXX. The two works give,
with the present discussion, the bulk of the published information as to river pollution in the United
States.
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At its head waters, among the hills of Somerset County, New Jersey,
the Passaic River is a pure, clear running stream. The same is true of
its principal upper tributaries, the Rockaway and Pompton rivers; and
while there is some manufacturing in the upper valleys, the river con-
tinues bright and inviting until it reaches Little Falls, at which place it
receives the drainage from several residences and factories. After pass-
ing Paterson, 3 or 4 miles below Little Falls, its character completely
changes, and from that point to Newark Bay, as stated by the Passaic
commission, ‘¢ its pollution is enormous, constant, and increasing yearly.”
About 436,000 persons now inhabit the distriet drained by the lower
river, furnishing fully 70,000,000 gallons of sewage a day. So great is
the extent of the pollution below Paterson that fish life, except a few
hardy kinds, has entirely disappeared. The sewage-laden mud shores
give out foul odors. Steam users report that the acids of the sewage-
laden water have so affected their boilers as to make its use unadvisa-
ble. Formerly thousands frequented the river for plea.sure purposes,
but this is no longer a practice.!

In 1880 the population of the towns dischaging sewage into the lower
Passaic River was 246,503, and in 1895 it was 436,423.

The ratio of increase in population of the lower Passaic district
from 1880 to 1890 is placed at 43.2 per cent, and from 1890 to 1895 at
22,6 per cent. The river now receives the sewage of the cities of Pat-
erson, Passaie, Orange, and Newark, and the towns of East Orange,
Bloomfield, Montelair, Harrison, Kearny, East Newark, and part of
Rutherford. All these places are growing rapidly, and sewerage facil-
ities for a number of other places are an admitted necessity of the early
future. The commission therefore considers it beyond question that
the pollution of the lower Passaic is sure to increase enormously unless
remedial measures be taken.

As a summation the commissioners state:

(1) That the daily discharge of 70,000,000 gallons of sewage into the
Passaic River below the Great Falls of Paterson is beyond its power
to assimilate.

(2) That through the stench the pollution has become a nuisance to
residents along the banks, and has caused depreciation of property and
injury to health.

(8) That fisheries have been destroyed.

(4) That the river has ceased to be desirable for pleasure purposes,
boating, bathing, etc., no longer possessing the park value which so
generous a stream should afford the large population on its banks.

() That the use of the river for manufacturing purposes is suffering
on account of the pollution.

(6) In short, that the pollution of the lower Passaic River appears to
the commissioners to be completely established as a public nuisance, as
injurious to health, and as an increasing menace to property interests
from the Great Falls at Paterson to below Newark.

1Abstract from report of Passaic Valley sewerage commission, pp. 10-11.
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In discussing means of relief the commissioners state that the great
progress in sanitary science of recent years has increased the demand
for thorough methods of sewage disposal; hence it has been recognized
in European countries, and throughout the thickly settled part of the
United States, that methods of sewage disposal need a degree of care
and thoroughness second only to the requirements of furnishing the
same population with water and food. After reviewing the various
methods of sewage purification the commissioners conclude that in the
present case the condueting of the sewage to tidal waters is, on the
whole, preferable. Their reason for this conclusion is, largely, that the
available land areas in the Passaic Valley appear poorly adapted for
irrigation and filtration processes. On this point the engineers to the
commission, Messrs. A. Fteley and Charles E. A. Jacobson, state that
the only lands within reach of sufficient area for irrigation works are
the extensive meadows of the lower Passaic Valley, but unfortunately
the character of the soil i8 so compact that, even with extensive and
costly underdrainage, the amount of sewage which could be disposed
of per unit of area would be so small as to require many thousands of
acres; hence, Messrs, Fteley and Jacobson consider land disposal
impracticable for the lower Passaic. Theyrecommend the construction
of an intercepting sewer at an estimated present cost of $6,500,000.
The yearly cost of operation is placed at $125,000 in 1900 and $300,000
in 1930.

An extended series of chemical analyses made by Herbert B. Bald-
win, chemist to the commission, is included in the report. In consider-
ing the effect of the sewage on the condition of the river, it is pointed
out by Mr. Baldwin that the average discharge of sewage is a fairly
constant quantity, but that the flow of the river is not. By way of
illustrating this, we may point out that the flow of the Passaic River
varies at Little Falls from a minimum of about 200 cubic feet to a max-
imum of about 20,000 cubic feet per second. The drainage area above
Little Falls is 773 square miles. Whenever the river is either at or
anywhere near its minimum flow, what may be termed the point of
saturation is so far exceeded that the river inevitably becomes not only
a nuaisance, but a menace to health. On the one hand, the clearing of
forests tends to decrease still further the minimum flow and to increase
the length of the low-water period from year to year; on the other
hand, the growth of towns and the extension of sewerage works tend to
increase the pollution. Taking the two together, there is, therefore, a
more rapid increase in actual stream pollution than is indicated by mere
consideration of the percentages of increase of the quantity of sewage.

Moreover, the upper Passaic is the natural source of water supply
for the north Jersey municipalities, and the probable taking of an
appreciable part of the stream for such supplies will inevitably tend to
aggravate existing conditions.

Chapter 83 of the Resolves of the Massachusetts Legislature of 1895
directed the State board of health to investigate the sanitary condi-

IRR 22—2
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tion of the meadows on Neponset River, and submit the results of the
examination, together with recommendations for the improvement of
the sanitary condition of the meadows and the removal of the nuisance
therefrom. The report of the board’s engineers was made under date
of October 1, 1896.

The Neponset Meadows, covering an area of 3,663 acres, of which
little more than 600 acres appear to be in a condition adapted to agri-
culture, are subject to prolonged flooding nearly every year, and, with
an inereasing pollution of the stream, have become a serious public
nuisance. The object of the report of the Massachusetts State board

of health referred to is the abatement of this nuisance.

'~ The Neponset River is connected with the Charles River by Mother
Brook, which is legally entitled to receive one-third of the flow of
Charles River. The drainage area of the Neponset River at its mouth,
including one-third of the watershed of the Charles River above Mother
Brook, is given as 180.3 square miles. The population of the several
towns in the Neponset Basin above the lower end of the meadows was,
in 1885, 15,097; in 1890, 17,361, and in 1895,19,193. These towns are
provided with public water supplies, but none of them have as yet a
general system of sewerage.

The Neponset River may be divided into three portions: An upper
portion, above the great meadows; a middle portion, including the
meadows subject to overflow; and a lower portion, within the limits of
the Boston metropolitan district.

The upper portion is about 10 miles in length, with a total fall of
about 220 feet. Manufactories and mills are located throughout the
valley, and the river is highly polluted by manufacturing wastes. The
length of the middle portion is 11.25 miles. In much of this portion the
river has very little fall and the flowing water is partially purified by
dilution with water from purer tributaries and by sedimentation. The
lower portion has considerable fall to tide water, and has high banks
occupied by factories and dwelling houses. Practically all the water
power of this section is made available by milldams. The minimum
flow of the stream, as determined by the lowest level, reached in 1895,
is about 54 cubic feet per second.

Chemical analyses of the water of the Neponset River were made by
the Massachusetts State board of health in 1873, 1875, 1885, 1891, and
1895. A tabulation of the results shows a much more serious pollution
in 1895 than in 1875. Thus, in 1875, at the Milton lower mills, free
ammonia was 0.0112 part per 100,000; in 1891 it was 0.0274 part; and in
1895, 0.0526 part. In 1875 the albuminoid ammonia at Milton lower
mills was 0.0171 part per 100,000; in 1891, 0.0329 part; and in 1895,
0.0342 part. Chlorine at Milton lower mills in 1875 was 0.46 part; in
1891, 1.18 parts, and in 1895, 1.47 parts.

The report states that, in order to improve the sanitary condition of
the river and meadows, it will be necessary to prevent the further dis-
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charge into the stream of domestic and manufacturing sewage, unless
it has been previously purified sufficiently to prevent offense to sight
or smell. A system of sewerage was provided for by chapter 406 of
the Massachusetts acts of 1895, by means of which it will be possible
in future to prevent the pollution of the river below the great meadows,
after some provision is made whereby the diversion of sewage from the
river info the sewers is made compulsory and the further discharge of
manufacturing wastes is prevented.

The town of Hyde Park is located on the Neponset River, just below
its junction with Mother Brook. The pollution in the region above at
the present time is caused almost entirely by the discharge into the
river of manufacturing wastes, generally from paper mills and tanneries.
Investigations with reference to the purification of wastes of this sort
were begun by the Massachusetts State board of health in the summer
of 1895, and a résumé of the results will be found in the following
pages. The published results indicate that it will be feasible to purify
the manufacturing wastes satisfactorily at a cost sufficiently small to
avoid crippling the manufacturing industries. A study of the ques-
tion of the purification of the sewage of a number of towns naturally
draining into the Neponset River in the upper valley shows that the
necessary purification can be best accomplished by separate treatment
upon land, as is done in many other towns in Massachusetts.

The removal from the river of the crude .sewage of the manufactnr-
ing establishments, as well as that of the towns in the valley, will tend
to improve the sanitary condition of the channel of the stream by pre-
venting further deposition of organic matter upon the sides and bottom
and in the numerons shallow bays and coves.

The report further states that, in order to improve the sanitary con-
dition of the meadows, it will be necessary to lower the level of the
water in the river sufficiently to permit the satisfactory drainage of the
meadows and to prevent being flooded during the summer season. To
accomplish this it is considered that the river should be deepened suf-
ficiently to carry off the summer flows and still keep the water surface
below the level of the meadows. Applying the run-off data of the
Sudbury River watershed, for which a record covering twenty-one
years is available, it appears that the river channel should be enlarged
enough to enable it to carry at least 720 cubic feet per second, which
would be sufficient for anything except a summer rainfall in excess of
that of August, 1889, when the run-off of the Sudbury River for the
month amounted to 2.55 inches on the watershed, the rainfall of the pre-
vious month of July being 8.94 inches and of the previous August 4.18
inches. The run off-of August, 1889, of 2.55 inches, was the largest for
any summer month during the period 1875 to 1896, covered by the Sud-
bury measurements. In 1882 the August run-off of the Sudbury was
only 0.10 inch. In 1883 the September run-off was 0.08 inch. In 1883
the total run off of the Sudbury for the summer months, June to
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August, inclusive, was only 0.86 inch. In 1889 the total run-off of the
summer months was 4.81 inches. According to the report of the engi-
neer, an examination of the rainfall records of eastern Massachusetts
for the period of thirteen years indicates that summer flows as heavy
as in August, 1889, may be expected.about once in ten to fourteen
years; while for about two or three times in a century it may happen
that the flow for some one of the summer months will be considerably
in excess of that for August, 1889,

The plan for draining the Neponset Meadows includes, in effect, the
cutting of a nmew channel across a number of sharp bends, thus consid-
erably shortening the length and inereasing the slope. It also includes
removing the flashboards of the dam of the Mattapan Paper Mill,
which is situated on the river about half a mile up the stream from the
north line of the town of Hyde Park. The estimated cost of the river
improvement, not including cost of land and water damages, is $127,115.
It is also estimated that the increase in valuation of the 3,655 acres of
meadow resulting from this improvement would amount to $101,330.

In conecluding his report, Mr. Goodenough, the engineer of the State
board of health, states that the gain in valuation of the meadows,
produced by draining them, probably does not represent the full eco-
nomic value of the improvement. By leaving the river and meadows
in their present condition they become not only a source of annoyance,
but a menace to the health of thoseliving in the vicinity, and ultimately
unfavorably affect the value of all real estate in the vicinity. Moreover,
if a portion of the improved meadows should be utilized for market
gardening, the value of such portion would be much greater than if used
for hay and pasturage alone.

In order to show the great pollution to which streams in manufactur-
ing,districts are subject from the discharge of manufacturing wastes,
we may further refer to the report on river pollution in Connecticut, by
Prof. S. W. Williston, from which extracts have been made in Water-
Supply and Irrigation Paper No. 3, first considering the case of Quinni-
piac River. That stream has a drainage area of about 150 square miles,
with a population thereon in 1890 of fully 40,000. Meriden, the chief
city of the drainage area, had a population in 1880 of 15,540, and in
1890 of 21,652.

A measurement of the flow of the Quinnipiac River made August 3,
1888, gave about 7 cubic feet per second. A measurement on Monday,
August 6, before the mills started, gave 5.5 cubic feet per second; at 10
a. m. the same day the flow was nearly 20 cubic feet per second. The
rainfall is sach that in ordinary years we may expect fairly uniform
daily stream flows in the vicinity of Meriden.

In 1888 there were in Meriden 23 manufacturing establishments, with
5,708 employees, of whom 3,608 used water-closets.

In a year these manufactories produce the following amounts of pol-
luting materials:
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Polluting materials used by manufactories in Meriden, Connecticut.

Mineral acids. ... .. oo e i pounds.. 891,700
ATRALIO8 . . oo i it i e ememenaaaas do.... 198,500
Mineral salts ... .. .. e emaem - do.... 17,000
Inorganic and organic oils ... ... .. .. L. ...l gallons.. 18,445
Asphaltum ... i ieiieae. pounds.. 1,000
7 R do.... 7,000
Cotton Waste .. oo o e o e e e mmm——eaaas do.... 2,000

The organic matter scoured from wool is stated at over 500 pounds
daily. The total amount of manufacturing wastes turned into the
stream is estimated at from 2§ to 3 tons daily, one-fourth of which is
organic.

At Yalesville and Wallingford Professor Williston found 6 manu-
facturing establishments, with 1,060 employees, of whom 485 used
water-closets. The polluting material used per year by the 6 establish-
ments was reported as follows: :

Polluting materials used by manufactories in Yalesville and Wallingford, Connecticut.

. Pounds.

Organic matter (about) ... ..o i i et i 50, 000
7 0 1 R 173, 000
7.8 1 g 41, 000
Minerals and mineral oils (about) - ... ... ... o . a.Ll...lL. 90, 000
Total. ... i e e iiiieeeaan 354, 000

The sewers of New Britain, Connecticut, drain partly into a tributary
of the Quinnipiac River and partly into a tributary of the Connecticut
River. The population of New Britain in 1880 was 11,800, and in 1890,
16,619. Professor Williston’s canvass showed 12 establishments, with
3,075 employees, using water-closets which drained into Pipers Brook,
a tributary of the Connecticut.

The following quantities of chemicals per year were discharged from
these 12 establishments: -

Polluting materials discharged from manufactories in New Britain, Connecticut.

Pounds.

Metal 8alt8 - ..o ou. i e i emeeeie e 700, 000
Free acids. . .. ... . e i e 100, 000
Lime salts ..o co it ineeteeeeaaa aaas 35,000
Alkali salts. ... o e iciiicieicienaeaeaeeo .. 100,000
1511 25, 000
Fatty matber ... .. el 100, 000
Vegetable refuse. .. ... oo i e 20, 000

B0 1, 080, 000

‘Waterbury, the chief city on the Naugatuck River, in Connecticut,
had, in 1880, a population of 17,806, and in 1890 a population of
28,646.

In 1887, 26 manufacturing establishments employed 7,571 persons,
of whom 7,140 used water-closets.
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The annual pollution from manufacturing wastes at Waterbury was
placed as follows:

Polluting materials discharged from manufactories in Waterbury, Connecticut.

Pounds.
Free acids - ... ccoooo o e e e e e e eemaan s 500, 000
Metal salbs . ... e et 2, 500, 000
Alkaline salts . . .. . e e eiemee e eeeaan 75, 000
1 1 NN 50, 000
Fatby matbers. ... oo i o 200, 000
b 37 ) U S 3, 325, 000

A large amount of interesting recent information in regard to river
pollution in the United States is now available, but lack of space pre-
cludes further reference to it in this place.! The examples given will
serve to illustrate the immense amount of polluting wastes that are
daily being thrown into-the rivers.

SEWAGE PURIFICATION AT MANUFACTURING ESTAB-
. LISHMENTS.

In England the pollution of streams from manufacturing wastes
became very serious many years ago, and as the result of careful
consideration of this special phase of stream pollution 2 number of
sewage-disposal plants have been devised, especially with reference to
purifying the sewage of each manufacturing establishment at the mill.
A large amount of information in regard to such plants, with detailed
plans, may be found in the fourth report of the Rivers Pollution Com-
mission. As American examples, a number of cases cited by Mr.
Clark in his report to the Massachusetts drainage commission, together
with several recent ones, may be mentioned.

(1) The Wansuch Mills at Providence, Rhode Island, manufacture
woolen and worsted -goods extensively. The yearly amount of refuse
contained in the waste water from this mill is stated to include about
64,000 pounds of dyestuffs, 1,000,000 pounds of alkali, 4,000 pounds of
acid, 53,000 pounds of fuller’s earth, and 400,000 pounds of grease. The
waste water which contains this polluting material, and which origi-
nally flowed directly into West River, is stated as about 400,000 gallons
a day. A dyeing and bleaching company located on the stream below
the Wansuch Mills brought suit, alleging serious injury to its oper-
ations. After protracted litigation the supreme court granted a per-
manent injunction. In compliance with the injunction attempts were
made to purify the waste water before permitting it to enter the river.
For this purpose an acre and a half of land was prepared for filtration

1 See the annual reports of the several State boards of health. The annual reports of the Provincial
Board of Health of Ontario may also be referred to. As further illustrating the pollution of streams
by mill wastes, reference may be made to the Eighty-third Annnal Report of the Philadelphia Water
Department (1885), pages 308, 309, where the detail of the daily wastes from an extensive carpet, blanket,
and cloth mill may be found. The same data are also givenr on page 64 of Sewage Disposal in the
United States. See also the report of the Second Rivers Pollution Commission.
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by making furrows 4 feet apart on the surface. This process was fairly
successful when first tried, but the land soon became clogged on the
surface. The filtration process was then abandoned, although it seems
clear from present information that with a larger area it could have
been made successful. Purification by chemical precipitation was then
adopted and has, so far as known, been continued since. For this
purpose a set of six connected basins was excavated on the land pre-
viously used for filtration.

It is stated that about a barrel of lime is added to each 100,000 gal-
lons of waste before pumping to the precipitation basins. This addi-
tion is made rudely, without either previously grinding or slacking the
lime. The mill wastes flow continuously through the basins, with
most of the deposition taking place in the first basin. The effluent
from the last basin is said to appear to the eye about as foul as when
it enters; this apparently indicates, in view of the satisfactory results
gained elsewhere, defects in the practical management of the process.
In the beginning sulpbate of alumina was used as a precipitant, at a
cost of about $6,000 per year for the whole amount treated, which, how-
ever, was considered too great an expense.

(2) At the Loraine mills, Saylesville, Rhode Island, a method of wool
scouring is practiced by which the grease is recovered and most of the
dirt is eliminated from the wash water before it is permitted to escape.
The results at this mill indicate the recovery of about a ton of grease
from each 18,000 pounds of wool washed. The cost of the plant for
accomplishing this, not including buildings, was $2,500. The process
is considered remunerative.

(3) Two mills in Millbury, Massachusetts, each scouring about 1,000
pounds of wool per day in the grease, retain the first scour in vats,
which are cleaned periodically and their contents used as fertilizer.
The process is considered remunerative at these mills.

(4) At the woolen mills of Robert Bleakie & Co., Hyde Park,
Massachusetts, about 3,000 pounds of wool are scoured daily, the
refuse from which, together with sewage and dyeing wastes, flows into
a settling basin, whence the effluent passes into the stream. The
settling basin consists of a cemented structure 80 feet long, 10 feet
wide, and 3. 5 feet deep; it is cleaned at intervals and the sludge is used
for fertlhzer, yielding for this purpose -an estimated value of several
hundred dollars a year.

(5) At Maxwell’s tannery, Winchester, Massachusetts, a mechanical
filter is used for straining bark and coarse lime from tannery wastes.
The filter consists of a wooden box about 4 feet wide, 2 feet deep, and
60 feet long, divided ito compartments filled with hay, through which
the waste water filters. The efluent generally is clear, but of a deep
mahogany color.

(6) The Nemasket mills at East Taunton, Massachusetts, applied to
the State board of health in 1891 for advice with reference to disposing



»
24 SEWAGE IRRIGATION, PART IL [No. 22.

of the sewage of the mill. The board advised that the waste water
from the sinks be kept entirely separate from other wastes and con-
ducted to a tight cesspool with an overflow therefrom into a filtering
trench on the bank of the river. Also, that privies be provided in
which all excrementaceous matters, both solid and liquid, be retained
in water-tight vaults, to be cleaned from time to time, and the deposits
buried in the ground not less than 100 feet from the Taunton River.
The board expressed the opinion that by carrying out this plan the
water supply of the city of Taunton, which is taken from Taunton
River below the Nemasket mills, would not be contaminated by the mill
wastes.

(7) The Menominee River Valley, in Wisconsin, adjacent to the city
of Milwaukee, has been badly polluted for a number of years by wastes
from large manufacturing establishments as well as from the public
institutions of Milwaukee County. In 1893 the Wisconsin legislature
instructed the State board of health to prepare plans and estimates for
a sewerage system to serve this district. It also enacted further legis-
lation, requiring all sewage to be filtered or otherwise purified to the
satisfaction of the State board of health before being discharged into
the stream. The act, however, failed to provide funds for preparing
the plans, but most of the manufacturing establishments and public
institutions have voluntarily introduced some method of treating their
sewage. A recent letter from Dr. U. O. B. Wingate, secretary of the
Wisconsin State board of health, indigates that the results obtained
have been hardly satisfactory on account of adverse decisions of the
Wisconsin courts! as to the powers of the State board, which have
operated to prevent such supervision of sewage disposal projects in
‘Wisconsin as is now common in the more advanced States of the East
and middle West.

The following are some of the particulars of the works actually con-
structed. At Schmidt’s curled-hair works the solid matter of the liquid
wastes is first screened out and the effluent then discharged upon porous
soil, where it disappears. A similar system is in operation at McBride’s
sanitariom.

The National Soldiers’ Home, with over 2,000 inmates and a daily
flow of sewage of about 270,000 gallons, constructed an intermittent
filtration system, the permanent success of which, however, is said to
be doubtful because of the character of the soil of the filter areas.

At the shops of the Chicago and Northwestern Railway Company at
Merrill Park afurnace has been provided for cremating the excrements.

The public institutions of Milwaukee County and the Miller Brewing
Company have constructed combined chemical precipitation and
mechanical filtration plants. The county institutions consist of a hos-
pital, almshouse, two insane asylums, etc., having in all over 1,000
inmates. The fiow of sewage is placed at from 250,000 to 400,000

! See also Sixteenth Ann. Rept. Wisconsin State board of health.
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gallons a day. The sewage is first treated with lime and sulphate of
alumina, and is subsequently filtered. The works are said to receive
daily attention from a chemist, and thus far have furnished a eclear
efflnent, free from odor, which does not undergo a secondary decompo-
sition. However, according to information in Engineering News of
January 13,1895, it appears that this plant is not doing the work as
thoroughly as it should because of overcrowding and too infrequent
cleaning. The plant was originally designed to treat 480,000 gallons of
sewage in twenty-four hours, which would certainly be a very large
quantity from 1,000 inmates, even at insane asylums. If the present
works actually have a capacity of 480,000 gallons in twenty-four hours,
or, what is the same thing, a capacity for treating 480 gallons per capita
per diem, they certainly ought to take care of the sewage from these
institutions. The mechanical filter is said to be composed of limestone,
Florida moss, and iron manganese. We understand that the process is
patented, but probably does not represent the best practice in sewage
purification at the present time, which may be the real reason for its
failing to do the work properly.

The Miller Brewing Company, which produces perhaps 150,000 gal-
lons of sewage a day, has a similar plant, the effluent from which is
stated to be so unsatisfactory as to undergo secondary decomposition,

In a letter to Engineering News dated January 21, 1895, Dr, Win-
gate, the secretary of the Wisconsin State board of health, states that
two of the plants which have been built in the Menominee Valley are
satisfactory in their construction, but their management is unsatisfac-
tory. He also states that the managers of the different institutions
and manufacturing establishments have apparently the idea that con-
strueting a plant is all that is necessary, that they have not furnished
the necessary agents and help to keep the plants in proper condition,
ahd that they have not managed them properly.

Experience abroad has fully shown that purification works require
attention; indeed, our own experience on this point is now so full, that
it seems unnecessary for Americans to experiment further in that
direction.

(8) In Ohio stream pollution from manufacturing wastes has assumed
some importance, and the State board of health of that State has
investigated a number of cases of such pollution, one of which may be
referred to here. The Scioto Straw-Board Company, of Kenton, Ohio,
discharges the wastes from its mill into the Scioto River. Complaints
having been made to the State board of health that such discharge
caused a public nuisance, an investigation was made in the summer of
1886. The following analyses of water from the Scioto River at Kenton
indicate the extent of the pollution. In considering the significance of

1In a letter to the author, dated August 6, 1897, Dr. Wingate states that a drainage commission has
been appointed to report to the next legislature, which will consider the whole question of Menominee
Valley sewage disposal.

1
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these analyses it should be understood that the Scioto River at Kenton
is little more than a respectable brook. The average fall does not
exceed 1 foot per mile for 30 miles. Analysis No. 1 is water from the
Scioto River above the mill; No. 2, water from below the mill, and No.
3, from La Rue, a few miles below.

Analyses of water from Scioto River near Kenton.

[Grains per gallon.]
Number. Lime. Chlorine. Mineral. O%ﬁifli?d Total solids.
d e e e e 8.98 0.25 20. 30 9. 68 29.98
Y 63.32 6.49 84.09 130. 63 214.72
> 13. 33 1.45 31.26 18.19 49.45

So far as can be learned, the great inerease in pollution of the stream
did not affect the health of people living in the vicinity, although the
fish in the stream were killed and there was at time of low water a
serious effluvium nuisance. The remedy was the construction of a
settling tank of from 3 to 5 acres. As to whether or not this has proved
satisfactory there is no information at hand.!

(9) The waste waters at Tid’s tannery, Stoneham, Massachusetts,
were treated chemically during the years 1894 and 1895. The following
results were obtained in the latter year. The total quantity of sewage
pumped was 4,990,924 gallons, to which were applied as a precipitant
71,760 pounds of sulphate of alumina. The sludge amounted to 648,820
gallons, or 13 per cent of the sewage. It was disposed of to neighbor-
ing farmers, who carted it away for fertilizer. These works were first
operated in 1893, by the city of Boston, in order to protect the Upper
Mystic Lake. -

(10) At Fitzgerald’s tannery, also in Stoneham, Massachusetts, a
series of precipitation tanks were constructed by the owner in 1895,
arranged in such manner that the heavy particles of waste matter will
settle as the sewage flows from one tank to another over separating
partitions. In 1895, however, the quantity of sewage having increased
to about 10,000 gallons daily in August, it was found necessary to use
more chemical than the lime naturally present in the sewage. The
owner thereupon constructed a vat for chemicals, and the Boston water
department furnished and applied sulphate of alumina to the extent of
10,520 pounds from August, 1895, to January, 1896. The effluent from
both these tanneries in Stoneham, while still highly colored from the
tan bark, is stated to be on the whole fairly satisfactory. The use of a
larger amount of chemicals would remove an additional amount of
color, but at such increased cost as is considered not to be justified
by the circumstances.

IThe Ohio State board of health issued in 1898 a Preliminary report of an investigation of rivers,
ete., of Ohio, which gives much informa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>