
SENATE No. 48

WATER SUPPLY AND SEWERAGE.

Of f ic e  of  t h e  S tate  B oard  of  H e a l t h ,
S tate  H ouse, B oston, Jan. 10, 1895.

To the General Court o j Massachusetts.

I have the honor to transmit to the Legislature the report 
of the State Board of Health required by 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.”

n, Respectfully,

SAMUEL W . ABBOTT,
Secretary.
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W ATER SUPPLY AND SEWERAGE.

[Report required by the provisions o f chapter 375 o f  the Acts of 
1888, entitled “ An Act to protect the purity o f inland waters, 
and to require consultation with the State Board o f Health 
regarding the establishment o f systems o f water supply, drain
age and sewerage.”]

The following report contains the substance of the 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 thé 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.

The chemical and microscopical analyses o f the water 
supplies and rivers of the State have been continued during 
the year 1894, 2,006 samples having been examined. The 
number of examinations of waters proposed for new supplies 
of cities and towns is constantly on the increase, the analyses 
of this character being more numerous during the past year 
than ever before. Following is a classified list of the waters 
examined during the year : —
From open and covered reservoirs for the storage of

ground waters, .   29
From ground-water s u p p l i e s , ......................384
Special investigations of regular water supplies affected

by tastes, odors, e t c .,................................  23
From ponds and storage reservoirs and their inlets, . 755
From streams and miscellaneous sources, . . .  63

Total from regular water supplies, . .. . . . 1,254
In connection with investigations of new sources of

water supply,   358
With reference to pollution of streams, . . . .  107
With reference to sewage purification at Framingham,

Marlborough, Gardner, Medfield and Amherst, . 152
In connection with a study of deep wells in Boston and 

vicinity, . . . . . . . .  50
In connection with the study of epidemics, . . .  7
M is ce lla n e o u s ,........................................  78

—  752

Total, . ......................................................................... 2,006
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The microscopical analyses of the waters have added to 
our information of the organisms occurring in surface waters, 
and work has also been continued on the connection between 
the taste and odors o f waters and the organisms which they 
contain.

In previous reports o f the Board repeated mention has 
been made of the occurrence of iron in many ground waters 
in excess o f the amount which can be held in solution after 
the water has been exposed to the air. Owing to the pro
longed period of low rainfall, these occurrences of excessive 
amounts of iron in ground waters have been more frequent, 
and some surface waters, also, have been found to contain 
an unusual amount o f iron. Iron-containing ground waters 
have, in some localities in this country, been successfully 
treated by aeration and filtration, and the iron by this means 
nearly or completely removed. Such methods are, however, 
only practicable where the iron exists as carbonate. When 
the iron is in the form of sulphate or where the water con
tains much organic matter, the complete removal of the iron, 
without chemical treatment, has been found to be a matter 
of much greater difficulty.

During the past year there have been analyzed waters from 
many deep wells in Boston and vicinity. These wells vary 
from one hundred to over six hundred feet in depth, and are 
mostly private property, the water being used in many indus
trial operations. The water from these wells is generally 
characterized by the presence of much mineral matter, and, as 
a rule, by little organic matter. Many o f these waters show 
the influence o f surface drainage and o f high sewage pollu
tion. The purification has been in most cases, however, very 
nearly complete, as far as organic contamination is concerned. 
Many of them show direct contamination with sea water by 
their high contents o f salt. In addition to the usual sanitary 
examination of these deep well waters, the principal mineral 
ingredients have also been determined. These very com
plete analyses are of great interest, not only from a sanitary 
point of view, but also from the stand-point o f the industrial 
uses of these waters, and further of their relations to the 
geological strata in which they occur.
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The analyses of the sewage and effluents from the various 
sewage fields throughout the State have been continued dur
ing the past year, and additional information obtained as to 
the continued efficiency of these fields.

During the present year it is intended to make an extended 
study o f the nature o f the coloring matter in surface waters 
by means of an instrument which enables us to analyze the 
color. It is hoped that, apart from the scientific results of 
this examination, we may obtain valuable information as to 
the relation between the colors of waters and the character 
of the organisms which this organic coloring matter can 
support.

ADVICE TO CITIES AND TOWNS.

Under the provisions of chapter 375 o f the Acts of 1888, 
entitled “ An Act to protect the purity o f inland waters, 
and to require consultation with the State Board of Health 
regarding the establishment of systems o f 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 o f 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 engaged 
or intending to engage in any manufacturing or other busi
ness, drainage or sewage from which may tend to cause the 
pollution of any inland water, as to the best practicable 
method o f 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 of this act. A ll such authorities, corporations,
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firms and individuals are hereby required to give notice to 
said Board o f their intentions in the premises, and to submit 
fo r  its advice outlines o f their proposed plans or schemes in 
relation to water supply and disposal o f drainage and sewage; 
and all petitions to the Legislature fo r  authority to introduce 
a system o f water supply, drainage or sewerage shall be 
accompanied by a copy o f the recommendation and advice o f 
the said Board thereon.”

During the year 1894 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 advice relative to water sup
ply : Arlington, Barre, Belchertown, Blackstone, Brockton, 
Brookfield, Dudley, Gloucester, Greenfield, Hingham and 
Hull, Holyoke, Hyde Park school committee (two replies), 
Hyde Park Water Company, Ipswich (two replies), Long- 
meadow, Milford, Milton, Monson, New Bedford, New- 
buryport (city), Newburyport Water Company, North 
Attleborough, Norton, Quincy, Swampscott, Wareham 
(Onset Bay Water Company), Watertown, Westborough 
Lunatic Hospital (four replies), Westport (Water Supply 
of Horse Neck Beach) and Winchendon. 

v Replies relating to sewerage and sewage disposal were 
made, in answer to applications from the following sources : 
Andover, Concord, Haverhill, Hudson, Milton, Nantucket, 
North Andover and Palmer.

Replies were also made during the year relative to the 
subject of pollution of streams and water supplies, to certain 
authorities and other parties in the following towns : To H. 
B. Cottle, Esq., of Brookfield, in regard to the discharge of 
sewage by the town of Spencer into the Quaboag River; to 
the selectmen of Deerfield relative to the pollution of the 
Green River by the town of Greenfield; to the water board 
of Rockport relative to the pollution of Cape Pond by a glue 
factory on its water-shed ; and to citizens of Worcester rela
tive to the protection of one of the reservoirs from pollution.
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W a t e r  Su p p l y .

The following is the substance of the action o f the Board 
in reply to applications for advice relating to water supply: —

A r l in g t o n . An application was received from the com
mittee on water supply of Arlington, April 27, 1894, stating 
that the committee had continued their investigations, as 
previously suggested by the Board, and at the same time 
asking the advice of the Board relative to the same. The 
Board replied as follows : —

M a y  25, 1894.

The State Board of Health received from you an application 
dated April 26, 1894, stating that since the reply made by this 
Board to you on Feb. 10, 1893, you had continued your investiga
tions, and that you now asked if, in view of the additional infor
mation which you had obtained, the Board had any additional 
advice to give you. Your application was accompanied by two 
printed reports of your committee to the town of Arlington, one 
dated Feb. 21, 1893, and the other Feb, 26, 1894. The first of 
these reports contains the reply of the Board above referred to, 
and the other the results of subsequent investigations.

By tests of the ground at various points within the water-shed 
from which the present supply of the town is derived, you have 
found no place likely to furnish as good a supply of water as the 
source tested last year, on the border of the Great Meadows near 
the East Lexington railroad station. At this place you have 
driven a few additional wells, and have made tests to determine 
the capacity of the source by connecting the wells together and 
pumping from them from Dec. 1 to Dec. 29, 1893, at an average 
rate of about 500,000 gallons per day. During this test you sent 
three samples of water to this Board for analysis. The samples 
were collected on Dec. 14, 19 and 27, 1893. The analyses gave 
substantially the same indications as those made a year before, and, 
like them, they showed a perceptible deterioration in the quality 
of the water during the progress of the test. The quality of the 
water at the time of the test was such that it would be satisfactory 
for all water supply purposes, but there is reason to think that it 
will deteriorate if a large quantity of water is pumped from this 
source.

The tests of this year show more definitely than those of last 
year that quite a large quantity of water can be obtained from
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this source, but they do not give additional information of such a 
character as to cause the Board to change its views, as expressed in 
its previous reply, as to the limitations of this source in a dry year.

The conditions under which you now apply for the advice of the 
Board are somewhat different from those of last year. You then 
had in view the construction of permanent works, and you now 
indicate that it is proposed to put in works of a temporary char
acter for pumping water from these wells until a metropolitan 
water supply is available. Having in view the temporary char
acter of the proposed works and the unfavorable results of inves
tigations for obtaining a better water supply at some other point, 
the Board thinks that you cannot do better than to adopt this 
source. It is the general experience that the amount of water to 
be supplied for the first few years after the construction of works 
is comparatively small, and it is probable that this source will 
furnish all of the water needed for a temporary supply; moreover, 
the smaller the amount of water pumped, the less likelihood there is 
of deterioration in the quality of the water. It may be well to 
add that in referring to the possible deterioration in the quality of 
this water the Board has had in view the possibility that it might 
become unsuitable for laundry uses and unpalatable, rather than 
that it might become unwholesome.

B a r r e . George A. Brown, and others, afterward incor
porated as the Barre Water Company, applied to the Board 
April 7, 1894, for its advice relative to taking the water of 
certain springs in that town as a public water supply. The 
Board replied as follows : —

A p r il  27, 1894.

It is understood that you have had surveys made, which indi
cate that it will be feasible to collect the water which flows from a 
drainage area of two hundred and seven acres at a sufficient eleva
tion above the town to supply water to it by gravity, but that the 
method of developing this source has not yet been fully decided 
upon.

Samples of water collected April 12, 1894, from the streams 
which flow from this territory, have been analyzed, and were found 
to be very soft and of very good quality for the purposes of a 
public water supply. The quality o f the water to be obtained from 
this source for the supply of the town would depend to a consider
able extent upon the method of taking the water. I f  it should be 
obtained from the ground by means of a collecting well and col
lecting ditches or pipes, and conveyed to the consumers without
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being exposed to the light, it would be much better than if stored 
in a reservoir.

With regard to the quantity of water, it is not feasible to tell 
with certainty from the present information whether a sufficient 
supply can be obtained from this source or n ot; but the prospects 
are favorable, and the Board would, therefore, advise further 
investigation of this territory in order to determine if a sufficient 
supply can be obtained from the ground. If a ground-water sup
ply should be obtained and should prove insufficient in the future, 
it might be supplemented by the construction of a storage reser
voir above the place where the ground-water supply is taken. 
When you have more definite plans to present, the Board will 
advise you further in this matter, if you so desire.

B e l c h e r t o w n . An application was received Feb. 7, 
1894, from the water committee of Belchertown, for the 
advice of the Board relative to the propriety of taking the 
water of Jabish Brook and of Chambray Brook in Belcher
town as sources o f water supply for the town. The Board 
replied as follows : —

M a r c h  1, 1894.

The Board has caused these brooks to be examined and their 
waters to be analyzed. The analyses of samples of water collected 
on Feb. 19, 1894, show that the waters of both sources were very 
soft, and free from any excessive amount of organic matter. The 
waters had a somewhat high color, probably owing to previous con
tact with vegetable matter in swampy places; but the color is not 
higher than that of many other waters used for water supply pur
poses in the State. There was not very much difference between 
the two waters, but in several respects the water of Chambray 
Brook was somewhat better than that of Jabish Brook.

The quality of the water of these sources would vary somewhat 
from time to time throughout the year, and might become worse if 
the water should be stored in storage reservoirs from which the 
soil and vegetable matter has not been removed; so that, before 
choosing either one or the other on account o f the quality of the 
water, it would be desirable to have the results of further analyses 
and to know the character of reservoirs to be built above the pro
posed points of taking.

With regard to the quantity of water to be obtained from these 
sources, it may be said that Jabish Brook at the proposed point of 
taking would, with only a very small reservoir, furnish all the 
water that Belchertown would require, unless the flow of the stream 
in summer should be controlled by some large reservoir built by
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the city of Springfield; in which case, if the gates were closed, 
there might not be a sufficient quantity of water.

Chambray Brook above the point where its water can be taken 
to Belchertown by gravity can be made to furnish a sufficient 
quantity o f water for Belchertown by building a reservoir to store 
some of the surplus water in the spring of the year for use during 
the dry portions of the year.

With the present information the Board cannot advise definitely 
as to which of the two sources is the better one for the water 
supply of Belchertown; but it is obvious that, if they are found 
upon further investigation to be of nearly equal merit, having due 
regard to quality, quantity and cost, the supply should be taken 
from Chambray Brook, so as not to interfere with the water supply 
of the city of Springfield, which is now taken from Jabish Brook.

B la ck sto n e . Francis N. Thayer and other citizens of 
Blackstone, who afterward obtained a charter as the Black- 
stone Water Co., applied to the Board Dec. 9, 1893, for its 
advice relative to taking the waters of Ironstone Pond and 
Emerson Brook, with their tributaries, in the town of Ux
bridge, and also certain lands in the town of Blackstone for 
the purpose of driving wells in the same for a public water 
supply for the town of Blackstone, including the village of 
Millville. The Board replied to this application as follows : —

M a r c h  9, 1894.

The Board has caused examinations to be made of the proposed 
sources of supply, as far as has been found practicable in winter.

Ironstone Pond, the first of the sources named, was found to be 
an old millpond, formed by a dam built across Ironstone Brook. 
It is said to have an area of about 24.3 acres and an average depth 
of about 5.43 feet. Immediately above this pond is a reservoir 
which is said to have an area of 60.5 acres and an average depth 
of 4.2 feet. The water-shed, which is partly in the State of Rhode 
Island, is quite large, and with a moderate amount of storage will 
furnish all the water required for Blackstone for a long time in the 
future. Analyses of samples of water from this source showed 
that the water at the time the samples were collected was of fairly 
good quality for the purposes of a public water supply. It is not 
feasible to tell, however, from examinations made at this season of 
the year, what the quality of water stored in such shallow reser
voirs will be in the hot weather of summer; and the Board cannot 
at the present time advise that this is a suitable source of water 
supply for the town of Blackstone.
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Emerson Brook, at the point where it is high enough to supply 
water to the town by gravity, is a stream of sufficient size to pro
vide, with only a small amount of storage, enough water to supply 
the present population of Blackstone; and, if storage reservoirs 
can be built upon it which will contain in the neighborhood of one 
hundred million gallons, it will supply the town for a long time in 
the future. Analyses o f samples of water from this source showed 
that the water at the time the samples were collected was not very 
different from that of Ironstone Pond. The analyses indicated, 
however, both by the slightly higher color and the more noticeable 
vegetable odor, that the water of this brook was somewhat more 
affected by contact with vegetable matter in swamps and shallow 
reservoirs than the water of Ironstone Pond. There are some 
small and very shallow reservoirs upon this water-shed, and in this 
case, as in the other, it is difficult to predict at the present time 
whether or not the water will be of suitable quality for domestic 
use in the hotter portions of the year. If the required storage of 
the water could be effected by the construction of a storage reser
voir of considerable depth, which had been properly prepared for 
the reception of water by the removal of soil and vegetable matter 
from its bottom and sides, and the present shallow reservoirs and 
swamps could be drained, a better water could be obtained from 
this source.

With regard to the other source mentioned by you, namely, a 
ground-water source within the limits of the town of Blackstone, 
it is not practicable at this season of the year and in the time within 
which you desire a reply to make a sufficient examination to ascer
tain whether there is a place within the town from which it- is prob
able that a ground-water supply could be obtained. If a source 
could be found, away from the thickly settled portion of the town 
and not adjacent to the Blackstone River, from which a sufficient 
quantity of ground water could be obtained, it is probable that the 
quality of the water would be very much better than that of water 
from either of the other sources mentioned.

As already indicated, the Board cannot advise you definitely at 
the present time as to the most appropriate source of supply for 
the town; but will advise further, if you so request, later in the 
year, when analyses can be made of the water in the summer, and 
when you have more definite information to present as to the feasi
bility of obtaining a water supply from the ground, or as to the 
character of storage reservoirs which can be constructed.

Brockton. An application was received from the city 
engineer of Brockton May 1, 1894, relative to increasing
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the water supply of the city and providing for certain dis
tricts requiring a high-pressure service, and also suggesting 
the future possibility of a district supply embracing other 
contiguous towns. The Board replied as follows: —

S e p t . 20, 1894.

The State Board of Health has considered your application dated 
May 1, 1894, and the amendment thereto dated July 20. In this 
application you state that you have been directed to report plans 
for supplying Brockton Heights and Cary Hill with water, and that 
these localities have so great an elevation that they cannot be sup
plied with water from the present service.

You also suggest that, as the present source of supply may prove 
inadequate in the near future, owing to the growth of the city, and 
the probable increase in the consumption of water due to the con
struction of the sewerage system now under way, it may be wise 
for your recommendations to be in line with or a part of a con
templated water supply for Brockton and towns in its vicinity. As 
possible sources of additional supply, you refer to the construction 
of a new storage reservoir below the present one, as a source within 
the city, and to Silver Lake as being apparently the best source 
beyond the city.

Upon comparing the consumption of water in Brockton with the 
capacity of the present source in a dry year, it is found that the 
ultimate capacity is more than twice the present average daily con
sumption, which shows that there is no immediate need o f a new 
supply on account of the quantity of water. It is, however, the 
general experience that the amount of water consumed increases 
much more rapidly than the population ; and the facilities offered 
by the new sewerage system for removing the waste water are 
likely to lead to the more liberal use of water in the future, so that 
it is not improbable that the present source may prove inadequate 
before many years.

Increasing the supply of the city by the construction of a reser
voir below the present one does not seem advisable, on account of 
the large cost of a properly prepared reservoir at this place in pro
portion to the additional quantity of water to be obtained, and 
because the water, being derived mainly from the water-shed now 
used, would not be of the best quality; moreover, the reservoir is 
not so far from the settled portions of Brockton but that its waters 
are liable to be polluted in the future, unless considerable expense 
is incurred to prevent the occupation of the land draining toward 
the reservoir.
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Silver Lake seems likely to be the best future source o f supply 
for Brockton, on account of the more ample quantity of water 
which it will furnish, the superior character of the water for water 
supply purposes, and the better opportunities for supplementing 
the supply when the amount of water which this lake will furnish 
is exhausted. As the town of Whitman needs a better supply than 
it now has, and has already obtained the right to take water from 
Silver Lake, there is no doubt that it would be for the pecuniary 
advantage of both Whitman and Brockton to construct works 
jointly, rather than to construct independent works. In regard to 
other towns near Brockton, the advantages of joint action are not 
obvious, although further investigation may show that it is desir
able in some instances.

The question of a high-service supply has been considered with 
reference to the possibility of taking the future supply from various 
sources which have been suggested; and it has been found that 
the source of supply would not have any considerable influence 
upon the design of a system of high-service works controlled wholly 
by the city of Brockton, because the best plan in any case appears 
to be to maintain the present pressure in the greater part of the 
city, and to add a higher service for Brockton Heights and Cary 
Hill, to be supplied by pumps located at the present pumping 
station.

B r o o k f ie l d . The town of Brookfield requested the 
opinion of the Board Sept. 15, 1894, relative to the quality 
of the water of Quaboag River as a temporary water supply 
for the town, stating that the public supply had failed, and 
that recourse had been had to this stream. The Board 
replied as follows : —

S e p t . 25, 1894.

The State Board of Health has received from you a communica
tion dated Sept. 15, 1894, in which you state that it is your inten
tion to use, temporarily, the water of Quaboag River for the water 
supply of the town of Brookfield.

From the information already in the possession of the Board 
with regard to the amount of sewage and other polluting matter 
which enters the Quaboag River or its tributaries, the Board is of 
the opinion that this water is not of suitable quality for a domes
tic water supply, and that if for fire protection and other purposes 
than drinking you find it necessary to pump this water into the 
pipes, you should notify each water taker that it is dangerous to 
drink the water.
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D u d l e y . An application was received April 2, 1894, 
from D. W . Crosby o f Webster, for the advice of the Board 
relative to extending the water pipes of the Webster water 
supply into a village of Dudley which lies in close proximity 
to the town of Webster. The Board replied as follows : —

A p r il  5, 1894.

The State Board of Health received from you on April 2, 1894, 
an application for advice relative to a proposed water supply for 
portions of the town of Dudley, in which you state that you pro
pose to ask the Legislature to grant the town of Webster, Mass., 
permission to lay water pipes in a part of Dudley known as Merino 
Village, to furnish a supply of water for domestic and other pur
poses to the citizens of Dudley who may desire the same.

The Board has on two occasions advised the authorities of the 
town of Webster with regard to proposed sources of water supply, 
and in the communications to Webster, copies of which are given 
below (see twenty-second annual report of the Board, page 13, and 
twenty-fifth annual report, page 63), you will find the opinion of 
the Board with regard to the quality of the water if taken directly 
from Lake Chaubunagungamaug or from the ground near it (the 
present source of water supply of Webster) ; also its opinion as to 
the propriety of taking water from this source for the supply of 
portions of the town of Dudley.

The Board does not think it within its province to advise as to 
the agency by which the water should be supplied.

G lo u c e ste r . An application was received from the city 
of Gloucester March 23, 1894, for the advice of the Board 
relative to taking a new water supply from the Chebacco 
lakes in the town of Essex. The Board replied as follows : —

1895.]

A p r il  27, 1894.

The State Board of Health received on March 23, 1894, an 
application made by you in behalf of the city of Gloucester for 
the advice of the Board with regard to a proposed water supply 
for the city. In this application you state that the “  proposed 
source of supply is the group of lakes in the town of Essex known 
as the Chebacco ponds,”  and that it is proposed to take the supply 
from Chebacco Lake, at a point near the north-westerly end.

The Board has caused examinations to be made of the Chebacco 
ponds and of the sources in West Gloucester from which water is 
now taken for supplying the city of Gloucester. It has also
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examined into the opportunities for developing the present sources 
of supply and other sources near them.

The Board finds that the present sources have sufficient capacity 
in a dry year to supply the quantity of water now used by the 
city ; but the population now supplied is much less than the total 
population, and the amount of water consumed is increasing from 
year to year, so that it will be necessary before long either to 
develop the sources now used or to obtain a further supply from 
other sources. If the present sources and those in their vicinity 
should be fully developed they would furnish fully double the 
quantity of water now used, and make a further supply unneces
sary at the present time.

The water supplied from the present reservoirs of the Glouces
ter Water Company is practically free from pollution by sewage, 
and in other respects it is a fairly satisfactory water for the pur
poses of a public water supply, and is somewhat better at the 
present time than the water in Chebacco Lake. It could undoubt
edly be improved, however, by the removal of stumps, soil and 
vegetable matter from the bottom and sides of the reservoirs. 
The water from other sources near the present ones in West 
Gloucester has not been analyzed, but from an examination of 
these sources it seems probable that they will furnish as good 
water as the sources now supplying the city.

Chebacco Lake will furnish a somewhat larger quantity of water 
than could be obtained from all of the available sources in West 
Gloucester if they were fully developed, and is probably the most 
available source of water supply for Gloucester, independent of 
the present works. As already indicated, the water is not quite as 
good as that now supplied to the city, and it is doubtful if it 
would prove a satisfactory water for water-supply purposes unless 
improved in some way, which cannot be determined with the infor
mation now available.

The Chebacco ponds are located in the towns of Essex, Hamil
ton and Wenham, and are only a short distance from Manchester, 
and may prove the most available source of water supply or addi
tional water supply for these towns; moreover, it is not improba
ble that they may prove the most available source from which to 
take an additional water supply for Salem and Beverly, when the 
capacity of the sources from which these places are now author
ized to take water has been reached. Under these circumstances, 
the Board is of the opinion that the Chebacco ponds are not at 
present the most appropriate source o f supply for the city of 
Gloucester; and if rights in these ponds are granted to Gloucester, 
they should be limited by proper reservations for other places.
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G r e e n f ie l d . The water commissioners of Fire District 
No. 1 of Greenfield applied to the Board March 1, 1894, for 
its advice relative to increasing the water supply of the dis
trict by building a larger reservoir in the same water-shed 
now used by. the district, or by taking an additional supply 
from Workman Brook in Colrain. The Board replied as 
follows: —

A p r il  2, 1894.

The present source of supply is Glen Brook above the Glen, in 
the town of Leyden, where the drainage area of the brook is 5.36 
square miles. This source has been developed by the construction 
of a dam at the Glen, which creates a storage reservoir containing 
about 16,000,000 gallons of water.

Judging the capacity of this source from the area of its water
shed and the size of the present storage reservoir, the works should 
be able to supply more than enough water for the population now 
supplied; and it may be that by moderate restrictions upon the 
waste of water or by stopping the leakage at the dam, if it is feasi
ble to do so, the need of an additional supply may be avoided for 
the present.

If the present conditions of consumption of water and leakage 
at the dam are continued, it is obvious from the experience of last 
summer, when the reservoir was nearly emptied, that a further 
supply is required; and one of the plans suggested by you is to 
increase the storage capacity upon the water-shed from which the 
supply is now taken, by building a reservoir which will hold about 
75,000,000 gallons, upon the east branch of Glen Brook, about 
one and three-quarters miles up stream from the present dam. 
The construction of a reservoir of this kind would undoubtedly 
increase the capacity of the present source to such an extent that 
it would furnish a sufficient quantity of water for the towns now 
supplied from it for a long time in the future.

A  water as good as that now flowing in these brooks will 
deteriorate by storage in a reservoir in which the water stands 
without being renewed as long as it would in the proposed reser
voir, so that it will be less palatable than the water supplied from 
the present reservoir; and it will deteriorate very much more if 
the soil and vegetable matter are not removed from the bottom and 
sides of the reservoir before it is filled than if they are removed.

Owing to the location of the proposed reservoir upon a branch 
brook where the water will not be renewed frequently, the water 
will not be in quite as good condition as if the reservoir were 
located upon the main stream; but there is a compensating advan
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tage in this location, that, since the main brook and existing 
reservoir will furnish the required amount of water under nearly 
all circumstances, it will not be necessary to take any large pro
portion of the water from the new reservoir, except on rare occa
sions during periods of extreme drought.

The water of Workman Brook has been analyzed, and, judging 
from the analysis and the character of the drainage area, it would 
be as good as the water from Glen Brook. Workman Brook, 
however, has a water-shed only about one-sixth as large as that of 
Glen Brook, and will not furnish any very large addition to the 
present water supply.

From present information it would not seem advisable to take 
an additional water supply from Workman Brook, because of the 
large expense when compared with the quantity of water to be 
obtained. It is possible, however, that further investigations may 
show that this is a desirable source to adopt, and it does not seem 
to be required for the water supply of any other community.

The Board recommends that you investigate more thoroughly the 
relative cost and merit of the plans which you have suggested for 
increasing the supply, and that you should also include in the 
investigation two other plans, one of which is to increase the 
storage capacity of the present reservoir on Glen Brook by con
structing a higher dam at or just below the present dam at the 
Glen, and the other relates to taking an additional supply from 
Fisk Brook, which the fire district was authorized to take by 
chapter 247 of the acts of 1883. The analysis of a sample of 
water from Fisk Brook shows that it has the same general charac
ter as the water of Workman and Glen brooks, except that it is 
somewhat harder.

This reply is made at the present time because you desire it for 
use during the session of the present Legislature; and, as the 
investigations which you have thus far made have not been suffi
ciently extended to furnish definite information as to the relative 
merits of different sources, it is necessarily of a general nature. 
When you have further information to present the Board will 
advise you further in this matter.

H ingham : and H u l l . An application was received May 
14, 1894, from the Hingham Water Company, for the advice 
of the Board relative to taking an additional water supply 
for Hingham and Hull from Accord Brook and Cushing’s 
Pond in Hingham, at the same time calling attention to the 
existence of a bad taste and odor in the water of Accord 
Pond. The Board replied as follows : —
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J u l y  26, 1894.

The sources from which you now supply these towns are Accord 
Pond, which has an area of 98 acres and is 133 feet above mean 
high tide, and Fulling Mill Pond, which has an area of about 14 
acres and is only 30 feet above high tide. Accord Pond supplies 
water by gravity, while from Fulling Mill Pond the water has to 
be pumped.

You state that it is proposed to take water from Accord Brook 
at a point about 500 feet above South Pleasant Street and about 
3,900 feet east from Fulling Mill Pond, where the brook is about 
62 feet above high water in this pond. You also state that Cush
ing’s Pond is at about the same level as Fulling Mill Pond, and 
that it contains perhaps 30 acres.

In order to ascertain the quality of the water, these sources have 
been examined and samples o f water have been collected from 
them and analyzed. The waters from both of them have the same 
general characteristics, in that they are comparatively free from 
contamination by sewage, since the water-sheds are both sparsely 
populated, and they both have a deep brownish color and contain 
a large amount of vegetable matter acquired from the swamps upon 
the water-shed. Owing to the swampy character o f the waters, 
the Board is of opinion that they will not be of suitable quality for 
domestic use unless they are efficiently purified.

There are two ways of improving such waters, which are worthy 
of consideration in the present case. One is to drain the swamps 
so that the water will not stand upon them, nor come in contact 
with the mud and vegetable matter as it passes through them. It 
seems doubtful in the present case if it would be feasible to 
improve the character of the water in this way to a sufficient extent 
to render it satisfactory for water supply purposes. The other 
method of purification is by filtration. Owing to the very dark 
color of the waters, it does not seem probable that filtration 
through artificial sand filters would prove satisfactory, because the 
cost of filters large enough to permit the very slow filtration o f the 
water which would be necessary to remove the color would be pro
hibitory.

The plan which seems likely to give the most satisfactory results 
is one in which the sandy or gravelly land near Fulling Mill Pond or 
Accord Pond would be utilized as a natural filter bed, by prepar
ing its surface so that the water could be distributed over it. I f 
the material is sufficiently porous, the water will soak into the 
ground and find its way gradually by percolation underground into 
these ponds or their tributaries.
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The Board advises, as the first investigation in this line, that you 
should ascertain whether there is not high porous land near Fulling 
Mill Pond or the brook which feeds it where filter beds of the char
acter above referred to can be economically constructed, and to 
which the water of Accord Brook may be conveyed by gravity 
through a pipe. It is, of course, necessary that these beds should 
be so located that the water after being filtered into the ground 
will find its way into the pond; and it may be necessary to con
struct ditches or other works for collecting the water after it is 
filtered and conveying it to the pond in such a way that it will not 
deteriorate by flowing through any rank vegetation.

The quantity of water which can be purified by filtration through 
natural beds in this way will vary with the local conditions ; but 
our information leads us to believe that under ordinary conditions 
an average of 300,000 gallons per acre per day could be efficiently 
purified, provided there is an intermission in the operation of the 
filters as often as once in twenty-four hours.

It is desirable in any case that Fulling Mill Pond should be 
improved by the removal of all mud from its bottom ; but if the 
plan above suggested should be carried out, it is even more desira
ble that this should be done, so that the filtered water would be 
less likely to deteriorate by being stored in it.

Accord Pond is shown by the records not to have filled within 
the last three years, and it is obvious that more water must be 
obtained from some other source. As an additional supply cannot 
be obtained by gravity, it will be necessary in the future to pump 
a greater proportion o f the water used. It may be found that if 
Fulling Mill Pond is cleaned out, as suggested, so that its water 
will be o f suitable quality for use at all seasons of the year, and 
the supply to this pond is increased by the method of filtration 
above described, it will be feasible, by pumping during a greater 
portion of the year, to fill Accord Pond every spring, and to avoid 
for a time the necessity for constructing a storage reservoir upon 
Accord Brook, or the taking of water from Cushing’s Pond.

In addition to your request for advice with regard to an addi
tional supply of water, you have called the attention of the Board 
to a disagreeable taste and odor in the water of Accord Pond in 
June of this year, and to the occurrence of a similar trouble in 
previous years, and have asked that the matter be investigated, 
with a view to ascertaining the cause o f the trouble and the best 
means for preventing its recurrence. Investigations made this 
year show that the taste and odor were due principally to the 
presence o f a minute vegetable organism called anabcena, which 
was found in great abundance either distributed through the water 
of the pond or floating upon the surface as a green scum. This
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organism is seldom found in unpolluted natural ponds which have 
not been raised, but is frequently found in artificial reservoirs 
which have been filled with water without removing the soil and 
vegetable matter from their bottom and sides. It seems probable 
that the flowage of land from which the soil and vegetable matter 
were not removed, by the raising of the dam at Accord Pond, has 
caused or helped to cause the growth of these organisms, and that 
the removal of this organic matter to the extent that it may be 
removed when the pond is drawn to a low level would lessen the 
frequency of occurrence and the amount of this growth, if it did 
not entirely prevent it.

The improvement of a swamp adjacent to the pond, so that the 
water will not stand in it nor come in contact with the mud and 
vegetable matter as it passes through it, would, by improving the 
quality of the water entering the pond, have a favorable effect 
upon the quality of the water in the pond.

H o l y o k e . An application was received Jan. 18, 1894, 
from the water commissioners of Holyoke, for the advice of 
the Board relative to taking Munn Brook in the town of 
Granville as an additional water supply for the city of Hol
yoke. Further investigation of this source had already been 
made, qs suggested by the Board in reply to a previous appli
cation. The Board sent the following reply : —

F e b . 1, 1894.

On Oct. 5, 1893, the Board, in reply to a former application 
from you, gave certain advice with regard to Munn Brook as a 
source of additional water supply for your city, and also referred 
to other sources which it thought should be more thoroughly investi
gated before making a final decision as to the source to be adopted. 
The results of the investigations which have since been made by 
your engineers, taken in connection with the examinations made by 
the engineers of the Board, lead the Board to conclude that Munn 
Brook is the most appropriate source from which to take an addi
tional water supply for your city.

The investigations which you have made with regard to storage 
reservoirs upon the Munn Brook water-shed seem to show that it 
is feasible to utilize at least as much of the flow from this water
shed as can be carried to Holyoke through a twenty-four inch pipe ; 
and this source, connected with your present supply by a twenty- 
four inch pipe, will furnish fully 9,000,000 gallons of water per 
day.

The question of the size of the connecting pipe, whether it should 
be twenty or twenty-four inches in diameter, has been again con-
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sidered in the light of the information furnished by the report sub
mitted by you. The estimates show that, if Holyoke should 
continue to grow with the same numerical increase in each five 
years as during the twenty years from 1870 to 1890, and the con
sumption of water per inhabitant should not increase to above 
ninety gallons, it would be a little cheaper to lay a twenty-inch 
pipe in the beginning, and supplement it in the future by another 
pipe when necessary; but if the city should grow as rapidly as 
Worcester, Lowell and Fall River grew after they had attained 
the present size of Holyoke, or if the consumption per inhabitant 
should increase, it would be much cheaper to lay a twenty-four- 
inch pipe in the beginning. These considerations have led your 
engineer to advise the adoption of a twenty-four-inch pipe in the 
beginning, and seem to warrant this advice. There are several 
other points in favor of a larger pipe, even before its full capacity 
is required to prevent a shortage in the water supply, the most 
important of which is that it would insure the filling of the present 
ponds every spring, while the smaller pipe would not, and would 
make it unnecessary to draw the ponds and reservoir to a very low 
level, with a consequent deterioration in the quality of the water.

The Board would again call attention to the following paragraphs 
in its last reply : —

“ The Board has caused an examination of the water-shed of 
Munn Brook to be made, also an analysis of a sample of water col
lected from the brook near the proposed point of taking.

“ These examinations indicate that the water is soft, and natu
rally 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.”

H y d e  P a r k . The school committee o f Hyde Park 
requested the Board, Sept. 25, 1894, to make an examina
tion of the water supplied by the Hyde Park Water Com
pany. The Board replied as follows : —

O ct . 5, 1894.

In response to your request, dated Sept. 25, 1894, the State 
Board of Health has caused samples of water to be collected for 
analysis from faucets in various parts of Hyde Park, supplied 
from the Hyde Park Water Company’ s works, and the results of 
the analyses are enclosed herewith.
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It is difficult to judge from an analysis of the water furnished by 
this company whether it is safe for drinking or not, owing to the 
fact that the company has under its control wells which furnish 
water of varying quality. It is probable that the water from 
nearly all of the wells of the company is to a large extent filtered 
river water, and as the river is a polluted stream, the safety of the 
water for drinking purposes depends upon the efficiency of the 
filtration.

Some of the wells, notably the starch factory well, referred to 
in a reply to your committee dated Sept. 1, 1892, and a portion of 
the wells in a group driven in 1893, which are referred to in a 
reply to the Hyde Park Water Company dated June 14, 1893, 
were found to furnish water which was not regarded as safe for 
drinking.

In reply to an inquiry from this office, the water company has 
stated that no water is now taken from these wells ; but the Board 
has not made any recent examinations in sufficient detail to enable 
it to state that all o f the remaining wells now furnish good water. 
The analyses of the samples of water collected from the faucets in 
town show that the water is not perfectly purified; but it is not 
feasible to tell from them whether the result is due to a slight 
deterioration in the efficiency of the purification of the whole of 
the water, or whether it is caused by the mingling of imperfectly 
purified water from a few of the wells with that from other wells 
which furnish a thoroughly purified water. In the former case, 
notwithstanding the slight deterioration in the efficiency of the 
purification, the water would be regarded as suitable for drinking 
purposes, while in the latter it might not be so regarded.

A copy of both of the replies of the Board above referred to is 
enclosed herewith. (See twenty-fourth annual report of the Board, 
page 15, and twenty-fifth annual report, page 200.)

The school committee again applied to the Board Oct. 30, 
1894, asking whether, in its judgment, the water thus fur
nished by the water company was a safe supply ‘ ‘ for the 
school children of Hyde Park for drinking purposes.” The 
Board replied as follows : —

D e c . 6, 1894.

The State Board of Health received from you a letter dated 
Oct. 30, 1894, stating that you had received the communication of 
the Board, dated October 5, in answer to your request for tests of 
the water supplied by the Hyde Park Water Company, and that 
the school committee had instructed you to inquire whether, in the
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judgment of the Board, it was safe to supply the school children 
of Hyde Park, for drinking purposes, with the water furnished by 
this water company.

The reply of October 5 contained as definite a statement of the 
conditions affecting the purity of the Hyde Park water as it was 
feasible to make. As you have probably learned already from this 
reply some of the wells under the control of the Hyde Park Water 
Company, which it is understood have not been used, furnish 
water of unsuitable quality for drinking, and the Board has no 
certain knowledge that all of the other wells furnish water of good 
quality; in fact, the analyses show that the water supply to the 
town is not perfectly purified at some seasons of the year, and the 
water must be regarded with suspicion.

The Board does not believe that, from the information now in 
its possession, it would be justified in giving an opinion that the 
water furnished by the Hyde Park Water Company is unwhole
some ; but there is an uncertainty as to the wholesomeness of the 
water during a portion if not the whole of the year, which leaves 
no question that it would be better to supply the school children 
with a water of known purity.

H y d e  P a r k  W a t e r  C o m p a n y . An application was re
ceived from the Hyde Park Water Company July 10, 1894, 
for the advice of the Board relative to the quality of ‘ ‘ three 
six-inch driven wells located and to be located on land be
longing to the company near the New York & New England 
Railroad in Hyde Park.” The Board replied as follows : —

D e c . 7, 1894.

Samples sent in by you from one of these wells on June 14 and 
from another on June 30 had previously been analyzed with satis
factory results.

A  visit was made to your works by one of the engineers of the 
Board on July 13, when water was being drawn regularly from 
these wells by the pump in the pumping station. The analysis of 
a sample of water collected at this time showed a slight deteriora
tion in the quality of the water, and a sample collected in a similar 
manner a week later showed a still further slight deterioration.

In view of this change in the character of the water, the results 
of the analyses were sent you on July 27, accompanied by a com
munication calling attention to the change in the character of the- 
water, and stating that the Board would defer making a formal 
reply to your application until it could make further examinations*
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with a view to determining the character of the water after pump
ing had been continued for a longer time.

Six more analyses were made, from June 30 to September 4 in
clusive, the water generally coming from either two or three of the 
first group of three wells. A t different times during the month of 
September samples were sent in from each of three additional 
wells located about the same distance from the railroad as the first 
three, and a short distance further from your pumping station. In 
October and November, after all six wells had been connected, 
additional samples were analyzed. The changes in the mineral 
constituents of the water taken from these wells correspond nearly 
enough with the changes in the mineral constituents of the water 
of the Neponset River to show clearly that a considerable portion 
of the water from these wells comes from the river; and, as the 
river is a highly polluted stream, the purification should be very 
thorough. The later analyses, both from the first three and from 
all six of the wells, while they show a large degree o f purification 
resulting from the filtration of the river water through the ground, 
do not show a sufficiently thorough purification to make the water 
safe for drinking purposes. The water is not at all times rendered 
wholly free from turbidity, sediment, color or odor, and the amount 
of organic matter left in the water is larger than it should be in a 
water filtered from a polluted source. The character of the water 
from these wells may vary somewhat with the season of the year, 
being better in the wet than in the dry season ; but it is probable 
that with a continued draft upon the wells the water will grow 
worse rather than better in the future.

In view of all these results, the Board is of the opinion that the 
six wells examined cannot be depended upon to furnish a water of 
satisfactory quality for drinking purposes ; and it recommends that 
you obtain some new source of water supply, unless you can obtain 
good water from the ground in the vicinity of your present pump
ing station, at a greater distance from the river than the wells 
driven by you this year and last.

I psw ic h . The committee on water supply of the town of 
Ipswich applied to the Board Dec. 28, 1893, for its advice 
relative to taking Dow’s Brook in Ipswich as a public water 
supply; this source to be supplemented when necessary with 
water from Bull Brook. The Board replied as follows : —

F e b . 1, 1894.

The State Board of Health received from you an application 
dated Dec. 28, 1893, accompanied by a report of your engineer, 
Mr. Percy M. Blake, relative to a proposed water supply for the
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town, to be taken from Dow’s Brook within said town. The 
report of your engineer also contained the results of his investi
gations of other possible sources of supply in the town.

The Board has already considered plans for a water supply to 
be taken from Dow’s Brook, submitted by a water committee of 
your town on Nov. 30, 1889 ; but the plans then submitted in
cluded a storage reservoir having somewhat less depth and smaller 
capacity than the one now proposed.

The water of Dow’s Brook is of good quality. The reservoir 
in which it is to be stored is on the whole somewhat shallow, and 
in order to render the water less liable to deteriorate by storage 
and become affected by the disagreeable tastes and odors to which 
stored waters are sometimes subject, it should be thoroughly cleaned 
by the removal of all vegetable matter from its bottom and sides. 
Care should also be taken to prevent any pollution of the water 
by the farmhouses upon the water-shed.

The quantity of water which this source by itself will furnish 
with the storage now proposed, provided the dam is made water
tight, will be sufficient to meet the requirements of the town after 
water has been thoroughly introduced until there has been some 
increase in the population ; and it is stated by your engineer that 
Bull Brook, also known as Egypt River, at a point not more than 
seven hundred feet from the site of the proposed dam, flows at a 
higher elevation than the water will stand in the proposed reser
voir, so that additional water can be diverted into it from this 
brook when necessary.

The water of Bull Brook comes from a swampy region, and 
would not be of satisfactory quality for a public water supply if it 
was furnished directly to the consumers ; but it is not a polluted 
water, or one that need be regarded as injurious to the health of 
those drinking i t ; and if a small proportion of it should be turned 
into the proposed storage reservoir in dry years, when there might 
otherwise be a shortage of water, the mingled waters when sup
plied to the town would not be of objectionable quality.

The Board concludes that the present plan for taking a water 
supply from Dow’s Brook, supplemented by Bull Brook when 
necessary, is the best plan which has yet been submitted to it for 
the water supply of the town of Ipswich, and it believes this plan 
to be a suitable one for adoption by the town.

L ongme adow  . The water board of Longmeadow applied 
to the Board Oct. 12, 1894, for its advice relative to taking 
the water of Cooley Brook in that town as a source of water 
supply. The Board replied as follows : —■
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Nov. 21, 1894.
The State Board of Health has considered your application 

dated Oct. 12, 1894, with regard to a proposed water supply for 
the town of Longmeadow, to be taken from Cooley Brook at a 
point above any source of pollution. Your application contains 
the following statements : —

“  For several months past frequent measurements of the flow 
of the stream have been made, and the results show a flow of 8,750 
gallons per hour, or 210,000 gallons per day. It is proposed to 
construct a receiving reservoir of either masonry or selected tim
ber, which will contain 100,000 gallons. The stand-pipe will hold 
110,000 gallons.”

The Board has caused an examination of the water-shed of 
Cooley Brook to be made, also an analysis of a sample of water 
•collected from the brook near the proposed point of taking, and 
finds that the water at the present time is of satisfactory quality 
for all the purposes of a public water supply.

It is better that the receiving reservoir should be constructed of 
masonry rather than of wood, because experience in other places 
has shown that wood in similar situations produces conditions 
which are favorable to the growth of organisms, and a consequent 
deterioration in the quality of the water stored in contact with it. 
It is desirable that the reservoir should be covered in such a way 
as to exclude the light.

The measurements of the flow o f the brook, made by you during 
the past season, taken in connection with the area of the water
shed apparently tributary to it, as observed by one of the engineers 
of the Board, indicate that water sufficient for at least twice the 
present population of the town can be obtained from this source.

M il f o r d . An application was received from the Milford 
Water Company April 20, 1894, for the advice o f the Board 
relative to increasing its water supply by taking the water 
of a small pond situated near the present pumping station 
of the company. The Board replied as follows : —

M a y  3, 1894.

The State Board of Health has considered your application dated 
April 20, 1894, with regard to a proposed additional water supply 
to be taken from a small pond near the pumping station, from 
which water can be brought to the pumping station by gravity, 
and also for general advice as to the best plan of increasing the 
supply.

An examination of the small pond referred to has been made by



26 W ATER SUPPLY AND SEWERAGE. [Jan.

an engineer of the Board, and a sample of Water from it has been 
analyzed. The pond has a very small water-shed, and would fur
nish so small a quantity of water daily that the supply from it 
would scarcely be appreciable. Moreover, the supply taken from 
the pond would not be wholly additional, because a part or the 
whole of the water which it would furnish now finds its way into 
the wells by filtration through the ground. It has been suggested 
by those connected with the works, that, as a pipe leading from 
this pond would supply water by gravity to the pumps, such a con
nection might have a special value in case of accident to the suc
tion pipe or other similar emergency; but this is a point which can 
be determined better by you than by this Board. The quality of 
the water of the pond is such that it might be used for water 
supply purposes, though it is not nearly as good as the ground 
water obtained from your wells.

With regard to the second request, for general advice as to the 
best plan o f increasing the supply, the Board advises that you 
make investigations with reference to increasing the supply of 
water to your wells by filtering the river water intermittently 
through the gravelly upland in their vicinity, in the same general 
manner that sewage is now filtered at Framingham. I f  the water 
should be applied evenly and intermittently to porous land having 
its surface six feet or more above the level of the ground water, in 
comparatively small quantities (say not exceeding 300,000 gallons 
per acre per day), it would be feasible to purify it so that it would 
be nearly, if not quite, as good as the water you now obtain from 
the wells when no water is admitted from the river. It seems 
probable that land suitable for this purpose may be found either 
west of the wells, between the railroad and the small pond con
cerning which you have asked advice, or north of the wells, between 
the railroad and the river.

Should you make these investigations and have additional infor
mation to present, the Board will advise you further in this matter.

M il t o n . The Milton Water Company applied to the 
Board April 23, 1894, for its advice relative to taking water 
for a public water supply from the ground in the vicinity 
of Pine Tree Brook at a point east o f Harland Street; this 
source to be supplemented by water taken from this brook 
near Harland Street in that town. The Board replied as 
follows: —

J une 8, 1894.

The State Board of Health has considered your application dated 
April 23, 1894, with regard to a new water supply for the town of 
Milton, to be taken from the valley of Pine Tree Brook within the
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limits of the town, above Canton Avenue. As a part of your 
application you make the following statement: —

“ It is proposed to obtain a supply of ground water from the 
meadow land on the east side of Harland Street, through which land 
the Pine Tree Brook flows ; such ground water to be supplemented 
by water taken from the brook at a point near and just above the 
old dam sites on Harland Street. The brook water may be accu
mulated in a small settling basin and conducted thence by gravity 
to the pumping station of the company. If necessary, sand filtra
tion of the brook water can be adopted. The water-shed above 
the point of taking is not less than four square miles, and includes 
a portion of the domain taken for metropolitan park purposes.”

The application was also accompanied by the report and plan 
made by your engineer, showing the tests which had been made to 
determine whether a supply of ground water could be obtained, and 
the general method of obtaining the supply.

The Board has caused a careful examination to be made by one 
of its engineers of the locality and of the plan and report sub
mitted, and has caused analyses to be made of water from Pine 
Tree Brook and from test wells near the point where it is proposed 
to locate the permanent well. The analyses and an examination 
of the surroundings show that water of excellent quality can be 
obtained from the ground at the site of the proposed well. The 
quantity of water to be obtained from an underground source is, 
necessarily, somewhat indeterminate ; but it is probable that a well 
or wells at the proposed location will supply as much water as will 
be required for the town for a few years, and, possibly, a much 
larger quantity.

The quality of the brook water is such, in its natural state, that 
it would not be wholly satisfactory for a public water supply; 
and, in view of the danger of pollution by the present population 
and the population which is likely to locate upon a water-shed so 
near Boston, the Board is of opinion that the water ought not to 
be taken directly from this brook. It may be feasible to increase 
the quantity of water supplied by the well or wells by turning some 
of the brook water intermittently and in comparatively small quan
tities upon the ground at a considerable distance from the wells, 
but in such locations that it will filter through the ground into the 
wells. With this method of filtration properly conducted, it is 
probable that the brook water might be purified to such an extent 
that it would be of satisfactory quality until there is a considera
ble addition to the population upon the water-shed.

In order to prevent the pollution of the ground water, no sew
age or other polluting waste should be turned into or upon the
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ground in the vicinity of the w ell; and if there should be any 
large increase in population upon any part of the territory which 
contributes to the supply of the well, it would be necessary, in 
order to prevent the deterioration of the water, to provide a sys
tem of sewerage for conveying away the polluting wastes.

The Board calls your attention to the fact that it is now making 
investigations with a view to obtaining a water supply for Boston 
and its suburbs within ten miles of the State House, and that it 
expects to make its report to the Legislature at the beginning of 
next year. It will obviously require a few years, after the ques
tion is favorably acted upon by the Legislature, before the metro
politan supply will be available ; and, even if Milton should desire 
to co-operate with other cities and towns in the metropolitan dis
trict in obtaining this supply, it may still be necessary to provide 
at least a temporary independent supply, in order to prevent a 
deficiency in the next few years.

If the proposed ground-water supply for Milton should prove 
deficient in quantity, or if the population should increase to such 
an extent as to make the water unsuitable in quality, it is very 
doubtful if it would be practicable to obtain from any other source 
a suitable independent supply for the town.

The Board, therefore, advises that the first works for obtaining 
a new supply should be built with reference to taking a supply from 
the ground only. It can be determined much better in the future, 
after the capacity of the ground has been tested by actual trial 
and after the report has been made upon the metropolitan water 
supply, whether or not it is desirable to attempt to obtain a per
manent supply for the whole town from the proposed source.

M onson . The committee on water supply of Monson 
applied to the Board March 8, 1894, for its advice relative 
to taking a public water supply from the water-shed of 
Conant Brook in that town. The Board replied as follows : —

M a r c h  30, 1894.

The State Board of Health has considered your application with 
regard to a proposed water supply for the town of Monson. It is 
understood that you intend to take the supply from some point 
within the water-shed of Conant Brook, and that it will probably 
be taken from a large collecting well situated near a branch of 
Conant Brook known as Ingalls Brook.

The Board has caused this territory to be examined by one of 
its engineers, and has made analyses of samples of water from 
Conant Brook just below Ingalls Brook, from the two principal
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branches of Ingalls Brook and from a test well near this brook. 
These analyses show that the water from all o f these brooks is 
very soft, and of very good quality for a surface water, and that 
the water would be suitable for all the purposes of public water 
supply. The surface water, however, is not nearly as good as the 
sample from the test well, which is practically a spring water of 
excellent quality, and is also very soft.

There is no doubt whatever but that a sufficient quantity of water 
for the supply of the town can be obtained from this water-shed ; 
and the results obtained from test wells, taken in connection with 
the results of an examination of the surrounding territory, make 
it probable that a sufficient supply can be obtained from the ground 
in this vicinity to warrant the adoption of the proposed plan for 
taking water from the ground. I f  this supply should prove insuffi
cient, it will be possible at any time to supplement it by taking; 
water from the brooks.

The Board would therefore advise that the Conant Brook water
shed is a suitable source from which to obtain a supply of water 
for the town, and would also advise taking the water from the 
ground, as is now proposed.

Ne w  B e d f o r d . The water board o f New Bedford applied 
to the State Board of Health Jan. 12, 1894, for its advice 
relative to the propriety of taking an additional water supply 
from the great ponds in the town of Lakeville, to which the 
Board replied as follows : —

F e b . 21, 1894.

The State Board of Health received from you on Jan. 12, 1894, 
an application asking its advice with regard to a proposed addi
tional water supply from the Lakeville ponds, said application 
being accompanied by the report of Messrs. Rice & Evans, 
hydraulic engineers, indicating the proposed methods of taking the 
water, and by a copy of the draft of an act accompanying the peti
tion of your board to the Legislature for authority to increase the 
water supply of New Bedford.

The plan proposed, as indicated by these various documents, is 
to take water from Little Quittacas Pond, and to keep this pond 
supplied with water from the other Lakeville ponds by providing 
more ample water ways between Great Quittacas and Little Quit
tacas ponds, and between Pocksha and Great Quittacas ponds. It 
is further proposed by the act that this water supply shall be taken 
from a reserve to be created by a dam at the outlet of Assawomp- 
sett Pond, or by a dam or dams at the outlet o f Long Pond.
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The Board finds that the present consumption of water in New 
Bedford has reached the limit of capacity of the present sources 
of water supply in very dry years, and an additional supply is now 
required. With regard to the source that this supply should be 
taken from, there seems to be no question but that it should be 
taken from one or more of the Lakeville ponds. These ponds are 
very large and are fed from a large water-shed, so that there is no 
doubt that they can be made to furnish a sufficient quantity of 
water for a very long time in the future for all of the communities 
within a reasonable distance of them which they would naturally 
be expected to serve. The question with regard to the source of 
an additional water supply, therefore, narrows to the relative 
quality of water in the different ponds and the best method of 
obtaining the required quantity of water, having due regard to the 
quality and to the effect which the method of taking the water may 
have upon the various interests to be affected thereby.

Little Quittacas Pond, one of the present sources of supply, 
contains the best water o f any of the ponds under consideration, 
and although the other ponds will furnish a water that might be 
used for all the purposes of a public water supply, there is con
siderable difference in the quality of the water in them, and the 
water of all o f them would be improved by passing through and 
mingling with the water of Little Quittacas Pond before being con
veyed to the city.

The different ponds rank as follows in regard to the quality of 
their waters: Assawompsett Pond, Great Quittacas Pond, Long 
Pond.

No examinations have been made of the water of Pocksha Pond, 
as it has been regarded as a part of Assawompsett Pond.

It will be seen that Assawompsett Pond contains the best water 
for supplementing the supply from Little Quittacas Pond ; but the 
distance between these ponds is so great that the extra cost of 
taking water from Assawompsett Pond would not be warranted 
when a water as good as that in Great Quittacas Pond is close at 
hand. Of the two nearer sources, Great Quittacas Pond will fur
nish a much better water than Long Pond, and it has the further 
advantage that it can easily be connected with Little Quittacas at 
a point across the pond from the proposed pumping station, so that 
its water will have a better opportunity to be improved in its pas
sage through Little Quittacas Pond, both by mingling with the 
water of this pond and by bleaching.

Under the provisions of the act which you have submitted it is 
proposed to obtain the required quantity of water from a reserve 
to be created by a dam at the outlet of Assawompsett Pond, or by
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a dam or dams at the outlet of Long Pond. Inquiry had been made 
of your superintendent for information bearing upon the question 
of the amount of water which such a reserve as is contemplated can 
supply; and, while he has furnished all the information which he 
has been able to obtain, it is insufficient as a basis for estimating 
at all definitely the amount of water to be obtained in this way. 
Further inquiry has been made in other directions by the engineers 
of the Board, and the quantity of water which such a reserve as is 
contemplated will supply has been carefully computed upon the 
basis of the information obtained, which, although meagre, is the 
best that is now available. The result of these computations has 
led the Board to the provisional conclusion that it will not be feasi
ble to obtain in dry years a sufficient water supply for the cities of 
Taunton and New Bedford for a reasonable time in the future from 
the contemplated reserve.

The question of creating a reserve by raising one or all of the 
ponds should also be considered with reference to its effect upon 
the quality of the water. I f  all of the ponds should be raised suffi
ciently to overflow the very extensive swamps and cranberry bogs 
bordering upon them, it would materially injure the quality of the 
water in the ponds for water supply purposes.

If the storage should be confined to Long Pond alone, and the 
quality of the water should deteriorate owing to the flowage of 
swamps and other lands, the quality of the water supplied to New 
Bedford would not be appreciably affected, because very little if 
any of the water of Long Pond would ever find its way through 
Assawompsett and Great Quittacas into Little Quittacas Pond; 
but any deterioration of the water o f Long Pond would have an 
unfavorable effect upon the Taunton water supply, a portion of 
which is to be taken from Assawompsett Pond, not very far from 
where the water of Long Pond enters it.

A  reserve such as is contemplated, if found to be feasible, would 
prevent or diminish the injury to water powers dependent wholly 
or in part upon the water which flows from these ponds; but it 
may be questioned whether the injury to the property surrounding 
the ponds by raising their level would not more than offset the 
damage that would result to the water powers by taking the water 
without creating a reserve.

With the information now available, the Board does not think it 
advisable that you should obtain an act which will limit your tak
ing of the water of these ponds to a reserve such as is contem
plated, or which will make compulsory the erection of a dam to 
store a reserve of water equal to one year’s supply for the cities of 
Taunton and New Bedford.
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I f  the supply is not to be taken from a reserve, the question 
arises as to how it shall be taken. The plan proposed by your 
engineers and referred to by you provides for more ample water 
ways between the ponds, by which all of the chain of ponds ex
tending from Assawompsett to Little Quittacas can be put in 
free communication with one another. If these water ways should 
be kept open, the draft upon Little Quittacas for supplying New 
Bedford with water would cause all of the ponds to lower in sum
mer more than they otherwise would, and consequently the flow 
out of Assawompsett Pond into the Nemasket River would be 
diminished.

Another plan for taking water, which would cause less diminu
tion in the summer flow of the Nemasket River, is to supplement 
Little Quittacas by turning into it water from Great Quittacas Pond 
only, obtaining the required quantity of water in summer by low
ering the level of the pond. Estimates show that if this pond can 
be drawn down about six feet it will supply in the driest year, in 
connection with the sources now used, enough water to supply the 
city o f New Bedford until its population reaches 100,000. A  
somewhat larger supply might be obtained almost wholly from this 
source if provision should be made for turning water from Pocksha 
Pond into Great Quittacas in the months of March and April, pro
vided Great Quittacas should not then be full.

It is not probable that there would be much difference in the 
quality o f the water obtained by either of the two plans just men
tioned, although the conditions are somewhat more favorable in the 
first one. The Board cannot advise definitely as to which of these 
two plans will be the better one to adopt, having due regard for 
the future ; because it is not fully informed as to whether it is fea
sible to draw Great Quittacas Pond down to the extent above indi
cated, or, if it can be done, whether any local interests will be 
seriously affected thereby. It is obvious, however, that this pond 
will furnish all o f the water required for New Bedford for quite a 
long time in the future without very much lowering of its surface, 
even in the dry portion of the year; and it may be that the right 
to take the waters of this pond is all that is desirable at the pres
ent time.

The water now supplied to the city is drawn directly through a 
conduit from the Acushnet reservoir, and, although the quality of 
the water is not such that it would be regarded as detrimental to 
the health of the citizens of New Bedford, it is, nevertheless, on 
account of its contact with the swamps upon the water-shed and 
its storage in a shallow reservoir, a much poorer water than that 
in the Lakeville Ponds. It is, therefore, very desirable that pro-
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vision should be made for conveying tlie water of the ponds to 
New Bedford in such a way that it will not be necessary to mingle 
it with the water of this reservoir.

N e w b u r y p o r t . The mayor of Newbuvyport applied to 
the Board Dec. 21, 1893, for its opinion as to the probable 
efficiency of a filter constructed by the Newburyport Water 
Company near its pumping station in supplying a “  safe water 
for use in the public schools and generally throughout the 
city.” To this application the Board replied as follows : —

F e b . 17, 1894.

The Board has caused an examination to be made, by one of its 
engineers, of the filter constructed by the Newburyport Water 
Company near its pumping station.

The medium through which it is intended to filter the water is a 
layer of Plum Island sand about three feet in thickness, which 
would not in itself prevent the passage of disease germs. It is 
understood, however, that a coagulant is to be added to the water 
before filtration, as is the usual practice with the so-called mechani
cal filters, so as to render the filtration more effective.

The Board has not had any opportunity to test the filter at New
buryport, as it is not yet in operation, but has made examinations 
of the water from several mechanical filters, and, judging from 
the results obtained, is of opinion that a filter like that at New
buryport cannot be depended upon to remove the disease germs 
from the Merrimack River water so as to render it safe for drink
ing in the public schools or by the citizens of Newburyport.

Ne w b u r y p o r t  W a t e r  C o m p a n y . An application was 
received from the Newburyport Water Company June 20, 
1894, for the advice o f the Board relative to taking an 
additional water supply from wells upon the banks of the 
Artichoke River in Newburyport. The Board replied as 
follows: —

Ju l y  27, 1894.

The locality near the river to which the attention of the Board 
has been particularly called is just north of the old Newbury 
road, where five tubular test wells have been driven. Samples of 
water have been collected from these wells and analyzed, and the 
analyses show that the water contains so much iron that it would 
not be suitable for laundry and some other purposes.

Judging from the information furnished as to the results obtained
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by means of the test wells, and from an examination of the wells 
and of the surrounding territory, it does not seem probable that 
enough water could be obtained from this source to furnish an ade
quate additional supply for the city.

The Board therefore concludes that, owing both to the inferior 
quality and insufficient quantity of water which this source will 
furnish, it is not a suitable one from which to take an additional 
supply for the city of Newburyport.

N o r t h  A t t l e b o r o u g h . An application was received 
from the water commissioners of North Attleborough Oct. 10, 
1894, for the advice of the Board relative to a proposed addi
tional water supply for the town, the sources proposed being 
the head-waters of Ten-mile River, and driven wells to be 
located near the present pumping station. The Board replied 
as follows: —

W ATER SUPPLY AND SEWERAGE. [Jan.

D e c . 20, 1S94.

The sources referred to are, first, the head waters of Ten-mile 
River in the southerly part of the town of Wrentham, at a point 
just above the Walpole and Wrentham branch of the New York, 
New Haven & Hartford Railroad; and, second, a supplementary 
supply of ground water to be obtained by driven wells in the pres
ent pumping station lot.

In the report of your engineer are given the results of tests made 
by driving wells in the vicinity of the present pumping station, 
and measurements of the volume of water flowing in the Ten-mile 
River at various points above the pumping station. His report 
also indicates how a supply of water may be furnished to the 
inhabitants of the village of Plainville in the town of Wrentham, 
from the works of the town of North Attleborough.

The State Board of Health has caused an examination to be 
made, by one of its engineers, o f the water-shed of the Ten-mile 
River, near and above the present pumping station, and of the 
material taken from your test wells near the pumping station at 
various depths below the surface of the ground. It has also caused 
analyses to be made of samples o f water collected by your engi
neer from some of the test wells, and from the Ten-mile River 
above the point from which it is proposed to take an additional 
water Supply.

These analyses show that the water taken from some of the 
test wells contains sufficient iron to make the water unsuitable for 
laundry and some other purposes, while the water from others is 
of good quality, and similar in character to that obtained from the 
well from which the supply of the town is now taken.
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The analyses of samples taken from the river show that the 
water is naturally of excellent quality for a surface water ; but in 
the case of water taken from a running stream an analysis cannot 
show that the water is safe for drinking. This depends upon the 
absence of infectious matter such as might get into a stream if 
any sewage whatever were turned into it. The examination of the 
territory above the proposed point of taking water from the river 
indicated that no sewage now enters this stream ; and it is essen
tial, if water is taken directly from the river without filtration or 
storage in a large reservoir, that this freedom from pollution should 
continue in the future.

The gaugings of the flow of the Ten-mile River near the point 
at which it is proposed to take the water, taken in connection with 
the size of the water-shed above this point, indicate that a suffi
cient quantity of water can be obtained from the river to warrant 
the construction of works for supplying water to the town of North 
Attleborough, or jointly to the town of North Attleborough and 
the village of Plainville.

It is probable that a limited additional supply of water of satis
factory quality can be obtained from the ground in the vicinity of 
the present well by some suitable extension of the collecting works, 
taking care that they do not extend into the territory which fur
nishes the water containing an excess of iron.

The Board, therefore, advises that the Ten-mile River at the 
point above indicated is a suitable source from which to obtain 
the next addition to the water supply of the town of North 
Attleborough.

N o rto n . An application was received Dec. 6, 1894, from
A. H. Sweet and other petitioners of the town of Norton for 
the advice of the Board relative to the propriety of taking 
a public water supply from certain sources within the town, 
or from the works of the adjoining towns of Attleborough 
or Mansfield. The Board replied as follows : —

Ja n . 3, 1895.

The State Board of Health received from you a communication 
dated Dec. 3, 1894, in which you state that you represent certain 
petitioners to the Legislature, who respectfully request that a fire 
district, to be established in the town of Norton, be authorized to 
provide a water supply for itself and the inhabitants of said town 
for the extinguishment of fires and for domestic and other pur
poses ; and they further request that the fire district may be em
powered to take any source of water supply within the town of
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Norton, or to obtain a supply from the town of Attleborough. 
In your communication you also refer to the possibility of obtain
ing a supply of water from the present works of the Mansfield 
water supply district.

Of the possible sources within the limits of the town, you men
tion driven wells near the factory of A . H. Sweet, wells or filter 
galleries near the Wading River, just above the main road from 
Norton Center to Attleborough, and wells or a filter gallery near 
the mill pond of G. H. Talbot. You also refer to the possibility 
of taking water directly from the Wading River at the point before 
indicated, and state that under any of these plans it is probable 
that a connection would be made with pumps located at G. H. 
Talbot’s mill for taking a fire supply directly from his mill pond.

Tests of the ground have been made at only one of the ground 
water sources mentioned, namely, that near the factory of A. H. 
Sweet. A t this place two wells were driven, under the direction 
of your engineer, and samples of water collected from them by 
him have been analyzed by this Board, and the water was found 
to contain so large a quantity of iron that it would be unsuitable 
for laundry purposes, and in other respects an unsatisfactory water 
for the purposes of a public water supply.

With regard to the other ground-water sources, which in the 
absence of tests by driven wells could only be examined super
ficially, it may be stated that the conditions appeared to be more 
favorable for obtaining such a supply near the Wading River than 
near Talbot’s mill pond.

Samples of water from the Wading River at the point before 
indicated and from Talbot’s mill pond on the Rumford River have 
been analyzed, and the analyses of the two waters differ but little. 
Both have the brownish color which water acquires from contact 
with vegetable matter in swamps or very shallow ponds. The 
Wading River has a comparatively small population upon its water
shed, while the Rumford River receives the drainage of the town 
of Mansfield and a large part of the town of Foxborough. Neither 
of these streams would furnish a wholly satisfactory water supply if 
the water were taken directly from them ; and the Board therefore 
advises you to make further investigations, with a view to obtain
ing a satisfactory ground-water supply, unless you can arrange to 
obtain water from the present works of either Attleborough or 
Mansfield. The Board has made many analyses of the water now 
supplied to these places, and in both cases the water is of excel
lent quality, and the quantity is probably sufficient to enable these 
places to supply the inhabitants of Norton for many years.

The Board will advise you further, if so requested, with regard
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to the sources from which the Norton fire district may obtain an 
independent supply, when you or the district have more definite 
information to present with regard to the possible sources.

Q uin cy . An application was received Nov. 3, 1894, from 
the city of Quincy, for the advice of the Board relative to a 
proposed increase of the water supply of the city by the con
struction of a new storage reservoir and the diversion of the 
water of Blue Hill River. The Board replied as follows : —

Ja n . 3, 1895.

The State Board of Health received from you on Nov. 3, 1894, 
an application for its advice with regard to a proposed additional 
water supply for the city of Quincy. This application was accom
panied by a plan and report, outlining a proposed scheme for 
increasing the quantity of water supplied to the city by the con
struction of a new storage reservoir near the existing one, and by 
diverting into the existing and proposed reservoirs the waters of 
the Blue Hill River.

The plan and report also provide for protecting and improving 
the quality of the present water supply by taking land adjacent to 
the brook which feeds the reservoir, thereby making it possible 
for the city to abolish piggeries, and to drain the swamps and 
meadows so that they will not impart color and taste to the water. 
In connection with the new reservoir it is proposed to lay a second 
main pipe to the existing pumping station.

The plans submitted are in the nature of outlines, which give 
the capacity of the proposed storage reservoir and the area of the 
water-shed feeding it, but do not give estimates of cost, nor tests 
of the ground where the dam of the proposed reservoir is to be 
built, to serve as a basis for determining the feasibility of con
structing a tight and safe dam at this place.

With a view to ascertaining whether an additional supply is 
needed at the present time, the capacity of the present sources in 
a very dry year,' such as should be used in estimating the safe 
capacity of a water supply, was estimated, as well as the probable 
consumption of water for the next few years; and it was found 
that the consumption in 1895 would be likely to exceed the capacity 
of the present works in a very dry year. As the population of 
Quincy is increasing rapidly and the consumption of water still 
more rapidly, there is no question that a further supply for the city 
should be provided at once ; but a further study was required, in 
order to decide whether the works for furnishing this supply should 
be of a permanent or temporary character.
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As you are aware, the State Board of Health has been making 
investigations, for the past year and a half, for an additional water 
supply for the city of Boston and the suburban cities and towns 
within ten miles of the State House, and is to report the results of 
its investigations to the Legislature of 1895. The city of Quincy 
may, therefore, consider the question of obtaining its future water 
supply either from independent works to be constructed by the 
city or from the larger works to be provided for the supply of the 
metropolitan district; and a decision as to whether the works to 
be built now for increasing the water supply of Quincy ought to be 
of a permanent or temporary nature, may depend upon whether 
it is for the interests of the city to obtain its water supply inde
pendently, or in connection with the other cities and towns in the 
metropolitan district.

In order to determine this point as well as it is practicable to do 
so without more definite information than is now available, a plan 
was outlined for utilizing as fully as possible the present water
shed, the water-shed of the Blue Hill River and the small water-shed 
tributary to the proposed reservoir, and the quantity of water to 
be obtained by this plan and the approximate cost of works were 
estimated.

It was found that by the construction of the proposed reservoir 
and the diversion into it and the existing reservoir of the waters 
of the Blue Hill River at a point below the outlet from Great Pond, 
the supply would be so increased as to meet, in the driest year, the 
requirements of the city until 1905. To prevent a deficiency after 
that year it would be necessary to construct a large reservoir toward 
the upper end of Blue Hill River, by building a dam across it not 
far above where the river is crossed by the Taunton turnpike.

With regard to this reservoir, Percy N. Blake, C.E., reported in 
1890 that it would cover an area of 400 acres, and have a capacity of 
1,400,000,000 gallons. By its addition the supply would be largely 
increased, so that it is estimated that it would meet the require
ments of the city until 1921.

The construction of this reservoir would develop these sources 
to the highest practicable limit, and in order to obtain any further 
supply a new source must be found. It may be added that a gen
eral survey of the sources within a reasonable distance of Quincy 
did not disclose any, not now used for water supply purposes by 
some other city or town, which would furnish any large quantity 
of good water.

The quality o f the water of the Blue Hill River is not very differ
ent from that furnished by the present sources; but the water of 
both sources could be greatly improved by the drainage of the
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swamps and the removal of the soil and vegetable matter from the 
bottom and sides of the storage reservoirs.

The sources which the State Board of Health now has in view 
for the water supply of the metropolitan district will furnish a large 
quantity of water, and can be supplemented from time to time at a 
reasonable cost by the addition of other sources, so that the supply 
will be ample for a very long time in the future. The quality of 
the water of the proposed sources, as it now flows in the streams, 
is very good ; and it is proposed to improve it by the drainage of 
swamps and the construction of very large, well-cleaned reservoirs, 
so that it will be better than any water which Quincy can obtain 
from independent works, even if Quincy should improve the quality 
of its water by the methods already indicated.

There still remains to be considered the relative cost of these 
two methods of obtaining a water supply; in the case of the met
ropolitan system the total cost is quite well known, although the 
method of apportioning the cost to the different cities and towns is 
not. In the case of the independent system of works no estimates 
of cost have been furnished by you, and the engineers of this 
Board have had to make the best estimates that they could, under 
the circumstances, of the various items of work required for the 
full development of this system. I f  it is assumed for the present 
purpose that the cost of the metropolitan supply will be divided in 
direct proportion to the number of inhabitants in the various cities 
and towns, it is found that the yearly cost to Quincy for obtaining 
its water from the metropolitan supply will not be more than two- 
thirds as much as for obtaining it from independent works.

The opinion of the Board, therefore, based upon the information 
which is now available, is that it is decidedly for the interests of 
the city of Quincy to become a part of the metropolitan water 
supply district, rather than to attempt to obtain a permanent sup
ply by independent action; and the Board advises that you should 
proceed to obtain a supply of water for the next few years by 
means of works of a temporary character, rather than to build 
expensive permanent works, which will have little value in the 
future if you should obtain your supply from the metropolitan 
system.

Two plans for temporarily increasing the supply are suggested : —
The first proposes the utilization of the water which filters from 

the existing reservoir and is wasted, and the water which flows 
down the small brook upon which the proposed reservoir is located. 
These waters could be diverted into a small open basin, to be dug 
some distance below the dam, and pumped from this basin back 
into the reservoir, from the time in the early summer when the



40 W ATER SUPPLY AND SEWERAGE. [Jan.

reservoir stops overflowing until the season is so far advanced that 
it becomes evident that there will be no shortage of water during 
the year. This plan of pumping back into the reservoir, rather 
than directly into the pipe leading to the existing pumping station, 
is suggested because the water filtering past the dam of the reser
voir contains so much iron that it would be objectionable if pumped 
directly to the city, and this iron would disappear by sedimentation 
if the water were pumped back into the reservoir at a point not too 
near the gate house.

The second plan proposes supplementing the present supply by 
taking water from the Blue Hill River, either by diverting the 
water by gravity through an open channel or by a pipe, —  as pro
posed in the permanent plan for taking water from this river, —  or 
by, the erection of a temporary pumping station at the point where 
the river approaches nearest to the existing reservoir.

For such temporary works for taking water as are here proposed 
it will probably be cheaper to lease land than to buy it, and to 
arrange with the mill owners upon the river for the temporary 
diversion of the water rather than to make a permanent taking.

Of the two plans proposed, the first would be the cheaper one, 
and would probably supply sufficient water to prevent a shortage 
in a moderately dry year for the next three years, but might fail 
if an extremely dry year should occur within that time. The sec
ond plan has the advantage that it would furnish a more abundant 
and certain supply. If the first plan were adopted, and it should 
be found inadequate, it might still be feasible to resort to the 
second.

Other methods of obtaining a temporary additional supply may 
suggest themselves to you, such as, for instance, the purchase of 
water from the town of Braintree, if it should decide to increase 
its supply by taking water from Great Pond.

Sw a m psc o tt . The Marblehead Water Company, supply
ing water to the towns of Swampscott and Nahant, applied 
to the Board July 9, 1894, requesting the Board to give its 
opinion upon the desirability of taking the water o f Floating 
Bridge Pond In Lynn as a source of public water supply. 
The Board replied as follows : —

A ug . 3, 1894.

In compliance with your request, dated July 9, 1894, that the 
State Board of Health should examine the water of Floating Bridge 
Pond, also known as Glenmere Lake, in the city o f Lynn, with 
reference to its use for domestic purposes, the Board has caused 
the water to be examined chemically and microscopically, and has
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had the pond and its surroundings examined by one of its en
gineers.

As a result of these examinations, the Board is of the opinion 
that the water of this pond is not of suitable quality for domestic 
use. The principal objection to the water at the present time is 
that it contains a very large number of microscopic organisms, 
which give the water a greenish turbidity and a disagreeable odor 
and make it unpalatable. The pond is also exposed to pollution 
at the present time from the population in its immediate vicinity, 
and this population is likely to increase rapidly in the future, owing 
to the proximity of the pond to the thickly settled portions of the 
city of Lynn.

Copies of the chemical and microscopical analyses are enclosed 
herewith.

W a r e h a m , O nset  W a t e r  Co m p a n y . An application was 
received May 17, 1894, from the Onset Water Company, for 
the advice of the Board relative to taking a water supply 
from Jonathan’s Pond as a supply for Onset, a summer 
resort in Wareham. The Board replied as follows : —

Jun e  9, 1894.

The Board has caused an examination of this pond and an analy
sis of its water to be made, and finds that the water is very soft, and 
of excellent quality for all the purposes of a public water supply.

The limits of the territory which contributes to the supply of the 
pond, either by direct flow over the surface or by filtration under 
ground through the sandy territory in which the pond is situated, 
are not well defined ; and it is not, therefore, practicable to deter
mine at all definitely the quantity of water which this source will 
furnish. It seems probable, however, that it will furnish the water 
required for the portion of the town of Wareham which the com
pany is authorized to supply from it.

W a t e r t o w n . The Watertown Water Supply Company 
applied to the Board April 19, 1893, for its advice relative 
to certain proposed plans for filtering the public water sup
ply of the town. To this application the Board replied as 
follows: —

F e b . 3, 1894.

The State Board of Health received from you on April 20, 1893, 
an application asking its advice with regard to certain proposed 
plans for filtering water, to be used in connection with your works 
for supplying water to the towns of Watertown and Belmont. 
This application received the attention of the experts of the Board
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soon after it was submitted, but owing to the fact that you were 
making investigations with regard to a further supply during nearly 
the whole of the summer, and the time required to determine the 
probable effect of filtration upon the water which you found as a 
result of these investigations, the Board has not been prepared to 
reply until the present time.

You have found by your examinations a location where you can 
pump water from the ground near the Charles River to supplement 
the supply obtained from your filter gallery. This water has been 
examined by the Board, and, while it contains iron and manganese, 
and does not show the high degree of chemical purification which 
water attains when it filters a sufficient distance through the ground 
under favorable circumstances, it is nevertheless very nearly free 
from bacteria, while the river water contains a very large number, 
thus showing that the water is rendered very nearly pure, bacteri- 
ally, by its filtration through the ground.

Upon further examination it was found that the color was due to 
the presence of organic matter which held the iron in solution, 
and would not permit it to be removed by aeration and subsequent 
sedimentation, or by rapid filtration without the use of some chemi
cal. Upon treating the water with aluminum hydrate or aluminum 
sulphate, it was found that the color, and with it nearly all of the iron 
and some of the manganese, could be removed, either by precipita
tion, if the water was allowed to stand long enough, or by filtration.

Some samples of this water were also collected by Professor Car
michael on Nov. 17, 1893, who, after treating it with crude alumi
num sulphate, filtered it through an experimental filter, constructed 
so as to imitate as nearly as practicable upon a small scale the 
Warren filter, and sent the filtrate to the chemist of this Board. 
Our chemist did not have a sample of water collected from the 
wells at the same time that the sample was collected for filtration; 
but, by making a comparison between the filtrate and the unfiltered 
water collected from the wells nearly a month earlier, it was found 
that the addition of the aluminum sulphate and subsequent filtra
tion had removed nearly all the color, iron and alumina originally 
in the water, and about one-third of the manganese, leaving .1656 
of a part of oxide of manganese per 100,000, or .1 grain per gal
lon ; and that it had added to the water rather more than one and 
one-half parts per 100,000 of sulphuric acid. This sulphuric acid 
is not a desirable addition, and, in combination with the lime origi
nally in the water, would make the water to this extent more 
objectionable for use in boilers, but the treatment would make the 
water appear better to water consumers. The amount of aluminum 
sulphate used in the experimental filtration is said to have been 
two and one-half grains per gallon.
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The advantages o f the proposed filtration do not appear to the 
Board to offset the possible risks to the health of the community 
by the use of a large and indefinite amount of alum.

w estb o r o u g h  L u n atic  H o sp it a l . The superintendent 
of the Westborough Lunatic Hospital applied to the Board 
Feb. 23, 1894, asking “  whether, in the opinion o f the Board, 
the water of Chauncy Pond would be suitable for drinking 
and domestic purposes if filtered.” The Board replied as 
follows: —

M a r c h  30, 1894.

The State Board of Health has considered your request as to 
whether the water of Chauncy Pond would be suitable for drinking 
and domestic use if filtered, and would state that it is a somewhat 
difficult matter to filter a water of this character in such a manner 
as to render it both wholesome and palatable ; and the Board there
fore would not advise the adoption of this method of obtaining a 
water supply until an examination made by some competent engi
neer had shown that it was not feasible to obtain a more satisfac
tory supply in some other way.

Should you wish to proceed further in the investigations for a 
water supply, the Board will give you such assistance as it can in 
the matter.

W e s t p o r t , H orse  N e c k  B e a c h . An application was 
received Jan. 15, 1894, from Mr. Thomas B. Tripp o f New 
Bedford, for the advice of the Board relative to introduc
ing a water supply at Horse Neck Beach (a summer resort 
in Westport). The Board replied to this application as 
follows: —

M a y  3, 1894.

The State Board of Health received from you on Jan. 15, 1894, 
an application for its advice with regard to a water supply for 
that portion of Westport known as Horse Neck Beach, and on 
April 23 it received from you and had analyzed samples of water 
from a six-inch tubular well sunk in the bottom of an old well on 
the side of a hill, located northerly from the beach, and from one 
of several small springs at the foot of the hill.

The analysis shows the water supplying the tubular well to have 
been at some time polluted, probably by drainage from a farmhouse 
above the well, and again purified to a considerable extent by its 
passage through the ground to the well. The analysis of water 
from the spring shows only slight traces of previous pollution, and 
it is a much purer and softer water than that taken from the well,
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notwithstanding the fact that the sample contained some foreign 
matter, owing to the disturbance of the bottom caused by taking 
the sample. If the well is to be used as a source of supply, pro
vision should be made for diverting the drainage from the farm
house to a point where it cannot get into the well; and the water 
of the well should be analyzed from time to time, in order to deter
mine if its character changes, and if it is of suitable quality for 
continued use as a drinking water.

It is not feasible to predict at all definitely the amount of water 
which these sources will furnish in dry seasons. A  larger supply 
could probably be obtained from the springs, by excavating a 
basin of suitable size, than from the well; but both of these 
sources may be required in order to furnish a sufficient supply of 
water for the inhabitants of the beach, and it would be well to 
arrange the works so that the water could be taken from both 
sources. I f a basin should be constructed at the site of the springs, 
it should be so arranged as to exclude all surface water and animal 
life, and should be covered to exclude the light.

W in c h e n d o n . An application was received Feb. 6, 1894, 
from the committee on water supply o f the town of Winchen- 
don, for the advice of the Board relative to taking the water 
o f Upper Naukeag Pond as a public water supply for Win- 
chendon. The Board replied as follows : —

F e b . 17, 1894.

The question of taking a water supply for Winchendon from 
Upper Naukeag Pond was brought to the attention of the Board in 
1888 by an application from the selectmen, and the Board, in its 
reply to the selectmen, dated July 3, 1888, made the following 
statement with reference to this pond as a source of water 
supply : —

“  The Upper Naukeag Pond will evidently furnish a sufficient 
quantity of water for Winchendon and Ashburnham for a long 
future. Its surroundings appear unusually favorable for insuring 
a very good quality of water, and chemical examinations show an 
unusually small amount of impurity; but a peculiar and disagree
able odor has been found with every sample tested, which grows 
more disagreeable the longer it is kept. A  visit to the pond in 
June and an examination o f samples from many parts of the pond 
show the odor to be in all parts of it. The cause of this odor has 
not been determined, but it has existed during the past four 
months, and is so marked that the Board does not, at present, 
recommend the adoption of this pond as the source of supply.”
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It will be observed that this reply was favorable in respect to the 
quantity of water to be obtained from this pond, and was unfavor
able in regard to quality, only because the water of the pond had 
a peculiar and disagreeable odor for the four months that the 
water of the pond was examined before the reply was made. The 
odor disappeared in August, 1888, and was again noticed in a 
sample collected in April, 1889. Since 1889 samples have been 
taken every year, as follows: two in August, 1889 ; one in Sep
tember, 1891; four from April to October, 1892 ; and three from 
March to August, 1893. In none of the samples taken since April, 
1889, has there been any recurrence of the disagreeable odor noticed 
before that time ; and as a rule there has been no odor whatever, 
even under the severe tests at the laboratory, where the odor is 
taken immediately after agitating water which has stood for some 
time in a closed gallon bottle. It may therefore be said that the 
later examinations of the water of Upper Naukeag Pond show that 
the odor noticed in the earlier samples does not recur either regu
larly or at frequent intervals.

The extended examinations by the Board of the water supplies 
of the State since 1887 have shown conditions at other places 
somewhat resembling those at Upper Naukeag Pond. The water 
supplies of Plymouth, Norwood and Hudson, which are all taken 
from natural ponds that usually furnish very good water, were 
affected in 1892 and 1893 by growths of minute organisms which 
gave the water an unpleasant taste and odor at about the same 
season of the year that the odor was so noticeable in Upper 
Naukeag Pond. Water was introduced into Plymouth in 1855, 
and into Norwood and Hudson in 1885. In Plymouth no serious 
trouble has occurred, except at very rare intervals. In Norwood 
and Hudson no serious trouble was experienced until the years 
above mentioned.

In view of the later experience with the Upper Naukeag Pond 
and the general experience with similar pond waters in other places 
in the State, the Board is of the opinion that Upper Naukeag Pond 
will furnish a water generally of excellent quality for all the pur
poses of a public water supply, subject, however, in common with 
many ponds in use for water supplies, to occasional seasons when 
the odor is disagreeable.

Another application was received March 23, 1894, from 
J. H. Fairbank, chairman of the water committee of the 
town of Winchendon, stating that the committee desired to 
investigate Nankeag Pond in Ashburnham and sources 
within the town of Winchendon, from which a water sup
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ply might be obtained from bored or driven wells, and 
requesting the advice o f the Board as to what investiga
tions should be made by the town with regard to finding a 
suitable supply in the town of Winchendon. The Board 
replied as follows : —

A p r il  6, 1894.

The State Board of Health received from you March 23, 1894, 
an application stating that you desire to investigate, as sources of 
supply for the town, Upper Naukeag Pond in the town of Ash- 
burnhara, and sources within the town of Winchendon from which 
a supply may be obtained from bored or driven wells, or by some 
other suitable means ; and you also ask the advice of this Board 
as to what investigations you should make with regard to finding 
a suitable supply in the town of Winchendon. You make the fur
ther request that the reply be made as promptly as possible, so 
that it may be available for use during the present session of the 
Legislature.

The Board has already considered the question of a water sup
ply for the town, in response to previous applications from the 
town authorities. On July 3, 1888, in response to an application 
relative to Upper Naukeag Pond in the town of Ashburnham as a 
source of water supply for Winchendon, the Board made a reply 
which contained the following statements : —

“  The Upper Naukeag Pond will evidently supply a sufficient 
quantity of water for Winchendon and Ashburnham for a long 
future. Its surroundings appear unusually favorable for insuring 
a very good quality of water, and chemical examinations show an 
unusually small amount of impurity; but a peculiar and disagree
able odor has been found with every sample tested, which grows 
more disagreeable the longer it is kept. A  visit to the pond in 
June, and an examination of samples from many parts of the pond, 
show the odor to be in all parts of it. The cause of this odor has 
not been determined, but it has existed during the past four 
months, and is so marked that the Board does not, at present, 
recommend the adoption of this pond as a source of supply; but 
does recommend that the town employ a competent engineer, 
skilled in this kind of work, to make the necessary investigations 
to determine if an abundant and unobjectionable supply cannot be 
obtained from underground sources nearer the town.”

Since 1888 the Board has caused analyses to be made of the 
water of Upper Naukeag Pond from time to time, and on Feb. 17, 
1894, in response to a second application, gave its views as to the 
quality of the water which Upper Naukeag Pond would furnish, 
the reply concluding with the following statement: —
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“  In view of the later experience with the Upper Naukeag Pond 
and the general experience with similar pond waters in other places 
in the State, the Board is of the opinion that the Upper Naukeag 
Pond will furnish a water generally of excellent quality for all the 
purposes of a public water supply, subject, however, in common 
with many ponds in use for water supplies, to occasional seasons 
when the odor is disagreeable.”

With its present information, the Board believes Upper Naukeag 
Pond to be an appropriate source of water supply for the town of 
Winehendon, unless some equally good or better supply can he 
found nearer the town.

The Board has caused an examination to be made by one of the 
engineers of possible sources of supply nearer the town, and finds 
that there are three which it is desirable to investigate.

The first of these sources is one from which a ground water sup
ply may possibly be obtained. It consists of low land bordering 
Miller’s River, rather more than a mile from the town, and near 
the first crossing of the Cheshire division of the Fitchburg Rail
road over the river.

It is in this location that two test wells were driven, and the 
results as reported are unfavorable, since the thickness o f the 
water-bearing stratum of gravel in one case was only about six 
inches, and in the other eighteen inches. These wells are also said 
to have been driven to a depth of only eighteen feet in one case 
and twenty-four feet in the other. It would be useless to attempt 
to obtain a ground water supply at this place, unless further tests 
made by driving wells show that the porous material extends to a 
depth of twenty-five feet or more below the surface o f the ground, 
and is much thicker than is indicated by the tests already made. 
It is also necessary that the porous material should extend over a 
considerable area, so that a well or wells at this place would draw 
water from a considerable distance, and there would be enough 
water stored in the interstices of the porous ground to prevent 
a deficiency during the drier portions of the year.

As a rule, the ground-water supplies of the State, when taken 
from unpolluted territory, have furnished better water than can be 
obtained from any surface source; but in a few cases the water 
has contained iron, which has rendered it less palatable and has 
been particularly objectionable for laundry use on account o f the 
stain imparted to white clothes. While it seems probable that the 
water if obtained in sufficient quantity from this source would be 
of good quality, there is some uncertainty, and it would be neces
sary to determine by investigation the quality as well as the quan
tity of water to be obtained.
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The second source is the ground near Miller’s River, below the 
village of Hydeville. Judging from surface indications, the con
ditions are not as favorable for obtaining a ground-water supply 
at this place as from the first source, though it is possible that test 
wells may show more favorable conditions beneath the surface than 
are now anticipated; and it may, therefore, be desirable to make 
some tests by driving wells at this place.

In considering a water supply from this source, it is desirable 
also to have the territory below the town examined with reference 
to the purification of the sewage whenever a system of sewerage 
shall be adopted. I f  the land where the water supply would be 
taken is the only available land for sewage filtration, it is better 
that the water supply should be taken from some other source. If, 
however, there are other places where the sewage could be filtered, 
it will only be necessary to consider whether there will be an extra 
cost for conveying the sewage to the other land.

The third source is the so-called Stone Lot, supplemented by 
water from Beaman Brook at a point in Massachusetts near the 
Cheshire division o f the Fitchburg Railroad. This plan would 
involve the construction of a storage reservoir upon the Stone Lot 
and a pumping station at Beaman Brook for pumping water into 
the reservoir. It is probable that a sufficient supply of water for 
the town could be obtained by this plan, provided a water-tight 
reservoir having the capacity stated in the report o f the sub-com
mittee on water supply in 1888, namely, 48,000,000 gallons, can 
be constructed upon the Stone Lot. There is no reason to doubt 
that the small portion of the supply which would come directly 
from the Stone Lot would be of good quality. The water of 
Beaman Brook has not yet been analyzed.

The tests suggested for ascertaining whether a sufficient supply 
of ground water can be obtained should be made under the direc
tion of some engineer who has had experience in similar investiga
tions. I f  the supply is taken from the ground, the distributing 
reservoir to which it is pumped should be covered to exclude the 
light, as the water would otherwise deteriorate.

The Board cannot advise more definitely with regard to the most 
appropriate source of supply for the town until it receives addi
tional information from you.

Another communication was received from the water com
mittee o f Winchendon, dated May 11, 1894, relative to 
certain tests which had been made in the Prentice Meadow, 
so called, in Winchendon, with the object o f obtaining a
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water-supply for the town. To this application the Board 
replied as follows : —

A u g . 3, 1894.

The State Board of Health received from you a communication 
dated May 11, 1894, relative to certain examinations which had 
been made with a view to obtaining a supply of water from the 
ground bordering upon Miller’s River at a place locally known as 
Prentice Meadow, near the first crossing above the town of the 
Cheshire division of the Fitchburg Railroad over the river. With 
this communication you forwarded a plan showing the location of 
driven test wells, samples of the material penetrated by them 
taken from different depths below the surface of the ground, and 
a statement of the depths of the various wells and of the amount 
of water which could be pumped from them with a hand pump. 
On June 26 you furnished similar information and samples relating 
to additional wells driven in the vicinity of the others.

In order to obtain further information with regard to this source, 
the locality has been visited by one of the engineers of the Board, 
and the question of a supply from this place has been carefully 
considered.

A sample of water collected and forwarded by you from one of 
the test wells in the meadow was analyzed, and was found to be 
of excellent quality. This is probably a sample of water perco
lating from the high land back of the meadow toward the river, 
while if a water supply were to be taken from the ground at this 
place the level would be lowered by pumping so that some of the 
water would come by filtration from the river. This might change 
the character of the water somewhat, but probably not enough to 
produce any marked deterioration of the quality, provided the 
water were taken from the ground at a distance of one hundred feet 
or more from the river.

It is not probable that enough water can be obtained by any 
well or group of wells located in the meadow, where most of the 
test wells were driven, to supply the town after water has been 
generally introduced.

If the collecting system were made much more extensive by 
extending collecting galleries or pipes a long distance up and down 
the river and up the valley of the brook which serves as an outlet 
for Lake Martin, a larger supply of water might be obtained, but it 
seems probable that the supply to be obtained in this way would 
be exhausted in dry seasons before the works had been in opera
tion for a sufficient length of time to warrant the adoption of this 
plan. The quality of water to be obtained by this plan might be
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as good as that of water taken from the ground in the manner first 
described ; but no definite statement can be made upon this point 
without more exact information as to the character of the ground 
into which the collecting system would be extended by this second 
plan.

There is still another plan for taking water from this locality 
which has been considered ; namely, one in which, in addition to 
the collecting works just described, with such further additions as 
might prove necessary for carrying out the plan, water would be 
pumped from the river, to be distributed upon properly prepared 
high porous land, where it would filter into the ground, to be inter
cepted subsequently by the collecting system and conveyed to the 
main pump well after it had been purified by filtration through the 
ground. There is little doubt that a water of good quality could 
be obtained in this way, although much would depend upon the 
design of the works for filtering the water, and the care taken in 
the operation of the works to insure the filtration of all o f the 
water and to limit the quantity filtered through any portion of the 
ground to the amount which it could thoroughly purify.

Taking into account the first cost o f this complicated system of 
works, the yearly cost of operating them in such a way as to 
obtain a sufficient supply of good water and the uncertainty as to 
the results which would be obtained, it does not seem advisable 
to adopt this plan, when you may obtain from Upper Naukeag 
Pond, by a simple plan and probably with a much smaller annual 
cost, an ample supply of water of good quality.

The Board, in its reply, dated April 6, 1894, to a previous appli
cation made by you relative to the investigations that you had bet
ter make with regard to finding a suitable water supply for the 
town of Winchendon, suggested, in addition to the Upper Naukeag 
Pond plan, that you should investigate among other sources the 
feasibility o f taking a water supply from the Stone Lot source, 
supplemented by water from Beaman Brook. You have sent us 
from this brook a sample o f water collected on April 24, 1894, 
which had a deep brownish color, such as water acquires from con
tact with vegetable matter in swampy places. As far as can be 
judged from the analysis of a single sample of water, this source 
would not furnish a water of sufficiently good quality to make it 
an appropriate source of water supply for the town.

In the reply already referred to, the Board stated that with the 
information which it then had it believed “  Upper Naukeag Pond 
to be an appropriate source of water supply for the town of Win
chendon, unless some equally good or better source can be found 
nearer the town.”  The information which you have furnished
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regarding the Prentice Meadow source, and the further information 
now available regarding the quality of the water to be obtained 
from the Beaman Brook and Stone Lot source, do not indicate that 
either of these sources will furnish an equally good or better sup
ply of water than can be obtained from Upper Naukeag Pond.

With its present information the Board is of the opinion that 
Upper Naukeag Pond is the most appropriate source of water sup
ply for the town of Winchendon.

A further communication was received from the water 
committee of Winchendon, dated Aug. 6, 1894, asking the 
Board, “  what, in their opinion, is the minimum amount of 
water per day that the Prentice Meadow would yield, without 
pumping from the river.” The Board replied as follows : —

Se p t . 10, 1894.

There are two ways in which the quantity of water to be obtained 
from the ground in any given locality may be estimated. One is 
to ascertain the results obtained at other places somewhat similarly 
situated, and to use these results as a basis for estimating the 
quantity of water to be obtained from the proposed source. As 
no two cases are exactly alike, it is necessary to make due allow
ance for differences in the character o f the ground, the size of the 
water-shed, the presence or absence near the ground-water source 
of a large stream or body of water, and for other conditions which 
may affect the quantity of water.

In investigating the capacities of the various ground-water 
sources in Massachusetts, it is very noticeable that in cases where 
ledge is encountered at the moderate depth at which it was found 
by test wells in a large part o f the Prentice Meadow, the quantity 
of water obtainable is much smaller than where the porous material 
extends to a much greater depth.

There are eight sources in Massachusetts where ledge is encoun
tered at about the same depth beneath the surface of the ground 
as at the Prentice Meadow. According to the best information 
now available, the capacity of these sources in the driest years 
ranges from 50,000 gallons per day for the smallest to 155,000 
gallons per day for the largest. In some of these cases the con
ditions apart from the presence of the ledge are decidedly less 
favorable than at the Prentice Meadow ; so that, judging by the 
experience in other places, it seems probable that wells at the 
Prentice Meadow would furnish the larger rather than the smaller 
quantity obtainable from the wells referred to.
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The second way of estimating the quantity o f water to be 
obtained from the ground takes into account the area of water-shed 
tributary to the location of the well or wells, the amount of storage 
capacity in the interstices of the ground which may be made avail
able by the lowering of the water in the ground during the drier 
portions o f the year, and the area of river bottom in the vicinity 
of the wells from which water may percolate into the ground to 
replace that pumped from it. Upon this basis the engineers of the 
Board have estimated that a well or wells in the Prentice Meadow 
would yield during the driest four months of a dry year about 
130,000 gallons per day.

In the case of a ground-water supply it is not feasible to deter
mine the quantity of water to be obtained with nearly as much 
accuracy as in the case of a surface-water supply, because the 
character of the ground from which the water is to be drawn is not 
accurately known, even after as extended tests as you have made. 
While, therefore, the Board estimates that the quantity of water to 
be obtained from a well or group of wells in the Prentice Meadow 
wbuld be from 100,000 to 200,000 gallons per day, it cannot be at 
all definitely stated that the quantity may not be even more or less 
than these figures.

S e w e r a g e  an d  Se w a g e  D is po sa 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 o v e r . An application was received from the sewer 
commissioners of Andover Feb. 8, 1894, for the advice of 
the Board relative to certain plans of sewage disposal for that 
town. To this application the Board replied as follows : —

M a r c h  2, 1894.

The plan accompanying your application shows a system of pipe 
sewers to provide for the sewerage of all of the thickly settled por
tions of the town, and to collect the whole of the sewage at a point 
on Lowell Street east of the Shawsheen River. From this point 
three different plans are referred to in the report of your engineers, 
as follows : one providing for the discharge of the sewage, after it 
has been passed through a settling tank, into the Shawsheen River, 
about 1,200 feet below Lowell Street; another for conveying the 
sewage through a twenty-four inch pipe from Lowell Street to the 
Merrimack River at North Andover; and the third for pumping 
the sewage to filter beds located north-westerly from Frye Village.
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You state in your application that you desire to adopt the first 
of these plans, which provides for an outlet into the Shawsheen 
River ; and in a subsequent communication you make the further 
statement that it is proposed in the beginning to build sewers for 
only a small portion of the town, as indicated upon an accompany
ing plan.

The Board has not sufficiently investigated the plans submitted 
to enable it to advise as to the best method for the permanent dis
posal of the sewage of the town, although, judging from the report 
of your engineers, it seems probable that it will be best to discharge 
the sewage into the Merrimack River.

As you desire a prompt answer to your proposition to use in the 
beginning an outlet into the Shawsheen River, about 1,200 feet 
below Lowell Street, the Board has carefully considered this sub
ject, and concludes that this outlet is not a suitable one for the 
sewage of the central portion of the town, or for as large a popu
lation as will probably be connected with the system within a few 
years after the works are first operated.

Conco rd . The committee on sewerage o f the town of 
Concord applied to the Board Nov. 20, 1894, for the advice 
of the Board upon a proposed plan of sewerage and sewage 
disposal for that town. The Board replied as follows : —

Ja n . 3, 1895.

The State Board of Health received from you a communication 
dated Nov. 20, 1894, in which you state that the town o f Concord 
passed a vote April 2, 1894, authorizing you “  to apply to the next 
General Court for such legislation as may be necessary and desir
able to enable the town to construct and maintain a suitable sys
tem of sewerage and sewage disposal in general accordance with 
the report of the committee made to this meeting; ”  and you sub
mit with your communication the annual report of the town, con
taining the report of the committee on sewerage referred to in the 
said vote, and request the advice and recommendation of the State 
Board of Health in the premises.

In the report submitted is outlined a proposed plan for the sew
erage of the more thickly settled parts of the town by means of a 
system of pipe sewers leading to a pumping station, at which the 
sewage will be forced through a pipe to high dry land and there 
filtered and purified. Judging from the outline presented, the 
Board believes that the proposed plan is to be commended as one 
well adapted to the needs of the town o f Concord, but can advise
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more fully after the more definite plans, which it understands are 
to be prepared, are presented.

An examination of the land pointed out by you as being avail
able for the disposal of the sewage indicated that it was suitable 
for this purpose.

The Board is of the opinion that intermittent filtration through 
land is the proper method of disposing of the sewage of your 
town.

H a v e r h il l . A n  application was received from the mayor 
o f  Haverhill June 22, 1894, for the advice o f  the Board rela
tive to a proposed sewerage system near Lake Saltonstall, 
the question being whether a separate or com bined system 
o f  sewerage would be preferable, under the circumstances, 
and as to the disposal o f  the sewage o f  a part o f  the city 
near Dustin Square. The Board replied as follow s : —

Aug. 21, 1894.
The State Board of Health received from you a communication 

dated June 22, 1894, in which you state that petitions have been 
presented to the city council asking for a sewerage system in the 
vicinity of Lake Saltonstall, one of your sources of water supply ; 
and you ask the opinion of the Board as to whether the separate 
or combined system of sewerage is preferable under the circum
stances. You also ask with regard to the disposal of the sewage 
of another section of the city near Dustin Square, suggesting that 
it may require the separate system,, with filter beds.

The State Board of Health has caused these subjects to be care
fully considered by its engineers. It finds that the proposed sys
tem in the vicinity of Lake Saltonstall is intended to prolùde for 
the territory bordering upon the westerly half o f the lake.

In order that there may be no misunderstanding of terms, a 
‘ ‘ combined ”  system will be defined as one in which the sewage 
proper and the storm water flowing from streets and other surfaces 
during storms are conveyed away in one sewer, while a “  separate” 
system is one in which the sewage proper is carried away in one 
conduit, generally a pipe of moderate size, while the storm water 
is removed by a much larger conduit. Yery heavy storms furnish 
an amount of water very many times as great as the amount of 
sewage proper; so that, if all of the water during the heaviest 
storms is to be conveyed away by the sewers or drains, they must 
be very large as compared with the pipe for taking sewage only 
from the same district. It is consequently customary, wherever
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practicable, to provide an overflow for the discharge of the surplus 
storm water, so as to diminish the cost of the works.

This practical consideration with regard to the size of the con
duit for carrying the storm water makes the question of the length 
of time that Lake Saltonstall will be used as a source of water 
supply an important one. If it is to be retained as a source of 
water supply, the sewers of a combined system should be large 
enough to take the water flowing off during the heaviest storms, so 
that there will be no overflow of sewage into the lake. If the use 
of the lake for water-supply purposes should be discontinued, the 
main sewer of the combined system might be a Tittle smaller, but 
it should still be large, so that such overflow would take place only 
at very rare intervals. I f the separate system should be used, the 
sewage would not overflow into the lake, because the quantity 
would not increase materially during rains, and the storm water in 
a separate, conduit might overflow occasionally without doing any 
serious harm. Consequently, with the separate system, the storm
water conduit from Mill Street to the outlet of the lake might 
be much smaller than the corresponding sewer of the combined 
system.

There is a third solution of the problem, using in part the sepa
rate system and in part the combined system, which may be more 
satisfactory than either of the others. By this plan the separate 
system would be used to bring the sewage and storm water from 
most of this territory to the low point in Mill Street near the 
westerly end of the lake, and from this point the sewer along the 
shore of the lake to its outlet would be built as a combined sewer 
to take both the sewage and storm water. In this case, however, 
the combined sewer might be a comparatively small one, as the 
surplus storm water of heavy storms could be permitted to over
flow into the lake before entering this sewer. By this plan the 
sewers down to the low point on Mill Street would cost more than 
the sewers of the combined system, but below this point would 
cost much less.

Any one of the three plans, if designed and constructed as indi
cated, would be satisfactory from a sanitary point of view ; and 
the question as to which should be adopted may properly depend 
upon their relative cost, which your engineer has better opportuni
ties for determining than the engineers of this Board.

The best method of disposing of the sewage of the section of 
the city near Dustin Square has been considered by the Board, and 
after making examinations with regard to the purification of the 
sewage by filtration through sand, with the subsequent discharge 
of the effluent from the filter beds into Little River, it has con-
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eluded that it would be better and cheaper to convey this sewage 
to the Merrimack River through an extension of the present Hill- 
dale Avenue sewer or some other sewer in the valley of Little 
River.

H u d so n . The sewerage committee of the town of Hud
son applied to the Board March 24, 1894, submitting to the 
Board the following questions relative to a proposed system 
of sewerage and sewage disposal for that town : —

1. Will the town be permitted to drain the whole or a 
part of its sewage into the Assabet River; and, if a part, 
what part?

2. What is the best location for its filter beds, if not per
mitted to drain into the river?

3. I f  filter beds should be necessary, what will be the best 
practicable method o f constructing them?

To these inquiries the Board replied as follows: —

M a t  3, 1894.

“ 1. Will the town be permitted to drain the whole or a part of 
its sewage into the Assabet River; and, if a part, what part ?

“  2. What is the best location for its filter beds, if not per
mitted to drain into this river?

“  3. If filter beds should be necessary what will be the best 
practicable method of constructing them?”

The Board has carefully considered the question of the effect of 
discharging sewage from the town into the river, and is of the 
opinion that no considerable part of the sewage of the town could 
be discharged into the stream without having an injurious effect; 
and it is desirable that a system should be adopted which would 
wholly prevent the discharge of sewage into the river.

The best method of purifying the sewage of a town is by inter
mittent filtration through porous sand or gravel, where such mate
rial can be found ; and the examinations indicate that such material, 
quite favorably located', may be found in the town of Hudson, so 
that this is the best method for adoption in your case.

With regard to the best location for filter beds, it is not feasible 
to advise definitely without further knowledge as to the relative 
height of the town and of the land which might be used for filtra
tion. There is land on both sides of the river, about a mile below 
the town, which appears to be suitable for intermittent filtration. 
This land is located on the easterly side of the first road which 
crosses the river below the Massachusetts Central Railroad. If
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the sewage of the town could be brought by gravity to this locality, 
so that it would be six or eight feet above ordinary high water in 
the river, beds might be prepared at this level upon which the 
sewage could be filtered ; but the preparation of such beds would 
involve considerable expense for filling and underdrainage, and on 
account of this expense the area of the beds might be more limited 
than would be desirable. If, however, the sewage should be 
pumped to higher land, there would be a greater certainty of suc
cessful purification, the cost of preparing the beds would be much 
smaller and there would be an ample area of land for future 
extension.

The amount of land which should be prepared for filtration in 
the beginning cannot be definitely told with the present informa
tion, but it would probably be between four and eight acres. The 
amount will depend upon the character of the material and the 
height of the land above the ground water, both of which can be 
determined by digging test pits. It is often desirable, where land 
is cheap and is so situated that it can be prepared for sewage filtra
tion at a comparatively small cost, to prepare a greater area of 
filter beds than is absolutely necessary, so as to insure the purifi
cation of the sewage at all seasons of the year, and so that the 
surface of the beds may be less liable to clog than if a large 
amount of sewage was deposited upon a comparatively small area. 
Liberal provision should be made for future wants by acquiring in 
the beginning sufficient land upon which to construct additional 
filter beds from time to time, as they are made necessary by an 
increase in the number of people connected with the sewers.

The town of Framingham acquired about seventy acres, and 
prepared about twelve acres for the filtration of the sewage of 
South Framingham. This has proved to be an ample area for dis
posing of the sewage, but the town has recently prepared addi
tional beds, with a view to raising crops upon them. The whole 
of the town of Framingham contained 9,239 inhabitants in 1890.

The city of Marlborough (population in 1890, 13,805) purchased 
about sixty-three acres, and prepared 11.3 acres for the disposal 
of sewage. In this case there has been a little difficulty in dispos
ing of the sewage in very cold winters, and when an unusual 
amount of ground water found its way into the sewers in the 
spring, which might have been avoided if additional land had been 
prepared for filtration. It is probable that extensions will have to 
be made before long.

In both of these cases the land is porous, and of very good 
quality for sewage filtration.

The Board will advise you further in this matter when you have 
further information to present.
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M il t o n . An application was received from the committee 
on sewerage o f Milton May 2, 1894, for the advice o f the 
Board relative to a system of sewerage for that town, having 
outlets into the Dorchester intercepting sewer of the City 
of Boston. To this application the Board replied as fol
lows : —

Se p t . 25, 1894.
The main features of the proposed plan, as indicated by the 

written description and the plan accompanying your application,, 
are systems of pipe sewers from which storm water is to be 
excluded, for collecting the sewage of the town and conveying it 
to the Dorchester branch of the main sewerage system of the city 
of Boston, and underdrains beneath nearly all of the sewers for 
collecting the ground water and conveying it to the Neponset River..

Upon the plan three sewer districts are shown, each having an 
independent connection with the Boston sewer, and in addition to 
these the description refers to a fourth district, including the vil
lage of Milton Lower Mills, in which no sewers are shown upon 
the plan, but which is now partially provided with sewers which 
discharge into the Neponset River. It is stated that the system 
for this district is to be connected with the Boston sewer, and it is 
also stated that the town has secured the consent of the mayor of 
Boston to this method of disposing of the sewage of Milton, and 
that he has named a price per year for such disposal, which is sat
isfactory to the town committee.

The Board is of the opinion that the method of disposing of the 
sewage o f Milton by discharging it into the main sewerage system 
of the city of Boston is the best that can be adopted, and that this 
method should be made to apply to all portions of the town, 
including the village of Milton Lower Mills.

The engineers of the Board have examined in a general way the 
locations, sizes and grades of the main sewers, and see no reason 
to doubt that a system designed substantially, as proposed, if con
structed with care, can be made to operate in a satisfactory man
ner. Some of the sewers necessarily have a low grade, and will 
require more care in order to keep them clean than if it were fea
sible to give them a higher grade.

The amount of fall from the end of the fifteen-inch sewer in 
Granite Avenue on the Milton side of the Neponset River to the 
Dorchester intercepting sewer is sufficient to render operative a 
properly designed inverted siphon across the Neponset River at 
this place. The application states that this inverted siphon is to 
consist of two ten-inch cast-iron pipes, so arranged that one will
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take the ordinary flow and the other the surplus ; and the sugges
tion has since been made, verbally, that the diameter of these 
pipes might be reduced to eight inches. It is desirable that at 
least one of the pipes should be made ten inches in diameter, and 
that both the siphon pipes and the short section o f sewer leading 
from them to the Dorchester intercepting sewer should be placed 
low enough so that practically the whole difference in level be
tween the sewage in the sewer on the Milton side of the Neponset 
River and in the Dorchester intercepting sewer may be made avail
able for cleansing the siphon pipes. In this case, as in the case of 
the sewers of low grade, the works must be maintained with care 
in order to insure satisfactory results.

While a siphon is a feature not to be included in a sewerage sys
tem where it can be readily avoided, there seems to be no alterna
tive in the present case except to pump the sewage, and this would 
cost much more than the proper maintenance of a siphon.

At Central Avenue the use of a siphon is avoided, as the plans 
provide for suspending the sewer from the existing bridge.

In regard to the other two crossings, no opinion will be given 
at the present time, because for the one at Milton Lower Mills no 
plans have been submitted, and at Mattapan the elevation of the 
proposed extension of the Dorchester intercepting sewer has not 
yet been determined.

The provision for removing the ground water by means of drains 
laid beneath the sewers is to be commended both on account of the 
sanitary benefits to be derived from keeping the ground thoroughly 
drained and because of the smaller amount of sewage which will 
be discharged into the Boston system. It has been found by expe
rience that where there are no underdrains much of the ground 
water finds its way into the sewers, even when they are constructed 
with much care, so that in many places the volume flowing in the 
sewers is two or three times the volume of sewage proper. As 
this ground water, if collected in separate pipes, can be discharged 
into the Neponset River without doing harm, it is much better that 
it should be disposed of in this way than by turning it into the 
Boston system, not only on account of the cost of pumping the 
added ground water, but because the Boston system will be over
burdened and require duplication much sooner if care is not taken 
to prevent the entrance of ground water into the sewers connected 
with it.

Experience in Framingham, Newton and Brockton has shown 
that it is feasible, by taking sufficient care in the construction of 
the sewers and underdrains, to prevent the sewage from leaking 
into these drains to contaminate the ground water, and, indirectly, 
the streams into which the underdrains discharge.
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N a n t u c k e t . The sewer commissioners of Nantucket ap
plied to the Board June 21, 1894, for its advice relative to 
a proposed extension of the Lily Pond Drain, so-called, to 
an outlet at the end o f Brant Point. The Board replied as 
follows: —

S e pt . 10, 1894.

The State Board of Health has carefully considered your appli
cation, dated June 21, 1894, and the accompanying plans with 
regard to the proposed extension of the Lily Pond drain to an out
let about twenty-eight feet beyond mean low-water- mark at the 
extreme end of Brant Point.

The plans submitted show that a catch-basin for intercepting 
substances that are either lighter or heavier than water is to be 
built upon the sewer before it reaches the land upon which the 
Brant Point lighthouse is situated.

The Board has considered the question of this outlet with refer
ence to the quantity of sewage which now flows in the Lily Pond 
drain, and is of the opinion that the discharge of this amount of 
sewage at the proposed outlet, after it has had removed from it as 
much of the heavier and lighter matters as can be retained by a 
suitably constructed catch-basin, will not cause any serious trouble 
in the next few years. I f the sewage should be discharged without 
the removal of the solid matters by a catch-basin suitably designed 
and maintained, it is not unlikely that floating matters would be 
cast upon the shore between the Nantucket House and the shore 
end of the westerly jetty, or on the shore of the inner harbor.

The Board believes that it would not be advisable to increase the 
amount of sewage discharged at this outlet, and that the town 
should take measures for the introduction of a general system of 
sewerage, disposing of the sewage by the best available method.

N o r th  A n d o v e r . An application was received May 28, 
1894, from the selectmen and road commissioners of North 
Andover, for the advice of the Board relative to the pro
priety of entering a sewer from Main Street, North Andover, 
into the Merrimack River. The Board replied as follows: —

A ug . 3, 1894.

This plan shows a system of pipe sewers for the main village of 
North Andover, and indicates that the sewage of the village of 
North Andover Centre may be brought into the same system through 
a twelve-inch pipe. The lower end of the Main Street sewer is to 
be twenty inches in diameter, and is to serve as the main outlet 
of the system.
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The Board is of the opinion that it is permissible for the present 
to discharge the sewage of the town of North Andover into the 
Merrimack River at Main Street, but advises that the sewage should 
be carried out into the river through a submerged pipe as far as 
practicable beyond low-water mark, in order that it may be diluted 
quickly, and that there may be less danger of fouling the shores of 
the river below the outlet.

P a l m e r . An application was received from the selectmen 
of Palmer May 11, 1892, for the advice of the Board relative 
to the disposal o f the sewage of the main village o f Palmer 
by direct discharge into the Quaboag River. The reply of 
the Board, embodying also its reasons for delay in answer
ing the application, was as follows : —

F e e . 1, 1894.

By the proposed plan the sewage is to be collected in a system 
of pipe sewers from which storm water is to be excluded, and is to 
be discharged into the Quaboag River below the bridge of the Bos
ton & Albany Railroad Company.

On June 2, 1892, a public hearing upon this question was held 
at the office of the Board of Health. After this hearing the ques
tion was carefully considered by the Board, and it was concluded 
that it was desirable to defer making a formal reply until definite 
action had been taken by the city of Chicopee with reference to 
the abandonment of the Chicopee River as a source of water supply.

The Board is now informed that the works for the supply of 
water to Chicopee Falls from a new source are completed, and that 
the use of the Chicopee River as a source of water supply has been 
discontinued.

As a result of investigations by the engineer of the Board, and 
a careful consideration of the plan proposed by you and the state
ments presented at the hearing, the Board concludes that the adop
tion of a system o f sewers from which storm water is excluded is 
to be commended as being the best adapted to the present and 
future requirements of the main village of Palmer; and that the 
sewage may be turned into the Quaboag River below the Boston 
& Albany Railroad bridge, as proposed, for the present, with the 
understanding that the sewage is to be diverted from the river and 
purified whenever the pollution of the stream makes such action 
necessary. I f  at any time a public water supply should be taken 
from the stream at Chicopee or at any other place below Palmer, 
the necessity for at once diverting the sewage and purifying it 
would become imperative.
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P o llu tio n  o r  R iv e r s  an d  Sources  o f  W a t e r  Su p p l y .

B r o o k f ie l d . A  communication was received March 29, 
1894, from H. E. Cottle, Esq., chairman of a committee 
appointed by the town of Brookfield to investigate the sub
ject of the pollution of Seven-mile River by the town of 
Spencer, asking the advice of the Board as to the best 
course to be pursued by the town relative to the nuisance 
thus caused. The Board replied as follows : —

June 8, 1894.

As you are aware, the town of Spencer applied to the State 
Board of Health last year for advice with reference to the disposal 
of its sewage, and in concluding its reply the Board expressed the 
opinion that the discharge of the sewage directly into the Seven- 
mile river should be discontinued.

The examinations made at Spencer last year and a further 
examination made since your communication was received show 
that a large part of the offence is due to the discharge of wastes 
from the Spencer Gas Works into the sewers, and thence into the 
Seven-mile River. It is also essential to the purification of the 
sewage of the town by intermittent filtration (which is the method 
under consideration) that the gas wastes should be removed from 
the sewer. The interception and removal of these gas wastes, so 
that they would not enter the Seven-mile River, would furnish a 
large measure of relief during the time when the town is preparing 
plans and constructing the works for purifying its sewage. The 
gas wastes from other gas works in the State are now intercepted 
so that they do not cause a nuisance ; and the Board is of opinion 
that the Spencer Gas Company should provide at once for inter
cepting the waste matters from its works, so that they will not be 
discharged into the river.

A  copy of this communication will be sent to the Spencer Gas 
Company.

D e e r f ie l d . The selectmen of Deerfield, acting as a 
Board of Health, complained to the State Board of Health 
Aug. 13, 1894, that sewage from the town of Greenfield was 
discharged into the Green River (a stream which flows 
through the thickly settled part o f the town o f Deerfield), 
at or near the boundary line of these towns, and “ to the 
common nuisance o f the public and to the detriment of
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the public health,” at the same time requesting the Board 
to ‘ ‘ take such action and make such orders in relation 
thereto as the public health and interest demand.” The 
Board replied to this communication as follows: —

O ot. 4, 1894.

The Board caused an examination o f the premises to be made by 
one of its engineers in September, at a time when there was a low 
flow of water in the streams, and he found that the Green Iiiver in 
Deerfield, and in Greenfield below the outlet of the main sewer, 
was in an offensive condition, caused mainly by the discharge into 
it of sewage from the public sewers of the town of Greenfield, but 
also to some extent by the discharge of sewage and polluting mat
ters from buildings and factories in the town of Deerfield.

In view of the results of his examinations, the Board is of the 
opinion that this discharge of sewage and polluting matters into 
this river should be discontinued.

The best plan for disposing of the sewage cannot be definitely 
determined upon until surveys and other investigations have been 
made. It seems probable, however, that it will be best to inter
cept the sewage before its discharge into the Green River, and 
convey it by means of an intercepting sewer to an outlet discharg
ing well out into the Deerfield River, beyond low-water mark, at 
some suitable place.

As an intercepting sewer such as is proposed could be used 
jointly for the disposal of the sewage of both Grenfield and Deer
field, the Board suggests the advisability of joint action, both in 
the investigation of the matter and in the construction of works for 
preventing the pollution of the Green River.

A  copy of this reply will be sent to the Board of Selectmen of 
the town of Greenfield.

F ra m in g h a m . A  communication was received from the 
Board of Health o f Framingham June 13, 1894, requesting 
the State Board o f Health * * to examine the condition o f a 
portion of the Sudbury River running through Saxonville,” 
and certain meadows in Framingham and South Framing
ham. The Board, after making the examination, replied as 
follows: —

A u g . 7, 1894.

Certain insanitary conditions exist in and along the Sudbury 
River in Saxonville and below that village, tending to impair the 
health of the inhabitants of the adjacent territory; that the man
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ner of disposing of the waste resulting from the washing of wool 
in the mill, the method of managing the sink drainage from vari
ous dwelling-houses adjacent to the river, the want of due care in 
the construction, maintenance and use of the ditches in the meadows 
described in the application are all objectionable; that, while it 
cannot be demonstrated that these objectionable conditions are the 
direct cause of malaria, they are sufficiently serious to menace the 
public health ; and, finally, that in the opinion of the State Board 
of Health they are remediable conditions, and, under the ample 
authority of the Public Statutes, they are entirely within the con
trol and jurisdiction of the local Board of Health of Framingham.

R o c k p o r t . A communication was received July 3, 1894, 
from the water commissioners of Rockport, asking the Board 
to notify the owners of a glue factory located upon the water
shed of the Rockport water supply (Cape Pond) to cease 
polluting the water supply. The Board replied as follows : —

A u g . 3, 1894.

This Board, in a communication dated Feb. 18, 1893, addressed 
to the selectmen of Rockport, Henri N. Woods and others, ex
pressed the opinion that there was an increasing pollution of the 
pond by the waste matters from the glue factory, and that if this 
pollution were stopped the water would in time become of satis
factory quality for the supply of the town. Samples of water col
lected in 1894 do not show any improvement in the character o f  
the water as compared with a sample collected in February, 1893, 
and an examination made by the Board shows that the drainage 
from this factory still finds its way into the pond.

The Board, therefore, has no reason to change its views as to 
the relation of the drainage from this factory to the quality of the 
water in the pond, and is o f the opinion that, as this pond is to be 
used to supply the town of Rockport with water, the pollution 
of the water o f the pond by the waste matters from the glue fac
tory should cease forthwith.

The Board is not authorized to notify the proprietors of the glue- 
factory to cease from polluting this pond, but sends for your infor
mation a marked copy of the general laws relating to the pollution 
o f sources of water supply.

W o r c e s t e r . A communication was received from Mr. 
F. B. Smith o f Worcester, June 20, 1894, relative to pro
posed restrictions upon a tract of land in Holden, the larger 
part o f which lies upon the water-shed o f a proposed storage
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reservoir o f the City of Worcester, asking the advice o f the 
Board as to the question of building cess-pools upon the 
water-shed of the reservoir, and at what distance from 
the water line it would be safe to construct them. The 
Board replied as follows : —

A ug. 3, 1894.

The State Board of Health received from you a communication 
dated June 20, 1894, relative to a certain tract of land in Holden 
owned by you and Mr. Lincoln Kinnicutt, the larger part of which 
lies upon the water-shed of a proposed water-supply reservoir of 
the city of 'Worcester. You refer to proposed restrictions upon 
this land, with a view to preventing the pollution of the Worcester 
water supply by the use which may be made of the land, and 
in the concluding paragraph ask “ whether any tests have been 
made in regard to the effect of percolation through the soil, 
and, if the matter has been determined by tests, what distance 
is necessary to purify sewage by percolation ; ”  also, “  how near 
would it be safe to build cess-pools to the water line of the city’s 
reservoir.”

The Board is not aware that any tests have been made for the 
special purposes of ascertaining how far away from a cess-pool the 
water from it becomes purified by its passage through the ground. 
The distance would undoubtedly depend to a very great extent 
upon many local conditions, such as the depth from the bottom 
of the cess-pool to the level of the ground water, and the charac
ter of the material through which the liquid from the cess-pool 
filters. The conditions would be less favorable if the sewage 
percolates in a somewhat concentrated stream in one direction 
than if it were diffused to a greater extent as it passes through 
the ground.

Although there have been no special tests in regard to the purifi
cation of sewage by its percolation from cess-pools, yet there is 
much information bearing upon this point. Nearly every well in 
a thickly settled village derives more or less of its supply by per
colation from cess-pools in the vicinity, and yet in a majority of 
cases the degree of purification effected by filtration is such that 
the water of the wells is used for drinking purposes.

In South Framingham, Newton and Brockton underdrains have 
been laid beneath the sewers to carry off the ground water, and 
before any sewage had been turned into these sewers samples of 
water were collected from the underdrains and analyzed. The com
mon method of disposing of the sewage of these places at the time 
was by means of cess-pools, and the analyses of the water from the 
underdrains left no doubt that it came in part from these sources.
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The Board has already advised the town of Framingham with 
regard to the character of the water of its underdrain and its rela
tion to the water supply of the city of Boston, into which it was 
and is now discharged; and, as there is some similarity between 
this case and your own, a copy of the reply of the Board to the 
town of Framingham is enclosed herewith.

The distance through which the liquid from a cess-pool must per
colate in order to remove the objectionable matters depends upon 
local conditions to such an extent that with present information it 
is impracticable to make a general statement o f the distance from 
a reservoir that a cess-pool must be placed in order to insure safety. 
But under very favorable conditions of soil the filtration of sewage 
from a small number of cess-pools to a storage reservoir two hun
dred feet distant would not be likely to have a noticeable effect 
upon the quality of the water supplied from the reservoir.

INVESTIGATIONS A T THE LAWRENCE EXPERIMENT
STATION.*

The chief features of the work at the station during the 
past year have been the investigations as to the management 
and permanency of filters, together with studies of their 
efficiency at higher rates of filtration.

On the following pages is presented a summary of the more 
important results. A  detailed account of the investigations 
will be given in the annual report of the Board for the year 
1894.

F il t r a t io n  o r  Se w a g e .

The analyses of the sewage drawn from one of the main 
city sewers and applied to the experimental filters show that 
it has contained during the year 1894 less organic matter 
than during the previous years. The amount o f sludge has 
been greater than in 1893, but a little less than the average 
for the six preceding years ; the bacteria and free ammonia, 
however, have been considerably higher, as shown in the fol
lowing table : —O

* A  full account o f  the work at the Experiment Station up to Jan. 1, 1894, was 
given in the Special Report upon Purification o f  Sewage and Water, 1890, and in 
the annual reports for 1891, 1892 and 1893.
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Table showing Com parison o f  A verage A nalyses o f  Sew age applied  
to E xperim ental F ilters Jan . 1 -N o v . 3 0 , 1 8 9 4 , with those o f  
S ix Preceding Y ears.

[Parts per 100,000.]

The total quantity o f sewage pumped daily in 1894 has 
been less than in former years, owing to the fact that some 
o f the ordinary sewage tanks have been used for water filters. 
This reduction in quantity means an increase in time taken for 
passage through the 4,800 feet o f  pipe leading to  the station ; 
and to this more favorable opportunity for decom position is 
apparently due the increase in free ammonia and bacteria in 
the sewage. The chlorine has been high, while the total 
nitrogen has been higher than during any previous year.

A verage P urification  of Sew age by  the  Several  
F ilters in 1894.

In the table on the following page are given the average 
results, showing the qualitative and quantitative efficiency 
o f the several filters to  which ordinary sewage has been 
applied. The removal o f  organic matter is indicated both 
by albuminoid ammonia and by  oxygen consumed.
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A verage P er  C ent, o f  A lbum inoid A m m onia , O xygen Consum ed and o f  B acteria rem oved from  Sew age by the S everal F ilters ,
with A verage R ates o f  F iltra tion , Jan. 1 -N o v . 3 0 , 1 8 9 4 .

oo

Number of Filter*

Dimensions of Filters. Size of Sand.

Mannerof
Filling. In Operation Since

Average Rate 
o f Filtration 
(Gallons per 
Acre daily, 

Six Days in a 
Week).

Average Per Cent, removed of

Depth
of

Sand
(Inches).

Mean
Diameter
(Inches).

Area in 
Fractions 

of an 
Acre.

Effective 
Size in 

Millimeters, 
10 Per Cent, 
finer than

Uniformity
Coeffi
cient.

Albuminoid
Ammonia.

Oxygen
Consumed. Bacteria.

l, . 63 200 l .48 2.4 Wet. Jan. 10, 1888, 76,400 90 87 94
2, . 60 200 t .08 2.0 Wet. Dec. 19, 1887, 44,500 97 96 99.95
4, . 60 200 l .04 2.7 Wet. Dec. 19, 1887, 20,100 95 87 99.99
5A, . 63 200 1- 1.40 2.4 Dry. Sopt. 14, 1891, 91,800 87 85 91
6, . 44 200 .35 7.8 Wet. Jan. 12, 1888, 54,500 94 88 99.1
7, . 44 200 .35 7.8 Wet. Jan. 14, 1888, 13,800 98.5 97 99.99
9A, . 60 200 .17 2.0 Dry. Nov. 18,1890, 74,400 95 93 99.2
10, . 60 200 1 ,. .35 7.8 Dry. July 18,1894, 40,000 98 96 99.5
11A, 60 20 _  1 .35 7.8 Dry. Mar. 30,1892, 59,800 88 84 93
15B, 65 20 _  ! 5.10 2.0 Dry. July 25, 1892, 473,000 52 48 78
16B, 65 20 -  X 5.10 2.0 Dry. July 25, 1892, 462,400 70 67 81
17A, 60 20 _ 1 .17 2.0 Wet. Jan. 28, 1890, 59,600 97 94 99.99
21A, 60 20 -  A 1.60 2.4 Dry. Mar. 19,1894, 476,700 89 86 95
22A, 60 20 — - Dry. Mar. 19, 1894, 249,000 95 88 98
30, . 30 17 .48 2.4 Dry. May 31, 1890, 55,500 92 90 98
31, . 30 17 2T,0 0 0 .17 2.9 Dry. May 31, 1890, 51,800 91 89 98.8

* Nos. 1-10 are placed out o f  doors; the others are placed within the buildings.
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The qualitative results obtained from the older filters are 
somewhat better, on the whole, than those obtained in 1893. 
This is particularly the case with the larger filters placed out 
of doors (Nos. 1 to 9A) ; but the rates o f filtration have 
been reduced in several cases, instead of removing and replac
ing the surface layers, as is stated under the management 
of filters. The new filters, Nos. 21A and 22A, have given 
results which, in some respects, are the most satisfactory yet 
obtained at the station. An outline of these experiments 
will be found beyond.

Considerable attention has been given to the species of 
bacteria found in the effluents of Filters Nos. 2 and 4. Under 
normal conditions the bacteria (0-50 per cubic centimeter, 
as compared with 500,000 to 2,000,000 in sewage) have been 
found to be chiefly B . fluorescens liquefaciens, B . proteus,
B . candicans, B . circulans and B . subtilis, none o f which, 
so far as is known, are believed to be in any way injurious 
to health. These species, moreover, are not the prevailing 
ones in the applied sewage. When there is clogging in thè 
upper layers and nitrification is impaired, the number of 
bacteria in the effluents usually increases. It appears from 
the study of the bacteria in the effluents that they arise from 
the growth o f the very few hardy species in the filters, and 
that they do not pass through from top to bottom. With 
the experimental filters of coarser material there has been 
found to be a more or less direct relation between the bacte
rial flora o f the effluents and that o f the sewage ; as in the 
case with the finer filters, the bacterial purification is greatest 
when the conditions for nitrification and other processes are 
most favorable.

P er m a n e n c y  o f  F il t e r s .

The permanency of sewage filters is regarded as the ability 
of the main body of material below the upper six inches 
to purify sewage under proper treatment for an indefinite 
time. The sludge, fats and other organic matters in sewage 
are deposited in the upper layers of the filter, and this por
tion requires especial attention from time to time, as is noted 
in the next chapter, under management of filters. In the 
annual report of the Board for 1893 it was shown that the
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average storage of nitrogen (organic matter) in the filters 
was at the end no greater than at the beginning of the year. 
In the following table are presented the results, calculated in 
the same manner as for the preceding year, showing the stor
age of nitrogen in the several filters Jan. 1 to Nov. 30, 1894. 
The removal of stored organic matter is indicated by the 
minus sign.

P er Gent, o f  A pplied  N itrogen that w as S tored  in  the Several 
F ilters Jan . 1 -N o v . 3 0 , 1 8 9 4 .

N umber op 
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1, —6 —1 —43 —30 —72 —37 —32 —18 4 fil il i—8 - —24

2, 9 9 15 —2 —64 —14 —28 55 —1 22 12 +1
4, 80 77 63 48 35 11 20 17 30 30 7 +38

5A, 12 8 —23 —13 —35 —26 —14Ì 2 —25 9 19 —8
6, 10 18 —32 —12 —25 —26 —13 2 —67 47 - —10
7, 5 55 67 24 20 32 —16 - - - - +27

9A, 14 —3 —37 —13 —58 —23 —35 —1 6 14 - —14

10, - - - - - - 7 —5 —4 16 46 +12
11A, 29 25 3 21 55 36 45 55 45 57 57 +39

12A, —23 5 —27 —51 —6 5 7 7 - —50 —19 —14

13 A , —24 —11 —48 22 13 —88 —17 —12 4 9 33 —11
14, - - - - - —9 —8 18 —5 - —2 —1
15B, 45 34 21 53 53 12 1 26 23 34 6 +28

16B, 39 10 39 34 52 22 33 42 20 37 2 +30

17A, —20 6 —8 —3 —11 —36 —39 - —5 __2 6 -10
19, —30 —32 —79 —41 —20 —20 —14 4 7 —22 14 —21
21A, - - 31 —4 41 36 13 54 55 - - +25

22A, - - 39 11 47 68 45 44 32 14 19 +35

30, 6 —31 —22 —4 —33 —97 —63 —13 —22 —13 —4 —27

31, 10 24 -2 8 —9 —30 —132 34 - - - - —19

32, —28 ¡8 —157 —48 —3 - i i —29 9 2 14 48 —25

These results confirm the conclusions of earlier reports, — 
that with the main body of sand the same sewage filters may 
continue to purify sewage for an indefinite time, provided 
they receive proper treatment to ensure sufficient ventilation 
for the oxidation and the nitrification of the applied organic
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matter. They also confirm another conclusion, which is of 
the utmost significance in the practical operation of this 
method of sewage disposal; namely, that the permanency 
of sewage filters is independent of the size of filtering mate
rial, but is directly dependent upon the treatment which they 
receive. Filters Nos. 1, 5A, 6 and 9A, which are placed 
out of doors, each contained less stored organic matter in 
December than in January. The improvement in condition 
of Filter No. 1, for example, is shown also by the analyses 
of the filtering material itself. In December, 1893, the total 
storage of organic matter in the filter was 25.5 pounds, while 
in October, 1894, the storage was 17.5 pounds, indicating a 
removal of 32 per cent, of the stored organic matter. No 
material has been removed from the surface of the larger 
sewage filters in 1894, nor from the majority of the smaller 
sewage filters.

M an agem en t  o f  F il t e r s  to  secu re  t h e ir  C ontinuous

E f f ic ie n c y .
Since the treatment which the filters receive is the most 

important consideration in regard to their permanency, the 
lessons learned on the different methods of management to 
secure their continuous efficiency are among the most practi
cal and important results obtained from investigations upon 
sewage purification. This subject has received especial atten
tion during the past two years. An outline of our present 
knowledge is as follows : —

Raking.
Thé accumulation of organic matters at and near the sur

face of the sewage filters will, after a time, produce serious 
clogging and deterioration of the qualitative efficiency, unless 
some preventive measures are adopted. For more than four 
years it has been the practice to rake the surface to a depth 
of about one inch, once a week ; that is, after six days of 
daily application of sewage. With sewage of the quality of 
that obtained at the station this systematic raking of the sur
face has proved very satisfactory, and has been found to be 
superior to other methods of regular treatment. Similar 
results can be obtained on a large scale by harrowing.
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When sewage is applied to filters in large quantities, it is 
necessary to supplement this method of preventing surface 
clogging with some occasional further treatment to improve 
the condition of the layers below that reached by raking. 
Such treatment is best afforded by deeper spading, corre
sponding to ploughing, as is described beyond.

Scraping.
Under the conditions which exist at the station, the re

moval, by scraping, of thin layers of material from the surface 
from time to time has not been found advisable, and the 
method has been largely abandoned. The chief objection to 
the method is that it is too expensive for the benefit that is 
derived from it. After a time the portion of the filter which 
has been systematically scraped becomes so compact that it 
is necessary to resort to practically the same treatment as is 
the case when the cheaper method of systematic raking has 
been followed. Owing to the state of decomposition and to 
other conditions of the sewage pumped at the station, the 
sludge is in more finely divided particles than in some of the 
fresher sewages, such as are found in several of the sewage- 
disposal plants in the State. With the latter sewages the 
sludge is deposited to a greater extent upon the surface, and 
penetrates into the pores of the material to a less extent than 
at Lawrence. Under these conditions it is certainly advis
able to scrape off the surface scum of accumulated sludge, 
rather than to rake it into the filter. Scraping is also a 
useful method of treatment in those cases where filters are 
clogged to the depth o f several inches below the surface, 
and where it is necessary to rejuvenate the filters as quickly 
as possible. These conditions are likely to occur when the 
area of the filtering surface is very limited, and particularly 
at the season of the year when full benefit cannot be derived 
from ploughing or resting.

Ploughing.
Whether the method of systematic treatment for the re

moval o f surface clogging is raking or scraping, it has been 
found that the process of filtration is materially aided by 
occasional deep spading, corresponding to ploughing. Many 
of the experimental filters during the past year have been
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spaded oyer in this manner in the early spring (April 1) and 
again in the fall. At all seasons of the year this treatment 
has the advantage o f rendering the filters more porous, thereby 
increasing ventilation and facilitating the oxidation process. 
During the period of most active nitrification (April to Octo
ber) it is of much assistance in causing the removal of fats 
and other organic matters from the upper layers of the filter
ing material.

Resting.
In the annual report of the Board for 1893 it was shown 

that the clogging in the surface layers of the filter may be 
materially reduced by resting. This method has been tried 
upon several o f the filters during the past year. The results 
may be summarized as follows :

1. The organic matter stored in the upper layers of the 
filters may be largely removed by resting during the warmer 
months of the year.

2. The removal is much hastened by ploughing the sur
face of the filters; in fact, when the clogging is so great as 
to cause the material to hold itself nearly saturated, resting 
alone is of little aid.

3. Resting during the winter months effects practically no 
removal of the organic matter, although it prevents, of course, 
a further increase.

4. The period of resting should not be too long, particu
larly during the winter months, when the nitrifying organisms 
are less active, because there is danger of these organisms 
dying out, thereby necessitating a period of “  biological con
struction,” in which the processes may become re-established. 
This appears to have been the case with Filters Nos. 1, 6 
and 9A, which were rested during the month of November.

Cropping.
The removal of stored organic matter from the upper layers 

of filters by means of growing crops has not received, as yet, 
any especial investigation at the station, but the following 
observation is o f interest in this connection : —

In June wild grass, chiefly Ranicum dichotomum, appeared 
upon the surface of Filter No. 2, and grew very luxuriantly 
during the middle of the summer. The greater part of the
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growth was at and near the edges of the trenches, where it 
was very thick. The grass was cut on August 15. At the 
existing rate of filtration it took the sewage nearly two weeks 
to pass through the filter o f fine sand. Bearing this in mind, 
and comparing the results of analyses o f the effluent in the 
table beyond, it will be seen that for about two months in 
mid-summer, when the grass was growing on the surface, the 
nitrates in the effluent gradually decreased, and upon cutting 
the grass they quickly increased. As there was no clogging 
or other complication, so far as is known, it appears that 
about one-half of the nitrogen in the applied sewage was 
utilized for a time by the growing plants.

Table showing R esults o f  A nalyses o f  E ffluent o f  F ilter N o. 2  before 
and a fter cutting the G rowth o f  G rass.

[Parts per 100,000.]
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J.uly 2, . 40,000 67 .08 .0016 .0142 8.53 4.58 .0000 .09
17, . 40,000 69 .05 .00U8 .0126 7.72 3.08 .0014 .09
24, . 40,000 72 .04 .0010 .0140 14.78 2.82 .0000 .06

A ug. 7, . 40,000 73 .05 .0004 .0112 7.83 1.54 .0000 .11
14, . 40,000 72 .04 .0010 .0124 7.08 1.37 .0000 .12
21, . 40,000 70 .04 .0006 .0130 10.01 1.32 .0000 .05

40,000 70 .04 .0004 .0118 14.09 3.30 .0000 .10
18, . 40,000 68 .05 .0002 .0104 9.52 4.05 .0000 .10

Application o f Sewage to Trenches — Lateral Filtration.
Filter N o. 2 . — This filter, of very fine sand, has received 

sewage in trenches filled with coarse sand, as described in 
the report for 1893. The trenches were relieved from clog
ging at the bottom and sides on Dec. 2, 1893, and since this 
time the filter has given an effluent which regularly improved 
in quality during the winter, and which has been very satis
factory during the last half of the year. Clogging appeared 
at the end of November, 1894, at the same place as in the 
preceding year, and was remedied in a similar way in 
December, 1894. No material has been removed from the 
filter, which was spaded over, corresponding to ploughing four 
inches deep, on March 31. The average results (January 1 
to November 30) indicate a removal of 96 per cent, of organic
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matter (albuminoid ammonia) and 99.95 per cent, of bac
teria from the applied sewage. The average rate of filtra
tion has been 44,500 gallons per acre daily for six days in 
the week, calculated for the entire area. For the area of 
the trenches alone this rate is equivalent to 162,000 gallons.

Filter No. 4 . — This filter, o f very fine river silt, has re
ceived sewage in trenches of coarse sand, described in pre
ceding reports. The trenches were raked at the sides and 
bottom on July 18. The average rate of filtration for the 
entire area has been 20,100 gallons per acre daily for six 
days in the week (January 1 to November 30) in 1894, and 
the removal of organic matter (albuminoid ammonia) and of 
bacteria have been respectively 95 per cent, and 99 per cent. 
This filter has contained more and more stored organic matter 
each year, and it may be safely stated that it would be prac
tically useless as a filter were it not for the trenches. The 
subject of the application of sewage to filters of fine materia), 
by means of trenches o f coarser sand, has received special 
attention for more than six years. The results, on the 
whole, show that this method of treatment has much merit, 
and our present knowledge concerning it may be summarized 
as follows: —

1. Both the qualitative and quantitative efficiency of filters 
of fine material are aided materially by the application of 
sewage to trenches filled with coarse sand.

2. Yentilation of the main body of the filtering material 
is increased by the absence o f sewage from the surface of the 
fine material.

3. The application of the sewage to the trenches offers the 
following advantages: —

A . Less likelihood of becoming frozen.
B . The removal of frost if such occurs.
C. Concentration of heat in the trenches, whereby the 

biological processes are aided during the winter months.
This latter point is brought out more clearly by the follow

ing table of results from Filter No. 2, which has just been 
described. It may be added here that these results are the 
most marked example of high nitrification and steady im
provement in quality of effluent during the winter months 
which have been obtained at the station.
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Table show ing M onthly A verages o f  A nalyses o f  E ffluent o f  F ilter N o. 2 , during W inter o f  1 8 9 3 -1 8 9 4 .

[Parts per 100,000.]
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December, . i . 60,000 45 42 .09 .8480 .0424 7.01 1.68 .3600 .40 2,339

January, . . . . • 60,000 46 38 .08 .6260 .0332 6.35 2.17 .1060 .28 2,527

February,. . . . • 64,600 43 36 .06 .1416 .0230 5.76 2.39 .0190 .21 371

March, . . . . 67,800 46 39 .06 .1035 .0 2 0 0 4.90 2.15 .0097 .17 162

April, . . . . • 40,000 46 43 .06 .0382 .0179 7.04 3.15 .0005 .17 1,075

May,................................ 40,000 67 65 .06 .0025 .0174 6.93 4.29 .0 0 0 0 .13 2,150
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4 . The removal o f organic matter by growing vegetation 
upon the finer material between the trenches and where no 
sewage is applied is a point worthy o f careful consideration.

5. The trenches dispose of the sewage much more readily 
than might be expected, owing to the fact that the available 
area for filtration includes not only the bottom but also the 
sides of the trenches.

Filter No. 10. — This large tank, o f an acre in area, 
was filled in July with five feet in depth of coarse and fine 
sand like that in Filter No. 6, and having an effective size of
0.35 millimeter. No coarse material for underdrains was 
placed beneath the sand except directly above the outlet. A  
partition extending three feet below the surface was placed 
in the sand, separating that quarter of the surface which was 
farthest removed from the underdrain. To this quarter of 
the surface sewage has been applied, beginning July 18, at 
the rate of 160,000 gallons per acre daily for six days in the 
week. The partition causes the sewage to pass downward 
for three feet, and then it has a lateral movement through a 
distance of twelve to sixteen feet. This experiment has not 
been continued long enough to warrant any marked conclu
sions, but the results so far as they go are very satisfactory. 
The removal of organic matter (albuminoid ammonia) and 
of bacteria from the applied sewage has been 98 per cent, 
and 99.5 per cent, respectively.

The favorable effect of lateral filtration in trenches, and the 
high degree of purification of the sewage at Framingham 
after flowing a long distance through the ground to springs 
in the meadow, indicate that this lateral filtration is an 
important feature of sewage purification upon a large scale. 
This subject has recently received especial attention at the 
station.

F il t r a t io n  th r o u g h  C o k e .
Filler No. 22  A . — This filter was filled March 19 with 

five feet in depth of fine coke breeze (screenings from com
mercial coke). The rate of filtration was 240,000 gallons 
per acre up to November 5, when it was increased to 360,000 
per acre daily for six days in the week. The surface was 
raked one inch deep once a week from April 17 to June 1, 
after which it has been raked three inches deep daily. On
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April 3 about one-half inch was scraped from the surface, 
and three inches more were removed from the surface on 
November 14. The total depth removed up to December 1 
was 3.5 inches, which is equivalent to 8.6 cubic yards per 
million gallons filtered. The average rate up to December 
1 was 249,000 gallons per acre daily for six days in the 
week, and the average removal of organic matter (albuminoid 
ammonia) and bacteria from the applied sewage have been 
95 per cent, and 98 per cent, respectively. These results 
indicate that in places where sand is not readily available a 
good substitute may be had in coke, which serves as a satis
factory nidus for the oxidizing and nitrifying processes. The 
greater porosity of the coke appears to be an advantage, for 
the rate of filtration is higher than has been obtained with 
sand under similar circumstances. One of the chief points 
in favor of coke, moreover, is that the portion scraped from 
the surface has not lost its value for fuel purposes.

R a p id  F il t r a t io n  o p  S e w a g e  p r o m  w h ic h  Slu d g e  has

B E E N  R E M O V E D  B Y  D lP F E R E N T  M E T H O D S .

It is the sludge in sewage which causes the most trouble 
with respect to clogging, and interferes most seriously with 
the permanency of filters. The filtration of sewage after a 
preliminary removal of sludge was considered in the last 
report, and experiments have been continued with the use 
of the following methods of removal: —

1. Rapid filtration through coarse gravel, with the aid of 
a current of air drawn through the gravel.

2. Chemical precipitation.
3. By sedimentation.
4. By mechanical devices, of which straining through coke 

has been found to be the most satisfactory.

I. Filters JVos. 15B  and 16B .
These filters with trapped outlets contain gravel-stones 65 

inches in depth, of an effective size of 5.1 millimeters. They 
have been in operation since July 25, 1892. It was noted 
in the last report that there was a leak in the outlet toward 
the close of 1893, which prevented perfect aeration by means



1895.] SENATE — No. 48. 79

of the aspirator. This caused clogging to such an extent that 
it was not overcome by spading to the depth o f one foot, and 
on February 23 Filter No. 15B was flushed out by applying 
city water from below. Flushing was also tried on Filter 
No. 16B, but did not remedy the trouble, so on March 24 
the gravel was taken out and washed with water from the 
hose. Since this time both filters have done satisfactory 
work. The surface of each filter has been raked three inches 
deep once a week. In July and August considerable sus
pended matter appeared in the effluent o f No. 15B, appar
ently due in part to the current of air which was constantly 
drawn through the material. Beginning September 1, both 
filters have been aerated only at night, for about twelve hours 
daily, and better results from No. 15B have followed. The 
results are summarized beyond.

Filter ISTo. 21 A . — This filter originally contained five feet 
in depth of fine sifted gravel like that in No. 5A, having an 
effective size of 1.6 millimeters. It has filtered sewage since 
March 19 at an average rate of 476,700 gallons per acre daily 
for six days in the week. The sewage has been applied in 
twelve doses of equal size at intervals of half an hour. Until 
August 1 the faucet on the outlet was closed during the day 
while the filter was being filled, and opened later in the after
noon, so that the sewage would drain out during the night at 
a rate not exceeding 2,000,000 gallons per acre daily. The 
outlet was trapped, and after August 1 the faucet has been 
kept constantly open. The frequent dosing caused con
siderable ventilation during the day, which, with a period 
of rest at night, enabled nitrification to become established. 
The rate, however, was too high for the degree of ventila
tion, and beginning July 7 the filter has had a current of air 
drawn through it for ten to twelve hours each night. This 
makes the experiment, with the exception of the size o f the 
material, similar to those of Nos. 15B and 16B. The surface 
was raked one inch weekly from April 17 to June 1, after 
which it was raked three inches deep daily. The sur
face was scraped thirty-six times, June 7 to December 1, 
an average of once in five days. The average depth re
moved has been 0.18 of an inch, which is equivalent to 8.4 
cubic yards per million gallons filtered.
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2. Chemical Precipitation. — The sludge has been re
moved from sewage by treatment with sulphate of alumina 
at the rate of a thousand pounds per million gallons, and the 
sewage allowed to settle for four hours. The results are pre
sented beyond.

3. Sedimentation. —  Sludge has also been removed from 
sewage by allowing it to settle for four hours, with the 
results given below.

4. Straining through CoJce. —  Beginning in June, sewage 
has been passed through a thin layer of coke supported by 
sand. The depth of coke has been about six inches. The sew
age is allowed to pass through without any throttling at the 
outlet, and the surface is kept covered during the day, but 
allowed to uncover during the latter part o f the night. The 
removal of clogged coke has been equivalent to about five 
cubic yards per million gallons flowed. In the table below 
comparison is given o f the removal of sludge by each of the 
four methods described.



Table showing P urification  o f  Sew age by D ifferen t M ethods to rem ove Sludge.

Size of Gravel Average Rate Average Per Cent. Removed of

Method.
Number

of
Filter.

Depth
of

Filter
(Inches).

Effective 
Size in 

Millimeters, 
10 per Cent, 

finer than

Uniformity
Coefficient.

In Operation Since
(Gallons per 
Acre dally, 
Six Days a 

Week).
Albuminoid
Ammonia.

Oxygen
Consumed. Bacteria.

15B 65 5.1 2.0 July 25, 1892, 473,000 52 48 78
1. Rapid filtration through gravel, 

aided by current of air, « 16B 65 5.1 2.0 July 25, 1892, 462,400 70 67 81

l  21A 60 1.6 2.4 Mar. 19, 1894, 476,700 89 86 95

2. Chemical precipitation, . - - - - - - 57 47 65

3. Sedimentation,. . . . - - - - - - 28 17 15

4. Straining through coke, . - - - 1 - 52 42 28
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Of these results, those obtained by rapid filtration are best, 
and have the additional advantage of burning the sludge, 
thereby avoiding a serious problem met with in precipitation 
and in sedimentation. The results obtained from Filter No. 
21A  are the best, on the whole, of those yet obtained at the 
station. It will be noticed also that very satisfactory results 
have been obtained in the use of coke as a strainer, and it 
should also be borne in mind that this treatment also disposes 
of the sludge question more satisfactorily than by methods 
Nos. 2 and 3, owing to the availability of the coke, after use, 
for fuel purposes. The sewage after treatment by one of 
the several methods outlined above has been applied to five- 
foot filters o f medium fine sand, having an effective size of
0.17 to 0.19 millimeter, with results as follows : —

1. Filter JSFo. 12A . — This filter has received the effluent 
o f Filters Nos. 15B and 16B at a rate of 960,000 gallons per 
acre daily. At the beginning o f the year the gravel filters 
were so badly clogged that this filter became also clogged; 
as the coarser filters were not in their normal condition, the 
effluent was not applied to No. 12A from February 3 to 26. 
The surface was scraped when necessary, to remove clogging, 
up to June 19. It was scraped on an average once in seven
teen days, and the average depth removed was 0.78 of an inch. 
This is equivalent to twelve cubic yards per million gallons 
filtered, — a quantity so large that scraping was abandoned, 
and since June 19 the surface has been raked twice weekly to 
a depth of about three inches. The filter was rested for one 
week from October 2, and from October 26 to November 10, 
and since that time it has taken the filtered sewage freely, 
with the results which are presented below.

2. Filter JSFo. 19. — This filter has received sewage after 
treatment by chemical precipitation. The rates o f filtration 
have been as follows : January 8 to May 21, 360,000 gallons; 
since June 1, 200,000 gallons per acre daily six days in a 
week. On March 10 clogging appeared at the old surface 
four inches below the present surface. The upper four inches 
of material were removed, the filter raked to a depth of six 
inches, and four inches of new material added to take the 
place of that removed. The old and the new material were 
mixed together at the junction. The rate of filtration was



1895.] SENATE — No. 48. 83

too high, however, for satisfactory results, and after resting 
from May 21 to May 30 the rate was reduced on June 1. 
Up to this time the filter had been scraped to remove clog
ging fourteen times since January 8, an average o f once in 
eight days. The average depth removed was 0.40 inch, 
equivalent to eighteen cubic yards per million gallons filtered. 
Since June 1 the surface has been raked twice weekly to a 
depth of three inches. The results are given beyond.

3. Filter No. 13A . — To this filter has been applied sew
age which has been clarified by sedimentation. The rate of 
filtration was 240,000 gallons per acre daily for six days in 
the week, from January 8 to May 21, when the filter was 
rested until June 1, after which the rate has been 160,000 
gallons. From January 1 to June 1 the surface was scraped 
six times to remove clogging, an average o f once in nineteen 
days. The average depth removed 0.6 inch, equivalent to 
eighteen cubic yards per million gallons. Since June 1 the 
surface has been scraped twice weekly to a depth o f three 
inches. The results will be found beyond.

4. Filter No. 14A . —  To this filter, since June 1, has 
been applied sewage after straining through coke. The rate 
of filtration was 320,000 gallons per acre daily for six days 
in the week up to November 6, when it was increased to 
480,000 gallons. The surface has not been scraped, but has 
been raked twice weekly to a depth o f about three inches. 
The results are summarized beyond.

In the following tables are given the average analyses up 
to December 1 of the sewage before and after treatment by 
each of the several methods to remove sludge: —



84 W ATER SUPPLY AND SEWERAGE. [Jan.

A verage A nalyses o f  Sew age before and a fter Treatm ent to rem ove
Sludge.

[Parts per 100,000.]
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Original sewage, 3.39 .60 .26 8.06 3.38 .0000 .0000 1,266,000
After filtration throughNos. 15B 

and 1 6 B ,................................... 1.12 .24 .12 7.62 1.38 1.3000 .0190 260,000
After chemical precipitation, . 3.43 .26 .18 8.56 1.72 .0000 .0000 442,000

After sedimentation, 3.40 .43 .26 8.65 2.70 .0000 .0000 1,076,500
After straining through coke, . 3.53 .29 .19 12.30 1.87 .0000 .0000 912,000

It will be seen from these analyses that the effluent of the 
sewage after filtration through Nos. 15B and 16B contains 
considerable nitrogen in the form of nitrates, and the free 
ammonia is much reduced. The establishment of nitrifica
tion in the preliminary treatment is o f much aid in the filtra
tion of this effluent by Filter No. 12A. In the next table is 
given a summary o f results obtained by the filtration of 
sewage through the fine sand after preliminary treatment by 
one of the several methods outlined in the foregoing pages.



Table showing Total P urification  o f  Sew age by F iltration  and a P relim inary Treatm ent to rem ove the Sludge.

Depth
of

Filter
(Inches).

Size of Sand.
Average Rate

Average Per Cent. Removed of

Method.
Number

of
Filter.

Effective Size 
in Millimeters 

10 per Cent, 
finer than

Uniformity
Coefficient.

In Operation Since
(Gallons per 

Acre Daily 
Six Days 
a Week).

Albuminoid
Ammonia.

Oxygen
Consumed Bacteria.

1. By rapid filtration through 
gravel, aided by a current 
of air, and filtration through 
sand, ................................ 12A 60 .19 2.0 July 25, 1892, 695,100* 96 93 99.9

2. By chemical precipitation and 
filtration through sand, 19 60 .17 2.0 Jan. 28, 1890, 258,000 95 93 99.8

3. By sedimentation and filtration 
through sand, 13A 60 .19 2.0 Sept. 27, 1893, 186,900 95 93 99.8

4. By straining through coke and 
filtration through sand, 14A 60 .19 2.0 June 1, 1894, 337,700 97 94 99.96

* The rate during the period o f actual operation o f this filter wgs 960,000 gallons.
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The very satisfactory results which have been obtained 
from filtration by the aid o f a current o f air drawn through 
the material by means of an aspirator, which have been 
reported upon since 1889, have been continued during the 
past year. It is now proposed to study the efficiency of this 
method of combined filtration and renewal of the air in the 
filtering material upon a larger scale. It is obvious that the 
renewal of the air can be effected equally well by blowing air 
into the filter from below as by aspiration through the filter 
from above. Aspiration has been used hitherto on account 
of the great convenience and simplicity of this method.

F il t r a t io n  o f  W a t e r .

The1 investigations upon water filtration during the past 
year have been conducted upon the same general lines of 
those described in the last annual report o f the Board; 
namely, a study of the efficiency o f higher rates of filtration 
and of filters o f coarser material, in order to learn the limits 
which may be safely followed. Two new filters have been 
constructed in 1894, and careful studies made of those started 
during the latter part o f the preceding year. In July con
nections were made with the Essex Company’s canal by means 
of a twelve-inch pipe, the old pipe having become inadequate. 
The scale upon which the experiments have been conducted 
can best be shown by stating that more than 60,000 gallons 
of Merrimack River water have been filtered daily. The 
results obtained up to May 1 were presented in the annual 
report of the Board for the year 1893. Owing to complica
tions from freezing weather, the small iron filter tanks Nos. 
18A-49 were not operated during the winter. In starting 
these filters in the spring it was found that they resembled 
new filters, in that it required several days for them to attain 
their normal efficiency. City (filtered) water was applied to 
several filters during the early summer, but in the following 
summary of results only those obtained from the filtration of 
the Merrimack River water are presented. The averages 
include all river-water results after the filters had been 
worked ten days : —



Sum m ary o f  A verage D a ily  B acterial R esults obtained from  the E xperim ental F iltration  o f  M errim ack R iver W ater
M ay 1 -  N ov. 3 0 , 1 8 9 4 .

Number of Filter.* Date of Construction.
Effective 

Size 
of Sand 

(Millimeter).

Uni- • 
formity 

Coefficient.

Depth
of

Material
(Inches).

Average 
Rate of Filtra

tion (Gallons per 
Acre Daily).

Average Number 
of Bacteria 

per Cubic Centi
meter in 

Applied Water.

Average 
Number of 

Bacteria per 
Cubic

Centimeter in 
Effluent.

Average Per 
Cent, of 

Number of 
Applied 

Bacteria which 
appeared in 

Effluent.

3 B , ................................................. Sept. 23,1893, 0.23 2.3 60 2,855,000 11,600 87 0.75
7 A , ................................................ July . 20, 1894, 0.26 3.7 24 1,608,000 15,800 152 0.96
8 A , ................................................ Sept. 26, 1893, 0.23 2.3 60 3,037,000 11,600 71 0.61

1 8 A , ................................................ Sept. 17, 1889, 0.48 2.4 60 4,870,000 15,800 163 1.03
8 8 A , ................................................ April 28, 1892, 0.14 2.2 60 1,945,000 15,800 59 0.37
38, . . . . . . . April 28, 1892, 0.20 1.6 20 2,900,000 19,900 37 0.18
4 1 , ................................................ May 9, 1892, 0.14 2.2 60 2,005,000 15,800 29 0.18
42........................................................ Oct. 29, 1892, 0.20 1.6 10 2,927,000 19,900 105 0.53
43........................................................ May 20, 1893, 0.26 3.7 60 4,740,000 15,800 184 1.16
4 4 , ................................................ May 20, 1893, 0.29 2.7 60 7,370,000 15,800 110 0.70
4 5 , ................................................ July 10, 1893, 0.23 2.3 60 4,790,000 15,800 86 0.54
4 6 , ................................................ Aug. 21, 1893, 0.29 2.3 12 2,353,000 19,900 75 0.38
47........................................................ Sept. 9, 1893, 0.29 2.4 60 6,345,000 15,800 192 1.22
48........................................................ Sept. 9, 1893, 0.38 3.5 60 4,730,000 7,800 212 2.72
4 9 , ................................................ Sept. 9, 1893, 0.38 3.Ö 60 9,700,000 7,800 178 2.28
5 0 , ................................................ July 23,1894, 0.48 2.4 60 4,785,000 15,800 391 2.47

* Filters Nos. 3B, 7 A  and 8A are each ¿ i v  o f  an acre in area, and placed out o f  doors ; the remainder are 2 ô, otô o f  an acre in area, and are placed 
within the buildings.
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We find, with such sands as have been used for filtration 
of water supplies, with rates of filtration much in excess of 
former experiments and reaching from three million to seven 
million gallons per acre per day, an average removal of more 
than 98 per cent, of the bacteria; and with coarser sands, 
filtering from five million to nine million gallons, an average 
removal of more than 97 per cent, of the number of applied 
bacteria.

With the older filters of fine material, and operated at 
rates not over three million gallons per acre daily, the bacte
rial efficiency has been fully as satisfactory as in former years. 
With regard to the limits in rates of filtration and in coarse
ness of material, it may be stated that Filter No. 50, with 
sand of an effective size of 0.48 millimeter, and operated at 
a five million rate, has been found to be more sensitive to 
sudden but to a certain extent necessary changes in the condi
tions of operation than the older Filter No. 18A o f similar 
sand. Filters Nos. 3B, 8A, 43 and 45 have been operated at a 
five million rate, and have given results which on the whole 
have been satisfactory. Rates above this quantity have been 
found to be less likely to give uniformly satisfactory bacterial 
efficiency.

The range of data upon the laws of filtration under these 
experimental conditions is fairly complete, but further studies 
on filters which have been longer in service will be required, 
in order to determine where the limits in size of material and 
in rates of filtration may be safely drawn.

Effect o f Method o f  Application o f Water.
In 1893 the intermittent filters were operated as follows: 

At 5 a .m ., after draining over night, the untrapped outlet was 
closed and the water turned on at the top, causing the air in 
the pores of the sand to be forced out at the surface. When 
the surface was covered and the larger part of the air driven 
out of the pores (about 7.30 a .m . ) ,  the gate of the outlet 
pipe was opened to give the prescribed rate and the surface 
kept covered with water. At 9 p .m . the water was shut off 
and the filter allowed to drain. Under these conditions of 
operation it was shown in the last report that the intermittent 
filters gave less uniform and less satisfactory bacterial results
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than continuous filters, owing to mechanical disturbances of 
the sand by the extruded air. Beginning the first week in 
June the method o f operation of the intermittent filters was 
changed, as follows: At 6.80 a .m . the application of water 
was stopped, and the filter allowed to drain for two hours 
from the time the surface was uncovered. Water was again 
applied, and the gate of the outlet pipe kept constantly open. 
This caused the air to be forced downward through the out
let, and largely prevented disturbance at the surface. The 
bacterial purification became more uniform, as is brought out 
by the following table, in which are given the weekly aver
ages of bacteria per cubic centimeter in the effluents o f inter
mittent Filter No. 3B, and of its mate, continuous Filter No. 
8A for the five weeks preceding and the five weeks following 
this change in method of operation. The conditions were as 
nearly alike as possible during this period, with the excep
tion of the manner o f the application of water.

Table showing a Com parison o f  W eekly A verages o f  the N um ber o f  
B acteria , p er  Cubic Centim eter, in  Sam ples taken at D ifferen t 
H ours o f  the D a y fro m  E ffluents o f  Interm ittent F ilter N o. 3 B  
and Continuous F ilter N o. 8 A .

A pril 30-June- 2 ,1 8 9 4 .

W eek  
Ending —

Bacteria
inAppliedWater.

Intermittent F ilter  N o. 3B. Continuous F ilter  N o. 8A.

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

1894. May 5, 2,800 94 72 54 39 29 31 29 34
May 12, 4,700 72 54 47 57 28 25 27 25
May 19, . 8 7,100 128 142 82 66 29 27 28 28
May 26, 12,700 123 85 81 62 28 29 29 22
June 2, 4,900 135 158 114 69 35 35 39 38

Averages, 6,440 110 102 76 59 30 29 30 29

June 4 -J u ly  7, 1 8 9 4 .

June 9, 5,700 97 90 142 93 50 37 61 38
June 16, . 5,100 41 51 42 47 29 26 33 30
June 23, . oo 68 73 143 90 • 30 26 21 17
June 30, . 11,600 51 64 115 76 37 52 40 68
July 7, f 4,900 33 48 60 50 14 14 15 19

Averages, 7,000 58 65 100 71 32 31 32 34



90 W ATER SUPPLY AND SEWERAGE. [Jan.

In studying the latter part of the table, it will be seen that 
during the weeks ending June 16 and July 7 the bacterial 
results from No. 3B were very .uniform, while there was con
siderable variation during the other weeks of this period. 
The explanation of this is that in the two weeks mentioned 
there was no scraping of the surface, while this treatment did 
take place during each of the other three weeks. From ob
servations of the filter it appeared that for a few days follow
ing scraping, the water, when applied to the surface after 
draining, passed through the sand near the point of applica
tion at a very rapid rate, while the surface covered very 
slowly. When there was an accumulation of sediment upon 
the surface, the water upon application to the drained sand 
distributed itself over the whole surface much more quickly 
and the action o f the whole filter was much more uniform. 
A  trap was placed upon the outlet of the intermittent filters 
during the first week in September, and arranged so that the 
water would always stand in the lower foot of the filtering 
material.

In the following table are given the weekly bacterial aver
ages of No. 3B, which is of an acre in area, for the four 
weeks preceding and the four weeks following this change of 
treatment. The rate of filtration and other conditions were 
as nearly alike as possible.

Table showing a  Com parison o f  W eekly A verages o f  the N um ber o j 
B acteria  p er  Cubic Centim eter in Sam ples taken at D ifferent 
H ours o f  the D ay fro m  the E ffluent o f  Interm ittent F ilter N o. 3  B.

August 13 -S ep t. 8, 18 94 .

Bacteria
W eek  Ending '*-! ■ in Applied 

Water.
8 P.M. 12 M. 4 P.M.

1894 .
August 1 8 , .................................................... 2,600 34 49 27
August 2 5 , .................................................... 4,700 55 36 172
September 1 , ........................................... 3,000 19 36 25
September 8 , ........................................... 4,000 51 112 58

A v e r a g e s , ........................................... 3,600 40 58 70

‘ Sept. 1 0 Oct. 6 ,1 8 9 4 .

September 1 5 , ........................................... 12,200 49 43 31
September 2 2 , ........................................... 16,700 13 35 26
September 29.................................................. 49,700 34 42
October 6 , .................................................... 65,800 111 94

Averages...................................................... 86,100 52 53 48
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The results indicate that the bacterial efficiency following 
this change became more uniform. With the smaller twenty- 
inch filters the effect of the change was less marked, because 
they are too small to feel seriously the influence of unequal 
rates of filtration. With the coarser filters, Nos. 47 and 18A, 
however, there has been a slight improvement in the bacterial 
results.

In arranging the bacterial results to show the relative 
efficiency of intermittent and continuous filters, the average 
results for the entire daily yield of the intermittent filters 
have been taken. That is, the numbers obtained just after 
draining which have been higher at times than at other 
periods of the day have been averaged in the proper ratio with 
those numbers representing the remainder of the daily flow.

The average number, obtained in this manner for the 
several pairs of intermittent and continuous filters since 
September 1, when the traps were put on, are as follows : —

Table showing Com parison o f  the A verage N um ber o f  B acteria , p er  
Cubic Centim eter, in  E ffluents o f  Continuous and Interm ittent 

F ilters.

Date . Applied
Water.

No. 8A. N o. 3B. No. 50.* N o. 18A.*

Continuous. Intermittent. Continuous. Intermittent.

1894.
September, 20,000 19 37 283 136
October,. : 29,000 35 61 258 330
November, 10,800 147 194 100 101

Averages, . 19,800 67 97 214 182

*  In studying this pair of filters, it is to be remembered that No. 50 was constructed July 
23, 1894, while No. 18A was constructed Sept. 17,1889.

Table showing Com parison o f  the A verage N um ber o f  B acteria, p er  
Cubic Centim eter, in  E ffluents o f  Continuous and Interm ittent 

F ilters  —  Concluded.

No. 33A. N o. 41. No. 43. N o. 45. No. 44. No. 47.
D ate .

Continuous. Intermittent. Continuous. Intermittent. Continuous. Intermittent.

1894.
September, 32 16 108 59 76 118
October, . 150 28 438 165 275 401
November, 37 59 141 103 51 205

Averages, 73 34 229 109 134 241
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This table shows that in three of the five comparisons made 
the bacteria were higher in the effluent of continuous filters. 
The average number of bacteria in the continuous filters was 
143, as compared with 135 in the effluent of the intermittent 
filters. With regard to uniformity of efficiency, the advan
tage lies with the continuous filters, although the operation 
of intermittent filters in this respect has been much more 
satisfactory than formerly.

With regard to chemical purification, the results obtained 
during the past year offer a close confirmation of those ob
tained during the previous years. The amounts of organic 
matter in the effluents of continuous and intermittent filters 
have been practically the same, the results from both being 
very satisfactory, as is shown by the following table : —



Table showing Com parison o f  M onthly A verages o f  Chem ical A nalyses o f  E ffluents o f  Continuous and Interm ittent F ilters.

August, —  Interm ittent Filters.
[Parts per 100,000 ]

NUMBER OF FILTER.

Rate of 
Filtration 

(Gallons per 
Acre Daily).

Temperature 
(Degrees F.). Color.

Ammonia.

Chlorine.

Nitrogen as

Oxygen
Consumed.

Per Cent, of 
Dissolved 
Oxygen.Free. Albuminoid. Nitrates. Nitrites.

3 B , ........................................ 2,1821,000 74 .12 .0004 .0057 .30 .052 .0000 .13 70
18 A , ........................................ 5,020,000 72 .18 .0008 .0075 .30 .026 .0000 .17 42
41................................................. 2,800,000 72 .16 .0005 .0060 .31 .029 .0000 .15 63
45................................................. 5,100,000 75 .16 .0003 .0078 .30 .029 .0000 .18 63
47, . . • • 7,000,000 74 .17 .0004 .0077 .30 .025 .0000 .19 67

Average, . . . . 4,408,000 73 .16 .0005 .0069 .30 .032 .0000 .16 61

August, —  Continuous Filters.

8 A , ........................................ 2,764,000 76 .14 .0004 .0061 .29 .039 .0000 .15 31
5 0 , ......................................... 4,840,000 73 .16 .0007 .0091 .30 .023 .0000 .15 26
33 A , ........................................ 1,920,000 71 .16 .0007 .0069 .30 .025 .0004 .16 7
4 3 , ........................................ 4,800,000 74 .15 .0004 .0076 .30 .026 .0001 .17 15
44.................................................. 7,400,000 75 .16 .0004 .0073 .30 .026 .0000 .17 18

Average, . . . . 4,345,000 74 .15 .0005 .0074 .30 .028 .0001 .16 19
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September, —  Interm ittent Fillers.

Table showing Comparison o f  Monthly Averages o f  Chemical Analyses o f  Effluents., etc. —  Continued.

[Parts per 100,000.]

NUMBER OF FILTER.

Rate of 
Filtration 

(Gallons per 
Acre Daily).

Temperature 
(Degrees F.). Color.

Ammonia.

Chlorine.

Nitrogbn as

Oxygen
Consumed.

Per Cent, of 
Dissolved 
Oxygen.Free. Albuminoid. Nitrates. Nitrites.

3 B , ......................................... 3,384,000 31 .15 .0004 .0063 .28 .037 .0000 ,19 65
18A, . . . . . 5,140,000 68 .18 .0005 .0068 .29 .033 .0000 i 18 60
4 1 , ......................................... 2,040,000 66 .11 .0004 .0055 .32 .029 .0000 .15 59
4 5 , ......................................... 4,680,000 70 .10 .0004 .0051 .30 .018 .0000 .19 62
4 7 , ......................................... 6,900,000 70 .10 .0004 .0056 .30 .053 .0000 .19 55

Average, . ; 4,429,000 68 .13 .0004 .0059 .30 .040 .0000 .18 58

September, —  Continuous Filters.

8 A , ........................................ 4,167,000 70 .16 .0002 .0060 .30 .025 .0002 .20 41
50, . . . 4,780,' .00 68 .14 .0005 .0076 .30 .021 .0001 .19 35
33A............................................... 1,860,000 65 .14 .0020 .0070 .30 .022 .0003 .18 31
4 3 , ......................................... 4,600,000 71 .13 .0004 .0062 .30 .030 .0001 .19 4
44, . . 7,400,000 71 .10 .0002 .0048 .80 .031 .0000 .19 9

Average, . . . . 4,561,000 69 .13 .0007 .0063 .30 .026 .0001
'
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October, —  Interm ittent Filters.

SB, . . . . . . 4,002,000 58 .18 .0007 .0081 .32 .038 .0000 .21 45
1 8 A , ........................................ 4,720,000 55 .25 .0005 .0085 .28 .034 .0000 .31 51
4 1 , ........................................ 1,920,000 54 .24 .0005 .0083 .28 .032 .0001 .27 77
4 5 , ........................................ 4,700,000 59 .30 .0006 .0099 .26 .031 .0000 .38 55
4 7 , ........................................ 5,800,000 58 .29 .0006 .0091 .26 .041 .0000 .35 70

Average, . .. 4,228,000 57 .25 .0006 .0088 .28 .035 .0000 .30 60

October, —  Continuous Filters.

8 A , ........................................ 4,623,000 58 .18 .0004 .0068 .32 .042 .0000 .20 26
50, ......................................... 4,960,000 55 .25 .0005 .0091 .28 .031 .0001 .29 44

1,960,000 54 .23 . 0005 .0081 .28 .031 .0000 .30 42
43, ................................ 4,680,000 58 .28 .0007 .0102 .26 .029 .0000 .37 42
44................................................. 7,340,000 57 .29 .0008 .0097 .26 .028 .0000 .37 38

Average, . . . . 4,713,000 56 .25 .0006 .0088 .28 .032 .0000 .31 38

Novem ber,— Interm ittent Filters.

3B.............................................. 3,819,000 44 .30 .0027 .0082 .26 .030 .0000 .33 84
18 A , ........................................ 4,600,000 39 .33 .0047 .0109 .26 .022 .0000 .37 83
4 1 , ........................................ 1,760,000 42 .27 .0024 .0100 .25 .022 .0000 .33 86
45, . . . . . . 4,680,000 41 .44 .0052 .0124 .29 .024 .0000 .44 81
4 7 , ........................................ 5,280,000 44 .35 .0014 .0136 .26 .028 .0000 .44 -

Average, . . . . 4,028,000 42 .34 .0033 .0110 .26 .025 .0000 .38 83

t
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November, —  Continuous Filters.

[Parts per 100,000.]

Table showing Comparison o f Monthly Averages o f Chemical Analyses o f  Effluents, etc. —  Concluded. ^

NUMBER OF FILTER.

Rate of 
Filtration 

(Qallons per 
Acre Daily).

Temperature 
(Degrees F.). Color.

Ammonia.

Chlorine.

Nitrogen as

Oxygen
Consumed.

Per Cent, of 
Dissolved 
Oxygen.Free. Albuminoid. Nitrates. Nitrites.

8 A , ......................................... 3,812,000 43 .31 .0034 .0106 .26 .0 2 0 .0 0 0 0 .37 70
50.................................................. 4,560,000 42 .40 .0071 .0108 .27 .023 .0 0 0 0 .36 64
3 3 A , ......................................... 2,040,000 47 .26 .0015 .0089 .27 .026 .0 0 0 0 .30 76
4 3 , ......................................... 4,880,000 41 .40 .0014 .0 1 1 2 .28 .026 .0 0 0 0 .43 71
4 4 , ......................................... 7,340,000 42 .41 .0030 .0 1 2 0 .30 .027 .0 0 0 0 .44 78

Average, . . . . 4,526,000 43 .36 .0033 .0107 .28 .024 .0 0 0 0 .38 72

August -  November, —  Interm itient Filters.

4,273,000 60 .22 | .0012 .0081 .28 .033 .0000 .25 65

August -  November, —  Continuous Filters.

4,536,000 60 .22 .0013 .0083 .29 .027 .0000 .26 38
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Throughout this period, although air was cut off from the 
lower foot in depth o f the intermittent filters most of the 
time by a trap, the nitrification was greater in them than in 
the continuous filters. \

The reason that the continuous filtration of Merrimack 
River water is successful is, as has been already stated, that 
the river water contains sufficient oxygen, as is shown by the 
fact that free oxygen is never found absent from the effluents 
as they flowed out through trapped outlets. This is shown 
by the following table : —

Table showing P er  Cent, which the Oxygen dissolved in the Applied  
Water and Effluents was o f  that Necessary f o r  Saturation at 
Actual Tem perature.

S I n E f f l u e n t s o f  F i l t e r s  N u m b e r

MONTH. cS C3 * i
<5 * *

« <i •< 00 05 ©CO *■* CO **

1894.
May, 86 96 - 70

June, . 80 80 - 77 - - 52 - 58 - - - 55 - 93 53 -

July, . 69 80 - 37 37 4 40 51 47 15 - 42 40 56 50 43 53

August, 52 70 31 31 42 7 43 63 50 15 18 63 41 67 40 43 2 6

September, . 58 65 28 41 60 31 44 59 45 4 9 52 43 55 62 61 35

October, 68 45 24 26 51 42 37 77 50 42 38 55 46 70 71 70 44

November, . 88 84 62 70 83 76 78 86 73 71 78 81 85 - 79 80 64

Average, 71 74 36 50 55 32 49 67 54 29 36 59 52 62 66 58 4 4

* Intermittent.

The results of analyses of sand from different depths of the 
several pairs of filters on Dec. 1, 1894, are given below. 
The last three pairs o f filters in each of the two following 
tables were under comparable conditions at the time when 
these analyses were made. With regard to the first pair, it 
will be seen that in No. 18A both the organic nitrogen and 
the bacteria were present to a greater extent at depths of 
three and six inches than in the continuous Filter No. 50. 
This was caused in part by the former filter having been in 
operation more than four years longer than the latter, and 
for this reason the results from this pair are not included in 
the averages.



cooo
Table shotting Num ber o f  Bacteria p er  Gram  fou n d  in Sand fro m  Different Depths o f  Continuous and Intermittent

F ilters , D ec. 1 , 18 94 .

Depth from surface, . . . . \ inch. 1 inch. 3 inches. 6 inches. 12 inches. 24 inches. 36 inches. 48 inches. 60 inches.

Filter No. 18A, intermittent, 2,760,000 2,100,000 700,000 588,000 26,000 44,100 17,000 17,000 36,000

50, continuous, . 7,560,000 1,000,000 51,100 80,500 91,000 35,000 64,000 24,000 42,000

41, intermittent, 7,420,000 1,470,000 620,000 77,000 38,000 28,000 23,000 17,000 17,000

33, continuous, . 6,370,000 1,500,000 800,000 70,000 30,000 18,000 . 7,000 6,000 6,000

45, intermittent, 7,480,000 1,290,000 539,000 165,000 84,000 40,000 25,000 27,000 28,000

43, continuous, . 5,460,000 1,500,000 820,COO 245,000 120,000 49,000 42,000 35,000 13,500

47, intermittent, 7,700,000 2,040,000 1,010,000 720,000 245,000 105,000 64,000 84,000 35,000

44,'continuous, . 8,400,000 1,740,000 600,000 126,000 70,000 48,000 34,000 28,000 27,000

Average intermittent, 7,533,000 1,600,000 723,000 321,000 122,000 58,000 37,000 43,000 27,000

Average continuous, . 6,743,000 1,580,000 740,000 147,000 78,000 38,000 28,000 23,000 15,000
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Table showing A m ount o f  Organic Nitrogen fou nd  in Sand fro m  Different Depths o f  Continuous and Intermittent F ilters ,
D ec . 1 , 1 8 9 4 .

[Parts per 100,000 by weight o f dry sand.]

Depth from surface, . . . . 1 inch. 1 inch. 3 inches. 6 inches. 12 inches. 24 inches. 36 inches. 48 inches. 60 inches.

Filter No. 18A, intermittent, , 12.6 15.1 14.3 9.0 6.4 3.1 2.1 1.5 2.0

50, continuous, . 26.2 13.3 8.5 4.8 3.8 2.6 2.0 1.6 1.0

41, intermittent, 20.0 5.6 2.9 2.8 5.7 3.6 2.1 1.9 1.0

3SA, continuous, 19.3 5.1 3.3 1.6 4.1 2.6 2.1 1.3 0.0

45, intermittent, 25.9 12.8 7.9 5.6 3.1 1.8 1.3 1.1 1.0

43, continuous, 21.8 13.3 6.9 4.1 4.1 1.8 1.0 .6 1.3

47, intermittent, 15.6 7.5 5.9 4.7 2.9 2.0 1.6 1.3 0.0

44, continuous, 23.9 10.3 7.4 9.2 6.4 3.1 2.5 1.8 2.4

Average intermittent, 20.5 8.6 5.6 4.4 3.9 2.5 1.7 1.4 1.1

Average continuous, 21.7 9.6 5.9 5.0 4.9 2.5 1.9 1.2 1.4
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With water containing more organic matter than the Mer
rimack River water at Lawrence it may be said that inter
mittent filtration would probably give more satisfactory 
purification than continuous filtration.

jEffect o f Scraping Filters upon Bacterial Efficiency.
In more than one-half the cases of scraping the surface of 

filters to relieve clogging, this treatment has not produced 
any appreciable diminution in bacterial efficiency. In some 
instances, however, when the surface has been removed to a 
greater depth than usual, the diminution was more marked. 
Experiments are now under way to learn more definitely 
what course to follow when for any reason it becomes neces
sary to remove the sand to a greater depth.

The Effect o f Fluctuations in Rate o f Filtration.
In those cases in actual practice where the effluent would 

be pumped directly into the mains, the rate of filtration might 
vary considerably from time to time. Numerous experiments 
have been made to learn the effect of fluctuation in the rate 
o f filtration. With medium fine sand, of an effective size of 
0.3 of a millimeter, the effect of lowering the rate of filtration 
to one million gallons per acre daily, and quickly bringing it 
back to the normal, has produced practically no diminution in 
the efficiency. With Filter No. 50, however, of coarser sand, 
the effect has been quite marked; but it is to be noted that 
under these conditions the diminution was very slight in the 
case of the older Filter No. 18A of similar sand. When the 
rate of filtration has been increased to 50 per cent, above 
the normal, all filters have shown a diminution in the effi
ciency, at least for an hour or so after this treatment, the 
bacteria in the effluent increasing two, three, and in the case 
o f the coarser filters, operated at high rates of filtration, even 
five fold.

L aw rence Cit y  F il t e r .
During the winter of 1893-94 daily bacterial analyses were 

made of the Lawrence city water collected from different 
parts of the works; the results up to May 1 were presented 
in the annual report o f the Board for 1893. From May 1 
to December 1 the analyses of water from the several points 
have been made weekly, with results as follows : —
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Table showing Number o f  B acteria , per Cubic Centim eter , in 
Lawrence City W ater before and after Filtration.

In Mer- In F i l t e r e d  W a t e r  f r o m  —

DATE. rimaek
RiverWater. Filter. Reservoir

Outlet.
Tap at City Hall.

Tap at 
Experiment Station.

May 1,
1894.

2 ,3 0 0 _ 58 56 56

14, 4 ,3 0 0 91 77 138 60

21, 9 ,3 0 0 269 95 112 82

28, 6 ,000 104 164 303 ■ 106

Jane 4, 8 ,000 120 98 120 120

25, 8 ,600 100 65 66 90

July 9, 3 ,100 13 176 119 130

16, 2 ,6 0 0 32 256 110 65

26, 8 ,2 0 0 20 - 81

30, 1 ,500 30 33 46 100

A u g .  3 , 4 ,2 0 0 22 - - 55

6, 3 ,0 0 0 22 146 170 66

13, 4 ,0 0 0 20 160 83 131

20, 3 ,0 0 0 62 170 120 130

27, 2 ,2 0 0 41 200 197 132

S e p t .  4 , 2 ,200 39 85 112 69

10, 4 ,8 0 0 44 68 90 69

17, 5 ,6 0 0 35 79 75 84

24, 17 ,500 32 90 63 104

O c t .  1 , 8 4 ,000 193 119 80 71
8 , 4 1 ,3 00 255 122 106 110

15, 1 2 ,500 66 108 100 119

29, 5 ,0 0 0 37 60 37 95

N o v .  7 , 9 ,8 0 0 60 - - 90

17, 2 4 ,0 00 206 - - 82

19, 2 1 ,300 160 85 68 71

26, 1 2 ,000 190 187 76 170

£9 00 1 3 ,000  1 430 - - -

A v e r a g e s , 1 1 ,5 0 0  ! 95 117 107 90

A v e r a g e
m o v e d ,

p e r c e n t . o f  n u m b e r r e -
- 9 9 .1 7 9 8 .9 8 9 9 .0 7 9 9 .2 2

The average bacterial efficiency of the filter, as indicated 
by the above results, has been very satisfactory. On Decem
ber 1 daily bacterial analyses of water from the several differ
ent points were begun for the winter of 1894-95.
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Statistical T able  foe  the Y ear  1894. 

Applications for advice from cities, towns and others: —
Relating to water s u p p ly , ................................................  40
Relating to sewerage and drainage, . . 10
Relating to pollution of streams,........................................  3

Total,......................................................... . 53

Number of samples of water examined chemically and micro
scopically at the Massachusetts Institute of Technology, . 2,006

Number of samples of sewage and water examined chemically
and bacterially at the Lawrence Experiment Station,. . 2,534

Number of samples of sand examined chemically and bacteri
ally at the Lawrence Experiment Station, . . . .  420

Number of samples of sand examined mechanically at the Law
rence Experiment S ta tion ,.................................................234

Additional samples examined bacterially at the Lawrence
Experiment Station, . . . . . . . .  6,295

Total number of samples examined, . . . .  11,489

Force employed at central office —
Chief e n g in e e r ,.................................................  1
Assistant engineers, . . . . . . .  2
Stenographer and clerk, . . .  • . 1

— 4

At Massachusetts Institute of Technology : —
Chief c h e m is t , f ........................................................................ 1
Assistant chemists, .................................................\ 5
Chief b io lo g is t ,! ......................................................... 1
Assistant b i o l o g i s t , ........................................................ ' , 1

— 8

At Lawrence Experiment Station : —
Chemists, . .................................................  2
Bacteriologists, . . . . . . .  3
Other assistants and laborers, . . . .  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 
o f Technology, have the oversight of the chemical and biological work at the Law
rence Experiment Station.
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The number of applications for advice under the pro
visions of chap. 275, Acts of 1888, received since July, 
1886, when the act relating to water supply and sewerage 
first went into operation, is as follows : —

1886, . . .  .............................................8
1887, .........................................................................  22
1888, . . .  . . . .  28
1889, . . . . .  . . . . . 88
1 8 9 0 ,   23
1 8 9 1 ,  53
1 8 9 2 ,   56
1 8 9 3 ,   51
1894..................................................................................... 53

Total, .......................................................................332

F I N A N C I A L  S T A T E M E N T .

A p p r o p r ia t io n .

For carrying out the provisions of the act to protect the purity 
of inland waters, and to require consultation with the 
State Board of Health regarding the establishment of sys
tems of water supply, drainage and sewerage, . . . $27,000

E x p e n d it u r e s .

Advice 
to Cities 

and
Towns.

Examination of Water Supplies, Rivers and Existing 
Sewage Disposal Systems.

Lawrence 
Experi
ment 

Station.
Total.

Salaries, including wages of laborers at Lawrence Experiment Station, . . . . $7,969 30 $7,946 14 $7,238 10 $23,153 54Apparatus and materials, . . . . 33 75 76 57 1,221 92 1,332 24Rent of rooms at Massachusetts Institute of Technology,................................ 166 67 583 33 750 00Rent of Lawrence Experiment Station (thirteen months), . .......................... 162 50 162 50Travelling expenses,................................ 209 06 137 69 70 87 417 62Express charges, . . . . . . 132 45 414 69 11 58 558 72Use of tools and office, Lawrence Experiment Station,............................................. 360 07 360 07Books, stationery and drawing materials, 71 18 63 52 19 50 154 20Maps, blue prints and photographs, 10 72 10 72 _ 21 44Paid for collecting samples of water, - 7 13 _ 7 13Postage stamps, . . . . . .
Messengers and telegrams......................... 13 42 32 00 6 43 51 852 34 2 90 3 20 8 44Printing,............................................. 4 42 17 83 - 22 25

Total,............................................. $8,613 31 $9,292 52 $9,094 17 $27,000 00

The first three columns, showing the subdivision of the expenses under the three 
principal heads into which the work under this act is divided, are necessarily only 
approximate.
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R ecommendations .

The Board recommends the continuance of its investiga
tions now being carried on as authorized by the provisions 
of chapter 375 of the Acts of 1888..

For this purpose, and to make the necessary investigations 
in order to advise cities, towns, corporations and individuals 
in regard to the best methods of assuring the purity of 
intended or existing water supplies, and the best method of 
disposing o f sewage, and to carry out the other provisions 
of chapter 375 of the Acts of 1888, the Board estimates 
that the sum of $30,000 will be required.

H. P. WALCOTT, 
H. F. MILLS,
F. W . DRAPER,
G. C. TOBEY, 
J. W . HULL,
J. W . HASTINGS,
C. H. PORTER,
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