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W A T E R  SUPPLY  AND SEW ERAGE.

[R ep o rt req u ired  b y  th e  p r o v is io n s  o f  c h a p te r  3 7 5  o f  th e  A c ts  o f  
1888, e n t it le d  “ A n A ct to  p r o te c t th e  p u r ity  of in la n d  w a te r s ,  
a n d  to  req u ire  c o n su lta t io n  w ith  th e  S ta te  B oard  o f  H ea lth  
re g a r d in g  th e  e s ta b lis h m e n t  o f  s y s te m s  o f  w a te r  su p p ly , d ra in a g e  and  s e w e r a g e .”]

The following report contains the substance of Ihc replies 
made by the Board to those cities, towns, corporations and 
individuals which have applied to the Board for its advice 
relative to systems of water supply, drainage and sewerage, 
under the provisions of chapter 375 of the Acts of 1888. It 
also includes a summary of the work done by the Board in 
connection with the examination of water supplies and rivers, 
and the purification of sewage.

As one result of the studies of the Board, in connection 
with the investigations made at the Experiment Station, 
there has been constructed during the past year by the city 
of Lawrence a filter-bed covering an area of two and a half 
acres which now filters the domestic water supply for about
47,000 people. This water supply is derived from the Mer
rimack River, which receives the drainage of a large part of 
New Hampshire, and the sewage of Lowell enters only nine 
miles above the intake of the Lawrence water works. There 
has been in past years a great increase in the number of deaths 
by typhoid fever in Lowell and in Lawrence in the late fall 
and winter months, after the disease had spent its force and 
nearly ceased in the towns and cities up the river.

The studies of the Board led them to conclude that this 
large number of deaths, often, in Lawrence, exceeding the 
number in the city of Boston in the same months, was due 
to disease germs brought down the river and distributed to 
the citizens in their drinking water; and after making filters 
at the Experiment Station that removed all the disease germs
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put into the water applied to them, the Board advised the 
city of Lawrence to construct a filter under the direction of 
the Board, and to purify their drinking water. The filter 
was commenced in the fall of 1892, and finished, at a cost 
of about $G5,000, in September, 1893. Since September 
20 all the water that has been pumped to the city reservoir 
has first passed through the filter.

Very frequent examinations of the water show that 98 per 
cent, of all of the bacteria in the river water applied to the 
filter are removed directly by it, and in addition to this 
it removes a large part of the organic matter from the 
water and converts much of it to mineral matter, thus de
priving the remaining bacteria of food material and render
ing the conditions of life so unfavorable that the bacteria 
decrease as the water goes on through the reservoir and 
through the distributing pipes, until when the water reaches 
the citizens there remains but one-half of 1 per cent, of the 
number of bacteria in the river water; that is, 99^ per cent, 
of all have been removed.

The experiments of the Board indicate that the small 
numbers remaining are of a few hardy kinds that are not 
known to be in any way injurious to health; and leave the 
strong probability that all the disease-producing germs have 
been removed.

The result upon the health of the people of Lawrence is 
very marked and very satisfactory. The number of deaths 
from typhoid fever in Lawrence for the three months of 
October, November and December during the past five years 
has averaged eighteen ; the number of deaths this year, since 
the water has been filtered, in the same three months, has 
been four.

At the end of the year 1893 all of the 30 cities in flic 
Commonwealth, and 111! towns out of a total of 322, were 
provided with a public water supply. The total population 
ol the communities having a public water supply is 87.1 per 
cent, of the total population of the State.

There are now but G towns which, by the census of 1890, 
had a population exceeding 4,000, which are not provided 
with a public water supply. The names of these towns, with 
their respective populations in 1890, are as follows: Black-
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stone, 6,138; Ipswich, 4,439; Millbury, 4,428; Winchen- 
don, 4,390 ; Rockport, 4,087 ; and Barnstable, 4,023.

Twenty-eight cities and 67 towns, having together a total 
population of 1,704,510, own their water works, while 2 
cities and 49 towns, with a total population of 244,945, are 
supplied by private companies.

The flow of the streams in the year 1893, taken as a whole, 
as indicated by the volume of water flowing in Sudbury 
River, has been a very little below the average for a long 
series of years; but the seasonal distribution of the flow has 
been very uneven, the year resembling in this respect 1891. 
During the four months from February to May, inclusive, 
the flow was 23 per cent, above the average, and greater 
than in all but three of the previous eighteen years. On the 
other hand, the flow for the six months from June to Novem
ber, inclusive, was 46 per cent, below the average for these 
months, and there were only four years of the previous 
eighteen when the flow during the same months was lower.

A year of this unusual character affects very differently 
different classes of water supplies. Those communities hav
ing sufficiently capacious ponds or reservoirs to store the 
whole amount of water flowing in the spring, obtained for 
use about the average yield of their sources of water supply; 
while those provided with smaller ponds or reservoirs, so 
that they could not prevent the spring flow of the streams 
from running to waste, felt much more severely the effect of 
the drought of the succeeding six months. The city of Bos
ton practically exhausted the water in its Sudbury River 
reservoirs, but the fall rains fortunately came in season to 
prevent any shortage of water. Mystic Lake, which supplies 
Charlestown, Somerville, Chelsea and Everett, was reduced 
to so low a level that temporary pumps were used for a short 
time to pump water from the lake into the aqueduct.

These are only examples of what occurred in many places 
in the State. In the southern part of the State there was 
even less rain than in the eastern part, and some places, of 
which Southbridge and Uxbridge may be mentioned as ex
amples, entirely exhausted the water from their usual sources 
of supply, and were obliged to resort to pumping water from 
the neighboring rivers, thus introducing into the pipes water 
of undesirable quality.
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The State Board of Health was authorized and directed, 

by chapter 459 of the Acts of 1893, to investigate, consider 
and report to the Legislature of 1895 upon the question of a 
water supply for the city of Boston and its suburbs within a 
radius of ten miles from the State House, and for such other 
cities and towns as in its opinion should be included in con
nection therewith.

The experience of the past year has emphasized the urgent 
need of a new water supply for this district, as not only has 
the water supply of Boston and the district supplied from 
Mystic Lake been nearly exhausted, as above indicated, but 
the water supplies of a majority of the places in the Metro
politan district have been in a similar condition.

The Board began considering the subject of a water supply 
for the Metropolitan district seven years ago, by collecting 
information of a general character with regard to the various 
sources which might furnish a water supply for this district, 
and by determining the exact quality of the water of the 
different sources by a series of analyses covering a period of 
two yeai’s or more.

Owing to these preliminary studies, the Board was enabled 
to begin at once, after the passage of the act above mentioned, 
to enlarge its staff of engineers, and to make surveys and 
examinations with a view to determining definitely the ca
pacity of different sources and the cost of obtaining a water 
supply from them.

While it is too early to present any conclusions regarding 
the best source of water supply for the district, it may be 
said that the investigations made up to the present time 
indicate that an abundant supply of good water for the 
Metropolitan district may be obtained without excessive 
expenditure.

The comparatively low stream-flow of the last three years 
has made the question of additional water supplies for many 
towns extremely urgent, and the advice of the Board as 
regards the capacity and fitness of new sources of supply 
has been repeatedly sought. The constantly increasing 
fund of information which the Board is acquiring through 
its staff of engineers, chemists and biologists, concerning 
the characters of the natural waters of the; State, puts it in
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position to give advice, in many cases, with a certainty and 
promptness that was not possible before these investigations 
were undertaken.

The chemical and microscopical analyses of the waters of 
the State have been continued during the year 1893, 1,731 
samples of water having been examined. These examina
tions include many of the regular water supplies of the 
State, but a very much larger number of examinations than 
ever before has been made of waters proposed for new sup
plies of cities and towns.

Following is a classified list of the waters examined during 
the year: —
From open and covered reservoirs for the storage ofground waters,...................................................... 26From ground-water s u p p l ie s , ...............................
Special investigations of regular water supplies af 294

fected by tastes, odors, e t c . , ............................... 16From ponds and storage reservoirs and their inlets, . From streams and miscellaneous sources, . 578127
Total from regular water supplies,

In connection with investigations of new sources of 1,041
water supply, . . . . . 230With reference to pollution of streams, 155With reference to sewage purification at Framingham,
Marlborough, Gardner, Medfield, Westborough,
Lenox, Amherst and Wellesley, 251In comiection with the study of epidemics,. 18Miscellaneous, . . . . . . . 36

690
Total............................................................ 1,731

The microscopic vegetable and animal organisms have
been determined as usual in all the waters which have been 
examined chemically, and our knowledge of the connection 
between these organisms and the tastes and odors of the 
waters, has been somewhat increased.

The continued investigation of the efficiency of sewage 
purification throughout the State by the chemical and bio
logical examination of sewages and effluents, and by the 
mechanical analysis of soils, has afforded important results, 
which, taken in connection with the experimental work at
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the Board’s Experiment Station at Lawrence, can be directly 
utilized in determining rules of practice for the purification of 
sewage by intermittent filtration on a large scale. A very 
large number of examinations of sewage and effluents has been 
made from the purification fields at Framingham, Marlbor
ough, Gardner, Medfield, Westborough, Lenox and Wellesley. 
No sanitary question is of greater or more immediate im
portance than the disposal and purification on land, of the 
sewage of cities and towns. To do this effectively and harm
lessly, an intelligent control of the process is needed for 
each situation.

In connection with the study of new sources of supply, a 
large number of ground waters has been examined, with the 
result of adding much to our knowledge of the subterranean 
waters of the State. In the report for 1892 attention was 
directed to the presence of iron in some ground waters, 
which made them very objectionable for domestic use. 
During the past year the metal manganese has been found in 
well waters at Watertown in considerable amount, associated 
with organic matter. The sanitary significance of this occur
rence has yet to be determined.

In previous reports of the Board attention has more than 
once been drawn to the fact that the deeper layers of water 
in ponds were stagnant during the warmer months, and that 
when the bottom of the pond or reservoir contained decom
posable organic matter the water near the bottom became 
very foul with the products of putrefaction. In the case of 
Lake Winnipiseogee, samples taken during August at a depth 
of 110 feet from the surface showed the water to be of the 
same quality and composition at the bottom as at the surface.

Analyses of soils from a proposed storage reservoir have 
been made to determine the amount of stripping which would 
be necessary to remove all the organic matter from the sur
face before filling the reservoir with water. The cleaning 
of the bed and sides of a reservoir is now known to be essen
tial it the water contained in it is to be preserved free from 
putrefactive products in summer; but the depth to which 
the surface soil should be removed can be best learned by a 
direct determination of the organic matter in the different 
layers. Ihc lesults of the analyses in this case arc interesting and valuable.
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An extended series of analyses of the water of the lower 

Charles River has been made during the year to determine 
the amount of its pollution by sewage and manufacturing 
wastes, and also to determine the influence of the flood tide 
in backing up the impure water.

During the year the artificial ice made for sale in the State 
has been investigated, chemically and biologically. A special 
report on the subject was made to the General Court on May 
16, 1893.

Of the sewage filters at the experiment station, several of 
those that had been in use for five or six years had for a year 
or more been subject to treatment known to be unlikely to give 
the best results, but tried for the purpose of learning the 
result of peculiar methods of treatment, and the effluent was 
not as well purified as in former years. Upon restoring the 
old filters to their normal condition and treating them by the 
methods which had been found most favorable for complete 
purification they resumed their former ability, and gave as 
satisfactory effluents, both in quality and quantity, as in for
mer years.

In the filtration of sewage remarkable results have been 
obtained through the past year, by first filtering sewage very 
rapidly (nearly five hundred thousand gallons per acre daily) 
through gravel stones through which air was also being con
stantly drawn ; and then again filtering this effluent through 
sand at the rate of about one million gallons per acre daily. 
By the first filtering about 82 per cent, of the albuminoid 
ammonia and the same percentage of the bacteria were re
moved ; and at the end of the second filtering there remained 
in the effluent but 2 | per cent, of the albuminoid ammonia 
of the sewage and but two one-hundredths of 1 per cent, of 
the bacteria. By this method of first burning up the sludge 
by the help of the current of air drawn through the gravel 
stones nearly three times as much sewage may be nitrified 
and purified with a given area of surface as has been previ
ously purified by sand filtration.

It is desirable that experiments upon this method of filtra
tion be continued and its limits determined.

Very good effluents have also been obtained by rapid filtra
tion through sand of the supernatant liquid after sewage has
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settled naturally and after the sludge has been precipitated 
by chemicals.

In water filtration very satisfactory results in the removal 
of bacteria have been obtained when filtering at much higher 
rates than formerly, even up to nine million gallons per acre 
daily. These results indicate the desirability of further ex
periments to determine under what conditions satisfactory 
removal of disease germs may be assured when filtering at 
more rapid rates.

ADVICE TO CITIES AND TOWNS.
Under the provisions of chapter 375 of the Acts of 1888, 

entitled “ An Act to protect the purity of inland waters, 
and to require consultation with the State Board of Health 
regarding the establishment of systems of water supply, 
drainage and sewerage,” the Board is required “ from time 
to time to consult with and advise the authorities o f cities 
and towns, or with corporations, firms or individuals either 
already having or intending to introduce systems o f water 
supply, drainage or sewerage, as to the most appropriate 
source of supply, the best practicable method o f assuring the 
purity thereof or o f disposing o f their drainage or sewage, 
having regard to the present and prospective needs and in
terests o f other cities, towns, corporations, firms or individuals 
which may be affected thereby. It shall also from time to 
time consult with and advise persons or corporations en
gaged or intending to engage in any manufacturing or other 
business, drainage or sewage from which may tend to cause 
the pollution of any inland wrater, as to the best practicable 
method of preventing such pollution by the interception, 
disposal or purification of such drainage or sewage : provided, 
that no person shall be compelled to bear the expense of 
such consultation or advice, or of experiments made for the 
purposes ot this act. All such, authorities, corporations, 
firms and ind.ividv.als are hereby required to give notice to 
said, Hoard o f their intentions in the premises, and to submit 
for its advice outlines o f their proposed plans or schemes in 
relation to water supply and disposal o f drainage and sewage;
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and all petitions to the Legislature fo r authority to introduce 
a system o f water supply, drainage or sewerage shall be ac
companied by a copy o f the recommendation and advice o f the 
said J3oard thereon.”

During the year 1893 the Board has given its advice to 
the following cities, towns, corporations and individuals who 
have applied for such advice under the provisions of the 
general act of 1888, or under special acts relating to water 
supply and sewerage.

Replies were made during the year to applications made 
from the following sources for advioe relative to water 
supply: Arlington, Canton, Chester, Fairhaven, Falmouth 
Heights, Holyoke, Hyde Park, Kingston, Lawrence, Lex
ington, Lowell, Lynn, Marlborough, Medford, Melrose (three 
replies), Mendon, Methuen (two replies), Newburyport 
(two replies), North Andover, Peabody, Rockport, Salem, 
Saundersville (Grafton), Scituate, Sharon, Southbridge (two 
replies), South Deerfield, Stoughton, Uxbridge, Wakefield, 
Walpole (two replies), Waltham, Webster, Westborough, 
West Springfield, Whitman.

Replies relating to sewerage and sewage disposal were 
made in response to applications from the following sources : 
Andover, Attleborough, Braintree, Brockton (two replies), 
Framingham, Holyoke, Leicester (three replies), North 
Brookfield, Pittsfield, Plymouth, Spencer and Westborough.

W ater S upply .
The following is the substance of the action of the Board 

in reply to applications for advice relating to water supply: —
A rlington. The committee on water supply of the 

town of Arlington applied to the State Board of Health, Dec. 
24, 1892, for advice relative to the best method of obtaining 
a water supply for the higher portions of the town, which 
cannot be supplied from the present service, and of improv
ing the quality of the present supply. The attention of the 
Board was particularly called to a plan for pumping water 
from driven wells, ou the borders of the great meadows and 
near the East Lexington railroad station, to a reservoir at a
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sufficient height to supply the high portions of the town. 
The Board replied as follows : —

Boston, Feb. 10, 1893.
Ill order to ascertain the quality of water from these wells, the 

Board has caused analyses to he made of the five samples sent in 
by you. These samples showed the presence of an unusually large 
amount of free ammonia for a ground water and a larger amount 
of iron than is commonly found, both of which were probably due 
to the proximity of the wells to the Great Meadows. Notwith
standing these characteristics, if the water drawn from this source 
should continue to be as good as the samples, there is no doubt 
that it would be satisfactory for all water-supply purposes, and 
very much better than the water at present supplied to Arlington. 
The great danger, however, is that with continued pumping the 
water will be derived to an increased extent from the meadow by 
filtration through the peaty material, and will deteriorate and be
come unsatisfactory.

It is obvious from an inspection of the locality where the wells 
are driven that very little if any water can come from the easterly 
or down stream side of the wells owing to the presence of rock and 
other impervious material, and the fall of the ground in this direc
tion. In other directions from the wells the character of the up
land which might contribute ground water to them is such that a 
large portion of the water flows off into the meadows, and only a 
comparatively small amount soaks into the ground, near enough to 
the wells so that it will percolate directly to them. If any large 
quantity of water is to be obtained from the wells, the supply must 
necessarily be derived from the meadow by the filtration of water 
through it into the ground beneath, and under such circumstances 
it is extremely doubtful if the supply will continue to be of satis
factory quality.

With regard to the quantity of water to be derived from this 
source, the character of the material encountered by the test wells 
and the results obtained by the pumping test seem to indicate that 
the ground in the immediate vicinity of the wells is of favorable 
character for obtaining a ground water supply. The tests have 
not been sufficiently extended, however, to determine from how 
large a territory wells at this place will draw water or how much 
water can probably be obtained from this source. Even if the 
wells should draw water from a very considerable distance, so that 
all the water now coming into the Great Meadows could be utilized, 
the average daily supply in a dry year could hardly be expected to 
exceed 200,000 gallons per day; but if the water filtering through 
the peaty material of the Great Meadows should prove to lie of
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satisfactory quality the supply might be increased by diverting 
into the meadows some of the water from the upper half of the 
main watershed, which would otherwise run to waste during the 
spring over the dam of the main reservoir.

Taking everything into consideration the Board is of opinion 
that the chances are against getting a satisfactory supply from the 
proposed source either as regards quantity or quality, though some 
of the doubts which now exist might be removed by more thorough 
tests of this source if it were thought advisable to make them.

In view of the unfavorable outlook for obtaining a satisfactory 
supply from the source already tested near the Great Meadows, 
the Board has caused examinations to be made by its engineer of 
other portions of the watershed from which your water supply is 
derived. Judging from the surface indications he finds that some 
of the land in the vicinity of the main brook which feeds your 
reservoir promises to furnish a larger supply of ground water of 
good quality than any other place upon the watershed, and the 
Board would therefore advise that you make further tests in this 
vicinity. It is desirable to locate a well or wells quite a long dis
tance, say one-fourth of a mile or more, above the present reser
voir but not so far up stream as to be above the ridge, through a 
cutting in -which Munroe Brook flow’s into the stream w’hich sup
plies your reservoir. It is also desirable to avoid the immediate 
vicinity of any large sw’amp, and to select a place where the porous 
material from which water can be pumped freely extends to a con
siderable depth, say from thirty to fifty feet.

In addition to the question of obtaining a supply from the 
ground your application also refers to the deepening of the present 
reservoir with a view to improving the quality of the water.

The disagreeable character of the water drawn from the reser
voir at times last year and also on previous occasions is caused by 
the growth and decay of minute vegetable forms, and these in turn 
grow in greater abundance when the water contaius an abundant 
supply of nitrogenous food. Experience has shown that this sup
ply of food may be derived from organic matter in the bottom of 
the reservoir or it may come into the reservoir in the water which 
supplies it. In the present case the supply of food for these mi
nute organisms may be derived from both these sources, as there 
is a considerable amount of organic matter in the bottom of the 
reservoir, and analyses show' that the water of the brook entering 
the reservoir contains a liberal supply of nitrogen, a result which 
might be expected from the population upon the watershed and 
the heavy manuring of portions of it.

The removal of all mud from the reservoir and the deepening of
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the shallower portions would undoubtedly have a decided tendency 
to improve the character of the water. Of these improvements, 
however, the removal of the mud is of greater importance than the 
deepening of the shallower portions of the reservoir where it has a 
gravelly bottom ; still, both of them are very desirable. There can 
be no certainty, however, of any radical change for the better in 
the quality of the water, as these improvements would only remove 
one of the causes of the minute vegetable growths.

Canton. The water commissioners of Canton requested 
the advice of the State Board of Health, March 29, 1893, as 
to the propriety of taking an additional supply of water from 
the valley of Beaver Brook. To this application the Board 
replied as follows : —

Boston, Jane 2, 1893.
The State Board of Health has considered your application with 

regard to an additional water supply, to be taken from the valley of 
Beaver Brook above your present pumping station, in accordance 
with the report of your engineer, submitted with said application.

The report above mentioned contains the results of investigations 
made at various points in the valley of Beaver Brook above the 
present pumping station. The nearest point at which the investi
gations indicated the existence of a valuable additional supply is 
half a mile above the present pumping station, in an extensive 
meadow and swamp lying above Pleasant Street. Other investi
gations were made about a mile above the pumping station in what 
are known as the Ponkshire Meadows and from this point up to 
the vicinity of the Henry Springs, so called, and the question of 
taking an additional supply from Dead Meadow Brook and from 
York Pond, which lies at the head of Beaver Brook, was also con
sidered.

All of these sources except the Ponkshire Meadows may furnish 
a valuable additional supply in the future, but the investigations 
in the meadow above Pleasant Street indicate that a sufficient ad
ditional supply of good water for the present may be obtained from 
this source alone.

The plan proposed by your engineer to meet all present require
ments consists of a large collecting well about 2,GOO feet above the 
present well, and connected with it by means of a twelve-inch pipe 
laid at a considerable depth below the surface of the ground. It 
is also proposed by him to extend pipes above the new well and to 
connect driven wells with them to furnish additional water.

Ten test wells were driven in the immediate vicinity of the pro-
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posed collecting well and at varying distances from it, and samples 
of water from a portion of these wells have been analyzed by the 
State Board of Health. The tests in this vicinity indicate the ex
istence of porous layers beneath the surface, through which water 
will flow freely; and the samples of water collected in the im
mediate vicinity of the proposed collecting well were of excellent 
quality. At a distance of a few hundred feet from this location, 
however, one sample was collected which contained enough iron to 
make the water objectionable for domestic uses, and at a somewhat 
greater distance in another direction an unsatisfactory water was 
obtained. There is therefore some doubt whether the water at the 
location of the collecting well will maintain its present good quality 
when a continuous draft on the well causes the water to flow to 
this point from all directions. The tests above the collecting well 
are limited in number and do not enable any definite judgment to 
be formed as to the character of the water to be obtained from the 
wells, which, according to the proposed plan, are to be driven to 
supplement the supply from the collecting well.

Taking the investigations made in this vicinity as a whole, they 
seem to indicate that it will be feasible to obtain a satisfactory 
supply of water, but they do not indicate definitely how large a 
territory will furnish good water, or whether the territory which 
furnished samples of good water will continue to furnish water of 
the same quality when a continuous draft is made upon it, nor can 
the permanent quality of the water be thoroughly tested except by 
producing this continuous draft, which may be done either by 
driving wells, connecting them together and pumping from them 
for a long time, or by laying the proposed main pipe and connect
ing the driven wells with it so that they will flow continuously.
I he cost of a pumping test would be so large, without adding any
thing of permanent value to the works, that the Board advises the 
laying of the main pipe as proposed by your engineer, and the con
nection with it of driven wells, substantially as proposed by him, 
in the territory where the best water can be obtained, and one or 
two driven wells at the site of the proposed collecting well, but it 
would not advise the construction of the collecting well until the 
test wells in its vicinity had shown by running a long time, say six 
months or a year, that the water from them was not deteriorating 
in quality. After such test the collecting well could be constructed.

Chester. The committee on water supply of the town of 
Chester applied to the State Board of Health, April 25, 1893, 
for its advice relative to taking the water of Austin, Walker
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and Blandford brooks, in the towns of Chester and Becket, 
and of Horn Pond in the town of Becket. The Board replied 
as follows: —

Boston, June 1, 1893.
In response to your application of April 25, 1893, the State 

Board of Health has caused an examination to be made of four 
sources of water supply for Chester, namely, the Austin, Blandford, 
and Walker brooks in Chester and Becket, and Horn Pond in 
Becket.

Samples of water from all of these sources, collected by you 
May 22, have been analyzed. All four samples are very soft and 
there is no choice between them in this respect. In all other re
spects the analyses of samples from the Austin and Blandford brooks 
indicate that these waters are very nearly alike in quality, with a 
slight advantage in favor of tiie Austin Brook, and that they are 
decidedly better than the waters of Walker Brook or Horn Pond. 
An examination of Austin Brook shortly after a heavy rain showed 
only a moderate amount of turbidity in its water, and the absence 
of houses and roads upon its watershed are a point in its favor. 
It is therefore a very desirable source of supply to the extent of 
its capacity. There is obviously no reason to doubt that it will 
furnish the town with an ample supply of water for all ordinary 
water supply purposes except during very dry seasons, and judging 
from the yield of other mountain streams, in proportio%to the ter
ritory drained by them, it will furnish a sufficient quantity of 
water even at such times for these purposes.

The Blandford Brook at its mouth has a watershed about one- 
half greater than that of the Austin Brook, and in the absence of 
definite knowledge its summer flow may be assumed to be one-half 
greater than that of the Austin Brook.

The sample of water from the Walker Brook was, as before indi
cated, not as good as those from the Austin and Blandford Brooks ; 
still it would be classed as a satisfactory water in towns where 
there are not so many opportunities for getting a first-class -water, 
and there is no reason now known to the Board why it should not 
be resorted to should the other sources fail in very dry times to 
furnish a sufficient supply. At such times it seems probable that 
the water from this brook might be as good as that from the others, 
but more definite information upon this point can be obtained by 
collecting and analyzing a sample of water from the brook when at a low stage.

The sample from Horn Pond indicates that at the time of its 
collection the water of this source was better than that of the 
Walker Brook, but not nearly as good as that of the other brooks.
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The water of ponds and other quiet bodies of water is liable to be 
affected at times by growths of minute organisms which affect the 
taste and odor of the water, and which, though not known to be 
injurious to health, may at such times render the water unpalat
able. This source would furnish a suflicient quantity of water, 
but owing to the reasons above indicated and to the larger cost of 
taking water from it on account of its greater distance from Ches
ter, it does not seem to be a desirable source for the town to adopt.

In the following suggestions as to the source to be adopted and 
the general plan of works the Board necessarily bases its judgment 
on facts deduced from observations made in other places, and these 
suggestions may therefore require modification on account of the 
local conditions affecting the minimum flow of these streams, of 
which the Board now7 has no definite knowledge. The suggestions 
are that Austin Brook should be adopted as a source of supply in 
auy case, and that if a larger amount of water than it will supply 
is needed it should be taken from the Blandford Brook near its 
mouth. If a still further supply should ever be needed, which 
would occur only during very extreme droughts, if at all, it should 
be taken from Walker Brook. Should water be taken from both 
the Austin and Blandford brooks it would be desirable to place 
the inlet at the former slightly higher than at the latter so as to 
insure taking the supply from the Austin Brook whenever it will 
furnish a sufficient quantity of water, and thereby prevent the 
entrance of the water from the Blandford Brook whenever it is 
affected by the wash from the road near it.

F a ir h a v e n . The authorities of Fairhaven applied to the 
Board, March 10, for advice in regard to introducing a water 
supply from driven -wells in the easterly part of the town, to 
which the Board replied as follows : —

Boston, May 5, 1893.
The State Board of Health has considered your application dated 

March 10, 1893, relative to a proposed water supply for the town 
of Fairhaven, to be taken from driven rvells in the valley of the 
Nasketucket River, a small stream situated about one and a half 
miles east of the town. At this place six test wells have been 
driven and are now flowing. Samples of water collected from 
three of these wells have been analyzed. The analysis of the 
water from the northeasterly well showed it to be a very pure and 
very soft -water, while the samples from one of the intermediate 
wells and from the southwesterly well indicated water that had at 
some time been polluted and again purified by filtration through
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the ground. As there are very few houses anywhere near the wells 
and the whole watershed is very sparsely settled, the inference to 
be drawn from these results is that the southerly wells intercept a 
vein of water which has passed near one of the nearer farmhouses. 
These results should not lead to the rejection of this source on the 
score of quality, because, not only is the water purified by its pas
sage through the ground, but it is not improbable that when water 
is pumped from this source continuously it will assume much more 
nearly the character of the water now flowing from the northeast
erly well. It would be advisable, however, in any case, if a supply 
is taken from this source, to determine from which farmhouse the 
polluting matter now enters the ground, and prevent such pollution, 
rather than depend upon the purifying power of the ground.

With regard to the quantity of water to be derived from wells in 
this locality, the tests made up to the present time do not appear 
to be conclusive as to whether the supply will be sufficient for the 
town for any considerable time in the future. Taking into account, 
however, the results of these tests, the comparative economy of 
this source on account of its nearness to the town as compared with 
any source from -which it is at all probable that a satisfactory sup
ply can be obtained, the opportunities for supplementing the supply 
whenever necessary from the Mattapoisett River valley, and the 
excellent quality of the water which the proposed source may be 
expected to furnish with proper care to prevent pollution, the Board 
is of opinion that this source is a proper one from which to take at 
the present time a water supply for Fairhaven.

It has been found by experience in this State that wells encoun
tering ledge within 20 to 30 feet of the surface do not furnish as 
large a quantity of water as where the ledge is at a greater depth, 
and the Board therefore advises you to make further tests of the 
ground in this vicinity before locating the permanent wells in order 
to ascertain if a place cannot be found where the ground is porous 
enough to furnish water freely and where the ledge is at a greater 
depth than at the present location.

F almouth H eights. The Falmouth Heights Water Com
pany applied to the Board, June 13, for advice relative to 
taking a supply ot water from a well or wells on the premises 
of the company at Falmouth Heights, a summer resort in 
Falmouth, upon Vineyard Sound. The Board replied as 
follows: i—

Boston, July 6, 1893.
In reply to your application dated June 13, 1898, relative to a 

Proposed water supply for the summer settlement known as Fal-
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mouth Heights, in the town of Falmouth, the State Board of Health 
has caused an analysis to be made of a sample of water from a well 
sunk in one of the parks at the Heights, a few hundred feet north 
of Observatory Hill, and finds that the water is at present of excel
lent quality for water supply purposes.

Without further information the Board is unable to advise in 
regard to the quantity of water that can be obtained, and it should 
be examined after continued use that its permanent character may 
be determined.

H o l y o k e . The water commissioners of Holyoke applied 
to the Board, June 13, for its advice relative to taking the 
water of Munn Brook, in the town of Granville, as an addi
tional water supply for the city. The Board replied to this 
application as follows : —

Boston, Oct. 5, 1893.
The State Board of Health received from you on June 13, 1893, 

an application for advice with regard to an additional water supply 
for the city of Holyoke, accompanied by a plan for taking water 
from Munn Brook in the town of Granville, through a pipe 20 
inches in diameter, to Ashley Pond, one of the present sources of 
water supply of Holyoke.

The Board has caused an examination of the watershed of Munn 
Brook to be made, also an analysis of a sample of water collected 
from the brook near the proposed point of taking.

These examinations indicate that the water is soft and naturally 
of very good quality; but it is at present polluted at a few points 
by the discharge of sewage into it.

This pollution should be stopped before the water is taken for 
use, and as an additional precaution it is desirable that the water 
should be diverted into Ashley Pond rather than be allowed to 
run directly from the stream through the pipes into the city.

The. amount of water which this source will furnish with a 20- 
inch pipe connection to Ashley Pond is so limited that the Board 
would advise the use of a pipe not less than 24 inches in diameter ; 
and even with a connection of this size, the brook will not furnish, 
in very dry seasons, a sufficient additional supply for any long 
term of years in the future if the city continues to grow as it has 
in the past, unless capacious storage reservoirs are built upon it or 
its branches. •

Certain sites for reservoirs have been indicated, but the informa
tion furnished with regard to their character, capacity, and cost is 
too limited to warrant an opinion as to whether it is desirable to
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construct them. It has been shown, however, that it is feasible 
to supplement the supply to be obtained from Munn Brook by a 
comparatively short connection from the Westfield Little River 
so that if Munn Brook should prove insufficient, there may be an 
opportunity to obtain a further supply from this river.

The Board has also caused an examination to be made, in a 
general way, of other available sources, among which may be men
tioned the Westfield Little River above referred to, and Bachelor 
Brook in Granby, both of which would furnish more water than 
Munn Brook ; the former by gravity, and the latter by pumping.

Neither of the three sources which have been mentioned has 
such a distinct advantage over the others as to enable the Board to 
advise, with the information now available, as to which is the most 
appropriate source of water supply for Holyoke.

It is obvious that a further water supply for Holyoke is urgently 
needed ; and in view of theTact that an adequate additional supply 
will necessarily require a large expenditure of money, the Board 
advises you to have made, as promptly as possible, with the assist
ance of an engineer skilled in water supply investigation, a much 
more thorough investigation of the available sources than has yet 
been made.

When this additional information is received, the Board will 
advise you further in this matter.

Accompanying this reply will be found a table of analyses of 
samples of water collected from various sources.

The water of streams varies so much from time to time that it 
will be advisable to have further analyses made as a basis for 
forming a judgment as to the relative quality of water from the 
different sources. The Board will cause these analyses to be made, 
if you will provide for collecting the samples.

H yde P ark. The Hyde Park Water Company applied 
to the Board, May 26, for advice as to the propriety of in
creasing their present supply of water by the use of driven 
wells north of their present driven well system. The Board 
replied to their application as follows : —

Boston, June 14, 1893.
The State Board of Health has received and considered your 

application dated May 26, 1893, asking it to examine and report 
upon the quality of water from a new system of driven wells, 
located just north of the present driven well system in Hyde Park.

Samples of water have been collected and analyzed from three 
wells of this system, one being the well nearest the river, another
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a well near the middle of the system, and a third the well farthest 
from the river. These samples were all collected by pumping with 
a hand pump. The water from the well nearest the river (well 
No. 5) gives the same indications of imperfect filtration which are 
characteristic of water from the starch factory well, though not to 
so great an extent. This water would not be of satisfactory 
quality for water supply purposes. The samples from the inter
mediate well and from the one farthest from the river (wells Nos. 
14 and 36) resemble in character the water taken from your present 
driven well system five or six years ago and are of satisfactory 
quality. Just what the effect will be of continuous pumping from 
the wells which now furnish good water cannot be foretold with 
certainty. The general experience under these circumstances, how
ever, is that the water will deteriorate. The Board would therefore 
advise that if you take any water from the new system of wells 
each well should be provided with a gate so that it can be shut off 
if it furnishes water of unsatisfactory quality, and frequent tests 
should be made to determine whether or not the water is deterio
rating.

It is very desirable that in increasing your supply in the vicinity 
of your present pumping station water should be taken from the 
ground as far from the river as suitable porous material can be 
found.

K in g s t o n . The water commissioners of Kingston ap
plied to the Board, June 9, for its advice relative to increas
ing their water supply by taking the water of Jones River, 
in case their present ground-water supply should prove insuf
ficient. The Board replied as follows : —

Boston, July 6, 1893.
The State Board of Health received from you on June 9, 1893, 

an application with regard to using water from Jones River this 
summer for an additional water supply if the supply from the pres
ent well and filter-gallery should prove insufficient.

The Board caused samples of water collected from Jones River 
at Kingston in October, 1887, and in February, 1890, to be an
alyzed, and these analyses indicate that the water has a rather 
dark color, owing to the drainage from swamps on the watershed, 
and that it would not be wholly satisfactory to the consumers either 
in taste or appearance. With regard to its relation to the health 
of the consumers it may be said that in a case like this a chemical 
analysis of the water is not a trustworthy guide. The experience 
of the Board has shown that a running stream which receives sew-
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age above the point where the water is taken from it is one of the 
most dangerous sources of water supply ; because, if the infection 
of any specific disease is turned into the stream, it is much more 
likely to be conveyed to the water works intake and thence to the 
consumers before it loses its virulence than if the sewage entered 
a large pond or reservoir where there is no current.

The advice of the Board is therefore that the town of Kingston 
should not use the water of Jones River even temporarily without 
first ascertaining by an actual inspection of the main stream and 
its tributaries that no sewage is turned directly into them ; and it 
is the further opinion of the Board that this river is not an appro
priate source from which to take a permanent water supply for 
Kingston.

L a w r e n c e . Application was received from the Lawrence 
water board for information in regard to the results of 
filtration of the water supply of the city through the filter 
covering two and a half acres, built by the city during the 
past year at an expense of about $65,000.

The water supply is drawn from the Merrimack River 
about nine miles below the entrance of the sewage of the 
city of Lowell, and for many years typhoid fever had pre
vailed in Lawrence to the extent of three times the average 
of the cities of the State, and following six or eight weeks 
after its prevalence in Lowell.

Under date of December 5, the following reply was 
made: —

The filter bed built by the city of Lawrence under the advice 
and in accordance with plans of the State Board of Health, has 
been steadily purifying the water supply of the city since the 
twentieth of September.

When commencing to construct the filter, you were advised 
that “ with such a filter, properly managed, the experiments of 
the Board of Health indicate that at least 98 per cent, of all of the 
bacteria of the river water will, under all circumstances, be re
moved.” During the past two months the filter has been removing 
this percentage of all the bacteria of the river water, but this is 
not all that it accomplishes ; it removes a large part of the organic 
matter of the river water and converts it to mineral matter, thus 
removing from the water the food material which the bacteria live 
upon, and the result is that the two per cent, of bacteria remain
ing after the water has passed through the filter find their condi-
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tions of life so unfavorable that they decrease as the water goes 
on through the reservoir and through the distributing pipes, until 
when the water reaches the citizens there remains but one-half of 
one per cent, of the number of bacteria in the river water, that 
is, ninety-nine and one-half per cent, of all have been removed.

The experiments of the Board indicate that the small number 
remaining are of a few hard}7 kinds that are not known to be in 
any way injurious to health, and leave the strong probability that 
all disease-producing germs have been removed.

It will be a satisfaction to the citizens to know that while for 
the past five years the number of deaths by typhoid fever in 
Lawrence has averaged five for the month of October and five for 
the month of November, the number of deaths this year has been 
only one for each of these months.

L e x in g t o n . The water company of Lexington applied to 
the Board, February 15, for its advice relative to an addi
tional water supply, and the Board replied as follows: —

Boston, May 4, 1893.
The State Board of Health has considered your application, 

dated Feb. 15, 1893, asking the advice of the Board in regard to 
an additional water supply for the town of Lexington. This ap
plication was accompanied by the report of the civil engineer 
employed by you to make investigations for an additional water 
supply for the town, and by a plan prepared by him of proposed 
storage reservoirs on Vine Brook, above your present works. The 
attention of the Board was subsequently called by you to the 
covered gallery, built last year, for the collection of ground water, 
in the sandy plain near the village, and connected with your pres
ent ground water sources.

The report of your engineer relates to examinations for a supply 
from entirely new sources as well as to augmenting the present 
supply by additional works within the territory from which it is 
derived. The examinations for new sources were made in a 
westerly or north-westerly direction from the central village of 
Lexington, in territory from which the water drains toward the 
Shawsheen River in the town of Bedford, and extended to a point 
nearly two and a half miles from the village. The larger streams 
within this territory will not furnish directly a water of satisfactory 
quality for the purposes of a public water supply, and the smaller 
streams at the points where the water is good will furnish so little 
water that it would be difficult, if not impracticable, to obtain from 
them a sufficient quantity of water for Lexington. The test well
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driven under the direction of your engineer within this territory 
give unfavorable indications with regard to obtaining a satisfactory 
ground water supply from it.

The difficulty of obtaining a supply from any new source about 
Lexington, as indicated by the special examinations of your en
gineer in the territory mentioned, and a general examination of 
other possible sources, seems to warrant the adoption of measures 
for developing the present supply which might not be warranted if 
a much better source could be obtained within a reasonable distance 
from the town.

It is understood that your present ground water sources now 
furnish an ample supply of water during all but the dryer portions 
of the year, and that the reservoirs shown upon the plan submitted 
are intended to supply the deficiency at such times. The lower of 
the two reservoirs is considerably further up stream and about 
five times as large as the one proposed by you in 1891, and referred 
to unfavorably in the reply of the Board to you dated April 7th of 
that year. The present location is much better than the old one, 
but, owing to the fact that some of the land above the reservoir is 
cultivated, and that so small a quantity of water will flow into it 
owing to the limited size of its watershed, much care will have to 
be taken to maintain the water in a pure and satisfactory condition. 
In the preparation of the reservoir all soil and vegetable matter 
should be removed from its bottom and sides, and the shallow por
tions should be deepened. A liberal amount of land should be 
acquired around the reservoir for its protection, and suitable ar
rangements should be made to prevent any washings from manured 
fields from flowing into it. It would also be necessary to take 
proper measures to prevent any contamination of the water by the 
drainage from a large stable at the extreme upper end of the water
shed.

The upper reservoir is less satisfactory than the lower one as it 
is shallow and has so small a watershed that the water would stand 
in it a very long time before being replaced by fresh water, and it 
would probably become unfit for use. If, therefore, you decide to 
increase the supply by storing the surplus water which flows off 
during the wetter portions of the year, the Board would advise that 
the upper reservoir should not be constructed and that the lower 
one should be enlarged as much as possible by locating the dam 
somewhat further down stream, and by excavating within the 
reservoir. The suggestion of your engineer that “ some additional 
ground water might be brought into the pump well by laying an 
open-jointed sub-drain in the trench with the leading main from 
the reservoir, making the joints tight wherever the pipe passed
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through a muck deposit,” is one worthy of adoption should the 
portion of the pipe trench through the sandy land toward the pro
posed reservoir be found to furnish water freely.

An analysis has been made of a sample of water collected from 
your covered gallery near the village, and the water is at the 
present time of satisfactory quality for domestic use. At the time 
the sample was collected water was not being drawn from this 
source, and as its quality may change when there is a draft upon 
it you are requested to notify the Board when you begin to use it, 
and further examinations will be made.

L o w e l l . The Water Board of Lowell applied to the 
State Board of Health, May 9, for its advice relative to 
taking an additional supply of water from the valley of 
River Meadow Brook in the south part of Lowell. The 
Board replied as follows : —

Boston, May 15, 1893.
Samples of water from driven wells in this locality were sent in 

to the Board by your engineer last autumn, and the water was then 
found upon examination to be of excellent quality for all the pur
poses of a public water supply. This portion of the city, however, 
is growing rapidly and in order to maintain the purity of the water, 
if a supply is taken from this source, the city should control the 
land for a considerable distance from the wells in all directions so 
as to prevent the construction of buildings near them, and should 
extend the sewerage system of Lowell so as to carry away from 
all buildings the sewage which might otherwise find its way by 
filtration through the ground into the wells.

The time within which you desire a reply is too limited to permit 
the Board to make sufficiently extended investigations to serve as 
a basis for an opinion as to the quantity of ground water which 
can be obtained from the valley of this brook within the limits of 
the city of Lowell, nor does such an opinion seem necessary at the 
present time when you are constructing extended works by which 
the capacity of this source can be tested.

L ynn. The mayor of Lynn applied to the State Board of 
Health, January 31, for its advice relative to taking the 
water of Saugus River and its tributaries as an additional 
supply for Lynn. The Board replied as follows : —

B oston, April 4, 1893.
The application is not limited to any particular portion of the 

river and its tributaries, but the attention of the Board has been
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directed chiefly to the territory above Howlett’s dam, to which the 
works of the Lynn water supply now extend. Above this point 
on the river are situated the towns of Wakefield and Reading 
which turn so much polluting matter into the streams as to ren
der the Saugus River at this point an unfit source from which to 
take a water supply, unless the water is very thoroughly purified 
by filtration. This polluting matter enters Quannapowitt Lake 
and its tributaries and the streams which flow through Wakefield 
and enter the river below the town. If these polluted waters were 
diverted, those coming from the remaining portions of the water
shed would be comparatively free from pollution by sewage.

No extended chemical examinations of these unpolluted sources 
have been made, with the exception of Filling’s Pond, but judging 
from an examination of the water at this season of the year and a 
few previous analyses, it seems probable that some of the water, 
particularly that from the river itself, would be unsatisfactory for 
water supply purposes, owing to the large amount of swampy land 
with which the water comes in contact, thereby making it very dark 
in color and giving it a peaty taste and odor.

PilliDg’s Pond is an artificial millpond made by flowing a meadow 
to a depth of four feet. The State Board of Health in 1888 ad
vised the Revere Water Company that this pond was not a suit
able source of supply for the towns of Revere and Winthrop, 
owing principally to the fact that if used as a principal source of 
supply it would necessarily be drawn very low in the summer. 
The water, however, is of fairly good quality considering the very 
small depth of the pond and it might be used by Lynn in connec
tion with present sources until a better supply can be obtained.

There is a very large amount of flat land adjacent to the river 
between the dam at Montrose and Lake Quannapowitt and it 
seems not improbable that a valuable ground water might be ob
tained from this territory, although there are no means of deter
mining at all definitely at the present time either the quantity or 
the quality of water which could be obtained. It is not improb
able, however, that the quality of the ground water would be very 
much better than any surface water supply from this vicinity and 
the quantity may be as large as would be furnished by the surface 
water sources after excluding the polluted water of Lake Quanna
powitt and the brook which receives the drainage of Wakefield.

The Board recognizes the gravity of the present situation of the 
Lynn water supply and would therefore advise that provision 
should be made at the earliest possible moment for supplementing 
the present supply with the best water which can be obtained from 
the Saugus River watershed.
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In order to provide any other than a very temporary supply of 

potable water from the Saugus River valley, it is obvious that the 
works must necessarily be somewhat complex and expensive, and 
it is not at all probable that a fairly permanent supply can be 
obtained from this source. The Board would therefore advise that 
before entering upon any extensive works in this valley, the whole 
subject of a further water supply from this valley, and from other 
available sources, should be carefully investigated. One of the 
first points in such an investigation should be the examination of 
the territory near the river, between the Montrose dam and the 
next dam above, with a view to obtaining a ground water supply.

The Board has now before it an application from the Wakefield 
Water Company, asking for advice with regard to an additional 
water supply for the towns of Wakefield and Stoneham, to be taken 
from filtering galleries, wells or basins, upon the banks of that 
portion of the Saugus River lying within the limits of the town of 
Wakefield, above the milldam at Montrose. The Board is aware 
of the fact that the Wakefield Water Company has practically 
reached the limit of capacity of Crystal Lake, its present source of 
supply, and that the other source, viz., Lake Quannapowitt, from 
which the water company was originally authorized to take a 
further supply, is not of suitable quality for water supply purposes. 
It is therefore of opinion that the right of Lynn to take water from 
the Saugus River valley should be so far restricted as not to pre
vent these towns from receiving from it as much water as may be 
needed for their supply, in addition to the quantity of water which 
Crystal Lake will furnish.

It is not feasible from present information as to the amount of 
water which can be obtained from different places, to make a fair 
apportionment of the territory between Lynn and these towns ; the 
Board therefore concludes that Lynn should be granted the right 
to take water from any portion of the valley of Saugus River, not 
already granted by the Legislature to some other town or water 
company ; but that this grant should be subject to the restriction 
that the towns of Wakefield or Stoneham, or the company sup
plying them with water, may be authorized to take water from this 
valley at any point within the limits of the town of Wakefield, and 
to the extent required to furnish in connection with Crystal Lake, 
the present source of supply, a supply of water for these towns. 
In connection with this restriction it would, of course, be fair to 
provide that whenever these towns, or the company supplying them 
with water, take a supply from any source in the Saugus valley 
other than those already controlled by the Wakefield Water Com
pany, they should be required to pay to the city of Lynn a fair
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proportion of the amount already paid by said city for water or 
land damages, and if they should utilize to any extent works 
previously constructed by the city, they should pay a fair propor
tion of the cost of these works.

The Board thinks it proper that a further application should be 
made for its advice when you can define more specifically the 
sources from which it is proposed to take water, and have by 
preliminary surveys and estimates obtained the facts which are 
essential as a basis for a proper decision as to the relative merits 
of different sources. With this further application in view the 
Board will co-operate with you by causing analyses to be made 
from time to time of the water of the various proposed sources.

M a r l b o r o u g h . The water commissioners of Marlborough 
applied to the Board, April 28, for its advice relative to con
structing a new storage reservoir upon Millham Brook in 
the west part of Marlborough, near the Northborough line, 
and as to the probable quality of the water of such proposed 
reservoir at the end of eight years. The Board replied as 
follows: —

Boston, July 8, 1893.
The State Board of Health has carefully considered your appli

cation, dated April 28, 1893, with regard to constructing at once 
the proposed storage reservoir on Millham Brook in the vicinity of 
your new pumping station. You state in your application that you 
will not need the proposed reservoir for eight years or so and that 
you wish for the advice of this Board as to the probability of ob
taining good water from this proposed reservoir after being flowed 
fifteen feet deep for a period of eight years without removing any 
of the soil.

A careful examination of the experience with all artificial reser
voirs in the State which have not had the soil removed from them 
and which in other respects are at all comparable with the proposed 
Marlborough reservoir shows that in some of these reservoirs the 
water was bad every summer, not only for eight years after they 
were first filled but for a much longer time,. A typical instance of 
a reservoir of this kind is the Ludlow reservoir at Springfield which 
was used for sixteen years and then practically abandoned for a 
new source of supply. Other reservoirs somewhat similar in char
acter, although they may have furnished bad water when first filled, 
soon began to improve, and at the end of five, eight or ten years 
furnished very much better water than at, first. The chances as to 
whether the water will continue to be bad or will improve mate
rially at the end of eight years seem to be about even.
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The experience with reservoirs which have been thoroughly 

cleaned by the removal of all soil and vegetable matter from their 
bottom and sides, although somewhat limited, has been extremely 
favorable, and from our present knowledge we should expect much 
better results from a thoroughly cleaned reservoir soon after it is 
filled than from an uncleaned reservoir eight years after filling.

The Board recognizes that the element of cost is an important 
factor in determining what should be done, and as the Board has 
no accurate information upon this point it cannot now advise defi
nitely as to what should be done in the matter of constructing the 
reservoir. It would advise, however, that a careful estimate of 
the cost of thoroughly cleaning the reservoir should be made and 
would urge the adoption of this method of construction if it is 
found to be practicable.

M a l d e n , M e d f o r d  a n d  M e l r o s e . For many years these 
suburban places have used Spot Pond as a source of water 
supply, but owing to the rapid growth of these communities 
the pond was drawn to a much lower level at the end of 1892 
than ever before. The city of Malden has for several years 
taken a supplementary supply from driven wells in the east- 
erly portion of the city, but the other two places were at this 
time wholly dependent upon Spot Pond for water. On Feb. 
9, 1893, the Board addressed the following communication 
to each of the water boards of Malden, Medford and Melrose, 
with reference to the present condition of Spot Pond, and its 
capacity for future supply : —

Boston, Feb. 9, 1893.
The State Board of Health has on several occasions since the 

spring of 1889 considered applications for advice with regard to 
additional water supplies for the three communities now using the 
water of Spot Pond, and in considering these questions the en
gineers of the Board have given much attention to the probable 
yield and capacity of this source.

Some figures with regard to the probable condition of this pond 
during the year 1893 have been made in connection with a recent 
application for advice from the city of Medford, and as they may 
be of interest at the present time they are sent to each of you. 
The data used are the area of the watershed as determined by a 
reconnaissance upon the ground, sketching the watershed upon the 
new State map and measuring from it, the storage capacity of the 
pond as determined from the best maps now in existence ; also 
the records of the yield of the watershed of Sudbury River, which
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has been carefully measured by the city of Boston for the past 
eighteen years.

It has been found by applying these data for many years in the 
past that the results agree well with the known facts, and they may 
therefore be looked upon as the best basis at present available for 
determining what may be expected in the future.

We are informed that the pond on the first day of February was 
143.5 inches below high water mark, which, by the tables showing 
the storage capacity of the pond, would indicate a draught from 
high water mark down to this level of 731,000,000 gallons.

The following table shows for purposes of comparison the stor
age in the pond from high water mark down to the present and 
lower levels.

Distance below High Water Mark, in Feet. Storage in Gallons.

11 ft. Ill i n . , .............................................. i 731,000,000
15 f t . , .............................................................. 837,000,000
20 f t . , .............................................................. 962,000,000
Bottom of p o n d ,..............................................  1,077,000,000

In making estimates as to what changes may be expected during 
the remaining months of 1893, the average consumption is assumed 
to be 600,000 gallons per day for each community, making a total 
of 1,800,000 gallons per day. It is found convenient to divide 
this period into two parts, including in the first one the months of 
February, March, April and May, during most or all of which the 
pond may be expected to rise, and in the second the remaining 
months, when under ordinary conditions it would lower, it is ob
vious that it is impossible to predict exactly what will happen, but 
it is fair to assume that the amount of water collected will not be 
greater than the maximum amount during the past eighteen years, 
nor will it be less than the minimum amount. It is more likely to 
be the average amount than any other quantity, but in as impor
tant a problem as the water supply of upwards of 50,000 people, 
provision should be made to avoid a water famine under the most 
unfavorable conditions which can exist.

It is found that on June first the deficiency of storage (meaning 
by this term the amount of water that would be required to (ill the 
pond to high water mark) under maximum, average and minimum 
conditions of yield from February 1 to June 1, 1893, would be as follows : —
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Condition of Spot Pond on June 1, 1893.

Maximum yield, 
Average yield, . 
Minimum yield,.

Deficiency of Storage.331.000. 000 gallons.
490.000. 000
677.000. 000

For the period from June 1, 1893, to Jan. 1, 1894, it is obvious 
that regardless of the height of the pond on June 1 the amount of 
water going into the pond may be either the maximum, average or 
minimum, and the following tables show the deficiency in storage 
on Jan. 1, 1894, under all of these conditions.

(1) Assuming the deficiency in storage on June 1 to be 331,- 
000,000 gallons, the deficiency on Jan. 1, 1894, will be as fol
lows : — Deficiency.Maximum y i e l d , ...............................  172,000,000 gallons.

Average y ie ld ,....................................... 535,000,000 “
Minimum yield,....................................... 692,000,000 “

(2) Assuming the deficiency in storage on June 1 to be 490,000,- 
000 gallons, the deficiency on Jan. 1, 1894, will be as follows : —

Maximum yield, 
Average yield, . 
Minimum yield,.

Deficiency.319.000. 000 gallons.
685.000. 000
841.000. 000 “

(3) Assuming the 
000,000 gallons, the 
lows : —

Maximum yield, 
Average yield, . Minimum yield,.

deficiency7 in storage on June 1 to be 677,- 
deficiency7 on Jan. 1, 1894, will be as fol-

Deficiency.. 494,000,000 gallons. 
. 863,000,000 
. 1,018,000,000

The most important conclusions to be drawn from the tables are, 
first, that with the average conditions from now until next January 
the pond will be at substantially the same level as at the same time 
this year; second, that if either one of the periods into which the 
year has been divided furnishes the average quantity of water and 
the other furnishes the minimum quantity, the water in the pond 
will be reduced to the 15-foot mark; and lastly, that if the yield 
for both of these periods should be a minimum the pond will be 
drawn practically to the bottom.

All of these estimates are based upon an average draught of
1,800,000 gallons daily from the pond, but it is doubtful if the 
draught can be kept as low as this without supplementary supplies
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to furnish a portion of the water used. It is probable that a larger 
draught than the amount above given has had an influence in lower
ing the pond during the past year. The net loss of storage from 
the pond from Feb. 1, 1892, to Feb. 1, 1893, was 338,000,000 gal
lons. The same loss in the next twelve months would take all of 
the water out of the pond.

Not only should the conditions for the remainder of the present 
year be considered but the conditions which will exist subsequently 
until the time when a permanent supply is introduced should be 
considered, and it is therefore of the utmost importance that meas
ures should be taken immediately, by providing supplementary 
sources or by making arrangements with some community which 
has water to spare, to get as much water into the pond as possible, 
or, what is the same thing, to take less water from the pond so as 
to have a larger supply in the pond to provide for the future con
tingencies, such as a rapidly growing population and supplementary 
supplies which may become unsuitable for domestic use. Every 
million gallons of water which can be added to the pond has a dis
tinct value to the three communities now depending upon this 
source, which is much in excess of the mere cost of pumping the 
water, and it would be a benefit to all of the communities if a fixed 
price were made per million gallons of water, which should be 
charged to each community drawing more than a certain defined 
quantity and credited to any community taking from the pond less 
than this amount. This would offer an incentive for individual 
action on the part of those places which now have or can provide 
supplementary sources of supply and would not be unjust to any 
town that may be unable to obtain a supplementary source, as this 
towm would only pay to the others what it would save in the cost 
of constructing and maintaining a pumping plant.

M edford . The water commissioners of Medford applied 
to the Board, .Tan. 4, 1893, for its advice relative to taking 
an additional water supply from wells west of Forest Street 
in Medford. The Board replied as follows : —

Boston, Feb. 2, 1893.
The State Board of Health has considered your application in 

regard to an additional water supply to be taken from driven wells 
in the flat open land west of Forest Street, where test wells have 
already been driven.

I he Board has caused analyses to be made of samples of water 
taken from these wells and finds that it is a water which has at
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some time been polluted, but which has been very thoroughly 
purified by its passage through the ground. The water as it now 
comes from the ground would be entirely satisfactory to the con
sumers as a drinking water, but it is much harder than the Spot 
Pond water and therefore would not be as good for washing pur
poses and for use in boilers. The hardness of the water, however, 
is not as great as that of several water supplies which are now in 
use in this State, and if the quality of the water remains as at 
present it would be satisfactory for the purposes of a public water 
supply. The situation of the test wells, however, is such that it 
seems probable that when a continuous draft is made upon the 
ground the water will be drawn in part from the territory south of 
the wells where there is a large population, and the water will 
become harder than it is at present, and it may be less perfectly 
purified; moreover, even if a large tract of land is purchased and 
controlled by the city for the protection of a water supply at this 
place the growth of the city will undoubtedly cause a material 
increase of population upon adjacent land, which contributes a 
portion of the water to supply the wells, and the character of the 
water may be further unfavorably affected in this way.

The Board would not therefore advise the construction of works 
for taking a permanent supply from this place, but in view of the 
necessity for supplementing the supply from Spot Pond, advises 
that this is a suitable source from which to obtain a temporary 
supply. The quantity of water to be obtained from this source is, 
with the present information, somewhat indefinite. It seems very 
doubtful if the source can be depended upon to furnish more than 
from 250,000 to 400,000 gallons per day continuously, though it is 
not impossible that during the wetter portions of the year a con
siderably larger quantity of water might be obtained.

In addition to the driven wells there is another source from 
which a temporary supply might be obtained, viz., the stream 
which flows just west of Forest Street, below where Elm Street 
joins it. Above this point there are very few houses or other sources 
of pollution upon the watershed, the area of which as measured 
from the State map is 0.58 square mile. An analysis of the water 
recently made shows that it is at the present time of suitable 
quality for water supply purposes, except that before being pumped 
it should be stored in a reservoir sufficiently large to permit the 
floating particles which are almost always found in brook waters 
to settle. During several months of an ordinary year the flow of 
this stream should be as high as 600,000 gallons per day, and dur
ing two months or more of such a year it should range from one to 
two million gallons per day. This source has the advantage that
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it is very near the main pipe which leads to the town, and the 
water would have to be lifted to a less height to force it into the 
main. It is obvious, however, that in order to make it of value in 
the present emergency the works should be constructed at once so 
as to take advantage of the larger amount of water which flows in 
the spring of the year, as the amount of water to be obtained from 
this source in the summer would be comparatively small. The 
water would also be soft and suitable for laundry and boiler pur
poses, though not as palatable as that taken from the ground.

The choice of these two sources or whether both of them shall 
be utilized is a question which is left for your decision. The 
Board, however, considers it imperative that a supplementary sup
ply or supplies should be provided at once by the communities using 
the water of Spot Pond in order to avoid a water famine during the 
next autumn and winter.

The results of certain computations with regard to the future 
condition of Spot Pond and a suggestion as to measures which 
should be taken to prevent the supply from being exhausted are 
embodied in another communication, a copy of which will be sent 
to you and to the water boards of Malden and Melrose. (See 
pages 28-31, preceding.)

M e l r o s e . The committee on additional water supply of 
Melrose applied to the State Board of Health, Dec. 5, 1892, 
for its advice as to the propriety of taking, either alone or in 
conjunction with Malden and Medford, the waters of Great 
Pond, in North Andover, together with Mosquito Brook and 
Boston Brook in the same town, as additional sources of water 
supply. The Board replied to this application as follows : —

Boston, Jan. 16, 1893.
In your application of Dec. 5, 1892, giving notice of your 

intention to provide an additional water supply for the town of 
Melrose and asking the advice of the Board in regard thereto, you 
make the following statement: “ The plan proposed is, alone or 
in conjunction with the cities of Malden and Medford or either of 
them, to obtain authority from the Legislature to take and hold 
the waters of Great Pond in North Andover, and to acquire by 
purchase or otherwise the waters of Mosquito Brook and Boston 
Brook in said town of North Andover.”

The State Board of Health has up to the present time received 
no applications relating to these sources from the cities of Malden 
or Medford and therefore considers only the first alternative, viz., 
a supply for Melrose alone.
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Great Pond only has been investigated by the Board up to the 

present time, and it is found from this investigation and analyses 
of the water of the pond that the water is of satisfactory quality 
for all the purposes of a public water supply and that the quantity 
of water which the pond will furnish will be more than sufficient 
for the probable population of Melrose for the next thirty years.

Owing to the fact that the pond is situated wholly within the 
town of North Andover the Board is of opinion that this town has 
a primary right to so much of the water of the pond as is necessary 
to supply its inhabitants with water.

With regard to the appropriateness of this source for a water 
supply for the town of Melrose, the Board thinks it highly prob
able that a sufficient supply of good water for the town can be 
obtained at a less distance than sixteen miles and with less ex
pense ; and for this reason, and having regard for the interests of 
other communities much nearer Great Pond, which may in the 
future need its waters as a source of water supply, the Board ad
vises the town to make examinations of nearer sources, and until 
such examinations are made is unable to advise that this is the 
most appropriate source of supply for the town of Melrose.

The Board will investigate the other sources mentioned in your 
application and advise you with regard to them as soon as prac
ticable.

On February 3 the Board transmitted the following further 
communication upon the same subject to the committee on 
additional water supply of Melrose : —

Boston, Feb. 3,1893.
The State Board of Health in its communication of Jan. 16, 

1893, to your committee, relating to an additional supply of water 
for your town from Great Pond in North Andover, stated that 
further advice would be given with regard to the other sources 
mentioned in your application, viz., Mosquito and Boston brooks.

The application apparently relates to so much of these brooks 
as lies within the limits of the town of North Andover. The areas 
of the watersheds of these brooks above the points where they 
cross the town boundary, as measured from the topographical map 
of the State, are respectively 7.51 and 6.36 square miles, and their 
distances at these points in an air line from Melrose are 14^ and 
12J miles. These watersheds have been examined upon the map 
above mentioned, and upon the ground by one of the engineers of 
the Board, and they were not found to have any special character
istics which would make them as a whole particularly appropriate 
as sources of supply for Melrose or as desirable as other water
sheds nearer the town.
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It has been learned from statements made by a member of your 

committee and by your engineer, that it is proposed to utilize only 
so much of the upper end of these brooks as can be diverted by 
gravity through a ditch or canal along the side hill into Great Pond. 
In this case the area of watershed to be utilized is, according to 
the map above mentioned, in the neighborhood of three square miles 
instead of the total of about fourteen square miles above the town 
boundary. The three square miles are sparsely populated so that 
there is little danger that the water will be polluted, but there are 
swampy areas which give the water of the larger (Boston) brook a 
high color which would be objectionable if the water was to be 
taken directly into the pipes. If, however, this water is diverted 
as proposed into Great Pond its color will nearly disappear by long 
storage and by mingling with the nearly colorless water naturally 
in the pond.

The Board is of opinion that the town should not seek to acquire 
rights to the whole of Mosquito and Boston brooks within the 
town of North Andover, as the portions not available for diversion 
into Great Pond may be needed in connection with water supplies 
from the Ipswich Valley for other places in the eastern part of the 
State. If, however, the town of Melrose should be granted the 
right to take the waters of Great Pond it is appropriate that it 
should also be granted those portions of Mosquito and Boston 
brooks which can be diverted by gravity into it.

The water board of Melrose applied to the State Board 
of Health May 16, for its advice as to taking an additional 
water supply from wells to be driven in the meadow upon 
the north side of Ell Pond, and on July 5, the committee 
on additional water supply applied for advice with reference 
to taking water from other sources. The Board replied 
to these applications as follows : —

Boston, Aug. 10, 1893.
The State Board of Health received from the Melrose water 

board on May 16, 1893, an application for its advice relative to a 
proposed additional system of water supply to be taken from the 
ground on the north side of Ell Pond. On July 5 a second appli
cation was received from the committee on additional water supply 
for advice relative to taking a supply from Martin’s Meadows, so- 
called, from Bennett’s Pond or Meadows and from the Wakefield 
Water Company. On July 5 the last mentioned application was 
amended by adding Long Pond and its immediate vicinity to the 
sources before mentioned.
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Before considering these sources in detail it will be well to refer 

in a general way to the capacity of your present source of supply, 
Spot Pond, and to the needs of your town.

Spot Pond during a year of average rainfall will supply to each of 
the communities taking water from it about 630,000 gallons of water 
per da}7; and, during a series of dry years, such as have occurred 
in the past, will furnish about 500,000 gallons per day to each 
community without falling to a lower level than it reached in Feb
ruary, 1893. With the pond at its present low level it cannot be 
depended upon to furnish even 500,000 gallons per day to each 
community if the next two or three years should be unusually dry. 
The consumption of water in Melrose by the meter records from 
September, 1892, to June, 1893, inclusive, averaged 565,000 gal
lons per day, which is 65,000 gallons in excess of the safe capacity 
of the pond for a series of dry years, even assuming it to have 
been filled in the spring, and still more in excess of its capacity in 
its present low condition. It is obvious, therefore, that to meet 
even the requirements of the present and the very near future it 
will be necessary to provide an additional source of supply or to 
decrease the consumption of water.

The consumption of water in Melrose at the present time is about 
57 gallons per inhabitant, ■ which is more than the amount used by 
most towns similarly situated. As instances of low consumption 
per inhabitant may be mentioned : Brockton, 25 gallons ; Middle- 
borough, 26 gallons; North Attleborough, 26 gallons, and Fall 
River, 26 gallons. On the other band, Beverly uses 70 gallons, 
Braintree 62 gallons, and Brookline 80 gallons. During the pe
riod from September, 1892, to June, 1893, inclusive, Malden used 
50 gallons and Medford 48 gallons per inhabitant.

I t seems highly desirable that Melrose should take energetic 
measures to restrict waste, but in view of the fact that the present 
demands upon Spot Pond so largely exceed its capacity, and hav
ing regard to the present low state of the pond and the greater 
demand for water from year to year, due to the increasing popu
lation, the Board is of opinion that a further supply should be 
obtained without delay.

The great expense to which Melrose would be subjected if it 
should attempt to obtain by itself a permanent supply of water, 
which can only be had from a comparatively great distance, the 
fact that the Legislature has already directed that investigations 
be made with a view to obtaining a water supply for Boston and 
its suburbs, and the need of an immediate addition to the present 
supply, all lead to the conclusion that it is wise to obtain at a 
comparatively small cost a temporary supply wrhich will meet the
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requirements for the next five or six years. Should any of the 
sources mentioned by your committee be adopted, they should be 
considered merely as temporary sources which will have to be 
abandoned whenever the quality of the water becomes impaired by 
the growth of population upon the territory from which the supply 
is derived or by other causes, or whenever a more satisfactory and 
permanent water supply is introduced.

Of the sources mentioned by the committee it may be said that 
the water of Bennett’s Pond, if taken directly from the pond, -would 
not be of suitable quality on account of the large population near 
the upper portion of the brook which feeds it. With regard to a 
ground water from the vicinity of Bennett’s Pond, no definite 
answer can be given because no investigations of the ground at 
this place have been made. It is not improbable that the quality 
of the water would be good, but, judging from the surface indica
tions, this source could hardly be expected to furnish a sufficient 
quantity of water to make it a desirable one to adopt at the present 
time.

Long Pond by itself would not furnish a sufficient quantity of 
water to warrant taking an additional supply from it, and if a 
stream which flows near its westerly end should be diverted into it 
the quality of the water would not be satisfactory if taken directly 
from the pond. With regard to obtaining a ground water supply 
in this vicinity no investigations of the ground have been made, but, 
judging from surface appearances, the conditions are even less 
favorable than in the vicinity of Bennett’s Pond.

The Wakefield Water Company now takes its supply from 
Crystal Lake, and the water is of suitable quality for the purposes 
of a public water supply. The quantity of water which this source 
will furnish in a series of dry years is but little, if any, in excess 
of the present requirements of the two towns now supplied by the 
Wakefield Water Company, and the only water which this company 
has to spare is the excess, during years of average or high rainfall, 
above the requirements of the two towns now supplied. The 
Board, therefore, does not advise the town of Melrose to depend 
upon the Wakefield Water Company for its additional supply. On 
the other hand, it is extremely important as a precaution against a 
water famine in the next few years that Spot Pond should be again 
filled, a result which can be accomplished if each of the communi
ties now drawing water from the pond should obtain the greater 
part of its supply from some other source or sources ; and it may 
therefore be desirable, if suitable arrangements can be made, to 
have the Wakefield Water Company supply as much water to Mel
rose as the capacity of its source will permit.
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A sample of water collected from A\ liittier’s wells in Martin’s 

Meadows, so-called, on July 20 showed that the water obtained 
from the ground at this place was of satisfactory quality for the 
purposes of a public water supply, and from an examination of 
the premises it seems probable that this water will remain of suit
able quality for use, at least until there is a further increase of 
population in this vicinity. The quantity of water which this 
source will furnish is apparently limited, and it is extremely 
doubtful if it alone will furnish a sufficient additional water sup
ply for the town. Samples were also received from wells in the 
meadow above the one already mentioned, but the water from 
these w'ells was not of satisfactory quality to pump directly into 
the pipes.

The territory just north of Ell Pond has been tested in several 
places. The first test was made in January, 1893, by pumping 
from a line of driven wells very near the pond. This test lasted 
for fifteen days and the average quantity of water pumped is said 
to have been about 461,000 gallons per day. Three samples of 
■ water from these wells were sent to this Board for analysis. One 
was taken at the beginning of the test, another a week later, and 
the third at the end of the test. All of these samples were clear 
and colorless and free from odor, and, although they all showed, 
by the greater amount of mineral matter and hardness than the 
natural waters of this region, the effect of the population upon the 
territory from which the supply is derived, the analyses also show 
that the water had been very thoroughly purified by its passage 
through the ground.

Three additional samples taken from this vicinity in June and 
July, 1893, gave results which confirmed those above mentioned, 
the analyses showing that in every case the water had been com
pletely purified, chemically, by its passage through the ground. 
The wells from which two of these last mentioned samples were 
taken were 175 feet from the pond, while the third sample was 
taken from one of the line of wells near the pond. A bacterial 
examination of a sample of water from one of these wells showed 
that the water was of good quality, bacterially.

There seems to be no doubt that the quantity of water which 
can be obtained from the ground in this vicinity is greater than 
from any of the other sources mentioned, and the principal ques
tion which arises with regard to this source is as to whether the 
water will remain of suitable quality for use after long-continued 
pumping. The principal source of danger is that the water of the 
pond, which is highly polluted, will find its way through the ground 
to the wells without being thoroughly purified by filtration. Ex-
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perience has shown in some cases that water may filter from a pond 
to wells or to a filter-gallery and under some conditions he thor
oughly purified by its passage through the ground, and yet under 
other conditions fail to be purified. It is impracticable to predict 
in the present case whether the water drawn from the ground will 
deteriorate in quality from this cause. Taking into account, how
ever, the urgent needs of your town and the difficulty of obtaining 
a sufficient quantity of water from a better source, the Board would 
advise that this location be adopted as a source of supply, but with 
the understanding that the works are to be of a temporary char
acter and that the water is to be analyzed frequently and its use 
discontinued if it should become impure. The wells should be 
located not less than 175 feet from the pond and further from it 
if practicable.

On Feb. 9, 1893, the Board sent a communication to the water 
boards of the three places drawing water from Spot Pond ; and, 
after giving the results of estimates as to changes in the level of 
the pond which would be likely to occur under varying conditions 
of rainfall, the Board ended its communication with the following 
statement, to which it would again call attention : -—

It is of the utmost importance . . .  to get as much water into Spot 
Pond as possible, or, what is the same thing, to take less water from the 
pond so as to have a larger supply in the pond to provide for future con
tingencies, such as a growing population and supplementary supplies 
which may become unsuitable for domestic use. Every million of gal
lons of water which can be added to the pond has a distinct value to the 
three communities now depending upon this source, which is much in 
excess of the mere cost of pumping the water, and it would be a benefit 
to all of the communities if a fixed price were made per million gallons 
of water, which should be charged to each community drawing more 
than a certain defined quantity and credited to any community taking 
from the pond less than this amount. This would offer an incentive for 
individual action on the part of those places which now have or can pro
vide supplementary sources of supply, and would not be unjust to any 
town that may be unable to obtain a supplementary source, as this town 
would only pay to the others what it would save in the cost of construct
ing and maintaining a pumping plant.

Mexdox. The selectmen of Mention applied to the Board, 
llec. 27, 1893, for its advice relative to taking tlie water of 
Mendon Pond as a public water supply. The Board replied 
to this application as follows : —

Boston, Jan. o, 1894.
The Board has already considered the question of the use of this 

pond as a source of water supply, in response to an application
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made by the town of Uxbridge in 1892, and lias caused analyses 
of the water to be made in October, 1892, and every month from 
-May to November, 1893. During all of this time the water has 
been of satisfactory quality for all the purposes of a public water 
supply, and there seems to be no reason to doubt that if it is pro
tected from pollution it will continue to be of satisfactory quality 
in the future.

Owing to its situation near the village of Mendon it is an appro
priate source from which to take a supply of water for the village 
and any part of the town to which it may be desirable to extend 
the pipes.

The amount of water required for the supply of Mendon will not 
be large, and in the opinion of the Board the use of the pond as a 
source of water supply for Mendon should not prevent its use as 
a source of water supply by Uxbridge.

M e t h u e n . The water commissioners of Methuen applied 
to the Board, April 13, 1893, for advice as to obtaining a 
water supply for the town from driven wells near Sargent’s 
Brook in the east part of the town. The Board replied as 
follows : —

Boston-, May 19, 1893.
The State Board of Health has considered your application of 

April 13, 1893, relative to a proposed water supply for the town, 
to be taken from driven wells near Sargent’s Brook, and has 
caused examinations of the premises and analyses of the water to 
be made.

The analysis of a sample of water sent in from one of the flow
ing wells showed the water to be very pure and soft, and in all 
respects an excellent water for the purposes of a public water 
supply. After pumping for nearly six days, however, from these 
wells another sample was collected, and the character of the water 
was found to have undergone a decided change and to be much 
less satisfactory. Should this deterioration continue with steady 
pumping, as has been the case in some other places in the State, 
the water would become objectionable.

The watershed above the point where the wells are located was 
examined and its area determined approximately by sketching its 
outlines upon the topographical map of the State, and subsequently 
measuring it. This area was found to be so small that the total 
amount of water flowing from it, through the brook and through 
the ground, in a dry year would not be in excess of the require
ments of a water supply for Methuen, having due regard to future
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needs. It was obvious from an examination of the watershed that 
much of the water would flow off through the brook, particularly 
in the spring of the year, so that the supply to be obtained from 
the ground would be much less than the total flow from the water
shed, and probably not enough during the dryer portions of a dry 
year to supply the town as soon as water is generally introduced.

On July 5 the water commissioners of Methuen again 
applied to the Board for its advice upon the question of 
taking a water supply for the town from wells driven near 
the Spicket River.at the junction of the brook leading from 
Harris Pond. The Board replied to this application as 
follows: —

Boston, .July 25, 1S93.
In response to your application of July 5, 1893, with regard to 

a proposed water supply for the town of Methuen, to be taken from 
driven wells located near the Spicket River near the point where 
it is joined by the brook leading from Harris' Pond, the Board has « 
caused an examination of the locality and an analysis of a sample 
of water sent in by you from one of these wells to be made. The 
analysis showed that the water sent in was of excellent quality for 
the purposes of a public water supply. Judging from the tests 
made under your direction, and from an examination of the terri
tory in the vicinity of the test wells, it is probable that a sufficient 
supply for the town for at least a few years may be obtained from 
the ground near where the tests have been made, and this location 
has the great advantage that it is well situated for taking a supple
mentary supply of water from Harris Pond whenever the quantity 
of water which can be obtained from the ground proves insufficient.

N e w b u r y p o r t . In the report of the State Board of 
Health to the Legislature, dated Jan. 10, 1893 (Senate Docu
ment 4, 1893), it was stated that the water of the Merrimack 
River had been furnished directly to the citizens of Newbury
port by the Newburyport Water Company, and that a letter 
had been sent to the Newburyport Water Company, Novem
ber 3, informing them that the water of the Merrimack River 
was unfit for domestic use, and advising them to obtain a 
further supply of pure water without delay, 'fhis advice 
having been disregarded by the company, an epidemic of 
typhoid fever took place in January and February, 1893, 
among the citizens of Newburyport. The Board then ad-
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dressed the following communication to the mayor of New- 
buryport: —

Boston, March 3, 1893.To the Mayor of Newburyport.
D ea r  S ir  : — On the 3d of November, 1892, having learned that 

the Newburyport Water Company had at times pumped the water 
of the Merrimack River and distributed it to the citizens of New
buryport, the State Board of Health addressed the following letter 
to the company : —

The Board, as a result of extended examinations ol the effect of using 
the Merrimack River water at Lowell and Lawrence, reached the con
clusion that it is to this cause that the excessive mortality from typhoid 
fever in these cities, as well as the very severe epidemic of this disease 
in the winter of 1890-91, may be ascribed. The condition of this river 
at Newburyport is worse than at either Lowell or Lawrence, owing to 
the added sewage of the cities of Lawrence and Haverhill, and the town 
of Amesbury.

In view of this condition of affairs, the Board is of opinion that the 
Newburyport AVater Company should obtain a further supply of pure 
water without delay, so that there will be no further occasion for pump
ing water directly from the river.

In the Twenty-second Annual Report of this Board, page 527, 
it was shown that the introduction of a pure water supply into 
Newburyport in 1881 was followed by a reduction in the death-rate 
from typhoid fever of more than one-half.

It now appears from an investigation recently made by this 
Board that the frequent pumping of a considerable quantity of the 
water of the river has been followed very closely by an epidemic 
of typhoid fever among your citizens. This epidemic, in the opinion 
of the Board, is due to the use of the river water, following an in
creased prevalence at places higher up the stream.

These results emphasize still more strongly the opinion of the 
Board expressed in its letter of November last to the Newburyport 
AVater Company, relative to the necessity of “ obtaining a further 
supply of pure water without delay,” and in the opinion of the 
Board such a supply cannot be obtained by developing the present 
spring-water sources.

The mayor of Newburyport applied to the State Board 
of Health, April 13, 1893, for advice as to taking the water 
of \rfichoke River, in that city and the town of 4Vest New
bury, as a source of water supply for the city, such water to 
be purified either by artificial or natural filtration through 
sand. The Board replied as follows : —
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Boston, April 24, 1893.

An examination of this source shows that by the construction of 
a storage reservoir as proposed it can be made to furnish a suf
ficient quantity of water for the city of Newburyport for a long 
time in the future. With regard to the quality of the water the 
examinations thus far made show it to be a water of fair quality, 
but it would not probably be satisfactory for drinking purposes 
without filtration. The Board is of opinion that it will be feasible 
to so filter this water that in connection with the existing works, 
or independent of them, an ample and satisfactory supply for the 
city can be obtained.

The Board makes a reply at this time instead of waiting for your 
further surveys and investigations because it understands that its 
advice is desired now in connection with pending legislation, and 
will advise you further with regard to the filtration of the water 
when the results of the further surveys and investigations are pre
sented.

N o k t h  A n d o v e r . The committee on water supply of the 
town of North Andover applied to the Board, Dec. 13, 1892, 
for advice relative to taking the water of Great Pond in that 
town for a public water supply. The Board replied to this 
application as follows : —

Boston, Jan. 16, 1892.
The State Board of Health has considered your application 

dated Dec. 14, 1892, with regard to a proposed water supply for 
the town of North Andover, to be taken from Great Pond within 
said town.

The Board has caused examinations of the pond and analyses of 
its water to be made, and finds that the water is of satisfactory 
quality for all the purposes of a public water supply and that the 
quantity of water which the pond will furnish is many times in 
excess of the quantity which will be required for the supply of the 
town.

The Board is therefore of opinion that Great Pond in North 
Andover is an appropriate source from which to take a water sup
ply for the town.

P e a b o d y . The Water Board of the town of Peabody sent 
the following communication to the State Board of Health, 
April 18, 1893, relative to the threatened pollution of their 
water supply by drainage from new settlements upon tiro 
immediate watersheds of the two ponds used as water 
supplies: —
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P eabody, Mass , April 18, 1893.

State Board of Health, Boston, Mass.
Gentlemen: — By :i vote of the water board, I am instructed 

to respectfully represent to you a matter of vital importance to 
the town of Peabody. Parties have purchased the land north of 
Spring and Brown’s ponds, the water supply of the town, and 
have cut it up into house lots, and as the land on both places slopes 
toward the ponds, the matter of polluting the water in the ponds 
is deemed of such great importance to the town that the Water 
Board would respectfully request that a member of the State Board 
of Health come here some time to look over the premises, and sug
gest some remedy, if possible.

Yours respectfully,
H enry Baetje,

Clerk, Water Board.

In compliance with this request of the water hoard of 
Peabody, the secretary of the State Hoard visited the sources 
of water supply of the town, in company with the water 
board, and afterward addressed a letter to them, by instruc
tions of the State Board of Health, giving such information 
as to existing statutes as would be serviceable for the pro
tection of their water supplies from pollution.

R o c k p o r t . An application was received from H. X . 
Woods and others, and the selectmen of Rockport, Jan. 4, 
1893, asking the advice of the Board relative to the taking 
of a public water supply from Cape Pond, or Mill Pond 
Brook in that town, and in the event of these sources prov
ing unsuitable, from the Gloucester W ater Company. The 
Board replied as follows : —

Boston, Feb. 18, 1893.
An application with regard to Cape Pond as a source of water 

supply for Rockport was made to the Board on March 18, 1890, 
and the reply of the Board dated March 26,1890, was as follows : —

The Board has caused samples of water to he taken from the pond and 
has had them submitted to chemical and microscopical examination. 
The water at the present time is not found by either examination to be 
of satisfactory quality. It contained an unusually large number of or
ganisms, and is therefore specially liable to bad tastes and odors, such 
as have affected many water supplies in the State. It is also shown by 
analysis to contain a large amount of ammonia, which indicates the 
presence of decaying matter. It is not feasible to tell whether the water
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at the present time is better or worse than at other seasons of the year; 
but, as a rule, the quality of the water of ponds is worse in the summer.

In. view of this unsatisfactory condition of the water, the Board cannot 
at the present time advise that this pond will be a desirable source of 
supply for the town of Rockport, unless the water supplied is first efficiently filtered. If it should be found by subsequent examinations 
that the water of this pond is better at other seasons of the year than at 
the present time, the Board might have occasion to modify the advice above given.

Since the above date four samples of water were collected from 
the pond, in August and October, 1892, which showed by the 
chemical examination the presence of more organic matter than is 
desirable in -water, and by the microscopical examination the 
presence of a large variety and number of organisms. On the 
whole, however, these samples indicated that the water -was of 
better quality than in 1890. A sample collected in February, 1893, 
shows still less organic matter and fewer organisms, so that the 
water as represented by the last sample may be considered as of 
satisfactory quality for water supply purposes. Notwithstanding 
these changes for the better in the organic matters in the water, 
the mineral contents show' that there is an increasing pollution of 
the pond by the waste matters wffiich come from the glue factory 
upon the watershed, and there is little doubt that if these waste 
matters continue to affect the pond the water will be specially 
liable to bad tastes and odors caused by too great an amount of 
organic matter and too many organisms in the water, whereas if 
the waste matters were removed from the watershed so that they 
could not affect the pond by direct flow into it, or by filtration 
through the ground, the quality of the water would probably im
prove to a considerable extent in two or three years, and after a 
longer term of years the water in the pond would resume its natural 
character.

The Board is therefore of opinion that this pond should not be 
used for water supply purposes unless the pollution of its water 
ceases, but that if the pollution is stopped the water will become 
of satisfactory quality for the supply of the town.

With regard to the quantity of water which this pond will fur
nish, it will probably supply sufficient water for the present popu
lation of the town but not enough to provide for a growth of 
population, and in designing works for taking a supply it would be 
well to take into account the need of an additional supply, which 
can probably be obtained from the streams which come from a 
northerly direction into the brook which flows from Cape Bond, or 
possibly from wells in the lowland through which this brook flows.
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Millpond Brook, so-called, is naturally inferior to Cape Pond as 

a source of water supply for Rockport, and it is very doubtful if it 
could be made to furnish a sufficient quantity of water for even the 
present population.

S alem . The water commissioners of Salem applied to 
the State Board of Health, Feb. 17, 1893, for advice relative 
to increasing the present water supply of the city by taking 
water from Beaver and Norwood’s ponds and Longham 
Meadow, certain regions which are tributary to Miles River, 
and conveying the same by a canal to W enham Lake, the 
present source of supply. The Board replied as follows : —

Boston, April 4, 1893.
Investigations of the present source of water supply for Salem 

and Beverly (Wenham Lake) show that the safe capacity of this 
source has been exceeded to a considerable extent, and that a new 
supply should be provided by the end of 1893 if not before. The 
most economical source from which to obtain such a supply is that 
referred to in the application, as these brooks, at the point where 
their waters can be diverted, are only about half a mile from Wen- 
ham Lake, and so few feet below its level that the water can be 
diverted into the lake without pumping by raising the water of the 
brooks by means of a low dam.

Since your application was made two sets of analyses of water 
from these brooks have been made. The first one was made on 
March 1st, when there was a large amount of snow on the ground 
and very little water running in the streams. At this time the 
water was very dark-colored and had a disagreeable odor and taste, 
so that it would be wholly unsatisfactory as a source of water sup
ply if taken directly into the pipes. The next sample was taken 
on March loth when a large part of the snow had melted and a 
great amount of water was flowing in the streams. The water of 
the Longham Meadow Brook at this time, although somewhat tur
bid, owing to the presence of earthy matter, had only one-third as 
much color as on March 1st and was in other respects a much 
better water. The water of the brook flowing from Norwood’s 
Pond also showed a very decided improvement, but not as much as 
in the other case, as the water from the melting snow had not had 
time to crowd out all the water previously in the ponds on this 
stream.

If the water of these streams was turned into Wenham Lake 
near its outlet, as is now proposed, it would mingle with the water
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of the lake, making a mixture very much better than the water 
coming from the brooks, and, in addition, the water standing for 
so long a time before being used as it would in so large a body of 
water as Wenham Lake would improve to a very considerable ex
tent by bleaching and sedimentation. In order, however, to main
tain as nearly as possible the present standard of Wenham Lake 
water, it is highly desirable that only so much water as may be 
necessary should be turned into the lake from these brooks, and 
that it should be turned in at the season of the year when the water 
in the brooks is in its best condition.

The stream at the proposed point of diversion is as before indi
cated lower than the lake ; and, in order to divert the water into 
the lake by gravity, it is necessary to raise the water in the stream 
by means of a dam. The question has therefore been raised as to 
whether it is not best to make a dam high enough to form a large 
reservoir which will furnish a valuable addition to the present stor
age capacity. The surveys of this reservoir have not yet been 
completed and it is not feasible to tell from observation alone 
what its character will be. It seems probable, however, that 
unless a very large amount of money is spent in. its preparation 
the water would deteriorate to a very considerable extent by stand
ing in it and that, at the present time, it would be better to con
struct a dam having only sufficient height to turn the water into 
the lake. Even a low dam at this place will flow the water back 
for a long distance up the valley of the Longham Meadow Brook, 
and if the reservoir is to be kept filled at all seasons of the year it 
should be prepared to receive this water by the removal of all soil 
and vegetable matter and the deepening or filling of the shallower 
portions. If, however, the reservoir should be filled to divert 
water into the lake only in the winter and spring it is not improb
able that satisfactory results may be obtained by a less expensive 
preparation.

It may be feasible by ditching or otherwise draining the swampy 
lands or ponds upon the watersheds of these brooks to greatly 
improve the quality of the water flowing in them, and the Board 
would advise that this question of the improvement of these sources 
should be investigated and that any act authorizing the taking of 
these sources should contain such provisions as will permit this 
work to be done.

I he total area drained by these streams is much larger than that 
now supplying Wenham Lake, and, in connection with Wenham 
Lake and its watershed, should furnish a supply of water for Salem 
and Beverly for a long time in the future without building a large 
storage reservoir, provided the water is economically used.
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The amount of water now consumed by Salem and Beverly, as 

given in the annual reports of the water boards, is unusually large 
for sucli communities, and the Board would therefore advise that 
measures should be taken to restrict the waste of water ; not, how
ever, with the expectation that the need of an additional supply can 
be avoided, but rather with a view to maintaining as nearly as pos
sible the present standard of quality of the water supply by adding 
to it as little water from the new sources as possible, and also with 
a view to making the proposed addition provide for as far in the 
future as possible.

Taking everything into consideration the Board is of opinion 
that the two streams mentioned in your application, including with 
them a small portion of the main stream below their confluence, 
are the most appropriate sources for obtaining an additional water 
supply for Salem and Beverly.

The Board has given its present views in a general way as to the 
best method of obtaining such a supply from these sources, but 
will advise you more in detail when you have made a further study 
of the subject and can present more definite plans.

SAUNDKRSv i l l e  . The treasurer of the Saunders Cotton
Mills in Grafton, applied to the Board, October 18, for ad
vice as to supplying the mill and houses in its neighborhood 
with water from springs upon a hill near the village. The 
Board replied as follows : —

Boston, Nov. 2, 1893.
The Board has caused an analysis of the water from one of 

these springs, and an examination of the territory from which 
they derive their supply, to be made. The water is very soft and 
of suitable quality for all the purposes of a water supply, and the 
covering which you propose to put on the reservoir will tend to 
preserve the good quality of the water when it is stored. lu order 
to maintain the purity of the spring water, care should be taken to 
exclude all surface water.

Judging from the quantity of water discharging from the springs 
at the time the examination was made by the engineer of the Board, 
and from statements made to him as to the permanence of these 
springs, it seems probable that they will furnish enough water to 
make them a valuable source of supply for the mill and the houses 
in its vicinity.

In addition to the sample of water from the spring, another 
sample, taken from a well which now supplies water to the mill, 
was analyzed. This analysis shows that a portion of the water
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coming to this well has at some time been polluted and afterwards 
thoroughly purified by its passage through the ground to the well. 
While there is no reason to think that this water, iu its present 
condition, would be injurious to the health of those drinking it, 
it is a much less desirable source of domestic supply than the 
springs on the hill.

S c it u a t e . M. II. Simmons and others, and the selectmen 
of Scituate applied to the Board, Dec. 10, 1892, for its 
advice relative to taking water for supplying the village of 
Scituate Harbor, from the valley of Satuit Brook in that vil
lage. The Board replied as follows : —

Boston, Feb. 21, 1893.
The general outlook for obtaining a sufficient quantity of water 

for present and future requirements from the ground where the test 
wells are located is favorable both as regards the area and topog
raphy of the watershed from which the supply would come, and 
because the test wells show the presence of a layer of porous sand 
from which water can be drawn. The amount of water to be ob
tained, however, will depend upon the extent of this porous layer, 
and the freedom with which water can be pumped from it, and it 
will be advisable to make some further tests to determine these feat
ures before constructing works.

The sample of water collected from a flowing test well is of good 
quality, and it seems probable that the quality of the water will 
remain good when a supply is pumped from the ground. In some 
cases, however, the quality of water from wells in a meadow dete
riorates when pumped, and it would be well to have additional 
samples analyzed when a pumping test is made.

S h a r o n . The board of health of Sharon, under instruc
tions from the town, requested the advice of the State Board 
of Health, Aug. 28, 1893, with reference to the possible pol
lution of the public water supply ol the town, under existing 
conditions, and as to the best practicable method of assuring 
its purity in the future. The Board replied as follows : —

Boston, Oct. 6, 1893.
When any part of the territory from which a well derives its 

supply is populated and the waste waters of this population are 
discharged into the ground, these waters percolate downwards until 
they reach the level of the water in the ground, and then, mingling 
with the natural ground water, filter slowly toward the well. In



50 WATER SUPPLY AND SEWERAGE. [Jan.
such a case the dissolved mineral matters (for instance, common 
salt, and the salts of lime and magnesia which make water hard) 
are not removed by the filtration ; but the organic matters may be 
decomposed and wholly transformed into harmless mineral matters 
by filtering through the ground for a suflicient distance.

The State Board of Health has caused chemical analyses of water 
from the well of the Sharon Water Company to be made from time 
to time since June, 1887, the last analysis being made in Septem
ber, 1893. These analyses show the presence in the water of some 
of the mineral matters due to the population upon the territory from 
which water filters toward the well, and the water, although not 
hard, is harder than it would be if it were not for the population 
upon this territory. They also show that such polluted waters as 
have mingled with the ground water have been very thoroughly 
purified at all times, and the recent analysis fails to reveal even a 
trace of organic matter. It may therefore be said that the water 
is very pure at the present time.

There is scarcely a doubt that the waste waters discharged into 
the ground from the more distant points will continue to be 
thoroughly purified before reaching the well, and the effect of an 
increase in population at these points would be to increase the 
hardness of the water rather than to render it injurious to health. 
There is a greater probability that the water may at some time be 
polluted by the wastes which enter the ground at nearer points, say 
within a distance of from 600 to 800 feet from the well; and it is 
highly desirable that within this distance this method of disposing 
of the waste matters shall cpase.

If there should be a very large increase of population upon the 
more distant territory which contributes water to the well, it may 
be necessary at some time in the future to provide a water-tight 
system of sewers to carry off the liquid -wastes, or to obtain the 
water supply from some new location.

S o u t h b r i d g e . The Southbridge W ater Supply Company 
applied to the Board for its advice, Sept. 5, 1893, relative 
to the question of increasing the public water supply by 
building a new dam about one mile south of the present 
upper reservoir, and as to the improvement of the present 
supply and storage capacity. The Board replied as fol
lows : — Boston, Oct. 13, 1893.

We are informed by your engineer that this new reservoir will 
have suflicient capacity to store 50,000,000 gallons ; but, as you
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have uot made surveys of the watershed, to determine its area, it 
is not feasible to advise you other than in a general way as to the 
quantity of water which this source will furnish.

It is also the case that when this source was inspected by an 
engineer of the Board, there was no water running in the stream 
at the site of the proposed dam, so that it was not possible to get 
a sample of water for analysis. The inspection of the watershed 
by this engineer, however, indicated that the water flowing from it 
was naturally of good quality, and that more water could probably 
be obtained from this source than from the present works.

The water would probably deteriorate somewhat by storage in 
this large reservoir, in any case ; but much more if the reservoir 
is not cleaned, than if it is thoroughly cleaned by the removal of 
all soil and vegetable matter.

In answer to your second question asking the advice of the 
Board with regard to the improvement of the present supply, it 
may be said that it does not appear feasible to increase the storage 
in a satisfactory manner nor to materially increase the quantity in 
any other way. It should also be borne in mind that if you adopt 
the new source and construct the large proposed reservoir upon it, 
it will be feasible to operate the two systems together so as to 
utilize some of the water which now flows to waste over the lower 
dam of your present works in the spring of the year. For example, 
when enough additional water takers have been connected with the 
works to use all of the water which the present and proposed 
works will furnish in a dry time, it may frequently happen that the 
lower reservoir will be overflowing, while the proposed reservoir, 
owing to its large size, will not be full. At such times it will be 
feasible to supply the greater part of the town from the old source, 
thereby permitting less of the water to flow to waste, and reserving 
the water of the proposed reservoir for use during the drier portions 
of the year.

With regard to the improvement of the quality of the present 
supply, the measures suggested are the removal of any organic 
matter which may be in the reservoir, and the ditching of any 
lands of a swampy nature over or through which the streams flow 
to the reservoirs, so as to prevent, as far as possible, the water 
from coming into contact with organic matter or standing upon the 
surface of these lands.

It is improbable that your present and proposed works together 
will furnish as much water as ought to be provided for a large and 
growing town like Southbridge, and the Board would therefore 
advise that you have thorough investigations made with a view to 
determining the best source for the permanent supply of the town.
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Should you find a source which will furnish an adequate supply of 
good water it would probably be a measure of true economy to 
adopt it at once, rather than to spend money upon a source which 
in a very few years is likely to prove inadequate, if the pipe sys
tem of the town should be extended to any considerable extent. 
Should your investigations of the larger sources lead you to con
clude that it is desirable to adopt one of them, the Board will advise 
you further in this matter when you shall have submitted the results 
of your investigations.

The Southbridge W ater Supply Company submitted a 
second application, Oct. 14, 1893, stating that they had made 
the investigations ot the larger sources of supply suggested 
by the Board, to which the Board replied as follows : —

Boston, Dec. 8, 1893.
The State Board of Health received from you on Oct. 16, 1893, 

a second application with regard to increasing the water supply of 
the town of Southbridge, and at a subsequent date received a plan 
of a storage reservoir which it is proposed to build on Hatchet 
Brook.

The Board has caused an examination of the premises by one of 
its engineers, and analyses of the water.from Hatchet Brook at 
the site of the proposed dam, from one of its principal tributaries 
and from Hatchet Pond to be made. The examination and anal
yses showed the water to be free from pollution, and that it is soft 
and of suitable quality for all the purposes of a public water sup
ply. In order to maintain the purity of the water when it is 
stored, the reservoir should be prepared for use by the removal of 
all soil and vegetable matter from its bottom and sides.

With regard to the quantity of water, this source with a storage 
reservoir constructed in accordance with the plan submitted should 
furnish in the driest year a sufficient quantity of water for a popu
lation considerably in excess of the present population of South- 
bridge, and it is capable of still further development.

The Board therefore concludes that Hatchet Brook at the pro
posed point of taking is a suitable source of water supply for the 
town of Southbridge.

S o u t h  D e e r f i e l d . The South Deerfield W ater Company 
applied to the Board, Nov. 17, 1893, for its advice as to the 
propriety of taking Clapp’s Trout Brook as a water supply 
for South Deerfield. The Board replied as follows : —
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Boston, Dec 14, 1893.

Clapp’s Trout Brook is a small stream which flows down the 
easterly slope of the range of hills situated about two miles west 
of the village of South Deerfield. North and south from this 
brook there are two much larger streams which flow from the same 
range of hills, namely, Roaring Brook, in the town of Whately, 
and Mill River, of which Clapp’s Trout Brook is a branch, in the 
town of Conway. Examinations of all of these sources, by an 
engineer of the Board, and analyses of the water have been made. 
The analyses show in all cases a water of excellent quality, slightly 
harder than most of the drinking waters of the State, but yet not 
hard enough to be objectionable on this account. There was little 
difference in the hardness of the samples from Clapp’s Trout 
Brook and Roaring Brook, though the latter had a slight advan
tage in this respect. The sample of water from Mill River was 
considerably harder than either of the others.

The quantity of water which Clapp’s Trout Brook will furnish 
in a very dry year cannot be accurately estimated from the infor
mation now in the possession of the Board. I t is obvious, how
ever, from an examination of the territory and of the State map, 
that the area drained by the brook is quite small, and it is doubt
ful if this source will furnish enough water in a dry year to supply 
the village of South Deerfield, after the water has been generally 
introduced.

Roaring Brook will certainly furnish all the water required, and 
Mill River, above the point where its water can be diverted to the 
village by gravity, will probably furnish a sufficient quantity of 
water. The latter source has the objection, however, that it is 
much further from the village.

With its present information the Board does not advise the adop
tion of Clapp’s Trout Brook as a source of supply for the village ; 
but it might modify its views if surveys should show that the water
shed has a larger area than is now supposed, or should show that 
it is feasible to build a reservoir or reservoirs upon it, in which to 
store a sufficient amount of water to tide over dry periods. There 
seems to be no doubt that a satisfactory supply of water can be 
obtained from Roaring Brook.

The Board advises you to have further investigations made to 
deteimine whether Clapp’s J rout Brook will furnish a sufficient 
supply of water, and, if it will not, to determine whether it is not 
feasible to obtain a supply from Roaring Brook. When you have 
further information to present the Board will advise you further in this matter.
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S t o u g h t o n . The water commissioners of Stoughton 

sent a communication to the Board, Sept. 7, 1893, stating 
that works recently completed for supplying water to the 
town had proved wholly inadequate, and that the commis
sioners desired the advice of the Board relative to taking 
some new source or devising some method of obtaining a 
larger supply from the present plant. The Board replied as 
follows: —

Boston, Oct. 13, 1893.
In April of last year the Board received from you an application 

for its advice with regard to a new water supply for the town of 
Stoughton, in which you designated the region near Knowles 
Brook and Muddy Pond for the consideration of the Board. In 
the reply to this application, dated May 5, 1892, the Board, in giv
ing the relative capacities of the two sources mentioned, estimated 
that the Muddy Pond source would furnish a supply for nearly if 
not quite double the present population of Stoughton, but qualified 
the statement by saying that “ these estimates are based upon the 
assumption that loose gravelly ground can be found in both of these 
locations to a depth of from thirty to forty feet, and may require 
modification if examinations of the ground, which should be made 
before any final decision is reached, show that this is not the case.” 
The reply concluded with the following statement: — “ The Board 
is therefore of the opinion that the most appropriate source from 
which to obtain a water supply for Stoughton is the ground in the 
vicinity of Muddy Pond, provided further examinations show that 
porous material at this place is of sufficient depth and extent.”

The new well has been located one-quarter of a mile or more 
below Muddy Pond, and, owing to its location, the slight depth to 
which the water in it can be drawn down with the present arrange
ments for taking water, and probably, also, to the somewhat 
impervious nature of the material in which the well was sunk, the 
quantity of water which it will supply is small. Under the present 
conditions it is obviously desirable to bring additional water to the 
works already constructed, if it can be done at a reasonable cost, 
rather than to make any radical changes in the works.

Near the upper end of Muddy Pond, as you well know, there 
are many large springs outcropping at the base of the high land 
which partially surrounds the pond. There is no reason to doubt 
that this spring wrater, as it comes from the ground, is of excellent 
quality; and if a sufficient quantity of such water can be turned 
into the present pump well it would furnish a most excellent water 
supply for the town.
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The outflow from Muddy Pond represents quite correctly the 

total volume of water furnished by the springs above referred to, 
and by such other springs as may be located in the bottom of the 
pond or in the swamp surrounding it. A measurement of the out
flow from the pond made on April 26, 1892, showed the volume to 
be 1,410,000 gallons per twenty-four hours, and another measure
ment made on Sept. 11, 1893, showed that the flow was then fully 
1,000,000 gallons per twenty-four hours. The comparatively 
small difference between the measurement made in the spring of 
the year, when the flow would naturally be greatest, and in the 
autumn, when the flow would naturally be low, shows that the 
yield of these springs is remarkably constant.

The smaller quantity of water is about four times as large as the 
average daily quantity required to supply the present population 
of Stoughton. I t would not be fair, however, to reckon that this 
source would supply four times the present population of Stough
ton, because, during dryer seasons, the springs are likely to be 
lower than at the present time ; and provision is also to be made 
for the maximum rate of consumption in summer, rather than the 
average rate throughout the year. There now appears to be an 
abundant supply of spring water for a much larger population 
than that of Stoughton entering the pond from the springs, which 
can be conveyed by an intercepting pipe to the present works. 
The Board would therefore advise that provision should be made 
for intercepting the spring water which now finds its way into the 
pond before the water has been exposed to the light or come in 
contact with the vegetable matter in the swamp surrounding the 
pond, and for conveying the intercepted water to the present 
works.

While the main feature of works for carrying out the advice above 
given is a pipe tapping the springs and extending from them to the 
present works, there are many precautions which should be taken 
to insure success. The attempt should be made to collect all of 
the spring water which enters the pond, and for this reason the 
intercepting pipe should be everywhere at a lower level than the 
water in the pond. In order to intercept the water of the springs, 
the pipe through that portion of its length where the springs are 
located should be laid with open joints and surrounded and covered 
with a liberal amount of screened gravel. Smaller branch pipes 
may also be required at those points where the spring water out
crops in the greatest quantity.

The pipe laid from the territory where the water would be col
lected to the present works should be of large size, say eighteen 
inches in diameter, so that it will convey the water to the vicinity of
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the present collecting well with very little loss of pressure due to 
friction ; and this pipe should communicate with the 12-inch pipe 
leading from the collecting well to the pump well. The 12-inch 
pipe should have a check valve on it above the point where the new 
pipe connects with it to prevent the water from backing up into 
the collecting well and being lost by leakage into the ground about 
this well. It will also be necessary to make the joints of the new 
pipe water-tight wherever the pressure of the water in this pipe 
will cause it to leak out through the joints.

In order to concentrate the flow of the whole twenty-four hours 
so that it can be pumped in the daytime it will be necessary to stop 
the flow of water from the pipe at night and permit it to back up 
in the gravel surrounding and in the vicinity of the open-jointed 
pipe.

The Board would urge upon you the advisability of having this 
new work done in a liberal and thorough manner so as to insure 
the collection of all of the spring water without deterioration of 
quality. The total cost of doing this work thoroughly would be 
but a very small percentage of the whole cost of the system of 
water supply for the town, and yet it represents the most impor
tant part of the whole work, namely the collection of an ample 
supply of excellent water.

U x b r i d g e . The committee on additional water supply 
for the town of Uxbridge applied to the Board, March 18, 
1893, for its advice as to the comparative merits of Seagrave 
Brook and Cold Spring Brook in Uxbridge, and of Mendon 
Pond in Mendon, as sources of water supply for Uxbridge. 
The Board replied as follows : —

Boston, April 4, 1893.
The Seagrave Brook drains so small a territory that, even if 

extensive storage reservoirs should be constructed upon it, it would 
not probably furnish a sufficient supply for even the present popu
lation of Uxbridge after water was generally introduced in all of 
the villages ; and this source has no advantage in regard either to 
the quality of the water or to economy of construction which should 
lead to its introduction as a temporary source of supply.

Cold Spring Brook, at the proposed point of taking at the old 
sawmill site, below the Douglas Road, drains so large a territory 
that its natural flow, supplemented by a comparatively small 
amount of storage to tide over the dryer portions of the year, 
would be sufficient to supply Uxbridge with water for many years ; 
and should the supply at any time prove insufficient, the capacity
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of the source may be increased by providing additional storage 
capacity. A sample of water -was collected from the brook near 
the proposed point of taking on March 25, 1893, which showed the 
water to be a fairly satisfactory one for water supply purposes. 
The sample was collected, however, at a time when the streams 
were swollen by the wrater from melting snow, and the analysis 
may, therefore, differ considerably from the analysis of the water at 
other seasons of the year.

The principal objection to this source is its low level, which 
makes it necessary to pump the water and consequently increases 
both the first cost of the works and the annual cost of maintenance. 
When compared with Mendon Pond it seems probable that the first 
cost of works from Cold Spring Brook will be as large on account 
of the cost of a pumping station, offsetting the additional length of 
pipe required to take water from Mendon Pond ; and Cold Spring 
Brook has the disadvantage of the continued expense of maintain
ing a pumping station, while the water will flow from Mendon Pond 
by gravity.

It was not feasible at the time this examination was made to 
obtain a representative sample of water from Mendon Pond, as the 
ice w7as not strong enough to bear the weight of a person, and the 
water near the edges was affected by the water entering the pond 
from the melting snow.

To sum up the comparative merits of the different sources, the 
Board is of opinion that the Seagrave Brook source has no advan
tage either in regard to quantity, quality or cost. A final opinion 
in regard to the relative merits of Cold Spring Brook and Mendon 
Pond in regard to the quality of the water cannot be given at the 
present time on account of the fact that the few examinations made 
may not be representative of the quality of the water at all seasons 
of the year, but it seems probable that Mendon Pond can be made 
to furnish the better water. The cost of a water supply from 
Mendon Pond will be very much less than from Cold Spring Brook 
when the cost of maintaining a pumping station is taken into 
account.

W a k e f i e l d . The Wakefield Water Company requested 
the advice of the Board, Feb. 23, 1893, relative to introducing 
“ an additional water supply” for Wakefield and Stoneham, 
from “ filtering galleries, wells, or basins upon the banks of 
that portion of the Saugus River lying within the limits of the 
town of Wakefield, and above the milldam near the Mont
rose station of the Salem branch of the Boston & Maine 
Railroad.” The Board replied as follows : —
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Boston, April 14, 1893..

From such data as are now available the Board believes that the 
capacity of the present source (Crystal Lake) in a series of dry 
years lias been practically reached, so that there is need of an addi
tional watei supply for these towns. It has already expressed and 
still holds the opinion that the water of Quannapowitt Lake, one 
of the sources named in your original act of incorporation, is now 
unfit for the purposes of a domestic water supply. This opinion 
as to the quality of Quannapowitt Lake water applies to taking 
water directly from the lake, but if the water was taken after it 
had been thoroughly purified by filtering for a long distance 
through the ground or by any other thorough method of filtration 
it might be used. It seems probable, however, that the most sat
isfactory additional supply for the towns of Wakefield and Stone- 
ham can be obtained by taking water from the ground at some 
point above the dam at Montrose, as indicated in your application.

In the absence of any investigations to determine either the 
quality or quantity of water which may be obtained from different 
portions of this territory, it is not feasible to give any specific ad
vice in these respects at the present time.

I he city of Lynn, which now takes its supply from sources within 
the Saugus valley, is in urgent need of an additional supply of 
water and desires to take it from this valley, and the valley is also 
nearer other communities in need of additional water supplies than 
any other large sources not now in use or so much polluted as to 
be unfit for water supply purposes. While, therefore, the Board 
believes that the towns of Wakefield and Stoneham should have 
the first right to a water supply from the portion of the valley 
within the limits of the town of Wakefield it does not believe that 
they should control more territory than is necessary for this purpose.

In view of the impracticability of making any fair apportion
ment of territory at the present time, the Board in its reply to the 
application of the city of Lynn relative to an additional water 
supply, concluded that Lynn should be granted the right to take 
water from any portion of the valley of the Saugus River not 
already granted by the Legislature to some other town or water 
company, but that this grant should be subject to the restriction 
that the towns of Wakefield or Stoneham, or the company supply
ing them with water, may be authorized to take water from this 
valley at any point within the limits of the town of Wakefield, and 
to the extent required to furnish in connection with Crystal Lake, 
the present source of supply, a supply of water for these towns ; 
provisions to be made in connection with any grant of this charac
ter, however, that whenever these towns, or the company supplying
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them with water, should take a supply from any source in the 
Saugus valley other than those already controlled by the Wakefield 
Water Company they should be required to pay to the city of Lynn 
a fair proportion of the amount already paid by said city for water 
or land damages, and if they should utilize to any extent works 
previously constructed by the city they should pay a fair proportion 
of the cost of these works.

The Board advises your company to make investigations with 
reference to obtaining a further supply of water from the ground 
in the Saugus valley, in the territory referred to in your applica
tion, and will advise you further when the results of such investi
gations are presented. The greatest care should be exercised to 
prevent the pollution of your present source of supply by the 
increasing population on its watershed.

W a l p o l e . The committee on water supply of Walpole 
applied to the State Board of Health March 9, 1893, for its 
advice relative to a public water supply for the town, to be 
taken from the ground in the valleys of Mill Brook and 
Traphole Brook in East Walpole, tributaries of the Nepon- 
set River. The Board replied as follows : —

Boston, April 10, 1893.
In accordance with your request for an early reply to your appli

cation relative to a water supply for the town of Walpole, the 
State Board of Health has caused a preliminary examination to be 
made, and finds that the local conditions favor the plan of taking 
a supply from the ground within the limits of the town, as sug
gested in your application to the Board. As it is stated in your 
application that the different sources within the town are to be 
fully investigated, the Board will make a further reply regarding 
the merits of these sources after the results of the investigations 
have been received.

After considering the needs and interests of other towns in the 
vicinity of Walpole the Board finds no reason to doubt that Wal
pole should at the present time have the right to any source within 
its limits. There is one source, however, viz., Traphole Brook, in 
the easterly part of Walpole, which subsequently flows through the 
southerly comer of Norwood and then forms the northerly boun
dary of the town of Sharon, which may in the future be of value 
to some other community as a source of additional water supply ; 
and if it should be found that this source is not the best one for 
Walpole and works should be built to take a supply from another 
source, the Board is of opinion that any rights which are now
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granted Walpole to take a supply from this source should cease. 
This could be accomplished by including in an act giving Walpole 
the right to take water from any source within its limits a provi
sion that the right of the town of Walpole to take water from Trap- 
hole Brook shall become void when the town shall have selected 
some other source of water supply and introduced water therefrom.

The results of the investigations referred to in the fore
going letter of advice having been submitted, the Board made 
a further reply as follows : —

B oston, June o, 1893.
The investigations made near the Neponset River, not very far 

above the Blackburn water privilege and just below Low Brook, 
showed very satisfactory results as regards the porosity of the 
material, the freedom with which water could be pumped from the 
test wells and the quality of the water. Taking these results in 
connection with an examination of the surrounding territory and 
the size of the streams, the Board finds no reason to doubt that an 
ample supply of excellent water can be obtained from a well or 
wells located in the porous material in this vicinity.

W a l t h a m . The water commissioners of Waltham applied 
to the State Board of Health July 31, 1893, asking for a re
examination of their sources of water supply, and for the 
advice of the Board as to the measures requisite to improve 
the quality of the water supplied to the city, and to prevent 
the recurrence of the offensive tastes and odors which were 
liable to affect it. The Board replied as follows : —

Boston, Dec. 22, 1893.
An examination of your collecting well and distributing reservoir 

was made promptly by one of the engineers of the Board, aud 
samples of water were taken for analysis, which showed that the 
conditions were on the whole substantially the same as they were 
on Oct. 3, 1892, when the Board replied to a similar application 
made by you, and advised protecting the water from the light both 
at the well and at the distributing reservoir. The results of these 
analyses were sent you;, and, as you then decided to proceed at 
once with the covering of the well, it Was thought best to defer 
making the formal reply until it was feasible to include in it the 
results of further investigations, to ascertain the character of the 
water entering the well at different points and the effect of covering 
the well.
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An examination was made to ascertain the temperature of the 

water entering the well at the bottom, at different points around its 
circumference, and it was found from thirteen observations, made on 
Sept. 9, 1893, that the average temperature of the water entering 
the well was 55.7 degrees, while at the same time the temperature 
of the river water was 68 degrees. These results indicated that no 
large proportion of the water filtered from the river by any very 
direct course, but there was a slight difference (3.4 degrees) in the 
temperature of the water at different points, which indicated that 
there might be a difference in the source and quality of the water 
entering different parts of the well. An attempt was therefore 
made to obtain samples of water entering the well at different 
points at the bottom, before it had mingled with the water already 
in the well, but it was not found feasible to do this.

Since the well has been covered two samples of water have been 
received from it, one collected November 14, and the other Dec. 
12, 1893. These samples are entirely free from the microscopical 
organisms which were always found in the well before it was 
covered, and are clear, colorless and free from odor.

It is now feasible for the first time to ascertain the true chemical 
character of the water which enters the well, because, before it was 
covered, its character changed so rapidly, owing to the vegetable 
Growths in the water, as to materially affect the results. There is 
nothing in the present analysis of the water to indicate that it is at 
the present time other than an excellent water for the purposes of 
a public water supply. The free ammonia, however, is somewhat 
higher than it would be in a water which had received the highest 
degree of purification by filtering through the ground, and it will 
be of interest to observe subsequent analyses of the water to see 
■ whether this constituent increases or diminishes.

With regard to the samples from the distributing reservoir it may 
be said that they show that the water in the reservoir is in substan
tially the same condition as in the past, and that it contains an 
abundant growth of the minute vegetable forms which give the 
water an unpleasant taste and odor.

The Board would therefore repeat its advice of last year, that by 
covering your present reservoir or building a new covered reservoir, 
as may be found best, you provide for conveying the water from 
the source to the water consumers without permitting it to be ex
posed to the light at any place.

W ebster . The water commissioners of Webster applied 
to the Board, June 23, 1893, for its advice relative to taking
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a supply of water from the ground near Lake Chaubuna- 
gungamaug. The Board replied as follows : —

Boston, Oct. 6, 1893.
The State Board of Health has considered your application with 

regard to a proposed water supply for the town, to be taken from 
a well located near Lake Chaubunagungamaug, and has caused 
an analysis of a sample of water from a test well at the site of 
the proposed well to be made, also an examination of the sur
rounding territory. The analysis shows that the water is very 
pure and soft.

The sample probably represented water which was percolating 
through the ground toward the pond ; while if a large quantity of 
water should be pumped from the ground at this place, it is prob
able that a part of it would be derived by filtration from the lake. 
Judging from the experience at other places in the State, the water 
obtained in this wmy from the lake would be so thoroughly changed 
in its character by filtration that it would not differ to any notice
able extent from the water coming to the well from the land side.

Both the examination of the ground at the site of the well, made 
under your direction, and a general examination of the surround
ing territory, indicate that a large quantity of water can be col
lected from the ground at this place ; and if the supply should 
prove insufficient, a supplementary supply of very good surface 
wrater can be obtained from the lake. It is desirable, however, 
that a full supply should be obtained from the ground, on account 
of the better quality of the water from this source.

W estborottgh. The water commissioners of West- 
borough applied to the Board for advice, Sept. 26, 1892, 
relative to the improvement and increase of the public water 
supply, submitting at the same time a description of a pro
posed plan. The chief engineer of the Board visited the 
town, and made such suggestions as seemed necessary for 
the modification and improvement of the plan, and a new 
plan was submitted to the Board, Jan. 19, 1893. The 
Board replied as follows : —

Boston, Feb. 13, 1893.
Your water supply is now derived from two reservoirs, the upper 

one a storage reservoir of considerable size and the lower one a 
smaller basin which derives its supply from the upper one by the 
filtration of the water through the intervening porous ground. 
You find that the quality of this filtered water is very much better
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than that of the water in the upper reservoir, but that at times the 
quantity is not sufficient to supply all of the water needed, and 
you therefore have to draw some of the water directly from the 
upper reservoir; moreover, the upper reservoir sometimes over
flows into the lower one, injuriously affecting the quality of the 
water in it.

What is now desired, therefore, is a means of increasing the 
supply of filtered water during portions of the year and a means of 
diverting the overflow of the upper reservoir from the lower one.

The plan now submitted shows a contemplated channel for 
diverting the waste water from the upper reservoir past the lower 
one, and with the accompanying communication explains the result 
of certain tests which have been made with reference to the 
present conditions under which water is now filtering from one 
reservoir to the other, and of other tests made to determine the 
means by which the filtration may be facilitated.

Judging from the experiments which you have made, it seems 
quite certain that a material increase in the amount of filtered 
water can be obtained at a moderate expense by digging a ditch 
with sloping sides down into the sand and gravel at the shore of 
the upper reservoir between the dam and the waste way, this ditch 
to be separated from the water in the reservoir by an embankment 
extending above high water mark. This ditch should also be di
vided into sections, each of which should communicate with the 
reservoir by means of a pipe provided with a gate by which the 
water can be shut off during those portions of the year when 
enough water naturally filters through the ground, or when it be
comes necessary to clean any section of the ditch so as to expose 
a fresh sand surface. The pipe and bottom of the ditch should 
either be placed at the lowest practicable level in the beginning, 
so that the system will operate when the upper reservoir is drawn 
down several feet, or they may be placed at a higher level in the 
beginning and subsequently lowered when the water recedes.

The experiments show that a ditch of this kind would let the 
water into the ground much more freely than it now gets in through 
the nearly impervious material at the bottom of the reservoir.

On the opposite or north side of the waste way a similar con
struction could be used to facilitate the filtration of water, but the 
ditch should be placed far enough back from the edge of the reser
voir so that it will be wholly in clean sand or gravel below the 
surface of the water in the reservoir.

The contemplated filtering drain, intended to collect water from 
the ground and discharge it into the lower basin, if placed with its 
bottom nearly at the level of low water in the lower basin, would
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undoubtedly increase to a considerable extent the quantity of fil
tered water. To avoid the danger of imperfect filtration, however, 
it would be desirable to limit its length to 150 feet from the shore 
of the lower basin rather than to make it 235 feet long, as shown 
upon the plan. This drain should connect with the lower basin by 
a pipe provided with a gate so that it can be shut off during those 
portions of the year when enough water naturally filters through 
the ground, and thus avoid an unnecessary draft upon the upper 
reservoir.

The new channel to divert the overflow from the upper reservoir 
past the lower basin is a very desirable feature, and if by removing 
the soil and fine material this channel can be prepared so that all 
the material beneath it will be sand or gravel it may also be feasible 
to use it as a supplementary filtration area in cases of emergency. 
In order to do this it would be necessary to lay a pipe to bring 
water from the upper reservoir to the channel, and to erect tem
porarily a low dam near its lower end.

W e s t  S p r i n g f i e l d . The water commissioners of West 
Springfield applied to the State Board of Health May 1, 
1893, for its advice relative to taking an additional water- 
supply from certain specified sources in that town and in 
Agawam. The Board replied as follows : —

Boston, Jane 1, 1893.
The State Board of Health has considered your application with 

regard to a proposed additional water supply for your town, includ
ing the village of Mittineague, which is at too high a level to be 
supplied from the present source. You have called the attention 
of the Board to the Craig Spring and Silver Stream, which can be 
utilized to supply the village of Mittineague by pumping, to the 
Leonard Brook in Agawam, which can be used to supply a portion 
of the lower village by gravity, to the Lathrop Spring and Hyde 
Brook, which can be diverted into the present reservoir, and to a 
more distant source, viz., a spring and brook at the Bear Hole, 
so-called, in the north-westerly part of the town, from which water 
would have to be supplied by pumping.

All of these sources have been visited by the engineer of the 
Board, and from all except Silver Stream samples of water have 
been collected and analyzed, and copies of the analyses are trans
mitted herewith, together with the average analysis of water from 
the present storage reservoir for the year ending in May, 1888.

The Craig Spring will furnish a soft water, and one of very good 
quality, provided it is collected by means of pipes leading to a
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well, or by other suitable works, without exposure to the light, and 
when pumped is stored in a reservoir which is also covered to 
exclude the light. Care would also have to be taken to prevent 
any contamination by surface water running down the ravine in 
which the spring is situated.

The water of the Leonard Brook is soft and of very good quality.
The sample of water from the Lathrop Spring was necessarily 

collected after the water had passed through a rank growth of 
vegetable matter, which may have affected the analysis to some 
extent. This water is harder than the other waters examined. 
There seems no reason to doubt, however, that if taken directly 
from the ground and diverted into the present reservoir it would 
not change the character of the water in the reservoir enough to be 
objectionable.

The sample from Hyde Brook had a moderate color, indicating 
that this water is affected to some extent by contact with vegetable 
matter in swampy places. At the time the sample was collected, 
the water, though not as desirable as the spring waters, would be 
classed as a fairly good water for all purposes, but it is not feas
ible to tell from a single examination in the spring of the year 
what the character of this water would be in summer.

The water of the spring at the Bear Hole is of excellent quality, 
though its hardness is about twice that of the present water supply. 
The degree of hardness, however, is not great enough to make the 
water objectionable for water supply purposes. Bear Hole Brook, 
at the time the sample was collected, was receiving the overflow 
from Ashley IAnd, and the quantity of water was unusually large. 
Under these circumstances the analysis would have but little value 
as an indication of the average quality of the water. The water 
had less color than Hyde Brook, but contained rather more organic 
matter. The degree of hardness was nearly the same as that of 
the water from the spring near it.

The plan proposed by you, of establishing a pumping station at 
the Craig Spring and supplementing the present supply to the 
lower village by introducing water from Leonard Brook, and con
necting the Lathrop Spring with the present reservoir, has the 
merit that it will adc] to the present supply a considerable quantity 
of very good water by a comparatively small expenditure, and it 
may be wise to carry out this plan. The Board does not, however, 
have sufficient information as to the capacity of the present source 
in very dry years, or as to the amount which the supplementary 
sources will furnish in such years, or can be made to furnish by 
the construction of additional storage reservoirs, to enable it to 
advise definitely as to whether it is better to carry out this plan to
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make the Craig Spring and the present reservoir the main source 
of supply, to be supplemented by such other sources in the vicin
ity as will supply the lower village by gravity, or whether it is 
better to go at once to a greater distance to obtain a supplement
ary supply from a source which will furnish a larger quantity of 
water. In order to obtain such information it would be necessary 
for you to employ an engineer skilled in the design and construc
tion of water works to make a more complete study of this ques
tion, and the Board advises that this be done.

W h it m a n . The committee on water supply of the town 
of Whitman applied to the Board, April 12, 1893, for its 
advice relative to a public water supply from certain specified 
sources in that town and the towns of Hanson and Pembroke. 
The Board replied as follows : — Boston, May 4, 1893.

In this application you make special mention of Maquam, Old
ham and Big Sandy Bottom Ponds and Silver Lake. The Board 
has caused examinations to be made of these and other ponds in 
the vicinity. Complete chemical and microscopical examinations 
have been made of samples of water from Maquam, Oldham, lu i- 
nace and Big Sandy Bottom Ponds and Silver Lake, and less com
plete examinations of samples from Indian Head Pond and Factory 
Pond in the town of Hanson and Stetson’s Pond in the town of 
Pembroke. Copies of these analyses are transmitted herewith.

The water of Indian Head and Factory ponds has a very dark 
color, and in other respects these ponds are less desirable than 
some of the others, so that they may be discarded from the list of 
desirable sources. Stetson’s Pond presents no advantages either 
as to the quality or quantity of water as compared with Oldham 
Pond, and on account of its greater distance is a less available 
source for Whitman.

The water of Maquam Pond is practically colorless and in most 
other respects is a very satisfactory pond water. It had, however, 
at the time of the examination slightly more odor after standing in 
a bottle, and contained a greater number of microscopical organisms 
than any other sample of which a complete examination was made. 
All surface waters contain a greater or less number of these minute 
organisms, which are the cause of the odors noticed, and both the 
numbers and the amount of odor are liable to vary from time to 
time, so that too much significance should not be attached to the 
comparisons of only a single series of analyses. It is not feasible 
to tell from the information at present available whether or not 
Maquam Pond will furnish sufficient water to meet the require
ments of the town of Whitman even in the near future, and this
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source should not, therefore, be adopted in any case without mak
ing provision for supplementing the supply from some other source 
when necessary. In order to form an opinion as to whether this 
pond will furnish enough water to warrant taking a supply from it 
in the beginning, it would be necessary for you to ascertain by 
surveys the size of the watershed from which its supply is derived, 
and to make investigations to determine how much, if any, water is 
liable to be lost by filtration through the ground into other ponds.

Oldham Pond will furnish an abundant supply for the town for 
a very long time in the future, and the analysis indicates that the 
water is of fairly good quality at the present time. It has only a 
moderate amount of color and contains about the usual amount of 
organic matter, and in its present condition would be a satisfactory 
water for all purposes of a public water supply, though not as 
good as either the water of Maquam Pond or Silver Lake.

The analysis of a sample of water from Furnace Pond differs 
but little from that of a sample collected from Oldham Pond, but 
Furnace Pond has no advantages which should lead to its selection 
as a source of water supply for Whitman.

The water of Silver Lake is practically colorless and in other 
respects it is a better water than any other of the waters analyzed. 
This would undoubtedly be a satisfactory source both with regard 
to quantity and quality.

Big Sandy Bottom Pond has been used for years by the towns of 
Abiugton and Rockland and has proved to be an excellent water. 
The quantity which this source will furnish is more than the amount 
of water consumed by the three towns of Abington, Rockland and 
4\ hitman at the present time, so that for a time this source might 
be sufficient for all of the towns, but at a later period it would be 
necessary either to supplement the supply from some other source 
or for one of the towns to introduce an independent supply.

The information now in possession of the Board with regard to 
the proposed sources of water supply is too limited to enable it to 
advise as to the most appropriate source for the town, and it makes 
this preliminary reply at the present time because it understands 
that it is desired for use at a town meeting to be held soon. The 
Board viould advise that a survey be made, as before suggested, to 
determine the size of the watershed of Maquam Pond, and that 
analyses should be made monthly of the waters of Maquam and 
Oldham ponds and of Silver Lake to determine the relative quality of 
these waters throughout the summer. The State Board of Health 
will co-operate with you by causing these analyses to be made if 
you rvill collect the samples of water, and will advise you further 
with regard to the proposed sources if you so request.
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S e w e r a g e  a n d  S e w a g e  D is p o s a l .
The following is the substance of the action of the Board 

in reply to applications for advice relative to sewerage and 
sewage disposal: —

A n d ov er . The sewer commissioners of Andover, having
been authorized by the town to report a plan of sew eiage to
the town, applied to the State Board of Health, June 8,
1893, stating that before reporting a general plan to the
town they desired to know whether such a plan, involving
the discharge of crude sewage into the Shawsheen River,
would be approved by the State Board of Health, lhe
Board replied as follows: —1 B oston, July 7, 1893.

The Board is of opinion that, while it is not permissible to 
discharge the sewage of any large portion of the town into this 
river, it may be permissible for the present to discharge the sew
age from the low land bordering the river into the river below the 
dam at Frye Village. In making a sewerage plan, therefore, pro
vision should be made for carrying as much of the sewage of the 
town as can be conveyed by gravity, either to suitable porous 
land, where it can be purified by filtration before being discharged 
into the Shawsheen River,■ or to the Merrimack River.

A t t l e b o r o u g h . The committee on drainage of the town 
of Attleborough applied to the State Board of Health, Jan. 
16, 1893, for its advice relative to “ the drainage of that 
portion of the village and town located on the watershed 
of Timelier Brook.” The Board replied as follows: —

B oston, Feb. 6, 1893.
The plan submitted shows the general character of the proposed 

improvement, which provides for lowering the channel of Timelier 
Brook, either in its present or a new location, and the substitution, 
for a portion of the way, of a covered drain for the open channel.

It is understood from the statements made by your committee 
that it is not proposed to turn any sewage into this channel, but 
that the sewerage system when constructed will convey the sewage 
in separate pipes in some other direction. Your committee has 
also indicated that it is very desirable to lower the level of the 
ground water in the upper part of the Timelier Brook watershed 
and near the central portion of the village, in order to avoid damp
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or wet cellars, and thereby to improve the sanitary condition of 
this portion of the town. The high level of the ground water in this 
part of the village is also shown upon a plan previously submitted 
to the Board giving the level of the ground water.

The Board finds that the plan now proposed is one to be com
mended. It is certainly very desirable, for sanitary reasons, that 
the level of the ground water in the built-up portions of this water
shed should be lowered, and it is wise to provide for the improve
ment of the lower portions of this brook before the design and 
location of a new channel are hampered and the cost increased by 
the construction of streets and buildings in the vicinity of the 
brook.

In addition to the improvement of the main channel the plan 
also indicates where branch drains emptying into the brook may be 
built in the streets in its vicinity. It would be desirable before 
constructing these drains that a complete system of sewerage 
should be designed for at least this portion of the town, both 
because the level of the ground water might be lowered by under
drains placed beneath the sewers, thereby rendering separate 
drainage channels unnecessary, and because the drains might 
otherwise be placed at such a height as to interfere with the proper 
grading of the system of sewers. These suggestions with regard 
to the branch drains may also be applicable to the extreme upper 
end of the main drain.

B r a i n t r e e . The committee on sewerage of Braintree 
applied to the State Board of Health June 5, 1893, for advice 
relative to a proposed system of sewerage for that town, 
and as to the comparative merits of certain areas proposed 
for sewage disposal. The Board replied as follows : —

Boston, July  6, 1893.
In this application you outline the general features of a proposed 

system for collecting the sewage, and suggest, as a method of dis
posal, pumping it to land where it can be purified. You then ask 
that the Board will cause the different tracts of land which are 
available for sewage disposal to be examined at as early a day as 
possible, and that the Board advise you regarding them.

Three tracts were called to the attention of the Board, one sit
uated on the north-westerly side of Plain Street, just north of the 
Plymouth branch of the Old Colony Railroad, known as the Plain 
Street lot, another in the south-westerly part of the town, known 
as the Mayflower Park lot, and a third in the north-westerly por
tion of the town, known as the Collins Farm lot.
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The Collins Farm lot is unsuitable for this purpose on account 

of its being located where the effluent from the sewage would find 
its way both into the present water supply of the city of Quincy 
and into the territory from which this city was authorized by the 
Legislature in 1891 to take an additional water supply.

At the Plain Street lot the test pits indicated that the material 
is of excellent quality for filtering sewage, and the principal objec
tions to it are its proximity to the village of South Braintree and 
the limited area of suitable land which is available at this place.
It is also an objection to this lot, though to a less extent than to 
the others, that it requires the sewage to be pumped a long dis
tance from the lowest point in the town (where a pumping station 
would naturally be located), and to quite a high elevation.

At the Mayflower Park lot the test pits indicated that in addi
tion to the coarser sand and gravel there were layers of very fine 
sand, which, while not presenting the use of the lot for the filtra
tion of sewage, would require it to be applied in smaller quantities 
per acre, and would therefore require a greater amount of land to 
dispose of the sewage. The principal objections to the lot are its 
proximity to several houses, its limited area and the very great 
distance which the sewage would haVe to be pumped to reach it.

The amount of land required to purify the sewage of Braintree 
by intermittent filtration would depend both upon the quality of 
the land and upon the amount of sewage. In a general way it 
may be said that from 6 to 10 acres of filter-beds would meet all . 
requirements for a few years, and that it is desirable to have not 
less than 20 or 30 acres in all to provide for future growth. It 
does not seem probable that this amount of land can be made avail
able at either the Mayflower Park or the Plain Street location.

As a general result of this preliminary examination the Board is 
of opinion that, before adopting either of the tracts brought to its 
attention, it would be advisable for the town to cause examinations 
to be made to ascertain if a more satisfactory disposal of the sew
age cannot be effected by discharging it into the sea at some suit
able outlet. The nearness of the village of Weymouth to the 
lowest point in Braintree suggests that the interests of both com
munities might be served by united action by the towns of Wey
mouth and Braintree in the construction of an outlet to the sea; 
but even if it should be built by Braintree alone it may be cheaper 
and more satisfactory than the disposal of the sewage upon any of 
the areas examined up to the present time.

B rockton. The sewerage commissioners of Brockton 
applied to the Board, Sept. 14, 1892, for its advice relative
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to the proposed plan of sewerage and sewage disposal for 
that city. The completed plan was submitted Jan. 10, 1893. 
The Board replied as follows : —

B oston, Feb. 2, 1893.
The general features of the plan submitted are, first, a system 

of sewers within the city designed to take sewage only, and from 
which the ground water is to be excluded, both by placing an 
underdrain beneath each sewer to remove the ground water, and by 
thorough construction to make the joints of the sewers water-tight; 
second, a pumping station in the southerly part of the city to lift 
the sewage from a receiving reservoir into which the main sewer 
empties and wTiich will store the sewage flowing through the night, 
and force it through an iron pipe to the Muster Field, so called ; 
third, a series of filter-beds covering an area of about 23 acres 
upon that portion of the field lying within the limits of the city of 
Brockton.

The exclusion of all storm water from the sewers, as proposed 
by you, is undoubtedly the best course to adopt on account of the 
smaller sizes of the sewers required and the less quantity of sewage 
to be stored, pumped and purified. The proposition to place 
underdrains beneath each sewer so as to remove the ground water 
and prevent it from entering the sewers is also to be commended 
for the same reason, and because of the great improvement in the 
sanitary conditions within the city, which will result from lowering 
the ground-water level. Judging from the experience in other 
places it is probable that if these underdrains were omitted so much 
ground water would find its way into the sewers that the amount 
of sewage to be taken care of would be doubled or trebled, which 
would require a corresponding increase in the capacity of the main 
sewers, receiving reservoir, pumping plant and force main, and a 
considerably larger area of filter-beds. It would also increase the 
annual cost of pumping, all of which would offset in part, if not 
wholly, the additional cost of the system of underdrains.

It is obvious that the pumping station, if located within the city 
limits, cannot with advantage be moved much, if any, from its 
present location. The proximity of dwellings will, however, make 
it necessary, in order that there may be no offence in the neigh
borhood, to provide for Ventilation into the chimney from the 
tank, receiving reservoir, sewer, pump-well, and all other places 
from which offensive odors might be given off, and to make all 
other necessary provision to prevent offence from any of the opera
tions carried on at the pumping station. It is understood that 
these matters have already been carefully considered in the prepa
ration of your plans. With due care in designing and maintain-
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ing the works, the Board is of opinion that a pumping station 
should not be a source of offence to the neighborhood.

The provision of an overflow from the receiving reservoir and 
of blow-offs from depressions in the force main, where it crosses 
under the Salisbury Plain and Coweeset rivers, is a wise precau
tion ; but these should be considered only as a provision for unfore
seen emergencies and should never be used in the ordinary 
operation of the works.

The ground where the filter-beds are to be located has been very 
thoroughly examined by means of test pits. The material is of 
excellent quality for the filtration of sewage and the water level 
in the ground is at a considerable distance below its surface. 
These natural features, together with the careful manner in which 
it is proposed to construct the beds and their appurtenances, will 
permit them to be used for the disposal of au unusually large 
amount of sewage.

It has also been found, since the water supplied to the city has 
been pumped, and therefore measured, that the amount of water 
consumed per inhabitant is unusually small; and the amount of 
sewage will also be unusually small, in proportion to the popula
tion, if the ground water is kept out of the sewers, as is now 
proposed.

All of these facts lead the Board to conclude that the area to be 
used for filtration, although smaller than it is customary to recom
mend, will be sufficient for at least the first few years of the oper
ation of the works, after which it will be necessary to extend the 
area.

The land in Brockton, lying easterly of the proposed filter-beds, 
which slopes from Pearl Street to the cranberry meadow, might be 
used to a limited extent for filtering sewage, but the test pits show 
that layers of an impervious clayey material are found in many 
places at from 3J to 6J feet below the surface and that the water 
stands in the ground much nearer the surface than on the other 
side of the street. This land could only be used to dispose of a 
comparatively small amount of sewage. The land in Brockton 
north of and across Daley Brook from the proposed filter-beds is 
better than that on the easterly side of Pearl Street but not as 
good as that where the filter-beds are located. This laud would 
be fairly well adapted for the filtration of sewage.

The best land in this vicinity for the extension of the filter-beds 
lies just west of them, within the limits of the town of Easton. 
This land is similar in character to that where the filter-beds now 
proposed are located and is superior in quality, topography, char
acter of material and distance from habitations to the land either 
east or north of them.
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Since the proposed plan involved the taking of certain 

land within the limits of the city, further action of the 
Board was required under the provisions of chapter 124 of 
the Acts of 1890. A public hearing was therefore held by 
the Board, after which the following reply was sent to the 
mayor of Brockton : —

Boston, April 17, 1893.
The State Board of Health has received your petition dated 

March 25, 1893, made in behalf of the city of Brockton under the 
authority of chapter 124 of the Acts of 1890, entitled “ An Act 
providing for the purchase or taking of land by cities and towns 
for the purification and disposal of sewage,” asking the Board to 
approve the purchase or taking by said city of certain lands in 
Brockton for the purification and disposal of its sewage. Said 
lands are described in said petition and shown on an accompany
ing plan, as follows: “ 24 acres and 128.9 rods, being lands of 
Charles C. Manley ; 20 acres and 58.7 rods, being lands of heirs 
of Salmon Copeland ; 1 acre, being lands of David Frost; 2 acres 
and 73.28 rods, being lands of Milo Manley; 121.77 rods, being 
lands of Augustus Remick ; 2 acres and 70.25 rods, being lands of 
George Howard.”

In response to this petition the Board gave a public hearing at 
its office in Boston, on April 10, 1893, after due notice of said 
hearing by publication in the Brockton “ Enterprise” and Brock
ton “ Dispatch.” Having thus complied with the requirements of 
the law the Board after due consideration herewith approves the 
purchase or taking of the premises described in said petition and 
shown upon the plan which accompanied it.

F r a m in g h a m . The selectmen of Framingham applied to 
the Board for advice relative to a proposed plan for the dis
posal of the water of the underdrain of the sewerage system 
of South Framingham, by pumping and final discharge into 
Bannister Brook. The Board replied as follows : —

Boston, Feb. 6, 1893.
Your application to the State Board of Health dated Jan. 23, 

1893, for advice with regard to the disposal of the water, which is 
now discharged from the underdrain beneath the Framingham 
sewers into the water supply of Boston, by pumping this water into 
Bannister Brook at a point north of Hartford Street, beyond the 
watershed from which said supply is derived, has been carefully 
considered.
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I he opinion of the Board with regard to the desirability of 

diverting this water from the water supply of Boston has already 
been given in its reply to the Board of Selectmen of Framingham 
dated Sept. 2, 1890.

With regard to the method of disposal now proposed, the princi
pal features from a sanitary stand-point are the open reservoir near 
the pumping station, in which is to be stored the -water from the 
underdrain during the night or at such other times as the pumps 
are not in operation, and the location of the final point of dis
charge. While it is not probable that the open reservoir will prove 
objectionable in any way yet the Board considers it advisable that 
it should be made as small as is consistent with a fair degree of 
economy in pumping. The capacity stated in the report which 
accompanied the application seems unnecessarily large.

With regard to the final disposal of the water from the under
drain by discharging it into the upper end of Bannister Brook 
north of Hartford Street, and beyond the watershed from which 
the city of Boston derives its supply, the Board is of opinion 
that this method of disposal is permissible for the present; but if 
the character of the water should deteriorate it may become neces
sary to discharge it upon a small filtering area, and it would be 
well to have the outlet where two or three acres of suitable filtering 
material may be secured.

H o l y o k e . The mayor of Holyoke applied to the State 
Board of Health, Feb. 13, 1893, for advice relative to a 
system of sewerage and sewage disposal for the villages of 
Elmwood, Oakdale and Springdale, having an outlet into the 
Connecticut River, opposite the trotting park in the lower 
part of the city. The Board replied as follows : —

Boston, March 2,1893.
The Board is of the opinion that the sewage of these sections of 

your city may for the present be discharged into the river at the 
place indicated, but advises that the lower portion of the sewer 
should be so designed and constructed that the dry weather flow 
will be carried well out into the river by means of a pipe of moder
ate size leading from the bottom of the sewer, thereby preventing 
the fouling of the shore.

L e i c e s t e r . The water commissioners of the water sup
ply district of Leicester applied to the Board, Jan. 23, 1893, 
for advice as to a plan of sewerage and sewage disposal for
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the village of Leicester. At a later date, March 1, they 
submitted a legislative document (House Document 385), 
statino’ that the committee on drainage requested that the 
bill accompanying the petition of the commissioners should 
be accompanied with the advice of the State Board of 
Health. The Board replied to this application as follows : —

Boston, March 3, 1893.
In reply to your request of March 1, relative to the application 

dated Jan. 23, 1893, of the Leicester Water Supply District, for 
advice in the matter of the disposal of the sewage of said district, 
the Board would state that it will be impracticable to advise until 
the snow disappears, so that a proper examination of the ground 
can be made.

With regard to the other matter mentioned, namely, the bill 
(House Document No. 385) extending the authority of the water 
commissioners of the district so that they shall also be a board of 
commissioners of main drains, common sewers, sidewalks and 
cross-walks, and providing that the district may raise money for 
carrying out the provisions of the act, the principal object appears 
to be to confer powers upon the district and its water commission
ers with regard to the construction of main drains, common sew
ers, sidewalks and cross-walks, similar to those already possessed 
by towns and their selectmen. So far as the hill provides for the 
transfer of power from the town and its selectmen to the district 
and its water commissioners, the Board does not consider it within 
its province to advise.

In looking at the provisions of the bill in other respects, it is 
noticed that while it provides for the construction of main drains 
and common sewers, and for taking the land which may be neces
sary therefor, it does not authorize the construction of sewage 
disposal works or the taking of land for this purpose should the 
purification of the sewage be found necessary. The Board would 
therefore suggest that the bill might with advantage be modified so 
as to give the required authority in these respects, and herewith 
transmits a copy of the bill with suggested modifications to accom
plish this result.

Should the Committee on Drainage think it advisable to limit the 
power granted to the water supply district with a view to prevent
ing any improper disposal of the sewage, it might require the 
system of sewerage adopted and the land taken for sewage disposal, 
should any be required, to be subject to the approval of the State 
Board of Health. This might be accomplished by adding after the 
word “ therefore ” in section 5, line 8 : —
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Provided, however, that any system or systems of sewerage, drainage 

or sewage disposal constructed under the provisions of this act shall be 
in general accordance with some plan or plans approved by the State 
Board of Health, and no land shall be taken for sewage disposal pur
poses without the approval of said Board.

The Committee on Drainage may also desire to restrict the terri
tory within which land can be taken, by adding after the word 
“ land,” iu section 5, line 7, the words “ within the limits of the 
town of Leicester.”

The final reply of the Board relative to this plan of so wage 
disposal was as follows : —

Boston, June 1, 1893.
The situation of the village upon the hill is such that nearly all 

of the sewage can be carried by a single system to the westerly 
side of the town in the vicinity of Rawson Brook, so called, or it 
is feasible to provide two systems, one of which would convey the 
sewage of rather more than half of the village to the above indi
cated location on the westerly side of the town, while the other 
would take the sewage from the remainder of the village in an 
easterly direction. An examination of the whole territory indi
cated that it would be well to take as much sewage as possible in 
a.westerly direction to a point near the Rawson Brook.

After considering all of the conditions affecting the discharge of 
the sewage into Rawson Brook, the Board has reached the conclu
sion that such discharge should not be permitted even in the 
beginning until the sewage had been at least partially purified by 
the removal of the greater portion of the suspended matter. In 
the future a more complete purification of the sewage may be 
found necessary.

The best method of purification cannot be determined without 
a more extended examination of the ground than it is feasible for 
this Board to have made, and your town is therefore advised to 
employ a competent engineer to make the necessary surveys and 
devise a system for the purification of the sewage to at least the 
extent above indicated. The Board will advise further with regard 
to such system when the plans are submitted by you.

Where sewage is to be purified the smaller the amount of water 
to be taken care of, the less the difficulty of purification. The 
Board therefore commends your plan for adopting a system of 
sewers from which all storm water is to be excluded, and would 
further advise the exclusion of as much ground water as it is feas
ible to exclude.
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The town of Leicester, having obtained an act from the 
Legislature requiring the approval of its plans by the State 
Board of Health (chap. 181, Acts of 1893), submitted plans 
to the Board, June 30, 1893, a statement of which, together 
with the approval of the Board, are as follows : —

Boston, Dec. 30, 1893.
Under the provisions of chapter 181 of the Acts of 1893, en

titled “ An Act to authorize the Leicester Water Supply District 
to construct and maintain a system of sewerage and drainage,” 
the State Board of Health received from you on June 30, 1893, 
a written statement of your plan for the sewerage of the village 
of Leicester. This statement of your plan, as subsequently 
amended and submitted in a new draft dated Dec. 22, 1893, is as 
follows : —

13 B eacon Street, Boston, Mass.To the State Board of Health.
The water commissioners of the Leicester Water Supply District 

having received your reply of June 1, 1893, to their application 
for advice in relation to the disposal of the sewage of the village 
of Leicester, submit, for your approval, the following plans for its 
disposal.

In accordance with your suggestion, we propose to carry the 
sewage as far as possible to the westerly side of the village, and 
remove all the organic matter in suspension, so far as practicable, 
before discharging the effluent into Rawson Brook.

To accomplish this end, the separate water carriage system is to 
be adopted, to the extent of excluding all street or storm water, 
roof water and ground water, so far as feasible, the sewers to be 
flushed only when necessary with clean water from the mains.

The suspended matter is to be removed, as far as practicable, 
by allowing the heavier portion to settle in the tank (to be hereafter 
described), and by mechanical straining, if necessary, of the 
lighter part.

In order that the effluent may contain the smallest possible 
quantity of organic matter in solution, the separation is to be 
effected while the sewage is fresh.

The natural conditions of the location of the village on the slope 
of a hill are to be utilized as far as practicable by laying the sewers 
in accordance with approved forms of sewerage construction, to 
line and grade, with manholes at material changes of line and 
grade, at points of intersecting sewers, and wherever necessary, 
so as to insure easy cleaning out, and the most rapid flow and con
centration of the sewage to the point of disposal.
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For this purpose, 8-inch, 9-inch and 10-inch Akron salt-glazed 

pipe is to be used. Ground water is to be excluded by using cast- 
iron pipe when crossing wet, swampy land not easily drained out
side of the highway, and by carefully making the joints and 
plugging the branches for particular sewers.

All the sewage for the present is to be collected at a point on 
Pine Street, 1,100 feet south of Main Street, and thence carried in 
a 10-inch pipe, laid at a grade of about 0.4 per cent., in a south
westerly direction, as shown by an accompanying plan, a distance 
of about 1,250 feet, to the top of a small knoll, and there discharged 
into a settling tank.

This tank is to be built either of brick or field stone, laid in 
cement mortar and plastered on the inside. It is to be covered 
with a roof or building. It is to contain not less than 600 cubic 
feet of sewmge.

The overflow pipe from the tank is to be on the opposite side 
from where the sewage enters, and provision is to be made for 
breaking the force of the stream which enters the tank, so as to 
make the sewage flow quietly through it, and for preventing the 
floating scum from passing out through the overflow pipe.

The sewage passing from the tank is to be further purified as far 
as practicable by flowing it over land, or through a series of ditches, 
to Rawson Brook ; but provision will be made so that the sewage 
will not have to run continuously in any one channel.

At the bottom of the tank an 8-inch gate connection with an 8- 
inch pipe is to be laid at a down grade of about one foot to the 
hundred to the point of discharge. Through this pipe the sewage 
or sludge which settles at the bottom of the tank is to be discharged 
once or twice a week, as may be necessary, upon ground thoroughly 
underdrained and levelled, so as to have a slight downward pitch 
from the point of discharge. This ground is to be ridged around 
the outer edge, so that the sludge may be distributed somewhat 
evenly over the surface. After the water which it contains has 
percolated through the drained surface, the solid refuse is to be 
carted away. Two or three beds of this kind will be prepared to 
be used alternately, and provision will be made for discharging the 
sludge brought by the 8-inch pipe upon them.

By extending the 8-inch pipe further in a southerly direction, 
other sludge beds can be prepared when necessary to meet future 
requirements.

It is proposed to acquire the knoll or ridge upon which the tank 
is to be located, and other knolls or ridges southwesterly therefrom, 
and all of the land between these knolls or ridges and Rawson



1894.] SENATE — No. 4. 79
Brook, for the disposal of the sewage, and to purify the sewage 
upon this land as far as it may be found practicable to do so.

(Signed) H. O. Smith,
C. W . W arren,
D. Bemis,

Water Commissioners.
L eicester, Dec. 22, 1893.
The Board has caused a careful examination of the foregoing 

plan submitted by you to be made, and hereby approves said plan.
N o r t h  B r o o k f i e l d . The selectmen of North Brook

field applied to the State Board of Health, July 23, 1893, 
for advice relative to an extension of their existing system 
of sewerage and to an improved method of sewTage disposal. 
The Board replied as follows : — Boston, Sept. 8, 1893.

The plan, as set forth by the application and plans submitted, 
provides for the extension of the present main sewer to the north
erly end of the town farm, the lower portion of said sewer to be 
an inverted siphon of iron pipe. At the outlet of the siphon a 
settling tank is shown, and provision is made for cleaning it by 
discharging its contents through an 8-inch pipe extending from 
the bottom of the tank down the hill to a sludge bed. The plan 
also shows another pipe extending down the hill, to serve as a 
main carrier of a system for distributing the settled sewage. The 
other carriers are not shown, but it is understood that they are to 
consist of ditches dug along the hillside, and having only a slight 
slope from the main carrier to their lower ends. It is further 
stated that the sewage can be turned upon about 17 acres of mow
ing and tillage land of a sandy nature, and thus dispose of the 
same by broad irrigation, and that there is other land upon the 
town farm which could be easily used in the future if necessary. 
The quantity of sewage at present is said to be about 50,000 gal
lons per day.

Under the conditions which exist in the present case it is advis
able to screen the sewage, rather than to settle it, and thus avoid 
the possibility of producing offensive odors when the contents of 
the settling tank are discharged upon the sludge bed. The in
verted siphon can undoubtedly be made to operate as now pro
posed, but it would be a desirable safeguard to adopt, to place 
screens above the entrance of the siphon, and thus prevent any 
large substances from getting into it. The satisfactory operation 
of the siphon would also be further insured by constructing an 
automatic flush tank above it, so that the sewage, instead of flow-
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ing through it continuously in a sluggish stream, would pass 
through intermittently with a high velocity, and thus prevent the 
formation of putrefying deposits in the pipe. This intermittent 
discharge of the sewage would also facilitate its distribution over 
the land. The use of screens may be objected to on the ground 
that they will require excessive attention, but this objection can 
be overcome to a large extent by providing a very large screen 
area.

The changes as suggested would tend to decrease the cost of 
the work, as the screen chamber and flush tank should not cost 
any more than, if as much as, the proposed settling tank, sludge 
pipe and sludge bed ; and by screening the sewage so that no 
large substances would enter the siphon pipe it would be feasible 
to reduce the diameter of this pipe to 8 inches.

With the present knowledge with regard to sewage disposal 
there would be a greater certainty of success if the sewage was 
discharged upon beds prepared upon the most porous part of the 
town land and disposed of by intermittent filtration. The proper 
preparation of these beds would include the removal of the black 
and j'ellow loam at the surface and the grading of the beds, so 
that the sewage could be evenly distributed upon them. It is 
probable, however, that, with the small quantity of sewage to be 
taken care of, satisfactory results may be obtained by the system 
of broad irrigation proposed by the town, and with less expense 
than by intermittent filtration, and the Board therefore thinks it 
proper that the town should begin to dispose of the sewage by 
broad irrigation. It would advise, however, that even in the be
ginning, several small beds, having an aggregate area of not less than 
one-half an acre, should be carefully prepared for intermittent filtra
tion by the removal of the soil, for use at times when it is impracti
cable or inconvenient to dispose of the sewage by broad irrigation.

Where the sewage is disposed of upon a hillside by broad irriga
tion, there will be a tendency, if the sewage is allowed to flow long 
in one place, for it to gather in a stream and flow down the hill. 
To meet this contingency a large, level, intercepting ditch should be 
constructed around the lower part of the land, not less than 5 feet 
above the brook, to intercept streams of this character and prevent 
them from flowing unfiltered into the brook. Around other mar
gins of the field small ditches should be dug to prevent the sewage 
from flowing off in these directions and convey it to the large inter
cepting ditch just mentioned.

In all cases of sewage disposal, and particularly where broad 
irrigation is adopted, the attainment of successful results depends 
to a very large extent upon the intelligent care taken to effect a 
proper distribution of the sewage.
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P i t t s f i e l d . The city of Pittsfield presented to the Board, 

May 11, 1891, a plan of sewerage and sewage disposal, 
under the provisions of chapter 357, Acts of 1890, providing 
for the permanent disposal of sewage of the city by filtration 
upon land in the valley of the Housatonic Eiver, with a tem
porary outlet into the river during the construction of the 
works. This plan was approved by the Board, May 12, 
1891, with the provision that the direct discharge into the 
river should not continue after June 1, 1900.

On the 27th of December, 1892, the Sewer Commissioners 
applied to the Board requesting the following modification of 
the plan approved by the Board: “ To strike out so much 
of said plan as designates specific areas of land for the per
manent disposition of said sewage, and by striking out so 
much of said plan as provides that after the date therein 
specified all sewage is to be pumped to filtering fields across 
the river and there disposed of by intermittent filtration, and 
by inserting instead thereof a provision that after said date 
all sewage is to be permanently disposed of by such methods 
as the State Board of Health shall then approve.” The 
Board replied to this application as follows : —

Boston , Jan. 10, 1893.
By the plan approved by the State Board of Health, above 

referred to, the Board permitted the use of the Housatonic River 
for the discharge of the sewage of Pittsfield until the year 1900, 
and after that date the sewage was to be cared for upon filtering 
areas of land and the discharge into the river stopped. The use of 
the river was therefore but for a brief period, and the main features 
of the general plan presented by the city of Pittsfield, and approved 
by this Board, provided for the ultimate care of the sewage upon 
the filtering areas. I he changes now asked for, if approved by 
this Board, would leave the city of Pittsfield without provision for 
its future disposal of sewage other than the river. The Board is of 
opinion that such a course is not advisable for the city, nor does 
the Board feel it will do its duty should it approve any plan not 
fully providing for the future proper sanitary care of the city’s 
sewage. The Board therefore cannot approve the amendments as 
proposed, but will consider any further plans in regard to the ulti
mate disposal of the sewage which the city may desire to present.

P l y m o u t h . The committee on sewerage of the town of 
Plymouth applied to the Board, March 30, 1893, for its advice
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relative to a plan of sewerage and sewage disposal for that 
town. The Board replied as follows : —

Boston, June 14, 1893.
The plan referred to shows the outlines of a system of sewerage 

for the portion of the town from which sewage can be brought by 
marginal intercepting sewers to a point in Water Street just north 
of all wharves, and a 12-inch cast-iron pipe extending from this 
connecting point out into the harbor to the North Guzzle, so called. 
I t is understood that the plan proposes the admission of storm 
water into the sewers from the main street of the town, but that 
elsewhere it is to be excluded. In order to provide for the dis
posal of the storm water, storm overflows from the marginal sewer 
are provided at four points along the shore.

The only important feature in which the Board advises a change 
is in the outlet pipe, which, in the opinion of the Board, should be 
changed so as to reach the Guzzle at a point as far from the shore 
as it is practicable to extend the pipe, but not more than 1,500 feet. 
The limit of 1,500 feet is mentioned because it is doubtful if a 
pipe longer than this could be kept free from deposits. In making 
the pipe longer, as advised, its size should be increased to 14 
inches, which will not only offset the loss of capacity due to the 
greater friction of a longer pipe, but will also give a slight addition 
to the capacity, which is desirable.

The sizes and inclinations of the intercepting sewers appear to 
have been judiciously chosen, so far as can be judged from the 
preliminary plan submitted. These sewers of necessity are placed 
at a low level as compared with high tide, and have rather low 
grades, so that they may not prove wholly self-cleansing, but, even 
if they should uot, the amount of care required to keep them clean 
would not be excessive. The cleaning of the southern branch of 
the intercepting sewer may be facilitated by the construction of an 
inlet as large as the sewer itself from the lower millpond on Town 
Brook, provided the millpond is at a sufficient elevation, this inlet to 
be used from time to time at low tide for flushing the sewer.

As a precaution against the clogging of the outlet pipe the Board 
would suggest the construction of a small chamber at its upper 
end, where it receives the sewage from the intercepting sewers. 
The bottom of this chamber should be depressed so as to act as a 
settling basin and catch any heavy material brought down by the 
sewers. It could be built in the street, but it would be better to 
construct it just outside the street lines and make it easily acces
sible. A gate at the upper end of the pipe, by which the water or
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sewage could be held back in the sewers and then let out suddenly 
at low tide to flush the pipe, would be an advantage.

S p e n c e r . The superintendent of sewers of Spencer ap
plied to the Board, June 1, 1893, for its advice relative to 
a system of sewage disposal upon land in the valley of Seven 
Mile River. The Board replied as follows : —

Boston, Dec. 8, 1893.
The Board finds from the statements contained in your applica

tion, and from the examinations made by one of its engineers, that 
the topography of the town is such that nearly all of the sewage 
can be collected by a system of sewers with a main sewer leading 
toward the Seven Mile River at a point south-westerly from the 
centre of the town, that the main sewer and a large part of the 
tributary sewers of this system have already been built, and that 
the sewage is now discharging into the river. It is the sewage 
from this main system which you propose to deal with at present.

The sewers already built are for the most part intended to take 
sewage only, but at a few points catch-basins have been built 
through which considerable storm water is admitted to the sewers ; 
and there is also a considerable amount of ground water finding 
its way into them, ■ which materially increases the volume of sewage 
to be taken care of. The sewers also receive, in addition to the 
sewage proper, certain waste matters from the gas works in the 
town, which make the sewage particularly offensive and destroy 
the vegetation in the vicinity of the sewer outlet.

The town is situated on high land, and the main sewer falls 
rapidly until it reaches the lower land bordering the river. By 
intercepting the sewage before it reaches too low a level the sew
age can be discharged by gravity upon land at a sufficient height 
above the river for sewage filtration. The suggestion has been 
made by you that the town now owns ten acres of gravelly land 
near the river, through which the present main sewer passes, which 
might be used for the disposal of sewage by intermittent filtration ; 
and that there are also about three acres of similar land adjoining 
the town lot on the south which might be used if additional area 
was required.

The material of the town lot, as determined by several test pits 
and by an examination of the surface of the ground, is of suitable 
quality for the disposal of sewage by the method suggested. The 
proper preparation of the lot for sewage disposal would involve 
the removal of the surface loam and the grading of the land into 
beds of suitable size, having a surface of porous sand or gravel.
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In order to make the lower portions of the land available it would 
be necessary, after removing the surface loam, to raise them by 
filling with porous sand or gravel to a level six feet above ordinary 
high water in the river. The filter beds which have surfaces not 
more than 8 feet above the river should be underdrained. By tak
ing the sand or gravel for this filling from the higher portions of 
the land and by building a few hundred feet of sewer in Main 
Street, so that the sewage will reach the lot at a higher level, it 
will be feasible to utilize all of the gravelly land, including the 
three acres lying south of the town lot.

It is desirable to restrict as far as practicable the amount of 
sewage to be taken care of, and in order to do this the surface 
water which now enters the sewers through the catch basins in the 
streets should be disposed of in some other way. It is also desir
able to diminish the amount of groundwater, if, upon examination,, 
it should be found feasible to do so. Should any large amount of 
ground water be found to enter the main sewer, or should it be 
found desirable to continue to dispose of the storm water through 
underground channels, it may be best to lay a new main sewer of 
much smaller size than the present one to take the sewage, reserv
ing the present main sewer for the discharge of surface and ground 
water. The surface water which would naturally flow from adjacent 
high land upon the filter beds should also be collected and disposed 
of in such a way that it will not tend to saturate the beds. It may 
be feasible to turn this water into the lower portion of the present 
main sewer below the point where the sewage will be diverted from 
it to the filter beds.

It may be said, with regard to the disposal of the sewage of the 
town by intermittent filtration, that it is not probable that the 
results will be satisfactory unless the wastes from the gas works 
are excluded from the sewers, or, before being admitted, are 
treated in such a way as to make them inoffensive, and to remove 
all tarry or oily substances which would tend to clog the filter bed.

The area of suitable land at the town lot and the lot adjacent to 
it is smaller than is desirable, considering the large amount of 
ground water which finds its way into the sewers, and the increas
ing quantity of sewage which will enter the sewers as they are ex
tended and the town increases in population. If the ground water 
could be excluded from the sewers, the area would be sufficient 
until the population of the town is considerably larger than at 
present.

In view of the somewhat limited area of land available at and 
near the town lot, examinations were made to determine whether 
additional land was available, and a tract was found, lying in a
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south-westerly direction from the town lot, between the Brookfield 
road and the river, just beyond the cemetery, which appeared 
from a surface examination to be suitable for sewage filtration. 
This land is considerably higher than the river, but it is lower than 
the main sewer in Main Street, a short distance from the town 
lot, and the sewage could be conveyed to it through an iron pipe 
which would run full and under pressure. The lowest point in 
this pipe would be at the corner of Meadow and Main streets, 
nearly opposite the town lot, so that the pipe could be emptied 
frequently upon filter beds on the town lot, and thus kept clean. 
This tract of land is of suitable quality, and probably other land 
in this vicinity could be made available for the disposal of sewage.

While the town lot has a decided advantage, owing to its pres
ent ownership by the town and the ease with which sewage can 
be turned upon it, it will obviously be quite expensive to grade it 
and the small lot south of it so that the whole area of these lots 
will be available for sewage disposal, and unless the amount of 
sewage is materially diminished by the exclusion of ground water, 
it will be necessary to provide additional filtering area before long. 
It is therefore recommended that the town lot should not be finally 
adopted as the only site for filter beds until the other tract of land 
beyond the cemetery has been more carefully investigated, by 
digging test pits to ascertain if the material is porous and suitable 
for filtration ; and, if so, whether it will not be cheaper to prepare 
the required area of filter beds partly at the town lot and partly at 
the lot beyond the cemetery; or, if not cheaper, whether it may 
not be desirable to control this second lot from the beginning, so 
as to have an opportunity to extend the filter-beds whenever it 
becomes necessary.

When you have the results of further surveys and estimates, or 
more definite plans of sewage disposal to submit, the Board will 
advise you further in this matter.

The Board is of the opinion that the discharge of the sewage 
directly into the Seven Mile River should be discontinued.

W e s t b o r o u g h . The committee on sewerage of the town 
of Westborough presented a general plan for the sewage 
disposal of the town, Feb. 3, 1890, which the Board approved 
(Senate Document 4, 1891, page 18). By a general Act of 
the Legislature of 1890, chap. 124, it was provided that 
land might be taken for sewage disposal with the approval of 
the State Board of Health after a public hearing. Under the 
provisions of this Act the selectmen applied to the Board
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June 22, 1891. A hearing was held July 7, 1891, and the 
location submitted by the town was approved by the Board, 
July 8, 1891 (Senate Document 4, 1892, page 49).

In the following year, April 16, 1892, the selectmen of 
Westborough presented a plan, which, after due consider
ation, the Board deemed unsatisfactory and expressed such 
opinion in a communication to the selectmen, Nov. 3, 1892 
(Senate Document 4, 1893, page 6), stating the conditions 
essential to success.

The selectmen again applied to the Board, Sept. 18, 1893, 
stating that the advice of the Board had not been carried out, 
and requesting the Board to ‘ ‘ make an examination of the 
present sewage-disposal works of Westborough and advise 
the town further in the matter of sewage disposal.” The 
Board replied as follows : —

Boston, Oct. 26, 1893.
In compliance with this request the Board has caused an exami

nation of your present works to be made by one of its engineers. 
He finds that you have prepared filter-beds, having an area of a 
little more than two acres, by filling porous sand and gravel to a 
depth of from one to two and a half feet upon land from which 
the greater part if not all of the loam had been removed. From 
an examination by means of test pits dug at various points in the 
filter beds, he finds that the material beneath the upper porous 
layer is an extremely fine sand which not only remains saturated 
with water, but also keeps the porous material above it saturated 
for weeks after the discharge of sewage upon it has ceased. These 
conditions are unsuitable for the purification of sewage ; and a 
very small quantity of sewage only could be disposed of upon 
these shallow beds if they were underdrained.

It was also found that a portion of the sewage was disposed of 
by being turned into a gravel pit, near the carrier, until the sewage 
stood in the pit to a depth of several feet, when it filtered into the 
ground quite rapidly, and the water reappeared in the form of a 
spring, a short distance away, clear but not thoroughly purified. 
It is highly improbable that this method of disposal would continue 
to give even as good results as at present for any long time in the 
future if any large proportion of the sewage should be turned into 
this pit. The rapidity with which the sewage disappears shows 
that the ground is porous in this vicinity, and that a good filter- 
bed might be prepared here which would successfully dispose of a 
portion of the sewage.

In reply to a previous application made by your board, the State
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Board of Health seat to you on Nov. 3, 1892, a communication 
containing its advice in a general way as to what the town should 
do to properly dispose of its sewage. This advice, which the 
Board has no reason to modify, is as follows : —

The Board . . . .  advises that the town should prepare filter- 
beds having a total area of not less than five acres for the disposal of its 
sewage. These beds should consist of sufficiently porous material to 
properly filter the sewage, and if of such a character or so situated that 
the ground-water level will not remain at least five feet below the sur
face of the beds, they should be efficiently underdrained.

The most economical method of preparing beds such as are here de
scribed is a matter which requires investigation. If a portion of your 
land can be found where there are two or three feet of porous material 
above the level of the water in the Assabet Kiver, the required height of 
filter-bed can be obtained by filling gravel upon this portion after the 
loam or any other layer of very fine material which may be found has 
been stripped from it. If such land as is here described cannot be found, 
it may then be necessary to prepare beds by cutting down some of the 
higher gravelly land to the proper level, and filling the excavated 
material upon the low land, both the excavated and filled areas being 
used for filtration. The character of the material lying on the easterly 
side of a narrow swamp, and also easterly from the tract belonging to the 
town, appears to be of suitable quality for the construction of filter-beds by the last described method.

The Board cannot give you any more specific advice than that 
above given as to what should be done, because it is not feasible 
from such examinations as are made by its engineers to obtain the 
accurate data upon which such advice should be based in order to 
avoid wasteful expenditures and unsatisfactory results.

What you should therefore do is to employ some engineer skilled 
in this class of work to make plans of all the territory which may 
be used for sewage disposal, showing the height of the ground, the 
level of the water in the ground and the location of the test pits, 
which should be sunk at frequent intervals and to a sufficient 
depth to determine accurately the character of the material at dif
ferent places with reference to its porosity. He should also deter
mine where and how filter-beds can be constructed at a minimum 
cost, which will at least meet the requirements contained in the 
former reply of the Board.

If you should decide to make such investigations the Board will 
direct its engineers to co-operate with your engineer in the matter 
of determining the suitability of materials obtained from test pits 
for filtering sewage; and when the investigation is far enough 
advanced and new plans are presented the Board will advise you further regarding them.
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INVESTIGATIONS AT THE LAWRENCE EXPERIMENT
STATION.*

During the past year the most important of the older 
sewage and water filters have been continued in service, 
and, in order to obtain still more light upon the laws of 
filtration, one new sewage filter and nine new water filters 
have been constructed. The experiments upon the new 
filters are not repetitions of earlier investigations, but were 
arranged with the view to clear up uncertain points and to 
add to the knowledge already obtained upon the purification 
of sewage and water.

A portion of the attention at the Experiment Station was 
devoted to the selection of materials for the Lawrence city 
filter, the construction of which is based upon the results of 
investigations by the Board. This filter, the first of its kind 
in America, was designed by Mr. Hiram F. Mills, chairman 
of the Committee of the Board upon Water Supply and 
Sewerage. It is two and one-half acres in area and has a 
proposed daily capacity of 5,000,000 gallons. Further 
reference to this filter, and especially its sanitary importance, 
is made beyond.

S e w a g e  F i l t r a t i o x .
The year 1893, the sixth in the history of the experimental 

sewage filters, was an important one, in that confirmation 
of the results of earlier investigations and additional knowl
edge were obtained as to the management of filters necessary 
to maintain their continuous efficiency.

The process of purification of sewage by intermittent fil
tration consists of intermingling the sewage in the pores of 
the filtering material with sufficient air, for a sufficient time, 
in the presence of the micro-organisms which quickly estab
lish themselves there.

Sewage filters resemble complex living organisms, in that 
ventilation or respiration must be maintained, otherwise their 
functions are interrupted and their lives as filters come to an 
end.

* A full account of the work at the Experiment Station up to Jan. 1, 1893, was 
given in the Special Report upon Purification of Sewage and Water, 1890, and in the 
annual reports for 1891 and 1892.
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When sewage passes through a filter a portion of the in

soluble matter or sludge is deposited upon or near the sur
face. The result, eventually, unless preventive measures are 
adopted, is a clogging at the surface, which, owing to inter
rupted ventilation, causes a deterioration in the quality of 
the effluent, and subsequently a reduction in the quantita
tive efficiency of the filter, owing to the increased capillary 
attraction and frictional resistance to the passage of sewage. 
The amount of sludge in sewage varies, but, unless care is 
taken, any sewage will in time clog any ordinary filter. In 
the last annual report of the Board it was stated that, when 
other conditions are the same, the clogging is proportional 
to the sludge carried in the applied sewage.

Since clogging and consequent interference with ventilation 
is the chief factor to be considered in studying the continuous 
efficiency of filters, it is of importance to know the amount 
of sludge in the sewage which has been treated. In the 
table below are given averages of analyses for the year 1893 
of the sewage applied to the experimental filters at Lawrence, 
and of that of the cities and towns in Massachusetts which 
purify their sewage by intermittent filtration.
Average o f Analyses o f the Sewage applied to the Experimental 

Filters at Lawrence, and o f that applied to the Filters used by 
Cities and Towns in the State.

[Parts per 100,000.]

SEWAGE. Free
Ammonia.

A l b u m i n o i d  A m m o n i a .

Chlorine. Oxygen
Consumed.' Total. Insoluble. Soluble.

Lawrence, . 2.90 .70 .37 .33 7.47 3.93
Framingham, 1.88 .38 .19 .19 4.93 5.14
Marlborough, 2.08 .62 .38 .24 7.35 0.29
Gardner, 1.80 .45 .21 .24 3.11 3.94
Westborough, 1.07 .19 .05 .14 2.27 2.72

This table; shows that the sewage applied to the experi
mental filters contains more sludge than the sewage of the
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other places, and consequently the experimental filters re
quire more attention to prevent clogging than the several 
large filters in actual service which receive more dilute 
sewage.

M a n a g e m e n t  o f  F il t e r s  t o  s e c u r e  C o n t in u o u s  
E f f i c i e n c y .

An outline of the results obtained by different methods 
for the conservation of the efficiency of sewage filters is as 
follows: —

Systematic Raking folloived by Scraping.
In 1890 it was learned that the interruption of the venti

lation of a filter due to clogging by the sludge at the surface 
was prevented, to a great extent, by a systematic weekly 
raking to a depth of about one inch. Eventually the storage 
of sludge in the material disturbed by the weekly raking is 
so great that ventilation is no longer afforded by this means. 
I t  is then necessary, in order to insure the continued 
efficiency of the filter, to present cleaner material at the sur
face ; and one of the ways by which this may be accomplished 
is by removing the clogged material by scraping and replac
ing it with clean material.

Filter No. 1 . — This filter is one two-hundredths of an 
acre in area and contains 60 inches in depth of sand of an 
effective size* of 0.48 millimeter. On June 2, 1892, there 
were removed from the surface 5 inches of doomed material 
which had been more or less disturbed and mixed together by 
trenching. This was 4 years and 5 months after the filter 
was first put in operation. No new material was added at 
this time. The efficiency of the filter was satisfactory dur
ing the following months until freezing weather set in. The 
quality of the effluent improved during March and April, but 
the surface soon became clogged so that the sewage failed to 
disappear from the surface in 24 hours. On May 5, 1893, a 
layer of clogged sand, 4 inches in depth, was removed by 
scraping and new material added to restore the filter to its 
original depth of 60 inches. The total depth removed in the

* The effective size means that 10 per cent, by weight of the sand grains are liner 
than the diameter given.
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5 years and 4 months up to this date was 9 inches, or 7.9 
cubic yards, per million gallons of sewage filtered. The 4- 
inch layer removed May 5, 1893, was equivalent to 15 cubic 
yards per million gallons filtered since June 2, 1892. Yery 
good results followed this treatment. The rate of filtration 
up to July 10 was 120,000 gallons per acre daily for 6 days 
in a week; July 10 to August 31, 60,000 gallons; Septem
ber 1-17, 80,000 gallons; and since September 17, 120,000 
gallons. During the 6 months, May to October, inclusive, 
the average removal of organic matter (albuminoid ammonia) 
and bacteria from the applied sewage was 93.2 and 95.5 per 
cent., respectively, while the nitrification was very high. 
The averages of the analyses of the effluent showed that it 
contained 3.16 parts per 100,000 of nitrogen as nitrates, 
which indicates a removal of some of the organic matter 
stored in the sand during the winter months.

Filler No. 6. — This filter contains 42 inches in depth of 
mixed coarse and fine sand of an effective size of 0.35 milli
meter. The surface has been raked regularly once a week 
since Jan. 1, 1891. On March 29, 1892, 2 inches of clogged 
material were scraped from the surface and replaced with new 
material. The filter was spaded over in layers to a depth of 
2 feet to break up stratification on May 19, 1892. The sur
face became clogged again Sept. 25, 1893, when 2 inches 
were again scraped off. The total depth of 4 inches removed 
up to this date is equivalent to 5.8 cubic yards of sand per 
million gallons of sewage filtered ; the 2 inches removed Sept. 
25, 1893, is equivalent to 9.7 cubic yards per million gallons 
filtered since May 19, 1892. During this latter period the 
average removal of organic matter (albuminoid ammonia) 
and bacteria from the applied sewage was 94.2 and 99.3 per 
cert., respectively. The effluent contained on an average 
2.83 parts per 100,000 of nitrogen as nitrates. The aver
age rate of filtration was 62,400 gallons per acre daily for
6 days in a week. Since Sept. 1, 1893, the rate has been
90,000 gallons.

Systematic Scraping when Necessary without flaking.
E dter JVo. 9 A . — 1 his filter is 60 inches deep and contains 

sand of an effective size of 0.17 millimeter. The upper
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6 inches were removed and the rest of the material taken 
out and replaced dry May 20, 1892, in order to break up 
stratification. The surface was raked weekly until July 20,
1892, but since that time it has not been raked, but scraped 
whenever the surface became sufficiently clogged to prevent 
the passage of sewage through the filter. The filter was 
scraped eleven times from May 20, 1892, to Nov. 16, 1893, 
and on the latter date the applied sewage failed to disappear 
just after scraping, indicating a clogging beneath the surface. 
The filter was restored to its original depth by the addition 
of new material after scraping on March 14 and Sept. 25,
1893. The total depth removed was 5.54 inches, which is 
equivalent to 13.8 cubic yards per million gallons of sewage 
filtered during this period. The rate of filtration, 120,000 
gallons per acre daily for six days in a week, is very high 
for this material. The average removal of organic matter 
(albuminoid ammonia) and bacteria from the sewage for the 
entire period was 94.1 and 98.3 per cent., respectively. 
The nitrogen as nitrates averaged 2.03 parts per 100,000 in 
the effluent.

A decided objection to this method of treatment is that 
the frequent interruption in ventilation causes a temporary 
decrease in nitrification and an increase in the storage of 
organic matter. With long intervals between scrapings this 
would not be serious; but, as in the case of Filter No. 9 
there may eventually come a time when the scrapings are so 
frequent that nitrification does not get fully re-established 
before clogging occurs again.

I t  was necessary to scrape, after November 16, 4 | inches 
before the sewage would disappear readily. As the removed 
sand did not contain sufficient stored organic matter to 
explain this clogging, its final interpretation must be post
poned until something is known of its subsequent history. 
It is to be mentioned, however, that compactness of the 
material seemed to be an important feature.
Systematic Scraping at Regular Intervals without Raking.

No experiments upon this point have been made as yet at 
the Experiment Station, but the sewage filters at Gardner 
have been treated in this manner for more than two years.



1894.] SENATE — No. 4. 93
The sand in these filters has an effective size of 0.10 to 0.24 
millimeter, and the sewage is applied with a two-day 
interval of rest at an average rate of about 60,000 gallons 
per acre daily. About one-eighth inch of scum and clogged 
sand is removed once in ten days to two weeks. After 
scraping off the stored sludge the sand is raked 1 to 1] inches 
deep to loosen the material. This treatment appears to be 
very satisfactory.

Systematic Raking followed by Ploughing.
Upon application of sewage to filters of coarse sand the 

sludge passes farther into it than in the case of filters of fine 
material; eventually a clogging occurs at a point just beneath 
that reached in the weekly raking (1 inch deep). Under 
these circumstances the surfaces have been spaded over, cor
responding to ploughing.

Filter No. 3 A . — This filter contains 30 inches in depth of 
coarse sand above 30 inches of fine sand. The effective sizes 
are, 0.48 and 0.08 millimeter, respectively. The surface was 
disturbed 2 inches deep Oct. 19, 1892, and, with the aid of the 
weekly raking, the applied sewage disappeared promptly until 
August, 1893, when the filter became clogged again. The 
surface was spaded over 6 inches deep August 14, after 
which the applied dose of sewage, equivalent to 60,000 gal
lons per acre daily for six days in a wTeek, disappeared 
promptly, and the quality of the effluent steadily improved 
up to September 1, when the experiment was discontinued.

Filter No. 5 A . — This filter contains 60 inches in depth of 
gravel of an effective size of 1.40 millimeters. Clogging 
beneath the surface became apparent June 12, 1893, and was 
relieved by raking 2 inches deep. The rate of filtration was
120,000 gallons per acre daily for six days in a week. Sub
surface clogging appeared again, September 15, when the sur
face was spaded over 6 inches deep. On October 30 the rate 
was increased to 160,000 gallons per acre, and clogging 
began to appear again the 1st of December.

The average removal of organic matter (albuminoid am
monia) and bacteria from the applied sewage by this gravel 
filter, January to November, inclusive, was M2.2 and 78.2 
per cent., respectively. The nitrogen as nitrates in the
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effluent averaged 1.86 parts per 100,000. During this time 
the average quantity filtered was 110,000 gallons per acre 
daily for six days in a week.

Trenching.
Filter No. 2. — This filter contains 60 inches in depth of very 

tine sand of an effective size of 0.08 millimeter. In the winter 
of 1892-93 the surface of this filter became very badly clogged, 
and on March 2 there were dug two circular trenches, each 1 
foot wide and 2 feet deep, 1\ and 5 feet, respectively, from 
the edge of the filter. These trenches were filled to within 3 
inches of the top with sand of an effective size of 0.19 milli
meter. The prescribed dose of 40,000 gallons per acre daily 
for six days in a week was then taken without difficulty 
and the quality of the effluent steadily improved. On Sep
tember 1 the dose was increased to 60,000 gallons. During 
October the trenches gradually showed the effect of clogging, 
and finally were unable to take the prescribed dose. At the 
same time the free ammonia in the effluent began to increase. 
On October 30 the upper 2 inches of sand in the trenches 
were removed and replaced with fresh material. This 
afforded but little relief, owing to a clogging further down 
in the filter, as is explained beyond. The removed sand 
was equivalent to 7.9 cubic yards per million gallons of sew
age filtered since March 2, 1893, and contained 118 parts per
100,000 of albuminoid ammonia. The average removal of 
organic matter (albuminoid ammonia) and bacteria from the 
applied sewage during this time was 95.7 and 99.7 per 
cent., respectively. The effluent contained on an average 
2.86 parts per 100,000 of nitrogen as nitrates, which indi
cates a removal of some of the organic matter stored in the 
sand during the winter months. The average rate of filtra
tion was 43,000 gallons per acre daily for six days in a week.

The trenches in this filter probably doubled the quantity 
of sewage which could be successfully treated, and moreover 
caused a marked improvement in the quality of the effluent.

Construction o f Trenches.
When coarse sand is placed in trenches dug in finer sand 

some of the sludge of the applied sewage in time works
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down to the fine sand at the junction, where the gradually 
increasing storage causes an increase in the capillary attrac
tion, and eventually so large a proportion of the space 
between the sand grains is constantly filled with water that 
the ventilation is seriously impaired and the frictional resist
ance is so great that the quantitative efficiency of the filter is 
crippled.

Filter No. 2 became clogged in this manner and on Dec. 2, 
1893, the coarse sand was removed from the trenches and also 
21 inches of the fine sand beneath it. After raking the sides 
and bottom of the trenches, a layer 5 inches in depth of thor
oughly mixed coarse and fine sand, with the coarse gradually 
decreasing downward, was put back, with the view of pre
venting the occurrence of any sharply dividing line in the dif
ference in capillary attraction. As far as can be judged at 
the time of writing, the effect upon the filter was very 
beneficial. In the case of deep trenches, where much of the 
sewage passes through the sides, it would probably be desir
able to treat the sides in a somewhat similar manner.

Resting.
Filter JSfo. 4. — This filter contains 60 inches in depth of fine 

river silt of an effective size of 0.04 millimeter and has received 
sewage since June 24, 1889, in a trench of coarse mortar sand. 
This trench covers one-third the area of the filter, is 14 inches 
deep, and is filled to within 3 inches of the top with the coarse 
sand. In the winter of 1892-93 the trench became clogged 
and unable to take the dose of 40,000 gallons per acre daily 
for six days in a week. On March 6 the upper 2 inches of 
sand in the trench, containing 75 parts of albuminoid ammo
nia per 100,000, were removed. This was a total removal 
of 3 | inches since June 24, 1889, and equivalent to 3.79 
cubic yards per million gallons; the 2 inches removed 
March 6, 1893, were equivalent to 9.3 cubic yards per mil
lion gallons filtered since May 9, 1892, the date of the first 
removal. 1 his did not afford relief, and the coarse sand in 
the trench was taken out and the upper half inch of the fine 
silt beneath it was removed and the coarse sand replaced. 
Clogging again occurred in May, and a new trench was con
structed June 2, the old one being allowed to rest. Anal
yses of the sand showed that there was a reduction of 39
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per cent., from June 2 to August 16, of the albuminoid am
monia stored in the trench. Another analysis on October 30 
showed no further reduction, but the sewage has been 
applied to the original trench since that date without diffi
culty. The rate of filtration since June 2 has been 30,000 
gallons per acre daily for six days in a week. The average 
removal of organic matter (albuminoid ammonia) and bac
teria from the applied sewage, May, 1892, to October, 1893, 
inclusive, were 92.9 and 99.993 per cent., respectively. 
For November and December, 1893, these figures became 
98.2 and 99.999, respectively. The nitrogen as nitrates in 
the effluent averaged 1.09 and 2.23 parts per 100,000, 
respectively, during the two periods.

The construction of double trenches, and allowing each 
to work and rest alternately, in periods, is of much prac
tical value; and, moreover, the removal of stored organic 
matter by simple resting indicates that this inexpensive 
method is worthy of careful consideration in the treatment 
of large areas of clogged filtering material.

Addition o f New Material.
For some time it has been known that the passage of sew

age through sand increases the amount of stored organic 
matter, which forms a sticky coating around the sand grains 
and thereby increases the capillary attraction. Accordingly, 
when new material with grains of the same size and original 
composition is put upon old material to take the place of 
clogged material removed by scraping, the effect is similar 
to placing coarse sand above fine, and the result is a clog
ging at the junction. This was found to be the case in Filters 
Nos. 1 and 6, which indicated furthermore that the finer the 
material and the nearer the junction was to the surface the 
quicker the clogging became manifested. To remedy this 
the filters were spaded over, the old and new material mixed 
together, so as to break up the layer at the dividing line 
between the materials of unlike capillary attraction.
The Management o f Sewage Filters with Regard to Winter

Wlather.
The purification of sewage by intermittent filtration is 

attended with more difficulties during freezing winter
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weather than during the remainder of the year, owing to 
an apparent diminution in the activity of the micro-organ
isms in the presence of frost; to the less favorable condi
tions for ventilation because freezing interferes with draining, 
and to the tilling of the pores in the sand with air, which are 
more or less tilled with frost; and to the danger of the sew
age freezing to the sand before it disappears, whereby further 
filtration is impossible until a thaw comes. It is therefore 
of the utmost importance that the treatment of the filter be 
such that the conditions for operation be as favorable as pos
sible during the winter.

Most of the experimental filters in 1893 received their 
preparation for the winter on December 2, and on the fol
lowing day severe winter weather began. The filters showed 
great improvement in the readiness with which they took the 
applied sewage, but the improvement in the quality of the 
effluent was far less than would have been the case in warmer 
weather. This indicates that the filters should be prepared 
for the winter sufficiently early to be in their best condition 
in every way when freezing weather begins. I t  does not 
appear to be advisable to postpone this treatment in Massa
chusetts after the 1st of November.

In regard to the preparation necessary, it may be stated 
that the clogging should be removed as far as practicable, 
and in the majority of cases the surface can with great 
advantage be arranged in alternate ridges and trenches. 
The ordinary winter sewage is sufficiently warm to melt some 
of the snow in the trenches, but in so doing becomes so chilled 
that in many cases a sheet of ice is formed beneath the un
melted snow and above the sand in the trench. The sewage 
will slowly pass into the sand and form in this way a very 
inexpensive and effective winter cover. It is also to be 
mentioned that at Framingham the filters, which were planted 
with corn (maize), were afforded such covers by allowing 
the snow and ice to rest upon the corn hills.

Summary and Conclusions.
In a general way it may be stated that, regarding both 

the quantitative and qualitative efficiency of the experimental 
filters, the results obtained during the last six months in
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1893 have been fully as satisfactory as those for any corre
sponding period since the filters were started, with the main 
body of the sand the same as at present, in December, 1887. 
This indicates that a long period of efficiency may be expected 
of the main body of the filter if the layers at and near the 
surface arc kept from clogging. Several methods of manag
ing the surface have been applied, with varying results, 
which may be summarized as follows : —

1. Systematic raking, with occasional harrowing or 
ploughing, appears to be very satisfactory, particularly for 
coarse materials.

2. Systematic scraping at regular intervals (followed by 
raking to loosen the material) appears to give very good 
results, especially for fine materials.

3. Systematic scraping when necessary, without raking 
or harrowing, is apparently not advisable.

4. The efficiency of very fine material (clogged or not 
clogged) is much increased by trenching with coarse 
material.

5. Such trenches should contain carefully graded materials 
at the bottom to prevent clogging at the junction of the 
coarse and fine sand.

6. The removal of stored organic matter by resting for a 
limited period is sufficiently great to render this simple and 
inexpensive method worthy of careful consideration in cases 
of clogging where the available area is not too limited.

S u b - s u r f a c e  A p p l i c a t i o n  o f  S e w a g e .
Filter JSFo. 7. — This filter contains 44 inches in depth of 

mixed coarse and fine sand of an effective size of 0.35 milli
meter, above which are ten inches of loam and six inches of 
soil. The sub-surface drain-pipe is 6 inches in diameter, with 
open joints every 2 feet, and is 18 inches below the surface. 
This pipe became clogged and on April 20 was taken out and 
cleaned. The sludge removed contained 75 per cent, of the 
insoluble albuminoid ammonia applied since the pipe was 
cleaned and relaid in October, 1892. The pipes were again 
relaid July 8 and sewage applied at the rate of 40,000 gal
lons per acre daily for six days in a week. The drain pipe is 
gradually becoming clogged, and since December 1 the full 
dose could not be applied.
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The nitrification was very incomplete in July and August, 

and the ventilation has been increased by aspiration since 
September 1. The quality of the effluent has improved and 
remains very satisfactory. The average analyses of the 
effluent for November, indicating a removal of stored organic 
matter, are as follows : —

[Parts per 100,000.]

COLOR.
A m m o n i a .

Chlorine.
N i t r o g e n  a s Oxygen Bacteria 

per Cubic 
Centimeter.Free. Albuminoid. Nitrates. Nitrites. Consumed.

.07 .0073 .0120 6.80 3.24 .0001 .10 2.55

From the experiments upon Filter No. 7 and observations 
upon the sub-surface filters at Lenox and Wellesley we may 
draw the following conclusions : —

1. From a chemical and biological point of view no 
marked difficulties attend the purification of sewage applied 
beneath the surface.

2. As much of the sludge as possible should be removed 
from the sewage by screens and sedimentation.

3. The sub-surface pipes should be provided with outlet 
gates at the lower end opposite the point of application, so 
that they may be flushed out from time to time to remove 
the accumulated sludge.

4. In most cases, to avoid clogging, the drain pipe should 
be surrounded with stones or coarse gravel, and in order to 
prevent the sand from filling the spaces the gravel should 
be surrounded with successive layers of material of interme
diate and gradually decreasing size.

E x p e r i m e n t s  u p o n  t h e  R a p i d  F i l t r a t i o n  o f  S e w a g e
FROM WHICH THE SLUDGE HAS BEEN REMOVED IiY DIF
FERENT M etho d s .
The question of clogging has been considered on the pre

ceding pages with regard to the removal of the sludge after 
its application to and partial storage in the sand. Another 
aid to prevention and relief is the removal of as much of the
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sludge as possible before the application of the sewage to 
the filter. This may be done by different treatments, as 
follows: —

I. By rapid filtration through coarse gravel, with the aid 
of a current of air drawn through the gravel.

II. By chemical precipitation.
III. By sedimentation.
IY. By mechanical devices, such as very fine screens or 

wire cloth. (Results incomplete.)
After treating sewage by one of the first three of these 

different methods it has been in each case applied to a filter 
of sand 5 feet deep having an effective size of 0.19 millimeter.

I. Filters Nos. 12 A , 15 B  and 16 B. — Filters Nos. 15 
B  and 16 B  are each 60 inches deep and contain coarse 
gravel of an effective size of 5.10 millimeters. They were 
put in operation July 25, 1892. An aspirator has been 
attached to No. 15 B since March 18, 1893, and to No. 16 
B since Jan. 16, 1893. The surfaces were not disturbed 
until the middle of July, 1893, about a year after they 
were first put in operation. They were each raked 3 
inches deep four different times, to remove clogging, between 
the middle of July and September 1. After September 1 
they were raked regularly once a week until October 26, 
since which date they have been raked 3 inches deep daily. 
During November and December there has been evidence of 
sub-surface clogging and each filter has been spaded over to 
a depth of 6 inches. No material has ever been removed 
from either filter.

Filter JVo. 12 A  contains 60 inches of sand of an effective 
size of 0.19 millimeter, and receives the effluent of Nos. 
15 B and 16 B. Since March 24 it has been scraped when 
clogged, but not raked. The clogged sand has been washed 
and replaced. The filter has been scraped on an average 
once in five days, and the average depth of clogged sand 
removed has been 0.24 inch. Sub-surface clogging made 
it necessary to spade over the upper 6 inches of sand after 
scraping on September 27 and December 12. The results 
obtained are summarized beyond.

II. Filler No. 19. — This filter is also 60 inches deep, and 
the sand has an effective size of 0.19 millimeter. It has re
ceived the supernatant liquid from sewage after treatment
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with alum (1,000 pounds per million gallons and allowed 
to settle twenty-four hours). Since October 23 it has been 
scraped after the same manner as No. 12 A. The average 
period between scrapings was ten days and the average 
depth removed was 0.47 inch. Up to December 20 the 
filter had twice been spaded over 6 inches deep to remove 
sub-surface clogging. The results are summarized beyond.

III. Filter No. 13 A . — This filter was constructed on 
Sept. 27, 1893, and contains 60 inches of sand of an effective 
size of 0.19 millimeter. I t received the supernatant sewage 
after settling five hours. It has been scraped on an average 
once in six days, and the average depth of sand removed was 
0.37 inch. In December the sand was spaded over twice to 
a depth of 6 inches to remove sub-surface clogging. The 
results are summarized below.

Qualitative Efficiency — Average Percentage o f Removal o f Organic 
Matter and Bacteria.

.Ta n . 1 - D k c. 1 5 ,1 8 9 3 . | O c t . 1 - D e c . 15, 1893.

Albuminoid
Ammonia. Bacteria. Albuminoid

Ammonia. Bacteria.

From sewage by Filter No. 15 B, . 79.6 77.7 86.2 85.2
From sewage by Filter No. 16 B, . 77.3 81.0 78.0 80.2
From effluent from Filters Nos. 15 B and 16 B by Filter No. 12 A, 81.0 98.9 86.3 99.9
From sewage by Filter No. 15 B or No. 16 B and No. 12 A, 95.9 99.8 97.5 99.98
From sewage by chemical precipitation, . . . . . 55.1 83.3 67.0 85.1
From clarified sewage (after chemical precipitation) by No. 19, . 88.8 95.5 77.3 97.1
From sewage by chemical precipitation and Filter No 19, . 95.0 99.2 92.5 99.6
From sewage by sedimentation, . - - 38.5 9.4
From clarified sewage (after sedimentation) by Filter No. 13 A, . - - 89.7 98.9
From sewage by sedimentation and by Filter No. 13 A, - - 93.7 99.1
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Quantitative Efficiency — Average Rates o f Filtration.

[Gallons per acre daily for six days in a week.]

Number of Filter. Jan. 1-Dec. 15,
1893.

Oct. 1-Dec. 15,
1893.

12 A , ...................................................... 831,000 960,000
13 A , ...................................................... - 441,600
15 B , ...................................................... 409,500 480,000
16 B , ...................................................... 421,500 480,000
19,.............................................................. 286,000 596,000

During the past six months the average removal of organic 
matter (albuminoid ammonia) and bacteria from the crude 
sewage by filters Nos. 12 A, 15 B and 16 B was 97 and 99.9 
per cent., respectively. The average rate of filtration for 
the combined area of the three filters was 320,000 gallons 
per acre daily for six days in a week. This is the best result 
yet obtained with the experimental filters, and this system 
appears to be capable of application to the purification of 
the sewage from large institutions and small towns.

W a t e r  F i l t r a t i o n .
The chief object of water filtration, in most cases, is a 

removal of the disease-producing germs. The investiga
tions by the Board in 1892 indicated that it is possible to 
construct filters which will yield 2,000,000 gallons of water 
per acre daily and remove 99.5 per cent, of the bacteria in 
the applied water. The investigations were continued in 
1893 with the view to learn the efficiency of the filters as 
they continued in service, and also to learn the bacterial 
efficiency of filters of coarser sands operated at higher rates.

Throughout the year 1893 examinations have been made 
daily of the number of bacteria in the water before and 
after its passage through the several filters. Beginning 
May 12, B . prodigiosus, a species which closely resembles 
the germ of typhoid fever in its mode of life in water, was 
regularly applied to the filters ten hours daily, and the
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effluent from each filter examined four or more times each 
day at the time when the applied water containing this germ 
was passing through the outlet pipes. In the table below is 
given a summary of the results obtained from the several 
filters. In the case of the older filters (Nos. 18A-42) the 
averages include all of the results; in the case of the remain
ing (new) filters the averages include all results after the 
second week, when the efficiency became normal.



Summary of Bacterial Results obtained from the Several Water Filters, May 12-Dec. 2, 1893.

N um ber o f F ilter. Date of Construction. Date of Discontinuance.
Effective size 

of Sand. 
(Millimeters.)

Method
of

Operation.

Depth
of

Material.
(Inches.)

Average Rate 
of

Filtration . 
(Gallons per Acre 

Daily )

A v e r a g e  P 
A p p l i e d  Bac

A PPEA RE D  11

W ater
Bacteria.

e h  C e n t , o f
TERIA  W HICH

E f f l u e n t .

B. Prodigiosus.
18 A, . Sept. 17, 1889, 0.48 Intermittent, 60 1,880,000 3.25 0.46133 A, . April 28, 1892, - - 0.14 Continuous, 60 2,160,000 1 . 0 0 0.03634 A, . April 28, 1892, Sept. 7, 1893, 0.09 Continuous, 45 1,580,000 0.56 0.02235 A, . March 30, 1892, Sept. 6, 1893, 0 . 2 0 Intermittent,* 48 1,600,000 0.64 0.04936 A, . March 30, 1892, Sept. 6, 1893, 0 . 2 0 Continuous,! 48 1,880,000 1.45 0.05437, April 18, 1892, June 25, 1893, 0 . 2 0 Continuous, 55 2,420,000 0.31 0 . 0 1 038, . April 28, 1892, - - 0 . 2 0 Continuous, 2 0 2 ,2 2 0 ,0 0 0 0.98 0.06139, April 28, 1892, Aug. 19, 1893, 0 . 2 0 Continuous,! 1 1,660,000 4.05 0.76241, May 9, 1892, - - 0.14 Intermittent, 60 1,840,000 0.43 0.03942, Oct. 29, 1892, - - 0 . 2 0 Continuous, 1 0  ' 1,860,000 0.90 0.05043, May 2 0 , 1893, - i 0.26 Continuous, 60 4,840,000 1.07 0.09944, May 2 0 , 1893, - - 0.29 Continuous, 60 3,620,000 0.60 0.08345, July 1 0 , 1893, - - 0.23 Intermittent, 60 2 ,2 2 0 ,0 0 0 2.25 0.29046, Aug. 2 1 , 1893, - - 0.29 Continuous, 1 2 2,460,000 0.99 0.16947, Sept. 8, 1893, - - 0.29 Intermittent, 60 3,580,000 3.41 0.43548, Sept. 9, 1893, - - 0.38 Intermittent, 60 2,280,000 3.52 0.50149, . . Sept. 9, 1893, 0.38 Continuous, 60 3,800,000 0.81 0.016

* For a short time operated continuously. + For a short time operated intermittently.
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These results show that, all things considered, the bac

terial efficiency of the older filters was as satisfactory in 
1893 as it was during the preceding year. They show, 
furthermore, that a high degree of bacterial efficiency was 
attained by the newer filters of coarser sands and op
erated at higher rates of filtration. This is brought out 
more clearly by the following table, in which are summarized 
the results obtained from the newer and coarser filters for 
the 4 weeks ending December 2. The bacterial averages 
include the results of all examinations in each case and 
represent at least 4 samples daily.
Summary o f Bacterial Results obtained from  Filters Nos. 4 3 ^ 9 ,  

icith Rates o f Filtration, Nov. 6 to Dec. 2, 1893.

Average Rate A v e r a g e  P e r  C e n t , o f  
A p p l i e d  B a c t e r i a  w h i c h

APPEA RED  IN  THE E F F L U E N T .N u m b e r Depth of
o f of Method of Operation. Filtration.

F i l t e r . Material. (Gallons per Acre Water
Bacteria.Daily.) B. Prodigiosus.

43 60 Continuous. 7,660,000 1.48 0.171
44 60 Continuous. 7,700,000 1.19 0.148
45 60 Intermittent. $ 3,740,000 ) [6,646,000]* 1.50 0.210
46 12 Continuous. 3,700,000 2.34 0.337
47 60 Intermittent. $ 3,660,000 } [6,405,000]* 3.13 0.463

48 60 Intermittent. f 2,900,000 l [5,075,000]* 1.83 0.366
49 60 Continuous. 5,550,000 1.04 0.183

*  Ihe rates of filtration enclosed within the brackets are for the time when 
water was actually applied; the other rates are averages for the whole time, including 
the periods of rest.

These data show that very good results can be obtained at 
much higher rates of filtration than those studied in 1892. 
This is particularly the case with Filters Nos. 43 and 44, 
which during the latter part of November were operated at 
rates of more than 9,000,000 gallons per acre daily, with
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a removal of more than 98 per cent, of the applied water 
bacteria and more than 99.5 per cent, of the applied B . pro- 
digiosus. This is a great step in advance, particularly from 
an economical point of view, because it indicates that, under 
proper conditions, substantially the same bacterial efficiency 
may be obtained with a much smaller area than that indicated 
to be necessary by the investigations by the Board in 1892 
and also by the experience with water filters in Europe; 
furthermore, they show that the limit in the coarseness of 
suitable sand has not been reached and that it is very desir
able to continue the investigations upon new filters which 
will give a still wider range in the coarseness of material.
E f f e c t  o f  S c r a p i n g  W a t e r  F i l t e r s  u p o n  B a c t e r i a l  

P u r i f i c a t i o n .
When water passes through a filter the sediment is depos

ited upon and very near the surface of the sand. Eventually 
the accumulation is so great that the water fails to pass 
through at a satisfactory rate, owing to the increased fric
tional resistance. It is then necessary to remove the clogged 
material by scraping. Up to Nov. 1, 1893, the continuous 
filters were scraped as follows : the water above the surface 
was siphoned off, and after the water had drained just 
beneath the surface of the sand the outlet was closed ; after 
scraping the water was again applied from the top. The 
intermittent filters were scraped after draining. In 1892 
the average results of forty-two scrapings indicated that the 
removal of the water bacteria for the three days before 
scraping and for the three days after scraping was 99.68 
and 99.45 per cent., respectively. W ith B . prodigiosus 
these figures became 99.96 and 99.89 per cent., respectively. 
The averages of one hundred and thirteen scrapings in 1893, 
up to November 1, gave comparable results of 99.58 and 
99.29 per cent., respectively, with the water bacteria, and 
in the case of B . prodigiosus 99.96 and 99.90 per cent., 
respectively. All of these results indicate that the effect of 
scraping is very slight under these conditions, and the 
increase in the number of bacteria in the effluent is less than 
1 per cent, of those applied.

In some places in Europe it is the custom to allow a filter
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to drain before scraping, and, after scraping, to fill the filter 
from below to drive ont the air. It is also the experience 
in some places abroad that the bacteria pass through the 
filter in such numbers just after scraping that the effluent 
for many hours, and in some cases for several days, is not 
safe for drinking and is thrown away. The uniformity in 
the bacterial removal before and after scraping the surface 
was a striking feature of the Lawrence water results pub
lished in the annual report of the Board for 1892. From a 
hygienic point of view this point is of great importance, 
because a period of diminished efficiency would be a great 
source of danger, especially in the absence of skilful super
vision .

Additional information has been obtained upon this point 
during the past few months, particularly from a comparison 
of the results obtained upon

Filters Nos. 3 B  and 8 A . — These filters are each one 
two-hundredths of an acre in area and 60 inches deep. The 
sand has an effective size of 0.23 millimeter, which is prac
tically the same size as that of the sand above the under
drains in the Lawrence city filter. Filter No. 3 B has 
been operated intermittently since September 23 at an 
average rate of 2,000,000 gallons per acre dailyr. Filter 
No. 8 A has been opei’ated continuously since Septem
ber 26 at the same rate. In the case of No. 3 B the 
operation has been as follows: at 5 a . m . the outlet pipe is 
closed and the water turned on at the top, near the edge. 
When the filter is covered (about 7.30 a .m . )  the gate on the 
outlet pipe is opened to give the prescribed rate, and the 
surface is kept covered with water. At 9 p . m . the water is 
shut off at the top and the filter allowed to drain. While the 
passage of water through No. 8 A is uniform and causes no 
disturbance to the sand, the process of filling in No. 3 B 
causes more or less disturbance of the sand, owing to the 
air which is driven from the pores. This escape of air 
causes a disturbance of the sand at the surface, as can 
be readily seen from inspection, and as is indicated by the 
fact that up to December 20 No. 8 A has been scraped 
three times to relieve clogging, while No. 3 B has not been 
scraped at all, although it has yielded as much water. In



108 WATER SUPPLY AND SEWERAGE. [Jan.
the following table are given the average results of bacterial 
examination of samples taken at different hours daily from 
the effluent of each filter from October 30 to December 8. 
The number of bacteria per cubic centimeter in the applied 
water averaged 8,800 during this period.

Bacteria per Cubic Centimeter.
F i l t e r N o .  3  B  ( I n t e r m i t t e n t ) . F i l t e r  N’ o . 8  A (C o n t i n u o u s ) .

8  A.M. 11 A.M. 2  P.M . 4  P  M. 8  A.M . 11 A.M. 2  P.M . 4 P.M.

Number of bacteria in effluent, 329 286 185 140 104 119 126 103
Per cent, of applied bacteria which appeared in effluent, . 3.63 3.25 2.10 1.59 1.18 1.35 1.43 1.17

These results show very clearly that the bacterial efficiency 
of the continuous filter, No. 8 A, is very uniform, while 
the intermittent one, No. 3 B, when operated under these 
conditions, allows more bacteria to pass through when first 
started, but later in the day it approximates the uniform 
efficiency of No. 8 A. There appears to be no other 
explanation of the diminished efficiency of No. 3 B in the 
forenoon, except a mechanical disturbance of the sand by 
the escaping air.

After learning the effect of this method of treatment water 
was applied to several filters from below1, and in each case 
unusually large numbers of bacteria passed through the filter 
when started again. More experiments are necessary before 
drawing final conclusions in regard to the bacterial effect of 
scraping, but it appears that the method of treatment at the 
time of scraping is an important factor, and that the Law7- 
rence results have been more satisfactory in this respect than 
some in Europe, owing to less mechanical disturbance of the 
sand.
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L a w r e n c e  C i t y  F i l t e r .
This large filter, the outcome of the investigations by the 

Board to provide a reliable means of purifying the water 
supplies of those cities and towns in the State in which 
typhoid fever becomes epidemic from time to time, was put 
in operation Sept. 20, 1893. Its chemical and bacterial 
purification of the Merrimac Hirer water has been closely 
followed.

In the following table are given the average results of 
the analyses of chemical samples and of corresponding 
bacterial samples, collected from different parts of the 
Lawrence water works, from October 13, 1893, when the 
filtered water had apparently reached all points in the ser
vice pipes, to December 15 : —

[Parts per 100,000.]

A m m o n i a . N i t r o g e n  a s ■ 6 |
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R iver, .36 .0084 .0202 .22 .014 .0003 .39 14,000 -
E ffluen t from

filte r, . .32 .0068 .0109 .22 .031 .0005 .28 258 98.16
R ese rv o ir o u t

le t, .30- .0033 .0133 .23 .027 .0001 .27 113 99.19
C ity  H a ll ta p , .28 .0023 .0122 .23 .030 .0000 .25 87 99.38
E x p e r im e n t S ta-

tio n  ta p , .27 .0019 .0110 .22 .031 .0000 .23 93 99.34

In addition to the weekly samples analyzed, both chem
ically and bacterially, examinations of bacterial samples 
have been made nearly every day since the filter was put in 
operation with results similar to those given above In a 
general way it may be stated that the efficiency of this large 
filter is as satisfactory as that of the experimental filters of 
similar construction and operation.



no WATER SUPPLY AND SEWERAGE. [Jan.

Statistical Table for the Year 1893.
Applications for advice from cities, towns and others : —

Relating to water s u p p ly , .......................................Relating to sewerage and drainage, .
39
12

Total, . 51

Number of samples of water examined chemically and micro
scopically at the Massachusetts Institute of Technology, . 

Number of samples of soil examined chemically at the Massa
chusetts Institute of Technology,.......................................Number of samples of sewage and water examined chemically 
and bacterially at the Lawrence Experiment Station, . 

Number of samples of sand examined chemically and bacteri
ally at the Lawrence Experiment Station, . . . .  

Number of samples of sand examined mechanically at the Law
rence Experiment S ta tio n ,...............................................Additional samples examined bacterially at the Lawrence 
Experiment S ta t io n , ......................................................

Total number of samples examined, . . . .

1,731
52

2,176
513
311

11,850
16,636

Force employed at 13 Beacon Street: — * 
Chief engineer, . . . .  
Assistant engineers,
Stenographer and clerk,

1
2
1
— 4

At Massachusetts Institute of Technology 
Chief chemist,! . . . .  
Assistant chemists,
Chief biologist,! . . . .  
Assistant biologists,

1
51
1

—  8

At Lawrence Experiment Station : — 
Chemists, . . . .  
Bacteriologists,
Other assistants and laborers,

2
3
4— 9

Total ordinary force, 21
* Not including the force employed upon the Metropolitan Water Supply investi

gations.t  The chief chemist and biologist, although located at the Massachusetts Institute 
of Technology, have the oversight of the chemical and biological work at the Law- 
rence Experiment Station.
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The number of applications received since July, 1886, 

when the act relating to water supply and sewerage first 
went into operation, is as follows: —

1 8 8 6 ,..................................................................... 8
1887, . . . . . . . . . .  221 8 8 8 , ..................................................................  28
1 8 8 9 ,   38
1890, .   23
1891, 531 8 9 2 ,   58
1893, . . . . . . . . .  , 51

Total, 279

F I NANC I AL  STATEMENT.
Appropriation.

For investigations into the best methods of protecting the
purity of inland w a te r s , .............................................. ..  $27 000

Expenditures.

Advice to Citiesand Towns.

Examination of W ater Supplies, Rivers and Existing Sewage Disposal Systems.

LawrenceExperimentStation. Total.

Salaries, including wages of laborers at Lawrence Experiment Station. $7,220 00 $8,325 *27 $7,198 13 $22,743 40
Apparatue and materials, 525 55 268 72 1,102 46 1,896 73
Rent of rooms at Massachusetts Insti- 200 00 700 00 900 00tute of Technology.Rent of Lawrence Experiment Station, - - 125 00 125 00
Travelling expenses,.................................. 353 61 42 20 - 195 81
Express c h a r g e s , .................................. 60 14 360 81 - 420 95
Use of tools and office, Lawrence Exper- _ _ 412 32 412 32iment fetation.P r i n t i n g , ................................................... 34 15 40 39 - 74 54
Stationery and drawing materials, 30 00 56 21 - 86 21
Maps, blue prints and photographs, 33 00 21 06 - 54 06
Furniture.............................................. 43 00 - - 43 00
Paid for collecting samples of water, - 8 25 - 8 26
Postage s t a m p s , .................................. 16 00 11 90 - 27 90
Messengers and telegrams, 7 82 - - 7 82

Total...................................... $9,834 81 $8,837 <fl $26,996 99

The first three columns, showing the subdivision of the expenses under the three prlnci- 
pal heads Into which the work under this act Is divided, are necessarily only approximate.
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R e c o m m e n d a t i o n s .
The Board recommends the continuance of the investiga

tions already commenced and those indicated as desirable in 
the foregoing report.

For these purposes, and to make the necessary investiga
tions in order to advise cities, towns, corporations and indi
viduals in regard to the best method of assuring the purity of 
intended or existing water supplies, and the best method 
of disposing of sewage, and to carry out the other provisions 
of chapter 375 of the Acts of 1888, the Board estimates that 
the sum of $27,000 will be required.

H. P. WALCOTT, \
J . W. HASTINGS, j
H. F. MILLS, f  Slate Board
F. AY. DRAPER, i of Health.
G. C. TOBEY, \
J . AY. HULL, J
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