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Cljc Commontoealtf) of QiassacJjusms.

R E P O R T .

To the Honorable the Senate and House of Representatives of the Common
wealth of Massachusetts.

The commission appointed under the provisions of chapter 85, Ee- 
solves of 1912, herewith submits its final report.

R e s o l v e s  o f  1912 , C h a p t e r  85 .

R esolve to provide for investigating the Matter of a W ater Supply for 
the Cities of Salem, B everly and W oburn, and for Certain Towns. 
Resolved, That the governor, with the advice and consent of the council, 

shall, within thirty days after the passage of this resolve, appoint a commis
sion of three persons, citizens of the commonwealth, to investigate the matter 
of a water supply for the cities of Salem, Beverly and Woburn, and for the 
towns of Burlington, Billerica, Tewksbury, Wilmington, Reading, North Read
ing, Andover, North Andover, Lynnfield, Middleton, Peabody, Danvers, Wen- 
ham, Hamilton, Topsfield, Boxford, Georgetown, Ipswich and Rowley. The 
commission shall determine upon the best method of supplying the said 
municipalities with water and of protecting the purity of the water, and 
if it recommends that two or more municipalities shall take water from one 
source, it shall assign to each its place of taking and the amount to be taken 
and the time during which it shall be taken. The commission shall make such 
surveys as may be necessary to determine upon sites suitable for reservoirs, 
filter-beds and other necessary structures, and shall consider the expediency 
of including one or more of the said municipalities within the metropolitan 
water supply system. The commission shall also consider the advisability of 
separate water supplies for the cities of Salem and Beverly, one to be taken 
from Wenham lake, and if this plan shall be recommended, the commission 
shall report a scheme for carrying it into effect. The, commission shall give 
public hearings in such places and after such notice as it may deem expedient, 
and may employ such engineers and other assistants, and may incur such 
expense as may be necessary to carry out the provisions of this resolve and as 
may be approved by the governor and council. The commission shall report 
to the general court on or before the second Wednesday in January in the
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year nineteen hundred and thirteen, and shall include in its report such 
information as it has obtained upon the subject through legislative hearings 
and otherwise, and drafts of any legislation which it may deem expedient to 
carry out its recommendations. The members of the commission shall receive 
such compensation as may be fixed by the governor and council. [.Approved 
April 29, 1912.

The commission was duly organized on July 1, 1912, Mr. Thomas 
W. Proctor being elected chairman, Mr. Guy C. Emerson, engineer, 
and Mr. J. Murray Cox, secretary. Fifteen public hearings have 
been given by the commission, at which all parties appearing have 
been heard. The commission has also caused a careful independent 
investigation to he made by its engineer, assisted by expert advice, 
and has had before it the various reports of the State Board of 
Health, the Metropolitan Water and Sewerage Board, the evidence 
and arguments submitted in connection with these questions before 
the water committee of the 1912 Legislature, and other public docu
ments containing useful information. The result of its investiga
tions and deliberations are here set forth.

The several towns and cities enumerated in the resolve may be 
classified for the purposes of this report into (a) municipalities with 
a present adequate water supply; (5) municipalities with no pres
ent water supply; and (c) municipalities with a present inadequate 
water supply.

M u n ic ip a l it ie s  w it h  a P r e s e n t  A d eq u a te  W a t e r  S u p p l y .

Within this classification may properly be included the city of 
Woburn and the towns of Billerica, Reading, Andover, North An
dover and Ipswich.

The city of Woburn obtains its water at present from driven wells 
and filter galleries adjacent to Horn Pond. The works have been 
extended from time to time, and provision has been made for further 
extensions in the future, so that it is not contemplated that an addi
tional source of supply will be necessary for many years to come. 
Should the demand for water ever exceed the capacity of its present 
supply, it would seem that the city will be entitled, under the present 
provisions of the metropolitan water act, to take water from the 
metropolitan source by making application therefor, and paying the 
amounts determined upon by the Metropolitan AY ater and Sewerage 
Board.
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The town of Billerica now takes its water from driven wells adja
cent to the Concord River in said town, and it is assumed that addi
tional water when needed by this municipality may be obtained with
out serious difficulty by extending the present system of wells, or 
by filter galleries, as may appear desirable.

The town of Reading obtains its present supply of water from 
filter galleries adjacent to the Ipswich River, and no apprehension is 
felt as to the possibility of extending this system sufficiently in the 
future to provide for all possible additional needs.

The town of Andover has at present an excellent source of supply 
in Haggett’s Pond. There appears to be no reason why this supply 
will-not be adequate for a great many years to come.

The town of North Andover seems also to be amply provided for 
in the matter of water supply for a great many years in the future. 
I t  obtains its present supply from Great Pond, and its future water 
needs are undoubtedly well provided for in that source.

The town of Ipswich obtains its present water supply from the 
watershed of Dow’s Brook, within the town limits. The present sup
ply is ample and satisfactory, and the possibility of a further devel
opment of the same source provides for the future water needs of 
this municipality.

The commission is satisfied that each of these municipalties has a 
sufficient supply for some years to come, and that conditions will 
be favorable for additions and extensions to the present supplies when 
occasion demands, without the necessity for seeking new sources.

M u n ic ip a l it ie s  w it h  N o P r e se n t  W a t e r  S u p p l y .

Under this classification are included the towns of Burlington, 
Tewksbury, Wilmington, North Reading, Lynnfield, Wenham, Ham
ilton, Topsfield, Boxford, Georgetown and Rowley.

The town of Burlington is located partly on the Ipswich and 
partly on the Shawsheen River watersheds. There appears to be lit
tle likelihood that this town will contemplate the construction of a 
water system for some years to come at least. As there are no lakes 
or ponds within its borders, it seems probable that when the necessity 
of obtaining a water supply shall arise, a satisfactory supply will be 
obtained from one of the rivers, probably by means of driven wells or 
filter galleries. The amount of water which is likely to be required 
for supplying this town is extremely small.
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The town of Tewksbury borders for a short distance upon the 
Ipswich River, but is located largely within the Shawsheen River 
watershed. Conditions existing in this town as regards subsoil indi
cate that when a water supply is required it may be obtained from 
driven wells adjacent to one of these rivers.

The town of Wilmington is located at the head of the Ipswich 
River watershed and has recently considered the installation of a 
water supply. The expense of such an installation, however, proved 
to be prohibitive at the present time. However, it is quite possible 
that this town may later on have occasion to seek a municipal supply. 
In  such an event it will undoubtedly be possible to obtain a supply 
adequate for its needs by means of driven wells within the Ipswich 
River watershed.

The town of North Reading has, at the present time, rights to the 
waters of Swan Pond, which now constitutes a part of the Danvers 
and Middleton source of supply. There is no immediate likelihood 
that this town will install a water system, but should it decide in the 
future to do so, its supply can probably best be obtained from ground- 
water sources adjacent to the Ipswich River or its tributaries.

The town of Lynnfield seems unlikely to be in need of a water 
supply for many years to come, but should it become necessary to 
seek a supply, a source suitable for its needs can be easily developed 
by means of driven wells adjacent to some of its water courses.

The town of Middleton, while possessing no supply of its own, is 
partially supplied at the present time from the Danvers system. It 
seems to this, commission that an extension of that arrangement, pro
vided the town of Danvers can obtain a sufficient and satisfactory 
additional supply, will prove to be the logical solution for the future 
needs of Middleton.

The town of Wenham does not appear to be in any immediate 
need of a water supply, but it is so situated, geographically, that it 
might easily obtain a satisfactory supply from Wenham Lake, iu 
connection with Beverly and Salem.

The town of Hamilton has considered the subject of a water sup
ply in recent years, although no definite action has been taken toward 
obtaining one. I t  seems likely that this town, as in the case of V en- 
ham, would best be served by obtaining its water supply, through an 
arrangement with Salem and Beverly, from Wenham Lake.
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The town of Topsfield has considered the subject of a municipal 
water supply at various times, and it seems not unlikely that water 
will be needed for the purpose in the not distant future. The most 
feasible method which presents itself for supplying this town with 
water is the development of the ground-water supplies adjacent to 
Pye Brook.

The town of Boxford has agitated the subject of a municipal water 
supply within recent years, although no definite steps have been 
taken. There is little doubt that the moderate amount of water that 
will be needed by this town for a great many years in the future can, 
when desired, be obtained from ground-water sources adjacent to the 
ponds or streams within its borders.

The town of Georgetown has not as yet considered the installation 
of a municipal water supply, but there are within its limits several 
ponds, together with parts of the Parker and Miles rivers, from 
among which there can undoubtedly be obtained a satisfactory sup
ply whenever needed in the future.

The town of Rowley will probably have no occasion to develop a 
water supply for at least many years in the future. I t  seems quite 
likely, however, that satisfactory ground-water sources will be found, 
when needed, within its borders.

A thorough study of the problem of supplying each of the above 
municipalities with water was not possible with the time and money 
at the disposal of the commission. The case of each town presents 
conditions peculiar to itself in this respect, and the commission has 
felt unwarranted in looking beyond the general question of suggest
ing a possible method of obtaining a water supply for each com
munity.

I t  is unlikely that more than one-half of these towns will have 
occasion to seek a source of water supply within the next thirty 
years, and it seems quite probable that the remaining half will 
postpone action for many years to come. The total quantity of water 
which will probably be required to supply these towns will be small, 
and the commission assumes that any grants made of water from 
these localities in the future to outside municipalities will carry pro
visions securing to local communities their rights to such portions 
of the water as their future needs may demand.
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M u n ic ip a l it ie s  w it h  a  P r e s e n t  I nad eq u a te  W a t e r  S u p p l y .

W ithin this classification are included the cities of Salem and 
Beverly and the towns of Peabody and Danvers.

Both Salem and Beverly obtain their present supplies from Wen- 
ham Lake, which lake lies partly within the limits of Beverly and 
partly in Wenhain, — 98 acres being within the geographical limits 
of Beverly and 152.6 within the limits of Wenham. The drainage 
area contributing to this lake is about 3.13 square miles, and its safe 
capacity as a water supply has been figured to be approximately
2.700.000 gallons per day. The Wenham Lake supply was supple
mented in 1895 by the introduction of water into it from the adja
cent watershed of Longham Brook. The combined capacity of these 
two sources in an average year is probably somewhat in excess of 
5,000,000 gallons per day, but the daily capacity in a series of very 
dry years is probably not much in excess of 4,500,000 gallons.

The present daily consumption of water in these two cities appears 
to be somewhat in excess of 5,500,000 gallons, or, in other words, is 
considerably in excess of the safe capacity of the present sources. 
Under these conditions it is obvious that a new source of supply must 
be found immediately for one or both places, otherwise, a supplemen
tary supply must be obtained to meet the present and increasing de
mands for water in these two cities.

The town of Peabody obtains its supply from two small ponds 
known as Spring Pond and Brown’s Pond, located in Peabody, and 
from Suntaug Lake, located in the town of Lynnfield. In  addition, 
a temporary supplementary supply has been obtained during the past 
year from driven wells in the valley of Goldthwaite Brook, within 
the town limits. The safe capacity of all of the present sources of 
supply apparently does not exceed 1,500,000 gallons per day, exclu
sive of the wells at Goldthwaite Brook, which up to the present time 
have maintained a yield as high at times as 1,500,000 gallons per day, 
making the possible total supply of water available 3,000,000 gallons 
per day, while the consumption during the past year has been about
2.700.000 gallons daily.

The driven-well supply in the valley of Goldthwaite Brook is al
ready a subject of legal controversy, owing to its alleged interference 
with private ground-water supplies in the same valley, and it is clear 
to the commission that this supply, which now furnishes one-half the
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total consumption, can be considered only temporary in nature. 
I t  is of utmost importance, therefore, that immediate steps be taken 
to secure an additional and adequate supply for this town.

The town of Danvers obtains its present supply from Middleton 
Pond, located in the town of Middleton. The average capacity of 
this source is approximately 1,000,000 gallons per day, while the 
average daily consumption for the first ten months of the year 1912 
was 1,122,000 gallons.

This town also has rights to the water in Swan Pond, which is 
closely adjacent to Middleton Pond and which is capable of yielding 
approximately 300,000 gallons per day. The rights of Danvers in 
this pond are subject to those of the town of North Reading, which 
rights, however, have never been exercised by that municipality. 
If  the entire yield of these two ponds were to be utilized, the com
bined capacity would be 1,300,000 gallons per day. The consump
tion of water is increasing somewhat rapidly in this town, and it is 
apparent that the present sources will not suffice for many years in 
the future.

P o s sib l e  S o u r c es  o f  A d d it io n a l  W a t e r  S u p p l ie s .

The matter of securing additional water supplies for the above 
municipalities was investigated in 1911 by the State Board of 
Health, as reported by them to the Legislature of 1912, which report 
is printed in House Document No. 1652. As a result of its investi
gations it appeared that the only possible additional sources of sup
ply for the four municipalities above referred to which could be con
sidered satisfactory were the metropolitan water supply and the 
waters of the Ipswich River.

After a careful investigation this commission is constrained to 
concur with that finding, nor has any suggestion been brought to 
its attention that there could be any other conclusion in this respect. 
In other words, it is clearly apparent that these four municipalities, 
namely, the cities of Salem and Beverly and the towns of Peabody 
and Danvers, must be permitted immediately to secure additional 
water supplies, and to obtain the same either from the metropolitan 
water system, from the Ipswich River, or both.

If  Salem were to obtain its entire supply, independently, either 
from the metropolitan system or from the Ipswich River, and to 
abandon its present rights to the waters of Wenham Lake, there is
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no question that Beverly would have a sufficient water supply in 
Wenham Lake to answer all water requirements of that city for 
many years in the future. Obviously, however, if Salem continues 
to exercise its rights in Wenham Lake, Beverly must he included in 
the provisions for securing additional water.

T h e  I p s w ic h  R iv e r  as a  P o s sib l e  S oukce  o f  W a t e r  S u p p l y .

The Ipswich River is about 30 miles in length and drains a com
paratively flat territory extending from Wilmington to Ipswich, and 
comprising in all approximately 148 square miles. A very large 
proportion of the area drained is swampy in character, and, due to 
this fact, the color of the river water is very high, owing to its con
tent of organic matter. The population upon the watershed is, and 
seems likely to continue, comparatively small, so that the danger 
from pollution if used as a water supply is less than would obtain in 
many of the rivers in the eastern part of the State.

In  order to make this water satisfactory for the purposes of domes
tic consumption it would undoubtedly be necessary, in general to 
apply some form of filtration in order to remove the organic matter 
and thereby reduce the color. I t  is possible, however, that some of 
the tributaries to the main river may be of somewhat better quality 
in appearance, in which case filtration might not be necessary, espe
cially if the water taken were to be mixed, before using, with a much 
larger amount of comparatively clear water.

The amount flowing in this stream varies considerably with the 
seasons of the year. This is shown graphically on a chart appended, 
compiled by Mr. W. S. Johnson, C.E., which has been checked by 
the engineer of this commission. I t  will be seen by consulting this 
chart that the average daily flow in some months of wet years occa
sionally rises above 400,000,000 gallons, while in some dry summer 
months it may be extremely small. During the year 1911 the State 
Board of Health had observations made on the flow of this stream 
at various points, and a comparison of its figures with the Sudbury 
River records indicates that the run-off per square mile of watershed 
is substantially the same in each case. I t  is to he noted that the 
year 1911, during which these observations were made, was the 
lowest year, in amount of run-off, of which we have record in this 
State. In  other words, the conditions existing in the Ipswich River 
during the year 1911 show the minimum stream flow that may be
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expected ever to occur. Notwithstanding this fact, of the eleven 
months recorded, three show an average flow in excess of 135,000,000 
gallons per day, and six an average in excess of 50,000,000 gallons 
per day.

The only water now utilized from the watershed of this river is 
that diverted for water-supply purposes, namely, the waters of Wen- 
ham Lake, Suntaug Lake, Middleton Pond, and the supply drawn 
by the town of Reading, together with a certain amount which is 
used by the Ipswich Mills near the mouth of the stream for manu
facturing purposes and for power.

The city of Lynn has the right, under authority granted by the 
Legislature of 1901, to divert all of the flow of the upper 43 square 
miles of the watershed in excess of 10,000,000 gallons per day; and 
it seems quite probable that these rights may be exercised within a 
comparatively few years. I t  is also likely that from time to time 
water may be diverted for the uses of the towns within the water
shed which at present have no water-supply systems; but after de
ducting all these possible diversions and uses of water, it is clear that 
there will remain in the stream an enormous quantity of water which, 
if it can be availed of in a practical manner, will he probably capa
ble of furnishing an adequate supply of water for many years to come 
for the entire northeastern section of the State.

In  view of the proximity of the four municipalities, much consid
eration has been given to the possibility of finding a single develop
ment which might serve the four communities jointly. The State 
Board of Health, in its report previously referred to, found that the 
greatest difficulty in the way of utilizing the flow of this river for 
water-supply purposes was the lack of adequate and suitable storage 
facilities. The report intimated that it would he possible, by con
structing a dam at Willowdale, which is about 4 miles up the stream 
from its mouth, to create a very large storage reservoir; hut such a 
reservoir, in the opinion of that Board, would be undesirable on 
account of the swampy nature of the land which would he flooded, 
and because of the shallow depth of water in many portions.

All of the expert engineering testimony which has been intro
duced at the hearings of this commission has been more or less in 
conflict with the opinion as expressed in the State Board of Health’s 
report just referred to, so far as it has a hearing upon the objections 
suggested against such a reservoir. The commission has called into
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consultation Mr. Allen Hazen of Hew York, who is recognized as one 
of the leading authorities on water-supply engineering in this coun
try, and he has unqualifiedly endorsed the practicability of con
structing and operating such a reservoir. His information and argu
ments are set forth in a copy of his report, which is appended hereto. 
In  the absence of any evidence to the contrary, other than the opin
ion expressed by the State Board of Health, and in the light of Mr. 
Hazen’s very thorough report on this matter, as confirmed by several 
other water engineering experts who testified before it, the commis
sion is forced to the conclusion that such a reservoir as suggested by 
Mr. Hazen is a practical solution for the development of the Ips
wich River as a water supply, which would, if constructed, be 
ample for a great many years in the future.

On the other hand, the estimates prepared by the engineer of the 
commission indicate that the expense of the undertaking, while very 
small in comparison with the amount of water available from such a 
supply, would probably prove to be prohibitive if it were necessary 
to apportion it among the four municipalities now in need of water.

On account of the limited appropriation at the disposal of the 
commission it has not been deemed prudent to entail the expense of a 
complete survey of the proposed reservoir, and in the absence of such 
a survey the estimates are more or less uncertain, as is also the esti
mated capacity of the reservoir. I t  has been necessary, in the absence 
of such a survey, to obtain the information requisite for an approxi
mate estimate from the government maps; and, upon the assumption 
that the information thus obtained is reasonably correct, it appears 
from the engineer’s figures that such a development as proposed in 
Mr. Hazen’s report, namely, a storage capacity of 27,000,000,000 
gallons, capable of a daily draft of 80,000,000 gallons for all pur
poses might be expected to cost not more than $6,500,000, and pos
sibly less.

I t  will be readily appreciated that if such a development is a 
feasible engineering proposition it has a great potential value for the 
future. I t  does not appear to this commission that the probable 
expense of such a development can be justified at the present time, 
if apportioned only among four municipalities.

I t  is conceivable that the city of Lynn might find a more econom
ical solution of its water problems in connection with such a joint 
development than by means of an independent development, as it
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at present contemplates. I t  is also conceivable that many other 
towns and cities within a distance easily reached from this locality, 
and whose supplies are approaching a state of exhaustion, might be 
•inclined in the future to join with the communities now interested 
in developing this project for joint use.

Under such assumptions the adoption of a joint development as 
suggested might undoubtedly prove financially feasible, even at this 
time. I t  is useless, however, and outside the scope of its authority, 
for this commission to consider the inclusion of any of these munici
palities in connection with a solution of the specific problems sub
mitted to it.

I t  seems to this commission not unlikely that this development sub
stantially as proposed is apt to be the .ultimate future solution of the 
water-supply question for the northeastern portion of the State; and 
it is of the opinion also that when such a development becomes finan
cially feasible it will be the best solution of the question.

In  spite of the general attractiveness of this scheme as outlined by 
Mr. Hazen, and of the scientific solution it seems to offer for supply
ing the wants of the several municipalities in present need of relief, 
the commission has been unable to evolve any satisfactory method 
in dealing with the large financial burden which its construction at 
this time would undoubtedly create. I t  would seem that until such 
time as the total population to be served by such a development has 
increased very materially its construction will not be justified. I t  
also appears that temporary independent supplies, if obtained from 
the Ipswich River for a period of thirty years, can be developed at a 
total saving in cost over the plan under consideration, which if capi
talized, will warrant the abandonment of the temporary works at 
the end of the period in favor of such a scheme. The commission 
cannot see its way clear at this time to urge the construction of this 
reservoir as a solution of the present difficulties.

Until such time as this or some similar development of the river 
supply becomes practicable it will be necessary to provide storage at 
other points, such as in the existing lakes and ponds, or in artificial 
reservoirs created for the purpose, into which the water from the 
river may be pumped during periods of high flow and retained for use 
during the dry seasons, to augment the natural yields of the present 
sources of supply.

Several suggested plans for utilizing the flood flow of the river in
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this manner have been considered by the commission, and testimony 
has been introduced before it as to the cost and practicability of the 
methods proposed.

The city of Salem, through its representatives, has submitted in. 
more or less detail a proposal that Salem and Beverly should take 
water jointly from the river at a point in Topsfield, between the New- 
buryport turnpike and the ISTewburyport branch of the Boston & 
Maine Railroad.

In  this scheme it is proposed to install a pumping plant near the 
river capable of pumping 15,000,000 gallons daily. This plant would 
be operated during periods of flood flow in the river, and the water so 
pumped delivered by means of a 36-inch pipe line into V'enham Lake. 
I t  is thus proposed to maintain the water level in Wenham Lake at 
its maximum elevation until May 31. During the following dry 
months it is expected that the storage available in the lake would 
amply supply the demand for water by the cities of Salem and Bev
erly, even though it might be necessary in some seasons to lower the 
level of the lake more than has heretofore been deemed desirable, the 
assumption being, of course, that the lake could be readily refilled 
during the succeeding winter by pumping from the Ipswich River. 
The present rate of consumption by the two cities indicates that if 
would probably not be necessary for the first few years to pump more 
than an average of 3,000,000 gallons per day from the river, even 
though the period was one of very dry years, and the pumping re
stricted to four months of the year.

I t  is also proposed, as a necessary adjunct to this scheme, to install 
a slow sand filtration plant on land adjacent to the present pumping 
stations, near the southerly end of Wenham Lake, with a capacity of
10,000,000 gallons daily.

I t  is proposed to raise the water from Wenham Lake by means 
of low-lift pumps discharging on to the filters; the filtered water 
would then be collected in a clear-water reservoir, from which it 
could be drawn by the present pumps and delivered to the existing 
distributing reservoirs.

At the end of approximately ten years it is contemplated that addi
tional storage would be required beyond that supplied by TV enham 
Lake, to provide for the increase in water consumption of the two 
cities; and to meet this contingency it is proposed that an artificial 
storage reservoir should be built in that section of Danvers known as
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Putnamville, where there exists a natural reservoir site which could 
be made available for the purpose by the construction of a compara
tively short earth dam at one end and a low dike at the other.

This proposed reservoir site has been accurately surveyed by the 
engineers of the city of Salem, and its storage capacity has been de
termined to be 1,500,000,000 gallons. This reservoir would have an 
area of approximately 290 acres and a maximum depth in the vicin
ity of 21 feet, provided the dam were to be built to the height pro
posed, namely, 35 feet. The shores of this reservoir would be com
paratively steep, so that little if any shallow flowage would result. 
Tests have been made by the commission’s engineer to determine the 
character of the soil underlying the proposed reservoir site, and it
has been found to be of an impervious nature, suitable for retaining 
water.
_ This reservoir would connect with the main 36-inch pipe line pre

viously laid from the river pumping station by means of a branch 
pipe, and during the periods of flood flow it is expected that the 
pumps would be operated at a sufficient rate to fill this reservoir, 
in addition to restoring the level of water in Wenham Lake.

At about the time that this reservoir shall become necessary it is 
proposed to install a system of so-called preliminary or roughing 
filters near the northerly end of Wenham Lake, having a total area 
of o acres, through which all of the water coming from the Ipswich 
Eiver or from the Putnamville reservoir would pass before entering 
Wenham Lake, with the idea that it would be thereby materially 
improved in quality, and that the combined .waters could be more 
easily and economically filtered by the slow sand filtration plant.

I t  is urged as a further advantage that the storage of the river 
water in the Putnamville reservoir would greatly improve it for 
subsequent use.

The cost of this entire development, including the river pumping 
station, pipe lines, Putnamville reservoir, preliminary and slow sand 
filters, and a clear-water reservoir has been variously estimated at 
from $1,000,000 to $1,250,000, the latter figure being the estimate 
of the commission’s engineer, which has been purposely figured on a 
liberal basis for the purpose of providing for the inevitable and un
foreseen expenses incidental to such undertakings. In  this allowance 
of $1,250,000 are included $205,000 for the expense of completely 
stripping or covering with gravel all of the soil now overlying the
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site of the proposed Putnamville reservoir. All of the expert engi
neering testimony which has been introduced before the commission, 
as well as the advice given by Mr. Hazen, the commission’s expert, 
has been to the effect that the stripping of this soil would be abso
lutely unnecessary in the case of water which was to be filtered. Not
withstanding this fact, the commission believes it wise and in the 
line of conservatism to use the maximum construction cost figure of 
$1,250,000 as a basis upon which to compute the relative cost of a 
supply such as is proposed.

The commission is satisfied, after a careful consideration of the 
various features embraced in this plan, that it offers a practical and 
satisfactory solution of the water-supply problem for the cities of 
Salem and Beverly during at least the ensuing thirty years, provided 
they are to continue the joint use of Wenham Lake. In  the opinion 
of the commission, however, if this general plan should be adopted, 
the Putnamville storage reservoir and the preliminary filters should 
be a part of the initial construction, for the reason that the oppor
tunity for long open storage and preliminary treatment will render 
the quality of the resulting water more susceptible to final filtration, 
and thus insure a more satisfactory effluent from the secondary or 
final filters. The additional storage will also obviate the necessity 
for drawing down Wenham Lake to objectionable levels during the 
summer months.

The commission estimates that, should this plan be adopted for 
the purpose of obtaining an additional water supply for the two 
cities, there would probably be ultimately required not more than
2,500,000,000 gallons of water from the river source in any calen
dar year. This estimate is based upon an expected increase in popu
lation for the future as in the past, and upon the assumption that the 
new supply would be ample for the next thirty years.

The commission is also of the opinion that should this plan be 
adopted it might be found necessary to cover the existing distributing 
reservoirs, to prevent the growth of objectionable organisms in the 
filtered water.

The commission estimates that a water supply obtained for the 
next thirty years in the manner outlined, including the initial con
struction of the storage reservoir, preliminary filters and the covering 
of the existing distributing reservoirs of the two cities, will average 
in cost for that period, in the case of Salem not more than $84,688
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per year, and for Beverly not more than $44,314 per year, assuming 
the cost of all new joint construction to he assessed in the ratio of 
two-thirds and one-third, respectively.

The city of Beverly, through its representatives, has submitted for 
the consideration of the commission a proposed plan whereby the 
so-called Putnamville reservoir would he constructed in substantial 
accordance with the plan previously outlined, except that it would 
be directly connected with the pumping station located at the Ips
wich River, and the pipe connection to Wenham Lake would be 
omitted. By this scheme the city of Salem would obtain all of its 
water from the reservoir, and would abandon its present rights in 
the waters of Wenham Lake.

To make this plan practicable it is proposed to draw the water 
from the Putnamville reservoir by means of a pipe line 30 inches in 
diameter to a point in Danversport near the line of the present 30- 
inch main, which connects the present Salem pumping station at 
Wenham Lake with the city. At this point it is proposed to install 
a mechanical filtration plant of 6,000,000 gallons’ daily capacity for 
the purification and improvement of the water, and the installation of 
a pumping plant by means of which the filtered water would be 
pumped into the Salem pipe system. The cost of such a develop
ment, including the river pumping station, Putnamville reservoir, 
pipe lines, filters and the main pumping plant, is estimated to be 
about $1,000,000.

With such independent provision for Salem it would be possible 
for the city of Beverly to obtain its water supply from Wenham Lake 
for at least the next generation, and probably much longer, either 
with or without the present Longham Brook supplementary supply.

I t  is contemplated in connection with this scheme that the city 
of Beverly might possibly be called upon to reimburse the city of 
Salem for the transfer of its rights in the waters of Wenham Lake, 
together with legal damages in connection therewith. The sum which 
the city of Beverly might be expected to pay for this purpose has 
been variously suggested at between $400,000 and $700,000. In 
the absence of an agreement between the two cities as to the amount 
which one would be willing to give and the other to receive, under 
such a plan it is obviously impossible for this commission to deter
mine the financial effect of such a plan upon the two cities.

The commission believes that such a plan could be developed so



18 IPSWICH RIVER WATER SUPPLY. [Mar.

as to give a more or less satisfactory result, and if no other method 
of obtaining a water supply were available, this could undoubtedly 
be made to answer the purpose. I t  is, however, subject to many 
objections. The water would be drawn from the reservoir during a 
part of the year in a more or less raw state, without having the benefit 
of sufficient storage. I t  would be likely to prove a difficult water 
to purify satisfactorily. The city of Salem would be entirely de
pendent upon an artificial reservoir, without any natural supply, 
and in case of accident to the dam or dyke might be left with no 
supply. The water, after flowing down from a comparatively high 
elevation to the low elevation at the filter site, would require repump
ing to the high elevation of the distributing reservoir, a somewhat 
wasteful process.

The commission estimates the average yearly cost for the city of 
Salem of a water supply obtained in this way for the next thirty 
years to be $10S,765.

A S u p p l e m e n t a r y  W a t e r  S u p p l y  f r o m  t h e  I p s w ic h  R iv e r  fo e  
t h e  T o w n  o f  P eabody .

In  case the town of Peabody was to obtain its needed additional 
water supply from the Ipswich River, it would he necessary, as in the 
case of Salem and Beverly, that sufficient storage facilities should be 
available to retain that portion of the river water needed for use dur
ing the dry portions of the year. Ro practical storage reservoir site 
has been found or suggested other than the present natural reservoir, 
known as Suntaug Lake, which is already used as one of the town’s 
water-supply sources.

The present available storage in Suntaug Lake is approximately
450,000,000 gallons, but it is suggested that by raising the high- 
water level of the lake 5 feet the available storage can be increased 
to 700,000,000 gallons. This amount, added to the storage available 
in the town’s other reservoirs, would give a total available storage 
capacity of 1.000,000,000 gallons, which would be ample for the 
town’s needs during at least the next thirty years.

The commission’s engineer has made examinations of the subsoil 
conditions in the vicinity of this lake, and his conclusions are 
favorable to the practicability of increasing the storage capacity as 
suggested.
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I t would be possible by laying a pipe line in the valley of 
Humphrey’s Brook, which is the natural outlet from Suntaug Lake, 
to reach the Ipswich River at a point about 3 miles distant from the 
lake, where, by the installation of a pumping station, water could be 
pumped at favorable periods into the storage provided by Suntaug 
Lake. Tbis point in the river, however, is only about 2 miles below 
the so-called Paper Mill Dam, above which point the city of Lynn 
has the right to divert all of the flow in excess of 10,000,000 gallons 
daily. Whenever this right is fully exercised by the city of Lynn, 
the amount of water flowing in the river at the Humphrey’s Brook 
intersection will probably be insufficient to meet the needs of Pea
body for additional water, and also to provide, as it necessarily must, 
a suitable flow in the river below the point of taking.

The town of Peabody has asked, through its representatives, that 
it be given the right to extend its pipe line, if need be, along the 
river bank to a point about one-fourth mile below the intersection of 
Boston Brook, with permission to take water from the river at this 
point to the extent of not more than 8,000,000 gallons per day.

I t would seem to the commission to be desirable, if legislation is to 
be granted for the obtaining of a supply in this manner, that permis- . 
sion be given to divert the maximum quantity which is likely to be 
required at any time during at least the next thirty years, and it 
would appear that 8,000,000 gallons, as requested, might prove inad
equate for the needs of the final period. The commission estimates 
that the consumption at the end of the period is likely to be at least
5.000. 000 gallons per day, and that if the present supplies are still 
available 3,500,000 gallons per day will come from the new supply.
I f  that supply is to be the Ipswich River it may be that the total 
of 1,277,500,000 gallons thus required from this source will have to 
be pumped, during not more than four months, an average of over
10.000. 000 gallons per day. I t  would seem, therefore, if permission 
is granted Peabody to take its additional supply from this source it 
should be allowed to divert such amounts as are needed, not to exceed 
say 1,500,000,000 gallons in any one year. I t is obvious that 
water will not be diverted beyond the amount actually needed.

If  the river water is used as proposed it is conceded that filtration 
will probably be necessary to render it suitable for domestic use; 
and it is proposed by the town that a mechanical filtration plant
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would be installed at a point near the present pumping station in 
Peabody, where all of the water used by the town would be filtered 
before being pumped to the distributing reservoir.

The commission is convinced that such a plan is entirely feasible, 
and that if water from the Ipswich River is to constitute the future 
additional supply of the town of Peabody, it can be best obtained by 
the method outlined. The cost of this proposed development, includ
ing the river pumping plant, pipe line, enlargement of reservoir 
and filtration plant, is estimated by the engineer of the commission 
to be $490,000, including the probable expense of covering the exist
ing distributing reservoir.

Figured upon the above basis of initial cost, the average yearly 
charge for a water supply for Peabody obtained from the Ipswich 
River by the plan outlined would be not more than $66,000 if the 
complete works were to be immediately constructed, and this figure 
could undoubtedly be materially reduced by omitting the enlarge
ment of Suntaug Lake for a few years, and utilizing a temporary 
pumping station and intake at a point in the river at a considerably 
less distance from the lake than will be ultimately required.

Briefly stated, then, it may be said that the town of Peabody could, 
by pumping water from the flood waters of the Ipswich River at a 
point one-fourth mile below the intersection of Boston Brook, during 
a period of not more than six months of the year, and delivering' 
such water through a pipe line approximately 6 miles in length into 
Suntaug Lake enlarged, obtain with the aid of filtration a sufficient 
and satisfactory additional water supply for the needs of the next 
thirty years, at an average yearly cost which will not exceed $66,000.

In  the report of the State'Board of Health on this matter (House 
Document ISTo. 1652) to the Legislature of 1912 it is stated on 
page 2 2 :—

With 1,400,000,000 gallons of water from the Ipswich River, and assuming 
that the available storage in the Peabody reservoirs would be increased by 
raising the level of Suntaug Lake 5 feet, the reliable yield of the sources of 
water supply of the town could be increased to about 4,600,000 gallons per 
day, — a quantity 74 per cent, greater than that used by the town in 1910. 
The use of water by the town of Peabody has increased 74 per cent, in about 
eight years. These works would utilize practically all of the water available 
from the Ipswich River at the mouth of Boston Brook in very dry years under 
the conditions named above.
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From this analysis the inference is drawn, as appears on the fol
lowing page of the report, that the maximum length of time for which 
a development of the Ipswich River as proposed will prove adequate 
will be about eight years, or, with severe restrictions upon the use of 
water in the town, possibly ten years.

That this conclusion is not well founded would seem to be apparent 
from a study of the detailed figures of consumption and population- 
published by the same Board in a preliminary report made to the 
Legislature May 15, 1911 (House Document No. 1899). While 
these figures show, as stated, that the water consumption of Peabody 
did increase 74 per cent, from 1903 to 1910, the population of the 
town increased during the same period only 26 per cent., and the 
high total consumption was due, therefore, to an increase in per 
capita use of water rather than a growth in the number of water 
consumers. A further study of the figures shows that of the 74 per 
cent, total increase about 27 per cent, occurred in the year 1907 alone, 
when the per capita figure rose from 139 to 163 gallons, at which 
figure it has since substantially remained. This sudden increase is 
explained by the fact that in that year and those just preceding the 
process of manufacturing leather (the chief industry of the town) 
was radically changed, the new method requiring greatly increased 
quantities of water. From the year 1907 to the present time the 
total water consumption of the town has increased only 17 per cent., 
and since the year 1910 has remained substantially unchanged. I t 
would seem, therefore, that the particular period chosen upon which 
to predict the future growth in consumption of water in the town 
was unfortunate, and that no such future increase is probable, for if 
it is to be assumed that the consumption will increase 74 per cent, 
every eight years, it will follow that at the end of thirty years the 
daily consumption would be 21,000,000 gallons, with an expected 
population of only 31,000, and the per capita consumption would be, 
therefore, 680 gallons, apparently an absurd assumption.

If  the town were to obtain 1,400,000,000 gallons from the Ips
wich River during the year the supply so added would give approxi
mately 4,000,000 gallons per day, while the present sources appear 
to be able to yield 1,500,000 gallons during an extremely dry year, 
making the total daily quantity available in such a combined supply 
5,500,000 gallons. This is somewhat in excess of the probable daily 
consumption estimated by this commission that will be used by the
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town thirty years hence, based not upon the experience of eight years 
in the past, but upon a much longer period.

The town of Danvers will not apparently require a very consider
able additional quantity of water, even assuming that provision is to 
be made for the wants of the next thirty years.

Assuming that the town of Middleton will continue to be supplied 
in connection with Danvers, and that the population of the two towns 
will increase in the future substantially as in the past, there will be 
required at the end of thirty years about 1,591,500 gallons per day, 
or 591,500 gallons in excess of the safe capacity of the existing 
sources. This amount is equivalent to a yearly additional supply 
thirty years hence of about 216,000,000 gallons, which, if it were to 
be obtained from the Ipswich River and pumped during a period of 
four months, would require an average daily pumping during that 
period of only 1,800,000 gallons, while if a 5,000,000-gallon pump 
were installed the entire amount could be pumped in about forty- 
three days.

Such pumping would seldom be required during the early portion 
of the period, and the maximum amount would be reached only in 
case the final years of the period proved to be exceptionally dry.

In  order to utilize this water it would be necessary to provide stor
age somewhat in excess of the amount at present available in Middle- 
ton and Swan Pond, but this apparently is quite possible at a not 
unreasonable expense.

The town of Danvers, through its representatives, has suggested 
such a solution of its water-supply needs, and proposes that a pipe 
line of 24 inches diameter be installed from a pumping station to be 
located near Boston Brook, at a point about one-half mile rip stream 
from its intersection with Ipswich River, and that water be pumped 
during periods of high flow in the brook into Middleton Pond, the 
surface elevation of which would be raised 5 feet above its present 
maximum to make possible the storage of this additional supply of 
water. The pipe line would be approximately 13,500 feet in length, 
and would deliver the brook water into the upper end of the pond,

. where it would mix with the water of the pond before being drawn 
by the pumps to the supply mains. The entire development is esti
mated to cost approximately $103,000.

Under existing circumstances this plan seems to offer an entirely 
satisfactory, economical and reasonable solution of the additional
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water-supply question for these two towns. The amount required to 
he diverted from Boston Brook would he so comparatively small that 
it would seem to preclude any serious objection from other munici
palities that might be affected.

T h e  M e t r o p o l it a n  W a t e r  S y s t e m  as a  P o s sib l e  S o urce  o f  
S u p p l y  f o r  t h e  C it ie s  o f  S a l e m  and  B e v e r l y  and  t h e  T ow ns  
o f  P eabody'  a n d  D a n v e r s .

Under the terms of the resolve the commission is directed to report 
upon the expediency of including one or more of the municipalities 
within the metropolitan water supply system. The commission has 
considered this question from the viewpoint, first, of the Common
wealth and the metropolitan district, and second, from the viewpoint 
of the municipalities themselves.

E f f e c t  o f  a d m it t in g  O n e  or  M o re  o f  t h e  M u n ic ip a l it ie s  to  
t iie  M e t r o p o l it a n  W a t e r  S upply '  D is t r ic t .

The present metropolitan water supply system was constructed in 
substantial accordance with the recommendations made in a special 
report of the State Board of Health to the Legislature in the year 
1895, which report is contained in House Document No. 500 of that 
year.

According to this report the State Board of Health, acting under 
the direction of the Legislature, conducted a very thorough investi
gation into the needs of a future water supply for the city of Boston 
and the surrounding cities and towns, and as a result of its investi
gation recommended the establishment of a metropolitan water sup
ply district, limited in area to include all cities and towns any por
tion of which was within 10 miles distance from the State House, 
and in addition the town of Swampscott, which was located just 
beyond the 10-mile limit and was included apparently for the rea
son that no other source for supplying the future needs of the 
town seemed available at that time.

I t was anticipated at the time the report was made that the cities 
of Cambridge, Lynn, Newton, Waltham and Woburn, and the towns 
of Brookline, Lexington, Nahant, Saugus, Swampscott and Winches
ter would not take water immediately from the metropolitan supply 
when completed but that they would from time to time, as their
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available water resources became exhausted, seek admission into the 
district.

Of the above-mentioned cities and towns, Lexington, Nahant and 
Swampscott have since joined the district. In  addition, the city of 
Newton, while taking no water from the metropolitan system, has 
been admitted to the district under a provision whereby a small frac
tion of its full assessment is paid by the city each year, in order that 
it may be eligible to receive water as soon as it desires to make appli
cation therefor, without being obliged to pay to the metropolitan dis
trict any entrance fee.

The town of Wakefield, which, it was anticipated, would take water 
from the metropolitan supply, has not to this date made application 
therefor, so that at the present time the metropolitan water system 
supplies water to 8 cities and 10 towns, if the city of Newton, belong
ing to the district but using no water, is excluded. The population 
of the 19 municipalities constituting the district was estimated in the 
year 1911 to be 1,102,000.

The present sources of supply were originally estimated to yield 
173,000,000 gallons per day. The actual yield of the Wachusett 
supply, which constitutes approximately three-fifths of the total, has 
shown this original estimate to be somewhat small. On the other 
hand, there have been granted by the Legislature from time to time to 
the communities bordering on the watersheds of the different sources 
rights to take water, which rights, if fully exercised, would probably 
divert in the vicinity of 10,000,000 gallons daily. Provisions for 
allowing a minimum flow in the streams below the dams will further 
reduce the amount available for the metropolitan district, so that it 
may be conservatively estimated that the capacity of the present 
works is no more than was originally estimated, namely, 173,000,000 
gallons per day.

The consumption per capita in the metropolitan district for the 
year 1911 was, according to the report of the Metropolitan Water 
and Sewerage Board, 103.4 gallons.

In  view of the tendency of the per capita consumption to decrease 
from year to year, on account of the extension of meter installations, 
it is reasonable to suppose that the per capita consumption in the 
district has not yet reached its minimum.

A comparison, however, of the yearly reduction in the per capita 
consumption with the yearly increase in the installation of meters in-
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dicates that the decrease in per capita consumption from now on is 
apt to be less marked than has been the case previously; and in fact 
the recently published figures for the year 1912 indicate that there 
was an increase during that year of 3.6 gallons, although this is al
leged to have been due to unusual causes. The commission is of the 
opinion that it will not be safe to assume the per capita consumption 
in the metropolitan district for the future at less than 100 gallons 
per day.

On this assumption the present sources of supply for the metro
politan water district are sufficient for a population of 1,730,000.

The population of the district already supplied, as before stated, 
is 1,102,000, including the city of Newton, which has a right to 
take water from the metropolitan supply, although it has not as yet 
availed itself of such right. The estimate of future population must 
necessarily be somewhat arbitrarily made, for the reason that no 
fixed rule can be applied with any degree of certainty. The estimates 
of future population have more often been under than over esti
mated in many of the forecasts in the designing of public works.

If  the population of the present metropolitan district increases in 
the future in the same ratio as in the past, the figure 1,730,000 may 
be reached about the year 1928 or 1929, and it will be necessary to 
have provided by that time an extension of the present supply. I f  
any additional municipalities enter the district in the meantime the 
life of the present supply will be correspondingly shortened.

Under the provisions of the metropolitan water act (chapter 188, 
Acts of 1895), and as subsequently amended, the several municipali
ties within the 10-mile limit which have not as yet been admitted 
to the metropolitan district are entitled to enter said district when
ever they make application, and by the payment of certain sums of 
money to be determined by the Metropolitan Water and Sewerage 
Board as an entrance fee.

The population of the cities and towns within the 10-mile limit 
not yet admitted to the metropolitan water district, is approximately 
300,000. Just what proportion of this population, if any, will be 
admitted to the metropolitan water district before 1928 there is no 
means of knowing. I t  seems unlikely that Lynn will seek admission 
before that time, if at all, and it is also quite unlikely that Waltham 
and Woburn will have occasion to do the like within the period under 
discussion. I f  these three cities be excluded there is still left a popu-
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lation of approximately 160.000, which may possibly enter the met
ropolitan water district within the next ten or fifteen years.

There is one other feature deserving of consideration in arriving 
at a conclusion as to the probable life of the present supply. The 
Commonwealth has only recently entered upon a campaign for devel
oping the commercial activities of the city of Boston. Enormous 
sums are being now actually expended for the improvement of har
bor facilities, with the idea of attracting trade and new enterprises 
to the metropolitan district. Unless we are to assume that this effort 
is to he a failure, we must reckon with a resulting increased popula
tion, possibly greatly in excess of the normal growth. I f  the attempt 
to improve the port of Boston proves successful, it must inevitably 
result in a marked increase in the water consumption of Boston and 
its suburbs. Under such conditions it is obvious that the present 
metropolitan supply may not be adequate for the present district 
which it supplies for more than a comparatively few years.

From the foregoing it would appear that with only its natural 
growth the present district is likely to exhaust the present supply 
by possibly the year 1928; that municipalities entitled to enter the 
district are likely to reduce this date to perhaps 1923, and that influ
ences tending to accelerate the growth of population beyond the nor
mal are conceivable, so that it may be quite possible for the present 
supply to become exhausted as early as 1920. In order to have avail
able a new supply when the capacity of the old has been reached, it 
will he necessary to commence the construction a few years in advance 
of that date.

I f  Salem and Peabody were to be admitted to the district its pop
ulation would he increased by about 61,000, an amount that would, 
with its natural growth, tend to reduce the life of the present met
ropolitan supply by at least two years.

The first installment of the original metropolitan water loan bonds 
to be retired will not mature until 1935. I t  has been brought to 
the attention of the commission that the sinking fund established 
for the payment of these bonds is increasing at a rate which if con
tinued will discharge somewhat less than one-third of the total debt 
by 1927. There is no assurance, however, that the rate will not 
change from time to time, and even were this hope to be realized, it 
would seem from the above reasoning that new works may be re
quired, perhaps as early as 1920. I t  is possible, therefore, that ad-
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ditional bond issues for the construction of new works may be neces
sary as early as 1918, or five years hence, and if the district is to be 
enlarged so as to include cities and towns as remote as Salem and 
Peabody the time may be still further shortened.

The original tentative program for extending the metropolitan 
works when the capacity of the present development is reached would 
indicate that the Assabet River might first be taken, and that later 
the works would be extended to utilize the waters of the Ware and 
Swift rivers. I t  is not impossible that the Swift River development 
may be needed by the year 1940, even without the admission of cities 
and towns outside of the limits of the present district.

While it is probably true that some advantages might come to the 
metropolitan district through the admission of new municipalities, 
by reason of a greater division of the financial burden of new works, 
it may be questioned whether, in justice to the present district and 
to the sections of the Commonwealth that will be affected by the 
taking of their water resources, any unnecessary enlargement of the 
district and the consequent exhaustion of the present supplies would 
be sound policy.

None of the cities and towns enumerated in the resolve need be 
seriously considered as regards the possibility of obtaining a supply 
from the metropolitan system, other than the city of Salem and the 
towns of Peabody and Danvers. As previously pointed out, if Salem 
for any reason should obtain an independent supply, Beverly will 
automatically be cared for by Wenham Lake. The town of Danvers 
is so remote from the metropolitan district, and its additional water 
needs are so comparatively small, that it seems useless to consider the 
including of that town in any possible metropolitan system solution 
so long as there is any other satisfactory source from which may be 
obtained the necessary additional quantity of water needed.

Looked at from the viewpoint of the cities and towns themselves, 
the question of seeking an additional water supply from the metro
politan system is largely one of financial considerations. In  the case 
of Danvers there appears to be no suggestion or line of reasoning by 
which this municipality could avail itself of metropolitan water 
except at a prohibitive cost.

I t  has, however, been seriously considered whether or not the city 
of Salem and the town of Peabody might not obtain their additional 
supply of water by entering the metropolitan water district.
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I t  seems to be entirely practicable for these municipalities to obtain 
either an additional or an entirely new supply from the metropolitan 
system by the construction of a pipe line from the Spot Pond pump
ing station of the metropolitan system, through Peabody and Salem, 
connecting with the present distributing reservoirs. By this means 
a sufficient and satisfactory supply of water could undoubtedly be 
obtained, presumably for all time to come, and the municipalities 
themselves would be relieved of the burdens at present incident to 
the maintaining and operation of their own works. If, however, only 
a partial supply were to be obtained in this manner, no saving in 
operating expense would occur unless a liberal payment in the form 
of a rebate was allowed by the metropolitan district to the municipal
ities on account of using their local supplies.

At the present time a rebate of $12 per million gallons is provided 
for by the terms of the metropolitan water act for approved water 
supplied by any member of the district from its local sources. Such 
an allowance is, on the average, barely sufficient to cover the actual 
cost of pumping such water, and if filtration of the local supply so 
furnished became necessary for sanitary reasons, the cost would be 
substantially doubled. A recommendation has been made to the 
present Legislature wherein it is proposed to leave the amount to be 
allowed in any case as a rebate for such water to the discretion of the 
Metropolitan Water and Sewerage Board, to be not less than $24 per 
million gallons and not more than the current average cost of metro
politan water, which may be as high as $57 per million gallons. 
There is no assurance that this recommendation will be favorably 
received by the Legislature, and it cannot therefore be definitely 
applied to the problem under discussion. So far as Salem is con
cerned such a possible rebate does not enter into the case, since 
Salem’s only possible excuse for entering the metropolitan district 
will be the abandonment of its present supply. In  the case of Pea
body there will be a local supply of 1,500,000 gallons per day avail
able that will undoubtedly require filtration if used in this connec
tion, and will therefore cost the town, if so utilized, approximately 
$24 per million gallons. Obviously, if a rebate is paid to any mem
ber of the district its total amount will be assessed upon the entire 
district, so that the general charges will be correspondingly increased; 
and should the maximum amount provided in the pending recom
mendation be allowed, no financial benefits will ensue to the district
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as a whole unless it he assumed that the future extension of the met
ropolitan supply will result in an additional cost per million gallons 
greater than that now paid.

In  arriving at a determination of the probable cost to Peabody or 
Salem of obtaining their water from the metropolitan supply, the 
commission has been seriously handicapped by lack of adequate in
formation. I t  has been the policy of the Commonwealth since the 
inauguration of the metropolitan water system to leave to the Metro
politan Water and Sewerage Board the duty of determining the 
proper amount to be paid as an entrance fee by any municipality 
seeking admission into the metropolitan water district. The com
mission has had before it a copy of a letter furnished by the Metro
politan Water and Sewerage Board to the chairman of the committee 
on water supply of the Legislature of 1912 upon request of that 
committee, wherein are stated the approximate figures which Pea
body or Salem would probably he called upon to pay as an entrance 
fee in the event of their seeking admission to the metropolitan water 
district. This letter also contains figures indicating what the yearly 
assessment would have been to these municipalities had they been 
members of the district in the year 1912.

Since the figures given in this letter of the Metropolitan Water 
and Sewerage Board as the probable entrance fees of the two places 
in question were stated to he approximate only, it seemed desirable 
to this commission that it should make a further study of the ques
tion to verify the accuracy of the approximate estimates thus given, 
and to attempt, if possible, more definitely to fix the cost to Peabody 
and Salem of a metropolitan water supply, for the purpose of making 
proper comparisons between the costs of various suggested schemes 
for obtaining additional water. With this purpose in view the engi
neer of the commission was instructed to confer with the Metropolitan 
Water and Sewerage Board as to the detail of the figures given, in 
order that this commission might verify the several items of expense 
entering into the gross figures stated, and by that means either to 
check, or, if found necessary, to correct the approximate estimates 
furnished. No success has attended this endeavor by reason of the 
fact that the Metropolitan Water and Sewerage Board has failed to 
supply any information or data, either to this commission or its engi
neer, which would in any way assist in the matter in question.

Inasmuch as the amount to he paid as an entrance fee will in
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all likelihood have to be fixed by the Metropolitan Water and Sewer
age Board, it has been necessary, in consequence of the lack of any 
information from that Board other than the approximate estimate of 
totals given, to assume such estimate as probably correct, and there
fore all figures for the cost to Salem or Peabody of metropolitan water 
have been based on the assumption that the amount stated in the 
letter above referred to would be the amount actually paid by the 
municipalities should they be admitted to the metropolitan district.

In  the case of Peabody it thus appears that this town would be 
called upon to pay an entrance fee of $700,000 in the event of its 
being admitted individually to the metropolitan water district, and 
that its assessment as a member of such a district for the year 1912 
would have been $36,000. The fixed charges, therefore, for a metro
politan supply for the town of Peabody would, for the first year, be 
approximately $78,000, and would vary thereafter somewhat as its 
yearly assessment became greater or less. In  fact, if the assumption 
made in the report of the State Board of Health previously referred 
to, that the water consumption in Peabody is likely to increase at the 
rate of 74 per cent, every eight years, were to be accepted as reason
able, it would be apparent that this town would soon become the sec
ond largest user of water in the metropolitan district, and the charges 
for such water, figured upon the usual basis of assessment in the dis
trict, would be absolutely prohibitive for a municipality of this size. 
This, however, in the opinion of the commission, as previously ex
pressed, is an unreasonable assumption.

In  the case of Salem, the entrance fee is also given as $700,000, 
and the assessment which would have been paid in 1912 is stated to 
be $55,000. Unlike the amount of entrance fee to be paid upon ad
mission to the metropolitan district, the yearly assessment is levied 
in accordance with a specific statute, and is therefore readily deter
mined. I t  would seem that the consumption of water in Salem in 
the year 1911 was greatly restricted on account of scarcity of supply, 
and as that year’s consumption was the basis upon which the assess
ment for the year 1912 was figured, the resultant figure of $55,000 
as given by the Metropolitan Water and Sewerage Board was much 
less than it otherwise would have been. The consumption of this 
city for the year 1912 indicates that the present assessment would be 
about $65,500. On this assumption the cost to Salem of a metropoli
tan water supply for the first year would be approximately $107,500,
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and as in the case of Peabody would vary as the yearly assessment 
changes. In  the event of these municipalities entering the metro
politan district, an additional investment of a considerable sum will 
be necessary for the installation of meters in accordance with the 
meter act which applies to the entire metropolitan district. A further 
additional yearly charge would also be required for the care and 
maintenance of the meters.

As to the future cost to either Peabody or Salem, assuming that 
one or both of the municipalities were to enter the district, there 
appears to be no absolutely sound basis by which it may be accu
rately computed. I t  is possible by a judicious selection of assump
tions to arrive at almost any desired conclusion in this regard.

Much testimony has been introduced tending to show that the 
future cost of metropolitan water will materially increase, while other 
evidence, based upon different assumptions, indicates that the future 
charges may be considerably reduced. The governing factors which 
affect this estimate of future cost appear to be the proximity of the 
time when additional works will be required, the particular choice of 
new supply when selected, and the date when the accumulating sink
ing fund will retire the outstanding debt. All these factors are 
purely matters of speculation.

After reviewing all of the arguments presented before it, together 
with the studies made by its own engineer, the commission is of the 
opinion that for all the purposes of this investigation it will be fair 
and just to the interests concerned if it is assumed that the cost'per 
million gallons of water supplied from the metropolitan district will 
not vary during the ensuing thirty years substantially from the pres
ent figure, except possibly for very short periods.

There is still another factor which may affect the cost to the indi
vidual municipalities constituting the metropolitan district, and that 
is the possibility of a change from time to time in the method of 
apportioning the yearly assessment. Three such changes have been 
made in the past, and the commission is advised that there is pending 
before the present Legislature a bill providing for an apportionment 
of the gross assessment on a basis of consumption only, instead of on 
a basis of one-third valuation and two-thirds consumption, as at pres
ent. Any such change may affect very materially the yearly assess
ment which would be paid for metropolitan water in the future by 
Peabody or Salem. If  the bill referred to were to become operative it
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would add very materially to the assessment of both Salem and Pea
body, especially the latter.

The city of Salem and the town of Peabody have expressed them
selves as absolutely opposed to entering the metropolitan water dis
trict principally on account of probable cost, and if ultimately it was 
to be determined that one or both of these municipalities should ob
tain its water supply from this source, it would he necessary for the 
Legislature to establish the precedent of forcing a community, against 
its will, into the metropolitan water district. Heretofore it has been 
the practice of the Commonwealth to allow the municipalities, even 
within the geographical limits of the metropolitan water district, to 
follow their own preference as to a selection of water supply, pro
vided such supply was a suitable and reasonable one, and to await 
a specific request from any municipality desiring to enter the dis
trict before providing for its admission.

There would seem to this commission to be less reason for deviat
ing from the practice of the past in the case of Peabody and Salem 
than in that of the other cities and towns mentioned. The average 
yearly cost of a metropolitan supply to the town of Peabody during 
the ensuing thirty years has been computed by this commission to be 
$81,000, assuming that no change is made in the method of assessing. 
The average cost to the city of Salem for a like period is estimated 
to be $107,000, with the same assumptions.

I f  Salem and Beverly were both to enter the metropolitan district 
the 'total average yearly cost for the ensuing thirty years is estimated 
to he about $217,000 per year. The cost to the two cities of the Ips
wich River-Wenham Lake supply on a comparative basis is estimated 
to be not more than $129,000 per year. Assuming that provision be 
made for allowing a rebate as high as the maximum now proposed in 
the recommendation before the present Legislature, namely, $57 per 
million gallons of water furnished from local supplies, it might be 
possible for Salem and Beverly to obtain a total rebate amounting to 
$93,622 for water so furnished from Wenham Lake. This figure is 
based upon a quantity supplied of 4,500,000 gallons per day, and in 
addition to the cost of pumping this quantity there would in all 
probability he added sooner or later the cost of filtration, so that the 
total cost of furnishing such a local supply would amount to $36,124, 
making the net rebate only $57,500. The net yearly charge for a 
metropolitan supply for the two cities would, under such assurnp-
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tions, be $159,500, or $30,500 per year in excess of the cost of the 
Ipswich River-Wenham Lake plan. I t  is also extremely improbable 
that a rebate of the amount herein used will ever be allowed.

CONCLUSIONS.

The city of Woburn and the towns of Burlington, Billerica, Tewks
bury, Wilmington, Reading, North Reading, Andover, North 
Andover, Lynnfield, Wenham, Hamilton, Topsfield, Boxford, George
town, Ipswich and Rowley are not at the present time in need of leg
islation for the purpose of securing additional water-supply facilities 
beyond those which they now possess. The logical future develop
ment of their present supplies, or the securing of future new supplies, 
is not seriously threatened by any action which is now contemplated.

The town of Danvers, and through it the town of Middleton, will 
shortly be in need of an additional source of supply, and no better 
means for obtaining such a supply has come to the attention of this 
commission than that which has been herein discussed, namely, the 
taking of such of the waters of Boston Brook as may be necessary to 
augment the present supply at a point on said brook about one-half 
mile up stream from its intersection with the Ipswich River, such 
water to be pumped into Middleton or Swan Pond and mixed with 
the present water.

The town of Peabody is at the present time in very urgent need 
of an additional water supply, the present consumption of the town 
being considerably in excess of the safe capacity of its existing sup
ply. I t  is possible to obtain an additional supply of satisfactory 
quantity and quality either from the Ipswich River or from the 
metropolitan water system. I t  is questionable whether or not the 
admission of a municipality such as Peabody, lying entirely outside 
the geographical limits of the metropolitan district, would not.be 
quite undesirable regarding the welfare of the present metropolitan 
district, and of the section of the State from ivhich the supply will 
be taken. The town itself is also seriously opposed to entering the 
metropolitan water district.

I t  is, however, clear to this commission that a sufficient and satis
factory additional supply can be obtained from the Ipswich River, 
provided Suntaug Lake is somewhat enlarged as a storage basin and 
the entire water supply of the town is filtered. I t  also appears to 
this commission that such a supply will prove to be very materially
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less expensive to the town than would be a supply obtained from the 
metropolitan water supply. This difference is so great that even 
were the most liberal rebate yet suggested allowed in the future by 
the metropolitan water district for the use of Peabody’s local sup
plies, the difference in cost would still be in favor of the Ipswich 
River supply. The elements of uncertainty as to future cost of the 
two methods are much less in the case of the Ipswich River plan than 
in the other.

The commission, therefore, recommends that authority be granted 
to the town of Peabody to take water from the Ipswich River at a 
point not more than one-fourth of a mile below the intersection of 
Boston Brook. I t  is quite possible that a sufficient amount of water 
may be obtained from the river at some point farther up stream, 
which will answer the purposes of an additional supply for some 
years in the future, at a saving in cost to the town. I t  would seem to 
the commission, therefore, that the town might reasonably be given 
the right to take water at any point up stream between that first men
tioned and the intersection of Humphrey’s Brook, as well as from the 
brook itself, not to exceed 1,500,000,000 gallons in any one year, so 
to he taken that there will remain flowing in the river at all times 
beyond the point of taking not less than 15,000,000 gallons if 
taken at the lower point, and 10,000,000 gallons if taken at the 
Humphreys Brook intersection. I f  water is taken at an intermedi
ate point the allowance in the stream should be in proportion. This 
provision seems necessary as a protection to any municipality that 
may subsequently he given rights to the flow at a lower point in the 
stream.

The cities of Salem and Beverly are likewise in serious need of an 
immediate additional water supply. The present consumption of 
these two cities is much in excess of the safe capacity of the existing 
sources. As in the case of Peabody, it is possible to obtain the addi
tional supply either from the Ipswich River or from the metropolitan 
supply. The same arguments against the metropolitan supply sug
gestion exist in the case of Salem as in that of Peabody. There 
would, however, be a possible advantage to Beverly were Salem to 
enter the metropolitan district and abandon the sources now used 
jointly by the two cities.

In the absence of any agreement between Salem and Beverly as to 
compensation to Salem by Beverly for the rights now possessed by
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the former city, it is difficult to arrive at a definite conclusion as to 
what the relative advantages or disadvantages of such a separation 
might be.

This commission cannot, of course, attempt to decide the legal 
questions involved in a separation such as is suggested. Presumably, 
the State has the authority to revoke the rights previously granted 
in the waters of Wenham Lake to either or both of the cities, and 
whether such revocation would legally entitle either city to damages 
is not for this commission to determine.

The city of Salem has enjoyed its rights by grant of the Common
wealth in the waters of this lake since 1864, and there is no question 
that these rights are of value to that city. Upon the natural suppo
sition that these rights would be permanent, the city has constructed 
expensive works and has designed its water system with the idea of 
continuing to utilize this lake as a source of supply. At the time this 
grant was made it does not appear that reservation was made for the 
possible future needs of Beverly, but it does appear that subsequently 
this oversight, if it be such, was corrected by the Legislature when it 
provided, first, that Salem should supply Beverly with water; and 
later, that Beverly should be permitted to share with Salem in the 
use of the waters. The two cities have, since 1885, used the waters 
in common, and have in addition joined one another in developing 
new sources of supply and otherwise improving the facilities of the 
lake.

■ I t  would unquestionably work a serious hardship on the city of 
Salem were it now to be deprived of the rights it has exercised for 
so many years and be obliged to seek a new water supply elsewhere, 
unless adequate compensation were to be allowed for the loss it would 
undoubtedly sustain. The past policy of the State where similar 
action has been involved appears to have recognized the justice of 
reimbursing a municipality so affected, and it seems probable that 
such a policy would not be materially departed from in this instance. 
I t is conceivable that an award if so made to the city of Salem for 
the loss of its rights in Wenham Lake might possibly entail a much 
greater expense to Beverly than it would otherwise be subjected to 
if the joint relationship were continued. In  such an event it is diffi
cult to see wherein either city would be greatly benefited by such a 
solution.

I t  does not appear to the commission that the city of Beverly is
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suffering any hardship, either financially or physically, by reason of 
the joint use of the waters of Wenham Lake, but if such be the case 
it would seem that the remedy should lie rather in fair regulation 
than in separation. Such regulation, for example, might be obtained 
by placing the control of the present or possible new supplies in the 
hands of a joint board of three members, one of whom should be a 
nonresident of either city and one representing each of the two cities.

Furthermore, were Salem to relinquish its present rights in the 
waters of Wenham Lake, receiving adequate compensation therefor, 
the objection previously urged against its admission as a part of the 
metropolitan district would still hold true. I t  is possible that Salem 
might obtain an independent supply from the Ipswich River without 
the use of Wenham Lake such as has been suggested before this com
mission and known as the Danversport scheme. The commission is 
satisfied that this is not the best method for supplying the city of 
Salem with water. There is little doubt that such a scheme could 
be made to give practicable results and if no other method were 
available some such scheme as suggested could be made ,to fulfill the 
requirements of the case.

The commission fails to see wherein there is any urgent necessity 
for separating the water supplies of these two municipalities and even 
if such necessity existed a separation would seem to result in a seri
ous disadvantage to one or both cities. The logical and economical 
solution of the water-supply question for both cities appears to be 
one of continued joint action. A satisfactory and reasonable plan is 
available.

The commission is convinced, all things considered, that the best 
method of obtaining an additional water supply for the cities of 
Salem and Beverly is that of taking water from the flood stages of 
the Ipswich River at a point in Topsfield between the Yewburvport 
turnpike and the Yewburyport branch of the Boston & Maine Rail
road, pumping the same to the proposed storage reservoir at Putnam- 
ville, from which point it 'may be admitted, as needed, into Wenham 
Lake, first passing through preliminary filters, the mixed waters to 
be subsequently filtered before delivery to the distributing reservoirs.

The present per capita consumption of Salem and Beverly 
seems considerably higher than is warranted by the character of the 
two communities. I t  will undoubtedly be possible, by the general 
introduction of meters in the two cities, to reduce their combined
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consumption to possibly two-thirds of the present figures. To accom
plish this it will require a considerable investment, but if such invest
ment is distributed over a long period of years the effect will be 
materially to prolong the life of any then existing water supply, while 
the financial burden will not be seriously felt. This action will be 
especially desirable in connection with a filtered water supply, since 
the cost of the filtration feature is dependent somewhat directly on 
the quantity filtered.

The Ipswich River is, in the opinion of this commission, destined 
to furnish the additional water supplies needed in the future not 
only for those municipalities now under discussion, but also for 
other cities and towns in the surrounding territory. This will be 
accomplished, in the judgment of the commission, by some such devel
opment as that proposed by Mr. Hazen in his admirable report on 
the subject. lu  case, however, this solution should eventually prove 
for any reason to be impracticable, it will still be possible to construct 
from time to time many smaller storage reservoirs at various points 
upon the river or its tributaries, the waters from which may be used 
to equalize the flow in the river during the dry seasons, thus providing 
for the increasing needs. Used in connection with proper filtration 
methods the commission sees no reason why such reservoirs will not 
prove entirely practicable.

The larger quantity of water to be obtained from a development 
such as that suggested by Mr. Hazen will not be actually required 
for many years to come, and much less expensive methods are avail
able for present needs. I t  does appear desirable, however, in 
order to assure the future financial success of such a development, 
that all the cities and towns in the neighborhood in need of additional 
water supplies from time to time should be encouraged in the mean
time to utilize the Ipswich River for the purpose.

In making all the preceding recommendations, the commission has, 
had in mind the effect which such takings from the Ipswich River 
will have upon the towns bordering upon the same, as well as upon 
the industries that now utilize this water for commercial purposes. 
A careful study of the flow in this stream, made from existing tables 
of measurements of such flow, together with a comparison with the 
Sudbury River records, as applied to the Ipswich River watershed, 
has convinced the commission that there is ample water flowing in 
the river, even in the driest year, to supply the needs of Salem,
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Beverly, Peabody and Danvers without serious injury to the valley 
towns, provided the takings are properly controlled; and the commis
sion has therefore embodied in the appended drafts of suggested legis
lation provisions which it deems ample for such regulation.

The only industry which appears at all likely to be affected by the 
diversion of waters from the river, as suggested, is the Ipswich Mills, 
located near the mouth of the river in the town of Ipswich. The 
commission has been unable to obtain from the representative of this 
corporation definite information as to the amount of water used, 
either for power or for manufacturing purposes. I t  is assumed that 
legal damages sustained by this corporation will be compensated by 
the parties held liable in law, if any. I t  does not appear that any 
serious injury will result to the industry because of this lack of water 
power, inasmuch as it is necessary to maintain an auxiliary steam 
plant at these mills for furnishing power during the dry months of 
the year, when the river flow is inadequate.

I t  does appear that considerable quantities of water are used by 
this corporation for purely manufacturing purposes, and a sufficient 
amount for these uses will be absolutely necessary at all stages of 
the river.

A discussion of the necessary amount of water required to be 
left flowing in the river at all times may be found in the special 
report of the State Board of Health to the Legislature, House Docu
ment Ho. 1652. This commission sees no reason to modify the 
views or conclusions therein expressed regarding the necessary mini
mum flow which should be provided for in the river below the point 
of takings. I t  has been strongly urged by the representatives of the 
towns bordering upon the river, and by the representative of the 
Ipswich Mills, that this amount is dangerously small. On the other 
hand, it does not appear to be necessarily a limiting factor in deter
mining the practicability of utilizing the river as a source of water 
supply.

I f  the diversion of water is restricted to the months from Decem
ber to May, inclusive, it does not appear to the commission that 
the effect of such diversion is likely to be seriously felt by the towns 
bordering on the river; and it is extremely doubtful if the flow of 
the river will be reduced to the specified minimum except upon 
rare occasions and for short periods only.
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The water supplies of these towns and cities must come from some 
river within the borders of the State, and the measure of damage, 
physical or sentimental, due to the taking of the waters for munici
pal purposes seems to be as small, generally speaking, in the case 
of the Ipswich River as in the case of any other possible additional 
source.

Provided suitable provisions be made for maintaining a reasonable 
flow in the river, there appears to be no necessity for limiting the 
amount of water taken at any point of diversion in any one day; 
in fact, it would seem desirable to encourage the taking of water in as 
large daily quantities as could be economically handled, with a view 
to reducing the extent of time in any given year when water would 
be taken. With a restriction for a minimum flow of 10,000,000 
gallons, the commission is of the opinion that it will be possible for 
each of the municipalities taking water to obtain the quantity re
quired within a period of four months or less; nevertheless, it is 
possible that during some extremely dry periods it will be neces
sary to extend the period of pumping over a somewhat longer inter
val. The commission believes, therefore, that permission should be 
granted the municipalities to make this diversion of water during 
the period between December 1 and May 31.

I t should be noted that the cities of Salem and Beverly, as well 
as the town of Danvers, obtain their present water supplies entirely 
from the watershed of the Ipswich River, while Peabody obtains at 
least a portion of its supply from the same source. These recom
mendations, therefore, are for extension of privileges now existing 
rather than for entirely new departures.

In  order to make the regulation as to the amount of water taken 
at any time effective, it will be necessary to install suitable gauging 
apparatus in the river under control of some impartial board or 
officer, in order that justice shall be insured to all parties in inter
est. To bring this about the commission recommends that authority 
be given the State Board of Health to supervise the takings of water 
by the various municipalities, and to establish such reasonable regula
tions for the control thereof as they deem proper. I t  is recommended 
that accurate records should be kept of the amount of water diverted 
and of the flow in the river at all times, and that such records he 
open to public inspection.
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The commission is also of the opinion that the detail plans for 
developing the new sources as herein suggested should be subject to 
the approval of the State Board of Health, in accordance with the 
established policy of the State.

The commission is likewise of the opinion that all rights granted 
to these municipalities for the diversion of waters from the Ipswich 
River should be subject to the rights of the several towns bordering 
upon the river to a sufficient supply for their purposes whenever 
needed in the future.

Appended is a financial statement showing the expenditures on 
account of this investigation, and also suggested drafts of legisla
tion to carry out the recommendations of the commission.

THOS. W. PROCTOR, 
joHisr f . McDo n a l d , 
CHAS. R. GOW.

Commissioners.
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FINANCIAL STATEM ENT.

Appropriation by Legislature (chapter 718, Acts of 1912) 
Additional appropriation (chapter 4, Resolves of 1913), 
Office expenses from Sept. 1, 1912, to March 1, 1913, . 
Ray Cavanaugh, auto hire for inspection of territory 

under investigation, . . . . . . .
Whitman Collins, reporting hearings, . . . .
J. Murray Cox, salary as secretary, and expenses, . 
Tremont Temple, use of hall for hearing,
Guy C. Emerson, services as engineer, and expenses,
E. S. Morse, services as expert accountant,
George A. Dill, land v a lu a t io n , ...................................
B. F. Smith & Co., engineering services, . . . .  
Allen W. Hazen, consulting engineer, . . . .

$236 14

42 75 
113 25 
796 00 

7 00 
3,770 74 

200 00 
75 00 

387 04 
1,269 60

$5,000 00 
2,500 00

Balance on hand,
$6,897 52 

602 48

$7,500 00 $7,500 00
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SUGGESTED LEGISLATION.

An A c t  to  p r o v id e  a n  A d d it io n a l  W a t e e  S u p p l y  f o b  t h e  
C it ie s  o f  S a l e m  and  B e v e b l y .

Be it enacted, etc., as follows:
1 S e c t io n  1. A board is hereby created which shall be known
2 as the Sale'm-Beverly Water Supply Commission, and shall consist
3 of three members, one of whom shall be the commissioner of pub-
4 lie works of the city of Salem, one the chairman of the board of
5 water commissioners of the city of Beverly, and the third a per-
6 son to be appointed within thirty days after the passage of this
7 act by the governor, with the advice and consent of the executive
8 council, who shall be a nonresident of either of said cities and
9 shall hold no property nor have a usual place of business in

10 either of said cities. The two members first mentioned shall hold
11 office as members of this commission so long as they continue to
12 fill the aforesaid positions in their respective cities and shall
13 receive no additional compensation therefor. The third member
14 shall be appointed for a term of three years, shall act as tempo-
15 rary chairman until a successor is appointed and shall receive as
16 compensation, so long as he shall continue to be a member of this
17 commission, such sum as said board shall fix, not to exceed one
18 thousand dollars per year. In case of a vacancy occurring for
19 any reason in the membership of said commission, such vacancy
20 shall be filled by an appointment for the unexpired portion of
21 the term of said member by the mayor of Salem with the ap-
22 proval of the city council of that city if the vacancy be that of
23 the Salem representative, by the mayor of Beverly with the
24 approval of the board of aldermen of that city if the vacancy be
25 that of the Beverly representative, and by the governor with the
26 advice and consent of the executive council if the vacancy be that
27 of the nonresident member. Said nonresident member may be
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28 removed at any time by the governor with the consent of the exec-
29 ntive council.

1 S e c t io n  2. Said hoard shall as soon as may be after it is
2 appointed, and thereafter annually in the month of January,
3 organize by choice of one of its members as chairman. I t  shall
4 from time to time, as the agent of said cities of Salem and Bev-
5 erly and in their behalf, make such contracts, to be jointly bind-
6 ing upon said cities, as it may deem necessary to carry out the
7 purposes of this act, and shall also from time to time appoint
8 such agents, officers and servants as it may deem necessary for
9 said purposes, and shall determine their duties and compensation, 

10 and may remove the same at pleasure.

1 S e c t io n  3. All expenses incurred by said board in carrying
2 out any or all of the purposes of this act, except as hereinafter
3 provided, shall be paid and borne by said cities in the proportion
4 of one-third by said city of Beverly and two-thirds by said city of
5 Salem.

1 S e c t io n  4. Said board, acting as the agent of said cities and
2 in their behalf, shall, for the purpose of providing a further
3 supply of water for the use of the city of Salem and its inhabi-
4 tants and of the city of Beverly and its inhabitants, take by pur-
5 chase or otherwise the waters of the Ipswich river and its tribu-
6 taries, and the water rights connected therewith, diverting said
7 waters at a point on said river in the town of Topsfield not more
8 than three thousand feet easterly of the FTewburyport turnpike:
9 provided, that said board shall not divert or take any water from

10 said river except when the daily flow of said river at or near
11 the point from which said water is diverted or taken shall exceed
12 ten million gallons; and then at such times said board may divert
13 and take any part or all of the flow of said river in excess of ten
14 million gallons and no more; and provided, further, that said
15 board shall only exercise the right to divert or take the water
16 above mentioned during the months of December, January, Feb-
17 ruary, March, April and May, and shall not divert or take from
18 said river in the aggregate, more than twenty-five hundred mil-
19 lion gallons of water in any one calendar year; and said board,
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20 as the agent of said cities and acting in their behalf, shall also
21 take by purchase or otherwise, all lands, rights of way and ease-
22 ments within the towns of Topsfield, Danvers and Wenham, and
23 the city of Beverly which may in its opinion he necessary for col-
24 lecting, storing, holding, purifying and preserving the purity of
25 the water taken under the authority of this act, or of the
26 present water supply of said cities or any portion of said supply,
27 and for conveying the same to any part or parts of said cities;
28 and shall erect on the lands acquired and held under the
29 provisions of this act proper dams, reservoirs, pumping plants,
30 filtration beds, buildings, fixtures and structures, and shall
31 make excavations, procure and operate machinery, and pro-
32 vide such other means and appliances, and do such other things,
33 as may be necessary in its opinion for the establishment and
34 maintenance of complete and effective water works; and for
35 that purpose shall construct and lay conduits, pipes and
36 other works under, through or over any lands, water courses,
37 public works, railroads, public or private ways, and along
38 such ways as it may deem necessary or advisable for taking
39 said water and adding the same to the present water sup-
40 ply of said cities; and for the purpose of constructing, laying,
41 repairing, maintaining and operating such conduits, pipes and
42 other works, and for all purposes of this act said board may enter
43 upon and dig up any such lands or any of such ways in such
44 manner as to cause no unreasonable hindrance to public travel,
45 and all things done upon any such ways shall be done subject to
46 the direction of the selectmen of the towns and the board of
47 aldermen of the city, respectively, in which such ways are sit-
48 uated; but said board shall not enter upon, construct or lay any
49 conduits, pipes or other works within the location of any rail-
50 road corporation, except at such time and in such manner as it
51 may agree upon with said corporation; or, in case of failure so
52 to agree, as may be approved by the board of railroad commis-
53 sioners; provided, however, that no lands necessary for storing the
54 water or preserving the purity thereof shall be taken or used
55 under the authority of this act, nor shall any dam, reservoir, fil-
56 tering bed or other work for diverting, storing or improving the
57 water be located without first obtaining the advice and approval
58 of the state board of health; and provided, further, that in the
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59 manner of taking said water from said river the said board shall
60 conform to all reasonable regulations as may be established from
61 time to time by said state board of health and not herein other-
62 wise specifically provided; shall install such measuring and re-
63 cording devices as may in the opinion of said state board of health
64 be necessary accurately and permanently to record the amount of
65 water flowing in said river beyond said point of taking during
66 all periods of pumping, and the amount of water so diverted by
67 said board; and all records so taken shall be kept on file by said
68 state board of health and shall be open at all times to inspection
69 by the public.

1 Section 5. The said board shall, within ninety days after
2 the taking of any lands, rights of way, water rights or easements
3 as aforesaid, otherwise than by purchase, file and cause to be
4 recorded in the registry of deeds for the county and district within
5 which such lands or other property are situated a description
6 thereof sufficiently accurate for identification, with a statement
7 of the purposes for which the same are taken, signed by said board
8 or a majority thereof; and the lands, rights of way, water rights
9 or easements so described, as well as the works which said board

10 is hereby authorized to construct, shall vest in said cities as ten-
11 ants in common in the proportion named in section three hereof.
1 S e c t io n  6. Said cities shall pay, in the manner hereinafter
2 provided, all damages sustained by any person in property by
3 the taking of any land, right of way, water, water right or ease-
4 ment, or by any other thing done by said board under the au-
5 thority of this act. And if said cities and such person cannot
6 agree as to the amount of damages sustained, said person may
7 file a petition against said cities jointly in the superior court for
8 the county of Essex for a jury to determine said damages; and
9 thereupon the same proceedings shall be had as are provided in

10 case of an application to said court for a jury by persons dis-
11 satisfied with the damages awarded for land taken for laying out
12 highways; but no such application shall he made after the ex-
13 piration of two years from the taking of such land right or other
14 property, or the doing of other injury under the authority of this
15 act. No application for an assessment of damages shall be made
16 for the taking of any water, water right, or for any injury thereto,
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17 until the water is actually taken, withdrawn or diverted by said
18 board under the authority of this act. All damages or costs which
19 may be agreed upon or recovered against said cities as aforesaid
20 shall be paid as hereinafter provided.

1 S e c t io n  7. I f  sa id  b o a rd  sha ll, u n d e r  a u th o r i ty  of th is  act,
2 construct any reservoir in such manner as to flow any existing
3 public way, it shall raise the way to such a grade as will make it
4 reasonably safe and convenient for travel, or shall build in place
5 of any part of said way so flowed another suitable way which shall
6 thereafter be a public way, with all necessary fences and culverts,
7 in such manner as shall be agreed upon by said board and the
8 selectmen of the town, or the board of aldermen of the city, in
9 which such public way is situated; or, if they cannot agree

10 thereon, then in such manner as shall be determined by the county
11 commissioners on application of said board to them, and the
12 county commissioners are hereby authorized and directed to ad-
13 judicate upon the same.

1 S e c t io n  8. Within two years after the passage of this act
2 the said board shall establish filtration beds for the filtering of
3 the present water supply of said cities, and of any additional
4 water supply taken under this act, on land already owned by said
5 cities, which was acquired by them or either of them for the
6 purpose of water supply, or on land taken under authority of
7 section four of this act, as it may deem advisable, and shall like-
8 wise establish facilities for the storage of all or any part of the
9 water diverted from the Ipswich river as aforesaid by the con-

10 structing of an additional reservoir or reservoirs capable of con-
11 taining not less than one thousand million gallons: provided,
12 however, that before the said board shall proceed to establish any
13 filtration beds or system of filtration or storage reservoir re-
14 quired by this section, it shall' submit general plans for the
15 same to the state board of health, and receive its advice and
16 approval before the work is commenced.

1 S e c t io n  9. Said board shall have the care, operation and con-
2 trol of the works constructed and used under the requirements
3 of this act, and shall also have the care and control of all the
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4 present sources of water supply of said cities, including Wenham
5 lake and Longham reservoir, and shall have the enforcement of
6 any rules and regulations now in force or hereafter made by the
7 state hoard of health for the purpose of preventing the pollution
8 and securing the purity and sanitary protection of the waters
9 of said lake and reservoir; but each of said cities, with respect

10 to the control and operation of its distributing system (pump-
11 ing station, force main, reservoir and distributing pipes), the
12 furnishing of water to its inhabitants by means of said system,
13 and the establishing and collecting of rentals or rates for water
14 so furnished, shall have and exercise all the rights and powers
15 vested in it by the provisions of chapter two hundred and sixty-
16 eight of the acts of the year eighteen hundred and sixty-four,
17 the provisions of chapter two hundred and ninety-four of the
18 acts of the year eighteen hundred and eighty-five, and the pro-
19 visions of chapter three hundred and sixty-four of the acts of
20 the year eighteen hundred and ninety-three, so far as the same
21 are not inconsistent with this act and may be applicable thereto.

1 S e c t io n  10. All expenses which said cities or said board shall
2 incur by reason of any defect or want of repair in any road
3 caused by the construction of said works by said board, or by
4 the maintenance and repair of the same during such construc-
5 tion, or by reason of any act or omission of said board in the
6 execution of the work hereby authorized to be done by it, shall
7 be borne and paid by said cities as hereinafter provided.

1 S e c t io n  11. The city of Salem shall, for the purpose of pay-
2 ing its part of the expenses incident to the acts hereby author-
3 ized or required, issue from time to time on the request of said
4 board, bonds, notes or scrip to an amount not exceeding nine
5 hundred thousand dollars in the aggregate. Such bonds, notes
6 or scrip shall bear on their face the words “ City of Salem
7 Water Loan, Act of 1913; ” shall be payable at the expiration
8 of periods not exceeding thirty years from the date of issue;
9 shall bear interest payable semi-annually at a rate not exceeding

10 four per cent per anuum, as the city council of said city may
11 determine; shall be signed by the treasurer of the city and
12 countersigned by the mayor and auditor thereof; shall be exempt
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13 from taxation in Massachusetts, and shall not be reckoned in
14 determining the statutory limit of indebtedness of said city. The
15 city may sell such securities at public or private sale, or pledge
16 the same for not less than the par value thereof, for money
17 borrowed for the purposes aforesaid, upon such terms aud con-
18 ditions as it may deem proper, and may make payable annually
19 a fixed proportion of the principal of said bonds, notes or scrip;
20 and said city shall raise annually by taxation the amount re-
21 quired to meet such interest and the proportion of the principal
22 payable annually. The sinking funds of any loan of said city
23 may be invested in said bonds, notes or scrip.

1 S e c t io n  12. The city of Beverly shall, for the purpose of
2 paying its part of the expenses incident to the acts hereby au-
3 thorized or required, issue from time to time on the request of
4 said board, with the written approval of the standing committee
5 upon finance and appropriations of said city, negotiable notes,
6 bonds or scrip of the city to an amount not exceeding four hun-
7 dred and fifty thousand dollars in the aggregate: provided, that
8 at no time shall said city be requested to issue said notes, bonds
9 or scrip to an amount greater or less than one-half the amount

10 so requested in the case of the city of Salem; such bonds, notes
11 or scrip shall have an impression of the city seal, be signed by
12 the treasurer of said city and countersigned by the mayor and
13 auditor thereof; shall have on'their face the words, “ City of
14 Beverly Water Loan, Act of 1913; ” shall be payable at the
15 expiration of periods not exceeding thirty years from the date
16 of issue; shall bear interest payable semi-annually at a rate
17 not exceeding four per cent per annum; shall be exempt from
18 taxation in Massachusetts; shall not be reckoned in determining
19 the statutory limit of indebtedness of said city, and shall be in
20 all other respects in accordance with the ordinances of said city;
21 said city may sell such securities at public or private sale, or
22 pledge the same for not less than the par value thereof, for
23 money borrowed for the purposes aforesaid, upon such terms
24 and conditions as it may deem proper, and may make payable
25 annually a fixed proportion of the principal of said bonds, notes
26 or scrip; and said city shall raise annually by taxation the
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27 amount required to meet such interest and the proportion of the
28 principal payable annually.

1 S e c t io n  13. A fu n d  is h e reb y  es tab lish ed  to  be know n as the
2 Salem-Beverly Water Supply Fund. Said fund shall consist of
3 the entire proceeds from the sales of the notes, bonds or scrip
4 issued in accordance with the requirements of sections eleven
5 and twelve hereof. The treasurer of the city of Salem is hereby
6 designated as custodian and disbursing officer of said fund, and
7 all proceeds from the sale of notes, bonds or scrip aforesaid shall
8 be given into his custody, and shall be properly accounted for by
9 him in accordance with and subject to the usual requirements of

10 his office. All moneys received from any source in the construc-
11 tion, management, control or maintenance of the works authorized
12 or required under this act, or for interest on unexpended bal-
13 ances, shall be paid to and collected by said treasurer and credited
14 to said fund. The ownership of this fund shall at all times vest
15 in the cities of Salem and Beverly in the proportion named in
16 section three hereof. Said treasurer shall, on or before the
17 fifteenth day of January in each year, render a report to the
18 city council of the city of Salem and to the mayor and board of
19 aldermen of the city of Beverly, showing the receipts and ex-
20 penditures in connection with said fund for the preceding year,
21 and the balance, if any, remaining.

1 S e c t io n  15. S a id  t r e a s u re r  sh a ll a p p ly  sa id  fu n d  to  th e  pay-
2 ment of all sums for property taken by said board in the manner
3 heretofore provided, the payment of damages aforesaid, the pay-
4 ment of the expenses of construction of said works, and all other
5 payments specified in this act whenever such payments are
6 properly certified as correct by said board or as directed by said
7 court.

1 S e c t io n  15. The expense of the care, control, maintenance
2 and operation of the works constructed under the authority of
3 this act, for the term of five years next following the passage of
4 this act, and the expense of the care and control of said sources
5 of supply during said term, including as a part of such expense
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6 the salary, during said term, of the nonresident member of said
7 hoard, shall be paid as provided in sections eleven to fourteen
8 hereof. Before the expiration of said term or five years there-
9 after, said board may, by vote, determine and award the pro-

10 portion in which, for the next succeeding term of five years,
11 said cities shall contribute to the expense of the care, control,
12 maintenance and operation of said works and to the expense of
13 the care and control of said sources of supply, including as a
14 part of said expense the salary, during said term, of the non-
15 resident member of said board, and such determination and
16 award shall he final and binding upon the parties, and notice
17 thereof shall be given in writing by said board to the city clerk
18 of each of said cities. In  case said board shall fail to make such
19 determination and award, then the supreme judicial court, upon
20 application of either of said cities, after notice, shall appoint
21 three commissioners, not inhabitants of either of said cities, who
22 shall determine the proportion in which, for the next succeeding
23 term of five years, said cities shall contribute to the expense of
24 the care, control, maintenance and operation of said works and
25 to the expense of the care and control of said sources of supply,
26 including as a part of said expense the salary, during said term,
27 of the nonresident member of said boar.d, and their award when
28 accepted by the court shall be final.

1 S e c t io n  16. Said board shall make an annual report o f its
2 doings to each of said cities. I t  shall at all times keep a record
3 of its votes, and full and accurate accounts of the authorized
4 receipts, expenditures and disbursements under this act, and of
5 its outstanding assets and liabilities, and shall include an abstract
6 of the same in its annual report, together with a full account of
7 its doings for the year.

1 S e c t io n  17. W h o ev er w ilfu lly  o r  w an to n ly  co rru p ts , pollu tes,
2 diverts or uses any of the waters taken under this act, or injures
3 any structure, work or other property constructed by said board
4 and held or used under the authority of and for the purposes of
5 this act, shall forfeit and pay to said cities three times the
6 amount of the damages assessed therefor, to be recovered in an
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7 action of tort; and upon conviction of any of the above acts shall
8 also he punished by a fine not exceeding three hundred dollars
9 or by imprisonment not exceeding one year. Any amount re-

10 covered as a penalty or paid as a fine under the provisions of this
11 section shall be divided between said cities in the same propor-
12 tion as the costs named in section seven of this act.

1 S e c t io n  18. Nothing contained in this act shall prevent any
2 municipality whose territory borders upon Ipswich river from
3 taking from said river a supply of water for similar purposes
4 whenever authorized by the legislature so to do.

1 S e c t io n  19. This act shall take effect upon its passage.

A n  A ct to  a u t h o r iz e  t h e  T o w n  o f  P eabody  to  e x t e n d  a nd  
IN C R E A SE  IT S  S Y S T E M  O F W A T E R  S U P P L Y .

Be it enacted, etc., as follows:
1 S e c t io n  1. Subject to rights already granted or to be granted
2 in the future by the legislature, the town of Peabody, for the
3 purpose of increasing its water supply, may take or acquire by
4 purchase or otherwise, and hold, use and divert the waters of
5 Humphrey’s brook, so-called, in said town, and the tributaries
6 of said brook, and the water rights connected therewith, and may
7 take or acquire by purchase or otherwise, and hold, use and
8 divert the waters of Ipswich river at any point or points below
9 the intersection of said Humphrey’s brook with said river, and

10 above the point of the crossing of East street over the Ipswich
11 river at or near the boundary line between the towns of Middle-
12 ton and Boxford, reserving to the owners of mills on said brook
13 or said river their right as mill owners to use such waters as
14 shall flow to said mills and the dams connected therewith, except
15 so far as said town shall from time to time actually divert and
16 use the same for the purposes named in this act: provided, that
17 the town of Peabody shall not take water from the Ipswich river
18 except when the daily flow of said river at the point where said
19 East street crosses the same, if that be the point of taking of
20 said water, shall exceed fifteen million gallons, or at the point
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21 where said Humphrey’s brook enters said river, if that be the
22 point of taking said water, shall exceed ten millon gallons, or at
23 an intermediate point on said river between said East street
24 crossing and said intersection of Humphrey’s brook, if that be
25 the point of taking said water, shall exceed an amount less than
26 fifteen million gallons and more than ten million gallons, which
27 amount shall be in proportion to fifteen million gallons as the
28 area of the watershed of said river above the point of said taking
29 is to the area above said East street crossing; and then at such
30 times said town may take the flow of said river in excess of said
31 fifteen million gallons or said ten million gallons or said pro-
32 portional amount and no more, and shall not divert from said
33 river in any calendar year a total amount- of water in excess of
34 one billion five hundred million gallons, and shall only exercise
35 the right to take the waters of said river during the months of
36 December, January, February, March, April and May; and for
37 the purpose of building and maintaining additional dams, reser-
38 voirs, pumping plants and pipe lines, and of collecting, storing,
39 preserving and protecting the purity of the water taken under
40 the provisions of this act, and conducting the same through
41 Suntaug lake or otherwise to the present water supply system
42 of the town of Peabody, and for the purpose of extending, im-
43 proving and enlarging the present sources of water supply of the
44 town of Peabody, and preserving and protecting the purity of
45 the same, said town may also take or acquire by purchase or
46 otherwise all lands, buildings, rights of way and easements within
47 the towns of Peabody, Danvers and Middleton which may be
48 necessary; 'provided, however, that no sources of water supply
49 and no lands necessary for developing the supply or for presefv-
50 ing the quality of the water supply of the town of Peabody
51 shall be taken or used without first obtaining the advice and ap-
52 proval of the state board of health; and that the location and
53 arrangement of all dams, reservoirs, wells, pumping and filtra-
54 tion plants, and such other works as may be necessary to carry
55 out the provisions of this act, shall be subject to the approval of
56 the state board of health; and provided, further, that in the
57 manner of taking said water from said river the said town shall
58 conform to all reasonable regulations that may be established
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59 from time to time by said state board of health and not herein
60 otherwise specifically provided; shall install such measuring and
61 recording devices as may in the opinion of said board of health
62 be necessary to accurately and permanently record the amount of
63 water flowing in said river beyond said points of taking during
64 all periods of pumping, and of the amount of water so diverted
65 by said town; and all records so taken shall be kept on file by
66 said board of health, and shall be open at all times to inspection
67 by the public.

1 S e c t io n  2. The said town of Peabody may construct on the
2 lands acquired and held under the provisions of this act proper
3 dams, reservoirs, standpipes, tanks, pumping plants, buildings,
4 fixtures and other structures, including also the establishment
5 and maintenance of filtering beds and purification works or sys-
6 terns in said land; and for the aforesaid purposes may construct,
7 lay and maintain aqueducts, conduits, pipes, pipe lines and other
8 works under and over any land, water courses, railroads, street
9 or electric railways in the towns mentioned in section one, and

10 along and under private ways in the aforesaid towns, in such
11 manner as not unnecessarily to obstruct the same, for the purpose
12 of constructing, laying, maintaining, operating and repairing-
13 such conduits, pipes and other works; and for all the purposes of
14 this act the said town of Peabody may dig up or raise and
15 embank any such lands, highways or other ways in such manner
16 as to cause the least hindrance to public travel on such ways; but
17 all things done upon any such way shall be done under the direc-
18 tion of the selectmen of the town in which said ways are situated.
19 The town shall not enter upon, construct or lay conduits, pipes
20 or other works within the location of any railroad corporation
21 except at such times and in such manner as it may agree upon with
22 such corporation, or in case of failure so to agree as may be
23 approved by the board of railroad commissioners.

1 S e c t io n  3. The town o f Peabody shall within ninety days
2 after the taking of any lands, rights of way, water rights, water 
3, sources or easements as aforesaid, other than by purchase, file
4 and cause to be recorded in the registry of deeds for the district
5 and county in which the same are situated, a description thereof
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6 sufficiently accurate for identification, with, a statement of the
7 purpose for which the same were taken, signed by the commis-
8 sioners of public works of said town of Peabody or their suc-
9 cessors. Upon the filing of said description and statement the

10 title in fee simple to the lands, buildings, rights of way, water
11 rights or easements so taken shall vest in the town of Peabody.

1 S e c t io n  4. The town of Peabody shall pay all damages to
2 property sustained by any person or corporation by the taking of
3 any land, right of way, water, water source, water right or ease-
4 ment, or by anything done by said town under authority of this
5 act. Any person or corporation sustaining damages as aforesaid
6 and failing to agree with said town as to the amount thereof may
7 have the same determined in the manner provided by law in the
8 case of land taken for the laying out of highways, on application,
9 at any time within the period of two years after the taking of

10 such land and other property, or the doing of other injury under
11 authority of this act; but no such application shall be made after
12 the expiration of the said two years; and no application for the
13 assessment of damages shall be made for the taking of any water,
14 water rights or any injury thereto, until the water is actually
15 withdrawn or diverted by said town under authority of this act.
16 The town may by vote from time to time determine what amount
17 of water it proposes to take and appropriate under this act, in
18 which case any damages caused by such taking shall be based upon
19 the said amount or quantity set forth in the description filed and
20 recorded in accordance with section three of this act, until the
21 same shall be increased by vote or an additional taking; and in
22 the event of such subsequent taking or takings the town shall in
23 each case be further liable only for the additional damages caused
24 by the same.

1 S e c t io n  5. I f  said town of Peabody shall under authority of
2 this act construct any reservoir in such manner as to flow any
3 existing public way, it shall raise the way to such grade as will
4 make it reasonably safe and convenient for travel, or shall build
5 in place of any part of said way so flowed another suitable way
6 which shall thereafter be a public way, with all necessary fences
7 and culverts.
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1 S e c t io n  6. The town of Peabody may, for the purpose
2 of transmitting electricity for lighting, heat and power purposes
3 from its central station in Peabody to any pumping plant and
4 buildings erected by the town of Peabody under the provisions
5 of this act in any of the towns mentioned in section one, construct
6 lines over the land of any person and upon, along and under
7 the public ways and over water courses and bridges in any of the
8 aforementioned towns; and may erect poles, piers, abutments
9 and other fixtures, excepting bridges, which may be necessary to

10 sustain the wires of its lines, and may connect said lines with the
11 system of the town of Peabody for the distribution of electricity,
12 and with its central station may transmit electricity for lighting,
13 heat and power purposes for the sole use of said town through
14 said lines in said aforementioned towns, and may take or acquire
15 by purchase or otherwise all lands, rights of way and easements
16 which may be necessary.

1 S e c t io n  7. The town of Peabody for the purposes aforesaid
2 may issue from time to time bonds, notes or scrip to an amount
3 not exceeding six hundred thousand dollars, this amount to be in
4 addition to the amount heretofore authorized by law to be issued
5 by the town for the purposes named in this act. Such bonds,
6 notes or scrip shall bear on their face the words “ Town of Pea-
7 body Water Loan, Act of 1913;” shall be payable at the expira-
8 tion of periods not exceeding thirty years from the dates of issue;
9 shall bear interest, payable semi-annually, at a rate not exceeding

10 four per cent per annum; and shall be signed by the selectmen.
11 The town may sell such securities at public or private sale, upon
12 such terms and conditions as it may deem proper, but they shall
13 not be sold for less than their par value.

1 S e c t io n  8. The town of Peabody shall, at the time of author-1
2 izing said loan, provide for the payment thereof in such annual
3 payments, as nearly equal in amount as practicable, as will extin-
4 guish the same within the time prescribed by this act; and when
5 a vote to that effect has been passed, a sum which will be sufficient
6 to pay the principal and the interest as it accrues on the said
7 bonds, notes or scrip shall, without further vote, be assessed and
8 collected by the town annually thereafter in a manner similar
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9 to that in which other taxes are assessed, until the debt secured 
10 by said loan is extinguished.

1 S e c t io n  9. Whoever willfully or wantonly corrupts, pollutes
2 or diverts any water taken or held under this act, or injures any
3 structure, work or other property owned, held or used by said
4 town under authority of this act, shall forfeit and pay to the
5 town three times the amount of the damages assessed therefor, to
6 be recovered in an action of tort; and upon being convicted of
7 any of the above willful or wanton acts shall be punished by a
8 line not exceeding three hundred dollars or by imprisonment in
9 jail for a term not exceeding one year.

1 S e c t io n  10. The commission of public works of the town of
2 Peabody shall manage, improve and control the land and other
3 property purchased or acquired in any way under the provisions
4 of this act, and shall execute, superintend and direct the per-
5 formance of all the works, matters and things mentioned in this
6 act, unless it is otherwise provided herein.

1 S e c t io n  11. Nothing contained in this act shall prevent any
2 municipality whose territory borders upon the Ipswich river from
3 taking from said river a supply of water for similar purposes
4 whenever authorized by the legislature so to do.

1 S e c t io n  12. This act shall take effect u p o n  its passage.

A n  A ct to  a u t h o r iz e  t h e  T ow n  o f  D a n v ers  to  e x t e n d  and  in 
c r e a se  it s  S y s t e m  o f  W a t e r  S u p p l y .

Be it enacted, etc., as follows:
1 S e c t io n  1. Subject to rights already granted or to be granted
2 in the future by the legislature, the town of Danvers, for the pur-
3 pose of increasing its water supply, may take or acquire by pur-
4 chase or otherwise, and hold, use and divert the waters of Boston
5 brook, so-called, in the town of Middleton, and the tributaries of
6 said brook and the water rights connected therewith, at a point
7 in said town not less than one-half mile from the intersection of
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8 said Boston brook with the Ipswich river, so-called, reserving
9 to the owners of mills on said brook or said river their rights as

10 mill owners to use such waters as shall flow to said mills and the
11 dams connected therewith, except so far as said town shall from
12 time to time actually divert and use the same for the purposes
13 named in this act: provided, that the town of Danvers shall not
14 take water from the said Boston brook except when the daily
15 flow of said brook at the point of taking shall exceed two million
16 gallons, and then at such times said town may take the flow of
17 said brook in excess of two million gallons and no more, and shall
18 only exercise the right to take the waters of said brook during
19 the months of December, January, Eebruary, March, April and
20 M ay; and for the purpose of building and maintaining additional
21 dams, reservoirs, pumping plants and pipe lines, and of collecting,
22 storing, preserving and protecting the purity of the water taken
23 under the provisions of this act, and conducting the same through
24 Middleton pond or otherwise to the present water supply system
25 of the town of Danvers; and for the purpose of extending, im-
26 proving and enlarging the present sources of water supply of the
27 town of Danvers, and preserving and protecting the purity of
28 the same, said town may also take or acquire by purchase or
29 otherwise all lands, buildings, rights of way and easements within
30 the town of Middleton which may be necessary: provided, however,
31 that no sources of water supply and no lands necessary for devel-
32 oping the supply or for preserving the quality of the water supply
33 of the town of Danvers shall be taken or used without first ob-
34 taining the advice and approval of the state board of health, and
35 that the location and arrangement of all dams, reservoirs, wells,
36 pumping and filtration plants, and such other works as may be
37 necessary in carrying out the provisions of this act, shall be sub-
38 ject to the approval of the state board of health; and provided,
39 further, that in the manner of taking said water from said brook
40 the said town shall conform to all reasonable regulations as may
41 be established from time to time by said state board of health,
42 and not herein otherwise specifically provided; shall install such 

' 43 measuring and recording devices as may in the opinion of said
44 board be necessary to accurately and permanently record the
45 the amount of water flowing in said brook beyond said point of
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46 taking during all periods of pumping, and of the amount of water
47 so diverted by said town; and all records so taken shall be kept
48 on file by said board and shall be open at all times to inspection
49 by the public.

1 S e c t io n  2. The said town of Danvers may construct on the
2 land acquired and held under the provisions of this act proper
3 dams, reservoirs, standpipes, tanks, pumping plants, buildings,
4 fixtures and other structures, including also the establishment
5 and 'maintenance of filter beds and purification works or systems
6 in said land; and for the aforesaid purposes may construct, lay
7 and maintain acqueducts, conduits, pipes, pipe lines and other
8 works under and over any land, water courses, railroads, street
9 or electric railways in the towns mentioned in section one, and

10 along and under private ways in the aforesaid towns, in such
11 manner as not unnecessarily to obstruct the same; and for the
12 purpose of constructing, laying, maintaining, operating and re-
13 pairing such conduits, pipes and other works, and for all the
14 purposes of this act, the said town of Danvers may dig up or
15 raise and embank any such lands, highways or other ways in such
16 manner as to cause the least hindrance to public travel on such
17 ways; but all such things done upon any such ways shall be done
18 under the direction of the selectmen of Middleton. The town
19 of Danvers shall not enter upon, construct or lay any conduits,
20 pipes or other works within the location of any railroad corpora-
21 tion except at such times and in such manner as it may agree
22 upon with such corporation, or in case of failure so to agree as
23 may be approved by the board of railroad commissioners.

1 S e c t io n  3. The town of Danvers shall within ninety days
2 after the taking of any lands, rights of way, water rights, water
3 sources or easements as aforesaid, other than by purchase, file
4 and cause to be recorded in the registry of deeds for the district
5 and county in which the same are situated, a description thereof
6 sufficiently accurate for identification, with a statement of the
7 purpose for which the same were taken, signed by the board of
8 water commissioners of the town of Danvers or their succes-
9 sors. Upon the filing of said description and statement the title
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10 in fee simple to the lands, buildings, rights of way, water rights
11 or easements so taken shall vest in the town of Danvers.

1 S ec t io n ' 4. The town of Danvers shall pay all damages to
2 property sustained by any person or corporation by the taking
3 of any land, right of way, water, water source, water right or
4 easement, or by anything done by said town under authority of
5 this act. Any person or corporation sustaining damages as afore-
6 said, and failing to agree with said town as to the amount thereof,
7 may have the same determined in the manner provided by law
8 in the case of land taken for the laying out of highways, on ap-
9 plication, at any time within the period of two years after the

10 taking of such land and other property, or the doing of other
11 injury under authority of this act; but no such application shall
12 be made after the expiration of the said two years; and no ap-
13 plication for the assessment of damages shall be made for the
14 taking of any water, water right or any injury thereto until the
15 water is actually withdrawn or diverted by said town under au-
16 thority of this act. The town may by vote from time to time
17 determine what amount of water it proposes to take and appro-
18 priate under this act, in which case any damages caused by such
19 taking shall be based upon the said amount or quantity set forth
20 in the description filed and recorded in accordance with section
21 three of this act, until the same shall be increased by vote of
22 an additional taking; and in the event of such subsequent taking
23 or takings the town shall in each case he further liable only for
24 the additional damages caused by the same.

1 S e c t io n  5. I f  said town of Danvers shall under authority
2 of this act construct any reservoir in such manner as to flow any
3 existing public way, it shall raise the way to such grade as will
4 make it reasonably safe and convenient for travel, or shall build
5 in place of any part of said way so flowed another suitable way
6 which shall thereafter be a public way, with all necessary fences
7 and culverts.

1 S e c t io n  6. The town of Danvers may for the purpose of
2 transmitting electricity for lighting, heat and power purposes
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3 from its central station in Danvers to any pumping plant and
4 buildings erected by the town of Danvers under the provisions
5 of this act in tbe town of Middleton, construct lines over the
6 land of any person and upon, along and under tbe public ways
7 and over water courses and bridges in tbe towns of Danvers,
8 Topsfield and Middleton, and may erect poles, piers, abutments
9 and other fixtures, excepting bridges, wbicb may be necessary

10 to sustain tbe wires of its lines, and may connect said lines with
11 tbe system of tbe town of Danvers for tbe distribution of elec-
12 tricity, and with its central station may transmit electricity for
13 lighting, beat and power purposes for tbe sole use of said town
14 through said lines in said aforementioned towns, and may take
15 or acquire by purchase or otherwise all lands, rights of way and
16 easements wbicb may be necessary.

1 S e c t io n  7. Tbe town of Danvers, for tbe purposes aforesaid,
2 may issue from time to time bonds, notes or scrip to an amount
3 not exceeding one hundred and fifty thousand dollars, this
4 amount to be in addition to tbe amount heretofore authorized
5 by law to be issued by tbe town for tbe purposes named in this
6 act. Such bonds, notes or scrip shall bear on their face tbe words
7 “ Town of Danvers Water Loan, Act of 1913; ” shall be payable
8 at tbe expiration of periods not exceeding thirty years from tbe
9 dates of issue; shall bear interest, payable semi-annually, at a

10 rate not exceeding four per cent per annum; and shall be signed
11 by tbe treasurer of tbe town and countersigned by tbe selectmen.
12 Tbe town may sell such securities at public or private sale, upon
13 such terms and conditions as it may deem proper, but they shall
14 not be sold for less than their par value.

1 S e c t io n  8. Tbe town of Danvers shall, at tbe time of author-
2 izing said loan provide for tbe payment thereof in such annual
3 payments, as nearly equal in amount as practicable, as will extin-
4 guish tbe same within the time prescribed by this act; and when a
5 vote to that effect has been passed, a sum which will be sufficient
6 to pay tbe principal and tbe interest as it accrues on tbe said
7 bonds, notes or scrip shall, without further vote, be assessed and
8 collected by tbe town annually thereafter in a manner similar to
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9 that in which other taxes are assessed, until the debt secured by 
10 said loan is extinguished.

1 S e c t io n  9. Whoever willfully or wantonly corrupts, pollutes
2 or diverts any water taken or held under this act, or injures any
3 structure, work or other property owned, held or used by said
4 town under authority of this act, shall forfeit and pay to the
5 town three times the amount of the damages assessed therefor, to
6 be recovered in an action of tort; and upon being convicted of
7 any of the above willful or wanton acts shall he punished by a
8 fine not exceeding three hundred dollars or by imprisonment in
9 jail fo r  a te rm  n o t exceed ing  one y ea r.

1 S e c t io n  10. The b o a rd  o f w a te r  com m issioners o f th e  tow n
2 of Danvers shall manage, improve and control the land and other
3 property purchased or acquired in any way under the provisions
4 of this act and shall execute, superintend and direct the perform-
5 ance of all the works, matters and things mentioned in this act,
6 unless it is otherwise provided herein.

1 S e c t io n  11. Nothing contained in this act shall prevent any
2 municipality whose territory borders upon Boston brook from
3 taking from said brook a supply of water for similar purposes
4 whenever authorized by the legislature so to do.

1 S e c t io n  12. This act shall take effect upon its passage.
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REPORT OF THE CONSULTING ENGINEER.

J a n . 24 , 1913.

Mr. Guy C. Emerson-, Engineer, Commission on Water Supply for Salem, 
Beverly and Other Towns.

S ib  : ■— I  have examined with yon the question of additional water 
supply from the Ipswich River or otherwise for certain cities and 
towns, and beg to present the following report: —

U p p e r  T o w n s .

There is a considerable number of towns on or near the upper 
waters of the Ipswich River and its tributaries. Most of these towns 
do not take water from the river at the present time, but it may be 
advantageous for some of them to do so in the future. There is no 
reason why any or all of them should not be permitted to do this. 
Whenever they do take water they might properly be required to 
contribute to any payments for the diversion of water by those cities 
and towns that first diverted and paid for diverting it, to be deter
mined in some equitable manner, but no other limit need be put upon 
their use of as much of the water as they require. The development 
of a supply or supplies from the river for the lower cities and towns 
will not reduce their natural opportunities, and should not be per
mitted to reduce any rights that they may have in the waters near 
them.

L y n n ’s R ig h t s .

The city of Lynn has been granted certain rights in the Ipswich 
River, and it is now assumed that these rights will be exercised, but 
that no further rights will be granted to Lynn in advance of the rights 
that may be granted to the cities and towns now requiring water 
supply from the Ipswich River.

T h e  L o w er  G r o u p .

The cities of Salem and Beverly and the towns of Peabody and 
Danvers form one compact municipal group, now urgently needing 
additional water. The Ipswich River is the most logical source of
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additional supply. The Ipswich River water, in its raw state, is not 
suitable for domestic supply. I t  can be purified so as to be at least 
equal in quality to water now supplied by the Metropolitan Water 
Board. As there can be no serious question upon this point, it will 
be unnecessary to discuss it further at this time.

I p s w ic h  R iv e r  m o st  E c o n o m ic a l  S o u r c e  o f  S u p p l y .

The Ipswich River is the most economical source for additional 
water supply for these municipalities. I t  is cheaper to develop, store, 
purify and pump it than to pay for water from the Metropolitan 
Water Board. The primary reason for this is the great cost of trans
portation of water from the Wachusett Reservoir to the municipali
ties mentioned. The Ipswich River is close at hand, and practically 
no expense for transportation is involved. I  fully agree with you that 
there are several different ways in which the Ipswich River water 
may be supplied at less expense than will be involved in the use of 
Metropolitan Water Board water for these communities.

M e t h o d  o f  D e v e l o p m e n t .

The most important question to be decided at this time is whether 
each of the municipalities shall be granted some fractional right in 
the Ipswich River, and shall build the works necessary to use this 
right, or whether it shall be required, as a condition of granting the 
rights, that several of the municipalities join in a comprehensive 
project, upon broad lines that can be ultimately developed to utilize 
the full available flow of the river, after deducting all amounts needed 
to fully cover the rights of other municipalities, manufacturing estab
lishments and other riparian owners. I t  is possible to develop a 
large supply in this way by conserving flood flows without serious or 
irreparable damage to any present interest.

F ir s t  P r o po sed  M e t h o d  o f  D e v e l o p m e n t .

Local Works.
I t  has been proposed that Salem and Beverly, or Salem alone, 

shall build a pumping station and pipe line to take water from the 
Ipswich River, when the flow permits, to a reservoir holding 1,500,- 
000,000 gallons of water, from which it will flow to Wenham Lake 
and afterwards be pumped to purification works immediately ad-
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joining the present Salem pumping station. Wenham Lake, with 
this arrangement, might continue to he used as a joint source of 
supply for Salem and Beverly, although it has also been suggested 
that the whole lake should be turned over to Beverly, and that Salem 
should take the water from the artificial reservoir to filters, and use 
it without the advantages of storage in Wenham Lake.

For Peabody, it is proposed that a pumping station and pipe 
line shall be built to take water, when the flow permits, to Suntaug 
Lake, which is to be raised 5 feet to increase its storage capacity. 
From Suntaug Lake the water is to be drawn through the present 
pipe to Spring and Brown ponds, which form part of the present 
supply, and all of the mixed water filtered before being pumped. 
The present pumping station is adequate, but the filters would have 
to be provided.

Danvers contemplates an additional supply from Boston Brook, 
a tributary of the Ipswich River, involving pumping and the con
struction of 3 miles or more of pipe.

Cost and Possible Development of Local Works.
To carry out all these works will require, for immediate needs, an 

expenditure between $1,500,000 and $2,000,000, depending upon 
the plans that are adopted and how large the various parts are 
built. This expenditure will provide an aggregate additional supply 
of 8,000,000 or 10,000,000 gallons per day. When more water is 
required the works may be enlarged. One of the controlling features 
will be sites for reservoirs; another is that as more water is drawn 
the period during which pumping will be possible will become shorter, 
and a larger relative amount of water must be held in storage. I t 
will never be possible to pump tbe largest floods. It seems unlikely 
that the ultimate development of this system, with the Lynn rights 
used, will furnish a supply of more than 12,000,000 or 15,000,000 
gallons per day in dry years to the loiver group.

S ec o n d  M e t h o d  o f  D e v e l o p m e n t .

Comprehensive Joint Plant.
The natural conditions are unusually favorable for the construc

tion of a great reservoir upon the main stream of the Ipswich River, 
arranged so that all water would pass through Wenham Lake to a
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central pumping station and purification plant at the southern end 
of the lake, and within 5 miles of the centers of population of each 
of the four municipalities. A reservoir on the main stream has 
great advantages over separate works for each of the communities. 
Such a reservoir will receive all flood flows however great they may 
be, and hold them to the limit of its capacity.

With separate development only that part of flood flows can be 
utilized that it is feasible to pump, and this at best will be only a 
fraction of the total. I t is also possible, by a reservoir on the main 
stream, to get larger storage than is feasible in separate reservoirs 
at higher level, and the cost of such storage will be relatively much 
less.

Such a comprehensive development would make possible the 
ultimate use of a much larger quantity of water; probably three to 
five times as much as could be made available by separate develop
ments. The time may come when this larger quantity will be 
needed.

W e h h a m  L a k e .

Wenham Lake is a natural pond, now used jointly by Salem and 
Beverly for water supply. I t  seems to have been arranged by nature 
especially for use in connection with a general development of the 
Ipswich River supply. Its level is such that the water can be diverted 
to it by gravity. With a capacity to the bottom of about 2,000,000,- 
000 gallons it is admirably adapted to serve as a basin for holding 
the river water and allowing the purification to take place that 
occurs by storage. In  short, Wenham Lake is of fundamental im
portance in connection with any project for utilizing the Ipswich 
River water.

W f.x h a m  R e s e r v o ir .

By this name I  designate the proposed reservoir to be formed by 
a dam at or near the highway crossing, a little more than a mile 
above the Willowdale dam. This site seems to present advantages 
over the one at Willowdale previously mentioned. I t  would avoid 
flooding certain very valuable property, and seems to be substan
tially as desirable in every other respect. The catchment area at 
this point is 122 square miles.
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A r ea  axd  C a p a c it y  o f  R es e r v o ir .

At elevation 54 the reservoir would have an area of 10 square 
miles, or 6,400 acres, an average depth of 13 feet and a capacity of
27.000. 000.000 gallons. I t would be the largest body of fresh water 
in the Commonwealth, exceeding the Wachusett Reservoir in area, 
although not as deep and of less than half its capacity.

These figures are based upon the State topographical map. This 
map is not sufficiently accurate to serve as a basis for close estimates. 
To determine just what area would be flooded to reach this capacity, 
it would be necessary to make an instrumental survey of the basin of 
the reservoir. I t  is certain that a reservoir could be built upon this 
site having the capacity stated, but it is probable that survey would 
show that its flow line would be a few feet higher or lower than the 
figure reached from measurement of the State map, and it is further 
probable that the position of the flow would differ considerably from 
that drawn from the contours of that map.

I t  is unfortunate that such a survey has not been possible within 
the limits of time and expense now available. Such a survey would 
add greatly to the definiteness of the project, and it is to be hoped 
that means will be provided for making it.

I t  may be assumed that the Wenham Reservoir would never be 
drawn to the bottom, but that the 6.000.000.000 gallons of water held 
below elevation 40 would be allowed to remain in it at all times. 
This would leave about 10 feet of water over the Wenham swamp in 
the main basin of the reservoir. The sides of the proposed reservoir 
for the most part are reasonably steep, and the proportion of bottom 
uncovered by ordinary drafts would not be unduly large. Wo strip
ping of soil from the bottom of the reservoir need be done, but some 
work in improving the shore line would be advantageous.

Q u a n t it y  o f  W a t e r  a v a il a b l e .

With a net available capacity of 21,000,000,000 gallons on the 
basis of the Sudbury records, which are believed to be applicable,
83.000. 000 gallons of water per day could be drawn during the 
driest years. I f  23,000.000 gallons per day are deducted for indus
trial purposes and for all water diverted by municipalities now hav
ing rights in the Ipswich River and its tributaries, or subsequently
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acquiring them, there remain 60,000,000 gallons per day in the 
driest years available under this project.

In  the early years, with drafts not exceeding 30,000,000 or 40,- 
000,000 gallons per day, it would rarely be necessary to draw the 
reservoir more than a foot, and it would never be necessary to draw 
it more than 2 or 3 feet. As such drafts cover the probable use of 
water from this source during the next generation, it may be con
sidered that during this period the water would never be drawn more 
than a foot or two, and that greater drafts will only occur in the re
mote future, when a much greater population is dependent upon this 
source of supply.

A s to  M ud  F la ts  and  O dors t iie e e f e o m .

In  reporting upon a proposed supply from the Ipswich River in 
1912, the State Board of Health considered a reservoir of only about 
one-third of the capacity now proposed, in connection with which it 
was stated: —

If  constructed without thorough preparation, there is no doubt that a 
serious nuisance would result from the odor of decaying organic matter 
exposed to the air in the warmer part of the year, when the reservoir is drawn 
down. It is sometimes found practicable to construct reservoirs without 
thorough preparation, and, by retaining in the reservoir a considerable depth 
of water at all times, avoid causing objectionable conditions. In this case, 
assuming that one-half of the capacity of the reservoir would be drawn off 
in the drier portion of the year, it would still supply a large quantity of 
water, and the yield of its drainage area of 120 square miles might in that 
case be as much as 40,000,000 gallons per day, though if the city of Lynn 
should divert the flow of 43 square miles above the paper mill dam, the yield 
would be reduced to 32,000,000 gallons per day; but even if half the water 
should be retained in the reservoir, wide areas along its shores would still be 
uncovered when the water was drawn down which, unless thoroughly cleaned, 
would be offensive in warm weather. Moreover, in a reservoir of this char
acter, unless thoroughly prepared before filling by the removal of all soil 
and vegetation from the area flowed, the water would be likely to become 
heavily charged with organic matter, and make the conditions still very 
objectionable, though the areas likely to be exposed were thoroughly cleaned.

In  the same report the possibility of constructing a reservoir much 
larger than the one now proposed was also mentioned and dismissed, 
but the possibility of constructing a reservoir of intermediate size,
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better adapted than either a larger or smaller one to the service, to 
be obtained from this particular watershed, was not mentioned.

The matters covered in the above quotation relating to the exposure 
. of mud flats seem to have been the principal reason for the unfavor

able consideration of this project by the Board at that time.
There is some foundation for the idea that mud flats become 

offensive growing out of experience with salt-water conditions. Sea* 
water contains sulphates, and these are reduced by the organic matter 
of the mud, forming sulphuretted hydrogen and other foul-smelling 
gases. The water of the Ipswich River, like most other fresh 
waters, is free from sulphates, and there is no reason to suppose that 
odors objectionable in the neighborhood would be produced.

The water in the first year would contain a large amount of extrac
tive matter; afterward it would be much better. Stripping would 
mainly improve the quality of the water in this first filling, and is not 
worth while for one year’s use only. After the first year it would 
make but little difference and even this would disappear in a few 
years.

I t  may be fairly assumed that the water in the proposed Wenham 
Reservoir would have as many growths and be as undesirable from 
a water-supply standpoint, and as hard to treat, as the water of the 
Ludlow Reservoir at Springfield. There is no reason to suppose 
that it would be worse. In  fact, there are several reasons why it 
should not be as bad. The average depth of the water would be 
greater, the expanse of water would be much greater, affording 
greater opportunities for wind action and the circulation resulting 
from it.

Many reservoirs have been built covering muck areas to a much 
less depth than the one proposed. Among these may be mentioned 
Goose Creek Reservoir at Charleston, S. C., built perhaps ten years 
ago, flooding a large area of swamp and muck land to an average 
depth of less than 4 feet; the reservoirs of the Norfolk city water 
works, flooding thousands of acres of swamp land to an average depth 
of 6 feet; Lake Kilvb of the Portsmouth, Ya., water works, flooding 
a considerable area to an average depth of about 9 feet; the Ludlow 
Reservoir of Springfield, flooding a muck area to an average depth 
of 9 feet; the reservoirs of Athol, Gloucester and many other places.

The waters from these reservoirs frequently have tastes and odors 
which are more or less troublesome when used as public water sup-
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plies, but no case is known where a reservoir of this description has 
become offensive to the surrounding country.

The construction of the Wenham Reservoir will not damage prop
erty, except the relatively small amount of improved property that 
will be submerged. The higher and more valuable land will be made 
more attractive and valuable by the construction of the reservoir.

M e t h o d  o f  U t il iz in g  t h e  W a t e r .

On present approximate information the flow line of the proposed 
reservoir would be 24 feet above the high-water line of Wenham 
Lake, and a dike would be necessary between the- reservoir and the 
lake. A pipe would pass through the dike, controlled by a gate, and 
water would be drawn from the reservoir to the lake as required. 
An aeration fountain at this point would be advantageous. Great 
improvement in the quality of the water is to be expected in Wenham 
Lake, and the water at the lower end passing to the purification works 
would be of substantially better quality than the water in the Wenham 
Reservoir. All the water would be purified before use.

P u r if ic a t io n  o f  W a t e r .

All the water would have to be purified before use. I t  is doubtful 
if the raw water would be of such character that it could be success
fully purified by sand filters at all times. Intermittent sand filters 
like those used at Springfield for the Ludlow Reservoir water would 
be more efficient in summer but less efficient in winter. Mechanical 
filters, with a preliminary chemical treatment, would certainly re
move the color, but would be less efficient in removing tastes and 
odors than intermittent filters. The best method of purification may 
be reserved for further discussion. There is no question but what it 
can be done, and done at moderate expense. The purified water 
should be collected in a covered, pure-water reservoir, near the shore 
of the lake.

P u m p in g .

I t  is unnecessarily expensive to maintain separate pumping sta
tions and pipe lines for each municipality that uses water. A single 
modern pumping station, with efficient machinery to supply all 
municipalities taking water from this source, would be advantageous.
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D is t r ib u t io n .

A circuit of large pipe passing through each of the four munici
palities would serve to carry the filtered water. This would give two 
lines of discharge and large quantities of water for fires could be 
concentrated at any point on the circuit. A covered distributing 
reservoir holding one day’s supply might appropriately be built near 
the circuit, but as far as possible from the pumping station. This 
would permit the filters and pumps to operate at a steady rate through
out the twenty-four hours, and would equalize the pressure in the 
whole system.

The whole area to be supplied is so nearly uniform in elevation 
and topography that there seems to be no reason for maintaining 
permanently different levels in the different services.

S it e  f o r  F il t e r s  a n d  P u m p in g  S t a t io n .

This should be sufficient so that the plant first built may be ex
tended until in the remote future all water available from this source 
may be treated at one point. I t  should also be located for convenient 
and economical disposal of all wastes resulting from the operation 
of the plant.

This will involve the purchase of considerable additional property 
near the present Salem and Beverly pumping stations, or otherwise 
the selection of another site near the end of the lake, where a larger 
area may be obtained.

P r e s e n t  W o rks  u t il iz e d .

All present works should be utilized as far as suitable. For ex
ample: the present pumping stations, with new and larger machinery 
installed, might be used, unless a change in the location should be 
found advisable; and the present discharge pipes should be used to 
the limit of their capacity.

The proposed circuit now exists, but larger pipe would be desirable 
either now or in the not distant future. Salem has a 20-inch pipe 
on one side and a 30-inch pipe on the other. I f  a new 36-inch pipe 
were to be laid on the side where the 20-inch now is. connecting with 
the 30-inch on the other side, it may be sufficient for the next ten years 
or more; and when additional capacity is required, a line of 42-inch
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or 48-inch pipe may be laid on the side where the 30-inch now is. 
The new pipes would not necessarily follow the exact route of the 
old pipes, but should be placed so that in connection with all existing 
pipes the best service will be available.

The present distributing reservoirs, or some of them, may be used 
temporarily. I f  used permanently, they should be covered.

n*W  u

T e m po r a r y  S u p p l y .

In  view of the suggestion that some of the towns may experience a 
shortage of water during the coming season, and before works now 
proposed can be authorized and built, means for relieving such 
temporary shortage may have to be considered. One way of meet
ing this situation would be to lay a pipe line on the surface of the 
ground from the Ipswich River to Wenham Lake, and to pump water 
through it. A liberal application of hypochlorite of lime made to 
the water so pumped would fully safeguard its sanitary quality.

As both Salem and Beverly have ample pumping capacity, and as 
the Salem pipes go through Peabody and near Danvers, it is sug
gested that these pumps and pipes be utilized to supply the extra 
water from the Ipswich River to Peabody until permanent works 
can be built. In  case the Peabody pressure is higher than the Salem 
pressure, a booster pump could be employed to force water from the 
Salem pipes to the Peabody pipes. Such a pump could be shut off in 
case of lire in Salem so as not to impair the fire service in that 
city.

Pumping raw Ipswich River with hypochlorite to Wenham Lake 
would impair somewhat the physical quality of the water, but prob
ably not very seriously when used only in the amounts that would 
be needed during the next few years. I t  would not involve any 
sanitary danger.

P a r t ia l  D e v e l o p m e n t .

The most economical way to secure a supply for the four cities 
and towns for a period of ten years or more seems to be to install 
such a pumping plant on the Ipswich River to pump water to 
Wenham Lake. The possible alternate arrangement of a gravity 
canal of ample section may also be considered. An adequate puri
fication plant near the present pumping stations and a new pumping
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station may be built, and such pipes laid as will connect the dis
tribution systems in the four cities and towns. I t  is suggested that 
the distributing reservoir of Peabody, which is the highest of those 
now in use, might be used in connection with this service, and would 
serve temporarily to balance the fluctuations and rates of consump
tion in all four systems. This would involve a substantial increase 
in pressure in Salem and Beverly, and with reference to the con
tinued use of many miles of cement pipe this added pressure may 
be objectionable. In  this event so much of the water as was desired 
to have under less than full pressure could be drawn through a pres
sure-reducing valve, which would automatically maintain the desired 
pressure; otherwise, connection with the present Salem Reservoir 
might be maintained, and so much water let into the Salem pipes 
from the new pipes as was needed to maintain the Salem service. 
These are details that are important but that can be worked out with
out difficulty.

S u m m e r  F loo ds .

The water to be utilized from the Ipswich River is mainly flood 
water. The low water flows, and flows throughout the year equal 
in amount to them, may wisely be permitted to flow, and to serve 
for industrial uses and the protection of the rights of other riparian 
owners. I f  water power is taken it must be paid for. The fall is 
not great and such loss will not be large. All other uses of water by 
riparian owners should be protected.

In  the rights granted to the city of Lynn, in addition to stipulat
ing a certain minimum flow that is not to be taken, a limit was 
placed upon the months of the year during which pumping would be 
permitted.

The water of summer floods probably serves no useful purpose at 
the present time. On the other hand, the water, from siunmer floods 
may be utilized for water-supply purposes, and, if so utilized, will 
reduce the size of reservoir required to maintain a given service. 
From this standpoint the water of summer floods is more valuable 
than that of winter floods.

When further rights are granted it is suggested that it will be 
better to omit the time limit, and make the limit relate only to 
the quantity of water flowing. For instance, it might appro-
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priately be provided that no water should be taken when the taking 
of it would reduce the flow at the point of taking to less than 10,000,- 
000 gallons per day. Ten million gallons per day is considerably 
more than the present minimum flow of the river, and would serve 
adequately for all industrial and other uses below the purposed point 
of diversion. The matter could be conveniently arranged by build
ing a low dam and weir immediately below the pumping station. A 
substantial and permanent mark would show the height of water over 
the weir corresponding to the stipulated quantity. The operation of 
the pumping station would never be permitted when the flow was 
below this amount, nor would pumping be permitted at any time 
at such a rate as to reduce the flow below this point. The weir and 
mark would be open to public inspection at all times, and any inter
ested party could determine by observation if more than the per
mitted amount was being taken.

This matter is of the very first importance. A wise and liberal 
policy in this respect, while protecting the rights of riparian owners, 
will permit water supply to be obtained from the Ipswich River dur
ing the early years at much less cost for storage reservoirs than wTould 
otherwise be necessary. I t  may be noted that this arrangement 
would not interfere in any way with the use of the stream by Lynn 
under its present rights, or of the use of the stream or any of its 
tributaries by upper towns under either present or future rights. 
The amount to be taken at the lower intake would be measured after 
all such abstractions had been made, and there would be no possi
bility of interference or of question as to how much water might be 
diverted.

C o st .

The cost of a temporary supply from the Ipswich River, with the 
use of hypochlorite of soda, but without filtration, utilizing the ex
isting pumping stations and supplying Peabody from the Salem 
pumping stations, would be comparatively small, probably not over 
$50,000.

Works for a partial development, including the pumping station 
from the Ipswich River to Wenham Lake, an adequate purification 
plant with a capacity of 12,000,000 gallons per day, a new pumping 
station and additional piping, would cost about $1,000,000.
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Eor the ultimate development it would be necessary to build the 
great Wenham Reservoir. The land required for this reservoir is 
one of the largest elements of cost. I t  would be desirable to ac
quire at the outset, all of the land that would ultimately he required, 
and hold it for use when required. The dam is relatively inexpen
sive. After land, the greatest element of cost is raising the highways 
and the railroad tracks across the reservoir. The cost of the com
pleted reservoir on the basis of the State maps, unchecked by survey, 
including land, is about $3,500,000, or $130 per million gallons 
capacity.

As to  Lynn.
Lynn now has rights in the Ipswich River at a point higher up. 

The Wenham Reservoir project may be carried out without regard 
to Lynn and without interference with her rights. Lynn does not 
come within the list of cities and towns for consideration by your 
commission. I t  may be noted, however, that Lynn is only 4 miles 
from Salem, that pipe connections already exist between the Lynn 
works and the Salem works, and that larger and adequate connec
tions may be easily and cheaply made. The proposed development 
could be easily extended to serve Lynn, and it might be found advan
tageous to Lynn to join the cities and towns directly interested in 
carrying out the development. In  this event the filters, pumping 
stations and pipes could be built larger. On the other hand, Lynn 
would save the investment in works needed for an independent devel
opment.

O p e r a t in g  E x p e n s e s .

Eo detailed estimate is now made of operating expenses, but as 
the matter is one of some importance it may he mentioned briefly. 
Every separate pumping station and every separate water-purifica
tion plant requires its own staff for operation. Reserve units of 
filters and pumps are required, and excess pipe capacity must be 
provided for fire service. With one central station the same reserve 
units serve the whole system, and the construction cost is greatly 
reduced. The operating expenses are greatly reduced with one com
bined system. Multiplication of works is had enough when only one 
pumping is involved; when separate, low-lift pumping stations and 
purification works are also involved, the economic loss by division is
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greatly increased. The supply is not large enough to divide up into 
three or four, or even into two parts. I t  will be much more satis
factory to do it all at one place, and divide the cost equitably among 
those who use the water.

As to  P r o c ed u r e .

After studying the whole matter with you I  am of the opinion that 
the best and most economical way of utilizing the Ipswich River 
water for the supply of the four municipalities mentioned partic
ularly, and of others in their neighborhood that may wish to share 
in the supply at some future time, is to form a water district includ
ing the four municipalities, or so many of them as may desire to 
join it; and to grant said district the power to take water from the 
Ipswich River subject to all prior grants, and all grants that may 
be subsequently made to towns on or near the upper river and its 
tributaries, and subject to the restriction that the amount flowing 
at the proposed intake or dam shall never be reduced by said taking 
to less than 10,000,000 gallons per day; and to permit the said dis
trict to take the rights of Salem and Beverly in Wenham Lake, and to 
take so much of the lands and works of the municipalities entering 
the district as may be advantageously used in common supply; and to 
construct dams, reservoirs, pumping stations, purification and other 
works which may be found advantageous; and to supply water to the 
municipalities forming the water district; and to issue bond, and to 
assess and collect the reasonable costs of securing and furnishing 
water. Such a district might further be appropriately empowered 
to sell water to adjoining and neighboring municipalities upon such 
equitable terms as might be mutually agreed upon. I f  such a district 
is formed it may proceed at once with the temporary works, and will 
be able to furnish additional water at a very early date. The con
struction of more permanent works will follow, and as soon as a 
purification plant is completed it will be possible to furnish water of 
much better quality than is now supplied to any of the municipalities, 
and water fully equalling, in every respect, the present supply of the 
Metropolitan Water Board.

The largest items of expense for the construction of the Wenham 
Reservoir may be postponed until larger quantifies of water are 
required. I t  might appropriately be required of the water district,
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however, that full topographical surveys for the ultimate development 
should be made within the first year of its existence, and that arrange
ments should be made for securing all property required for the ulti
mate development, so as to insure that it would not be used for other 
purposes which would make it impossible to secure in future when it 
is needed.

Respectfully,
ALLEN W. HAZEL,

Consulting Engineer.
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REPORT ON THE MATTER OF A WATER SUP
PLY FOR THE CITIES OF SALEM, BEVERLY 
AND WOBURN AND FOR CERTAIN TOWNS, 
AS PROVIDED BY CHAPTER 85, RESOLVES 
OF 1912.

B o s t o n , M a s s ., J a n .  1, 1913.

Commission on Water Supply.

G e n t l e m e n  : •— I  respectfully submit herewith a report on the 
water supply of the cities and towns whose needs your Board was in
structed to investigate under the provisions of chapter 85, Resolves 
of 1912.

In submitting the following, I  wish it to be understood that neither 
time nor money was available to 'make such an exhaustive and ex
tended investigation as should have been made to definitely decide 
the problems contemplated by chapter 85. Few original surveys 
were made, and the bases of this report are examinations of the terri
tory, studies of reports of previous investigations by State authorities 
or by the authorities of individual municipalities, the information 
gained at the public hearings conducted by the commission, and such 
original surveys and subsurface investigations as it was found neces
sary to make.

As several of the cities and towns under consideration have been 
considering the Ipswich River and the metropolitan system as alter
nate sources of future supply, it has been necessary to make a study 
of these two sources. The results of such study are presented before 
taking up the needs of individual cities and towns.

The following table shows the present conditions of the cities and 
towns of this investigation as regards water supply: —



78 IPSWICH RIVER WATER SUPPLY. [Mar.

Water-Supply Statistics of Towns included in Provisions of Chapter 85,
Resolves of 1912.

T o w n .

Esti
mated
Popu
lation,
1912.

Source of Supply.
Date
intro
duced.

Total
Daily
Con

sump
tion.

Daily 
Con

sumption 
per In

habitant.

Valuation,1912.

Salem, 45,000 Wenham Lake, . . . . 1868 3,737,838 83 336,641,100
Beverly, . 19,700 Longham Reservoir in Beverly 

and Wenham.
1868 1,851,072 94 39,005,340

Woburn, 15,750 Wells and filter gallery near Horn 
Pond.

No supply,............................
1873 2,014,167 128 11,650,266

Burlington, 610 - - - 775,456
Billerica, . 2,850 Tubular wells near Concord River, 1898 166,000 58 2,829,996
Tewksbury, 3,700 No supply, . . . . . - - - 1,513,840
Wilmington, 1,945 No supply,............................ - - - 1,709,327
Reading, . 6,070 Filter gallery near Ipswich River, 1891 234,438 39 6,546,867
North Reading, 1,129 No supply,............................ - - - 885,254
Andover, . 7,470 Haggett’s Pond, . . . . 1890 555,000 74 7,207,765
North Andover, 5,740 Great Pond, . . . . . 1898 266,254 46 5,529,521
Lynnfield, 960 No supply, . . . . . - - - 1,199,311
Peabody, . 16,300 Brown’s Pond, Spring Pond, Sun- 

taug Lake, driven wells.
1799 2,712,500 166 12,572,850

Middleton, 1,155] Middleton Pond in town of Mid- f 1878 - - 886,489
Danvers, . 9,650J dleton. [1S76 1,129,000 104 6,981,550
Wenham, . 1,047 No supply,............................. - - - 2,627,900
Hamilton, 1,825 No supply,............................ - - - 4,686,430
Topsfield, . 1,215 No supply,............................. - - - 3,109,877
Boxford, 780 No supply, . . . . . - - - 1,525,798
Georgetown, 2,010 No supply,............................. - - - 1,245,032
Ipswich, 5,950 Dow’s Brook storage reservoir, . 1894 323,057 54 7,737,792
Rowley, 1,390 No supply,............................. - - - 2,422,011

I p s w ic h  R iv e r .

The Ipswich River and its tributaries drain an area of approxi
mately 149 square miles of territory situated in Essex and Middlesex 
counties. Within the watershed, either in whole or in part, are the
following towns: —

Andover.
Beverly.
Billerica.
Boxford.
Burlington.
Danvers.
Georgetown.

Hamilton.
Ipswich.
Lynnfield.
Middleton.
North Andover.
North Reading.
Peabody.

Reading.
Rowley.
Tewksbury.
Topsfield.
Wenham.
Wilmington.
Woburn.
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The watershed in general is hilly, with steep slopes which cause 
a rapid run-off of rainfall to the river, and consequent rapid fluctua
tions of the river flow; but between the hills and along the water 
courses are large marsh areas which retard, to a considerable de
gree, the flow of the surface water. The water, in flowing over 
the marsh areas, takes up coloring matter from the decomposing 
vegetable matter of the marshes, which gives to the entire flow of the 
river a dark color.

In  general, the watershed is thinly settled, the average population 
being less than 100 to the square mile.

Along the lower reaches of the river there is some pollution, notably 
from the town of Topsfield, and several early investigators have as
sumed that the water of the river below the point where it receives 
the drainage of the town of Topsfield, through the course of a small 
brook, is not desirable for use as a public supply. On account of the 
improved methods of water purification developed during recent 
years, the removal of such pollution as exists does not constitute a 
serious problem at the present time.

Above the point where the river receives the drainage of Topsfield 
there are about 100 square miles of watershed which, all investigators 
agree, will furnish water suitable for a public supply after some form 
of treatment to remove its color and suspended matter.

Some of the tributary brooks along the upper course of the river 
furnish water which may be used at the present time for a public 
supply without purification, although the quantity is small compared 
with the entire flow of the river. Such tributaries having a special 
interest in the present investigation are Boston and Fish brooks, 
which drain very thinly settled territory in the towns of Boxford, 
Andover, North Andover, Middleton and Topsfield.

There are few important manufacturing plants along the upper 
reaches of the river, the notable exception being the at present unused 
plant of the Middleton Taper Company at South Middleton. This 
company has a large plant, with brick buildings, for manufacturing 
purposes, houses for its employees, railroad sidings and similar ap
purtenances. I t  has been located at the place for about forty years, 
and possesses water rights which are, without doubt, of great value, 
as well as possible rights of drainage, which are important, consider
ing the lack of any facilities of sewerage for the territory.

If, as seems certain, the plant will in the future be again devoted
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to manufacturing purposes, considerable sums may have to be ex
pended to prevent pollution of the waters of the main river.

Along the lower course of the river, below the point where it is 
proposed to take water, are several water privileges now unused, and 
one very large and active plant, the Ipswich Mills, in the town of 
Ipswich.

The group of unused water rights is important in this investigation 
on account of the potential possibilities which they have as furnishing 
claims for damage suits. The Ipswich Mills, on account of its ex
tensive use of the water for power and for its peculiar mechanical 
processes, will of a certainty claim considerable damages if any large 
takings are made from the present flow of the river. The rights of 
the Ipswich Mills have already been established by the substantial 
damages paid already by the city of Lynn, the towns of Reading and 
Danvers and the cities of Salem and Beverly on account of the diver
sion of water from the Ipswich River.

There have been granted by the Legislature rights to take waters 
of the Ipswich River watershed for use as public supply as fol
lows : ■—•

Lynn. — All the flow in excess of 10,000,000 gallons daily during 
six months, December to May, inclusive, from the watershed above 
the Middleton Paper Company’s dam, approximately 42 square miles 
(chapter 508, Acts of 1901).

Salem and Beverly. — Longham Brook watershed, approximately 
3.3 square miles (chapter 364. Acts of 1893).

Danvers. —• To take the waters of Middleton Pond and the waters 
of Swan Pond, subject to the rights of RTorth Reading to take water 
from Swan Pond (chapter 191, Acts of 1874).

Peabody. ■— Plumphrey’s Pond (now Suntaug Lake) and tribu
tary streams (chapter 171, Acts of 1881). Humphrey’s Brook for 
a period of three years (chapter 640, Acts of 1911).

Beading. ■—- To take ground water from wells (chapter 405, Acts of 
1889).

I t  is evident that plans to take additional water from the Ipswich 
River must be prepared with due consideration of the rights already 
given, all of which are at present being exercised except those granted 
to the city of Lynn.

When its rights will be exercised by the city of Lynn cannot at the 
present time be determined.
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A v a il a b l e  W a t e r  in  t h e  I p s w ic h  R iv e r .

Very few actual measurements of the actual flow of the Ipswich 
River are available and the most reliable are a series of observations 
taken under the direction of the Massachusetts State Board of Health 
at a point near the Willowdale dam during the year 1911. These 
measurements have been made the bases of calculations showing the 
probable flow at different points along the river during other years, 
by applying the figures obtained from the Sudbury River watershed 
to the Ipswich River watershed, with such modifications as the dif
ferent characters of the watersheds indicate as being proper.

These figures, although not entirely satisfactory, show that there 
is sufficient water obtainable if taken during the months of maximum 
flow, to supply all of the towns within the watershed needing a future 
supply, and, in addition, furnish Salem, Beverly and Peabody with 
a supplementary supply sufficient to augment their present supply 
for a period of at least thirty years, beginning in the year 1915. 
During average years such a supply could safely be taken during six 
or eight months of the year, but the figures for exceedingly dry years 
indicate that safe precaution should require the taking of water dur
ing a period of four months, January to April, inclusive.

The figures of this report contemplate the taking of water from the 
Ipswich River during an arbitrary calender period, such limitations 
being fixed by the Legislature at six months, December to May, in
clusive, in the act granting rights to the city of Lynn. A more logi
cal restriction would be one based on the amount of water in the 
river without regard to season. Such a restriction would better con
serve the resources of the river, and there would be no more likeli
hood of violation than as regards the restrictions already specified for 
Lynn. In  either case, suitable methods for measuring the actual 
flow of the river will be necessary. The control of the river flow 
should be under the direct control of some official or board, and suit
able penalties for violations of restrictions should be provided by 
law. See Appendix A, Tables 1 to 4, inclusive.

P u r if ic a t io n  o f  I p s w ic h  R iv e r  W a t e r .

The analyses of water from the Ipswich River by the Massachu
setts State Board of Health show that except for its high color, the 
water is an exceptionally good one for domestic use if taken from
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the upper course of the river. Below the point where the river 
receives drainage from the town of Topsfield, the quality is inferior 
to the upper waters, as already stated.

On account of the many sources of river pollution, either by acci
dent or malice, it is an established principle among authorities on 
water supply that all water supplies for domestic use taken from 
rivers should he purified before using.

The usual method of accomplishing such purification is by some 
process of filtration through sand which, when properly done, removes 
nearly all the bacteria of diseases that may be present, together with 
other impurities. The process is greatly assisted by storage of the 
water in reservoirs for as long a period as may be feasible, as dur
ing the storage period much of the suspended matter settles from the 
water, the color is in part removed by the bleaching action of sun
light, and the various bacteria of diseases die after a longer or shorter 
time.

In  some cases it is necessary, for complete purification and decolor- 
ization, to supplement the storage and filtration by a mixture of 
chemicals which acts as a coagulant of the impurities in the water, 
and renders them more easily removed by sand filtration.

The exact treatment necessary for purification of Ipswich River 
water can only be determined after experiment, but there is no doubt 
that a satisfactory water can be secured at a reasonable cost.

The studies made of similar waters in this State and in other parts 
of the country indicate that to purify the waters of the Ipswich 
River, unmixed with other water, both coagulation and filtration 
would be necessary; but if the water is to be mixed with a large 
proportion of better water, as, for example Wenham Lake, satisfac
tory results can be obtained by storage and subsequent sand filtra
tion, without coagulation. This opinion has been confirmed by all 
of the experts employed by the towns interested in the present inves
tigation.

S t  on  age  o f  I p s w ic h  R iv e r  W a t e r .

A study of the district in and adjacent to the Ipswich River water
shed has been made to determine if it is possible to build suitable 
reservoirs for the storage of the flood waters of the river to such an 
amount as would furnish a sufficient water supply for such towns as 
must obtain their future water supplies, and, in addition, such towns
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as now wish to supplement their present supplies therefrom, includ
ing Salem, Beverly and Peabody.

As already stated, the Ipswich River furnishes an adequate supply 
of water only during a portion of the year, and in order to conserve 
the surplus water for use during the months of low flow, storage 
reservoirs are necessary; moreover, to utilize a large part of the 
surplus flow the location of such reservoirs must be along the lower 
course of the river.

Willowdale Reservoir.
One reservoir site in which the surplus flow of the river could be 

collected and stored without pumping, of sufficient size to furnish 
a water supply for all of the towns under consideration, seems to be 
available.

I t  is generally admitted by engineers who have studied the problem 
that it is feasible, from an engineering standpoint, to secure an im
mense reservoir by building a dam on the main stream about 1 mile 
above the location of the present Wilowdale dam.

Such a reservoir would have an area, at contour elevation 54, 
of approximately 6,500 acres; an average depth of about 23 feet 
and a storage capacity of 27,000,000,000 gallons. Its watershed 
would be appromimately 112 square miles and its daily yield, in a 
dry year, about 80,000,000 gallons.

Neither time nor money has been available to make the neces
sary investigations to definitely determine the practicability of the 
plan or the best method of development. Certain objections of 
earlier investigations do not seem to be well founded, judging from 
the testimony of water-supply experts whose advice has been obtained 
by the commission. There seems to be no probability that the pro
posed reservoir would be objectionable from a sanitary standpoint, 
or that there would be any difficulty of securing an excellent water 
for domestic use therefrom, using modern methods of purification.

The question seems to be entirely one of expense as compared with 
other available supplies.

I t  does not see to me probable that the scheme would be as eco
nomical for the towns under consideration as the individual schemes 
hereinafter outlined or the metropolitan system, but if a large water 
district could be formed to use a considerable percentage of the water,
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it is possible that the cost would be less to the individual cities and 
towns than for water from any other available source.

On account of the rapid increase in valuation of the land within 
the site of the suggested reservoir, it is certain that delay in the con
struction of the reservoir will result in a greatly increased cost if 
the work is done in the future.

The appended report of Allen Plazen, consulting engineer, deals 
more fully with the Willowdale plan than does the present report. 
See also Appendix E, tables 1 to 3.

Other Reservoir Sites.
Possible sites for reservoirs in which the water might be stored by 

pumping from the river during the flood season occur in a number of 
places in the territory drained by the Ipswich River or adjacent 
thereto. Such sites are located in the towns of Topsheld, Danvers,
Boxford and Lynnfield. Some of these sites would furnish storage
capacity for any large quantities of water, although some of the
larger sites are on the upper waters of the river, where only a portion
of the run-off could be utilized.

A particularly favorable location is indicated by several connect
ing reservoir sites in the towns of Danvers and Middleton that could 
be developed as storage basins, in which the waters of the Ipswich 
River would be pumped during the flood season.

A portion of this site has already been surveyed by the authorities 
of the city of Salem, in connection with the storage reservoir that 
has been proposed by the engineer employed by that city. The re
mainder of the territory has not been surveyed accurately, and 
neither time nor money is available at the present to make necessary 
surveys and geological investigations. An examination of the State 
topographical maps of the territory indicate the possibility that a 
sufficient storage capacity could be secured for the needs of the 
entire district now under investigation for many years. These storage 
basins could be used in connection with Wenliam Lake as a future 
supply of Sale'm, Beverly, Peabody, Danvers and such other towns 
as might, from time to time, need a water supply. At present, the 
distributing systems of the towns mentioned are connected at various 
points, and probably could be utilized for a term of years without 
any great amount of expense being incurred for new lines or for
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remodeling of systems. Considerable economy could be effected 
by the installation of a new and larger pumping station in place of 
the several small ones now being used.

I  assume that, as such a scheme would involve the admission of 
other towns to the common use of Wenham Lake supply, together 
with Beverly and Salem, such a scheme would be opposed by the 
representatives of those cities. The scheme would also require the 
abandoning of Suntaug Lake and its appurtenant structures, which 
have been built by the town of Peabody. I  also assume that this 
scheme would be opposed by the authorities representing the town 
of Peabody; therefore no more attention will be given to the subject 
at the present time. In  any case, the plan does not seem to have 
as much merit as the Willowdale Reservoir plan.

M e t r o p o l it a n  W a t e r  S u p p l y .

A study of certain features of the metropolitan water supply has 
been a necessary part of my investigation, particularly of those 
features that indicate the probable future extension of the system 
and consequent cost, and the particular details of such extensions 
and costs as might be charged against such towns of this investiga
tion as may in the future desire to enter the metropolitan district.

Such complete information as should be available to make an in
telligent estimate can be gained only by such long acquaintance with 
the details of the metropolitan system as is possessed by the officials 
of the Metropolitan Water and Sewerage Board. This Board has 
its powers as regards towns already within the metropolitan system 
specified by chapter 488, Acts of 1895, and amendments thereto. 
Such information is, of course, available to all, but as regards towns 
outside of the original metropolitan district as wish to enter its water 
system, no conditions are specified by statute, although it is within 
the powers of the Legislature to define conditions.

In formulating such conditions, however, the Legislature would 
naturally be guided by the advice of the Metropolitan Water and 
Sewerage Board, and, in effect, the conditions under which such 
towns are admitted to the metropolitan system are dictated by this 
Board.

In  connection with the present investigation, the two items of im
portance are first, the probable annual charges to the towns for metro-
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politan water; second, the amount of entrance fee that will be re
quired of each town.

As regards the first item, the probable scheme of development of 
the metropolitan system is outlined in the special report of the Massa
chusetts State Board of Health for the year 1895. The scheme 
therein outlined has, with few modifications, been consistently fol
lowed so far.

The future development of the metropolitan system as outlined by 
the report of 1895 contemplated the addition of a portion of the water
shed of the Assabet River, about 34.4 square miles, when the limits 
of the present supply have been reached; and after the Assabet River 
territory, certain portions of the watersheds of the Ware River, the 
Swift River and the Deerfield River are to be added in succession 
as needed. Rough estimates in the report of 1895 place the cost of 
the Assabet River extension at $600,000 and the Ware River ex
tension at $6,100,000. Ho estimate is 'made of the cost of the Swift 
River extension, although the works necessary are briefly outlined.

Since the above estimates were prepared, the cost of engineering 
construction has increased at least 35 per cent., and estimates made 
to-day by the same authorities would no doubt greatly increase the 
above figures.

As the estimates of 1895 do not include any amount for damages 
for the diversion of water now used for power purposes, the estimates 
should be still further increased on account of such damages. In my 
opinion, the cost of adding the watersheds of the Assabet and Ware 
rivers to the metropolitan system will be not less than $1,500,000 
and $10,000,000, respectively, if the works were constructed at the 
present time. What the cost of these extensions will be at the time 
when their construction becomes necessary is problematical. Judging 
by past experience, it should be higher than indicated by the above 
figures; on the other hand, the cost may be lower than at present.

The water power of the Ware River has probably reached its ulti
mate development and maximum value. Future development of 
electrical power from the rivers in the western.part of the State may 
enable the manufacturers along the Ware River to obtain their power 
in the future at a less cost than from their present plants.

The cost of construction necessary to increase the metropolitan sup
ply will depend entirely on the prosperity of the country at the time 
such construction becomes necessary.
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There is also the contingency that additions to the metropolitan 
system may not be made as outlined in the report of 1895. On 
account of the pollution of the Assabet River waters, it seems prob
able that this source of supply may not be used, and that the next 
extension of the system will be to the Ware River, and it is possible 
that the Ware River may be passed by and the next extension made 
directly to the Swift River.

F il t r a t io n  o f  t h e  M e t r o p o l it a n  S u p p l y .

One of the uncertain elements in estimating the future cost of 
metropolitan water is the question of the extent to which the water 
will have to be purified by filtration.

As at present constituted, the metropolitan supply is derived from 
three sources: first, the Cochituate supply, with a capacity of about 
13,000,000 gallons daily, which was the sole supply of the city of 
Boston from its introduction in 1849 to 1875; second, the Sudbury 
River supply, with a capacity of about 50,000,000 gallons daily, 
which, in conjunction with the Cochituate supply, was the supply of 
Boston until the construction of the metropolitan system; third, the 
Nashua River supply, which, with the Cochituate and Sudbury Eiver 
supplies and the watersheds of various reservoirs, furnishes the entire 
supply for the metropolitan system as at present constructed, esti
mated at 173,000,000 gallons daily.

Of the above sources, the Cochituate supply has more pollution, 
on account of its thickly populated watershed, than the other sources, 
and its waters are only used after purification by a long period of 
storage.

The Sudbury River water is less polluted than the Cochituate, but 
is highly colored, being similar in character to the Ipswich River 
water. Storage for considerable periods in reservoirs is obtained 
before use. Certain of these reservoirs furnish water more objec
tionable than others, and the supply from such objectionable reser
voirs is very little used at the present time.

The Nashua River water is far better than the other two sources, 
and furnishes the greater proportion of the metropolitan water now 
used.

Already there has been a serious demand for the filtration of the 
water furnished through the Cochituate and Sudbury rivers supply, 
and plans and estimates were furnished to the Legislature of 1912
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for filtering approximately 25,000,000 gallons daily, at a cost for 
construction of $670,000 (see House Document Ho. 698).

In  my opinion, these works must he constructed in the near future. 
As the amount of water used approaches the limit of the present 
supply, and a greater amount of objectionable water is mixed with 
the Nashua River supply, additional filtration will be demanded. 
For all water filtered the cost per million gallons will be increased 
by approximately $7.

The figures showing probable annual cost given in this report have 
been estimated according to a development as indicated by the report 
of 1895, coupled with a consideration of the annual expenses already 
incurred, and an estimated increase in the population of the metro
politan district as indicated by the increase for the past forty years.

The annual consumption of water per capita in the metropolitan 
district has decreased during recent years from 129 gallons per capita 
in 1908 to 105 gallons per capita in 1911. The rate for 1912 was 
at the rate of 107 gallons per capita, a considerable increase. For 
purposes of the estimates in this report, a daily average consumption 
of 100 gallons per capita has been assumed for a thirty-year period.

The second feature, the entrance fee, is also difficult to estimate, as 
the matter is almost entirely within the discretion of the Metropoli
tan Board. The only information I  have been able to obtain from the 
Metropolitan Board is contained in a letter addressed to the Hon. 
Frederick M. Hersey, chairman of the committee on water supply 
of the Legislature of 1912.

Letters and other requests to officials of the Metropolitan Board 
to furnish more explicit information have met with refusal. I t 
has been necessary to use the figures furnished to the committee on 
water supply, with such verification as I  have been able to obtain 
from my study of the situation. The items of expense will be dis
cussed in greater detail in connection with the portion of the report 
dealing with individual towns.

Following is a copy of such portions of the table of cost furnished 
to the committee on water supply as relate to the cities and towns 
whose water supply is auhorized to be investigated by this commis
sion : —
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P a y m e n t  f o r  A d m is s io n . Salem. Beverly. Peabody.

If admitted alone, . . . . . . . . . $700,000 $525,000 $700,000
If Salem and Beverly admitted together, . . . . 000,000 500,000 -
If Salem and Peabody admitted together, . . . . 625,000 - 625,000
If Salem, Beverly and Peabody admitted together, 550,000 400,000 550,000
If Salem, Beverly, Peabody and Marblehead admitted together.
If Salem, Beverly, Peabody, Marblehead, Lynn and Saugus

550,000 400,000 550,000
400,000 350,000 400,000admitted together.

Estimated water assessments, 1912, . . . . . 55,000 35,000 36,000

The valuation, population and the average daily water consump
tion of the metropolitan district have been estimated, for purposes of 
this report, as follows: -—

Y e a r . Population. Valuation. Consumption
(Gallons).

1915, ................................................................ 1,170,000 $2‘,015,800,000 117,000,000
1920, ................................................................ 1,324,000 2,297,200,000 132,400,000
1925, ................................................................ 1,500,000 2,609,300,000 150,000,000
1930, ................................................................ 1,705,000 2,9S4,000,000 170,500,000
1935, ................................................................ 1,930,000 3,404,000,000 193,000,000
1940, ................................................................ 2,195,000 3,877,000,000 219,500,000
1945, ................................................................ 2,490,000 4,417,500,000 249,000,000

The above figures are for the metropolitan district as at present 
constituted not including Newton. There will, without doubt, be 
greater increase than indicated, due to the admission from time to 
time of new towns. In  consideration of the payments that will be 
made by such towns, it is not anticipated that estimates based on the 
above figures will be materially changed by such additions.

An estimate of the probable financial development of the metro
politan district has been prepared, and the details of such estimate 
are contained in Appendix C. of this report, tables 1 to 7, inclusive. 
The figures of these tables are necessarily matters of individual 
opinion, based on a study of past financial conditions and water con
sumption. The various items showing the time when extensions of 
the metropolitan system will be necessary are in particular subjects
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for difference of opinion among persons equally well qualified to 
judge. Whatever objections are offered to the figures herein pre
sented, I  desire to point out that previous estimates of the growth 
of population and cost of works to the metropolitan district have 
been almost universally exceeded by actual developments, and that 
the governing figures of the appended tables are those representing 
the present outstanding bond issues that cannot be changed, and the 
figures of cost of annual maintenance of the system that are subject 
to reasonably accurate estimate. The change of other items within 
reasonable limits does not in a great degree change the estimates of 
cost to the individual towns of the system.

From the results of this estimate I  am of the opinion that some 
reduction may be expected in the cost of metropolitan water for a 
period after the retirement of the present outstanding bonds. Such 
reduction, however, will not be great or permanent, on account of 
the cost of future necessary extensions.

M e t h o d s  eo k  s u p p l y in g  I n d iv id u a l  C it ie s  a nd  T o w n s .

The future needs of the towns covered by this investigation can, 
in my opinion, be satisfied by separate development of sources of 
water supply, either within the area of the towns or adjacent thereto.

Sufficient reservoir sites for such individual needs seem to be avail
able and will be discussed in connection with individual develop
ments. In  my study, the cities and towns of this investigation have 
been, for convenience of consideration, divided into three general 
classes, as follows: —

First Class. — Towns whose future water supply will be from 
sources outside of the watershed of the Ipswich River.

Second Class. — Towns whose future water supply will be from 
sources within the watershed of the Ipswich River.

Third Class. — Cities and towns whose future water supply must 
be obtained wholly or in part either from the Ipswich River or from 
the metropolitan system.

First Class.
The towns of this class are as follows: —

Andover.
North Andover. 
Billerica.

Burlington.
Georgetown.
Ipswich.

Rowley.
Tewksbury.
Woburn.
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The towns of the above list, excepting Burlington and Georgetown, 
have at present adequate water supplies, and no special study of their 
needs has seemed necessary. A brief detailed report of each town 
follows.

A ndover.

Andover has an estimated population of 7,470 and a valuation of 
$7,207,765. Its source of supply is Haggett’s Pond. The supply 
was installed in 1890 (chapter 439, Acts of 1887). No other source 
of supply will be needed for many years.

North Andover.

North Andover has an estimated population of 5,740 and a valua
tion of $5,529,521. Its source of supply is Great Pond. The sup
ply was installed in 1898, and is sufficient for the future development 
of the town.

B illerica.

Billerica has at present an estimated population of 2,850 and a 
valuation of $2,829,996. Its present water supply is taken from the 
ground-water sources near the Concord Biver. The supply was in
troduced in 1898 (chapter 477, Acts of 1897). The present supply 
is adequate for the needs of the town, and future needs can be satis
fied by extensions of the present source of supply.

Burlington.

This town lies on the westerly edge of the Ipswich River water
shed, and the greater portion of the town’s area is within the water
shed of the Shawsheen River. The estimated population of the town 
is 610 and the valuation is $775,456. The growth of the town, both 
in population and valuation, has been very slow, on account of the 
lack of transportation facilities.

The town has no public water supply, and it seems probable that 
such a supply will not be needed for many years in the future. The 
town has no large ponds or water sources available for a supply, 
and whenever a supply becomes necessary, the small quantity of 
water required for the town can, without doubt, be secured from 
ground-water sources.

Georgetown.

Georgetown has an estimated population at the present time of 
2,010 and a valuation of $1,245,032. The town has not increased in
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population during the past thirty years. The territory of the town 
is almost entirely within the watersheds of the Parker River and 
Miles River. The town has no public water supply at the present 
time, and no installation is anticipated in the near future. There are 
several adequate sources of water supply within the territorial limits 
of the town or in adjoining towns. Whenever the installation of a 
public water supply becomes advisable, it can be obtained from the 
Bald Pate Pond, Rock Pond, Pentucket Pond, or ground-water 
sources along the Parker River, — the best location to be determined 
after detailed study of the various sources.

I psw ich .

Ipswich is situated at the mouth of the Ipswich River. The 
town has developed slowly, although its development has been at an 
increasing rate during the past ten years, largely due to an increase 
of summer residents in the town. The estimated population for 1912 
is 5,950 and the valuation is $5,737,792. The town gets its present 
water supply from Dow’s Brook, within its own territory. The pres
ent supply seems sufficient for a long term of years, and it may he 
greatly increased by future development of the Dow’s Brook supply 
and from the watershed of Bull Brook, a connecting stream.

R o w l e y .

Rowley is a comparatively small town and has increased very 
slowly during the past thirty years. The present estimated popula
tion is 1,390 and the valuation is $2,422,011. jSTo investigation for 
a public water supply appears to have been made, and it seems im
probable that the town will he able to construct a supply for many 
years in the future. Whenever a supply becomes necessary, there are 
locations along the course of the Mill River and its tributaries that 
would, without doubt, furnish a suitable supply of ground water.

Tewksbury.

This town is at the extreme westerly edge of the Ipswich River 
watershed and only a very small part of its territory drains into the 
Ipswich River. ISTearly all of its territory is tributary to the Shaw- 
sheen River. The town is of especial interest as being the location 
of the State Almshouse. This institution has a private water sup
ply from ground-water sources. The population of the town is 3,700
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and the valuation is $1,513,840. There has been very little increase, 
either in population or valuation, during the past thirty years. At 
various times the question of a water supply has been agitated, and 
investigations have been made by engineers employed by the author
ity of the Massachusetts State Board of Health. Such investigations 
indicate that a future supply, ample for the needs of the town, can 
be obtained from ground-water sources within the town. The Tewks
bury Water Company has recently been incorporated under chapter 
525, Acts of 1911, but no works have yet been constructed.

W oburn.

Woburn has a present population of 15,750 and a valuation of 
$1,650,266. The city has had an increase of only about 3,500 in 
population in the past thirty years. The present water supply of 
the city is obtained from driven wells and filter galleries near Horn 
Pond. The works were originally installed in 1872 (chapter 307, 
Acts of 1871). The works have recently been extended, and the 
present supply will be adequate for the needs of the city for a long 
term of years. Whenever an increased supply is needed, the present 
source of supply can be still further developed.

Second Class.
The towns of the second class are as follows: —

Boxford. Lynnfiekl. Wenham.
Danvers and Middleton. Reading. Wilmington.
Hamilton. Topsfield. North Reading.

The towns of the above group are, with the exception of Danvers 
and Middleton, without a public water supply. The greater part of 
the territory of the towns is within the Ipswich River watershed, 
and the most available resources for extension of present supplies or 
for future supplies are from sources tributary to the Ipswich River. 
Any rights granted in the future to take water from the river should 
be given with suitable reservations to supply the future needs of these 
towns. A detailed statement regarding each town follows.

B oxford.

A large part of the area of this town lies within the Ipswich River 
watershed. Fish Brook, one of the most desirable tributaries of the
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Ipswich River for water-supply purposes, lies almost entirely within 
the town limits. The population of the town is 780 and the valuation 
is $1,525,798. There has been a considerable increase in valuation 
during recent years, largely due to the acquisition of the farms of the 
town to be used as summer residences. The principal occupation of 
the permanent residents of the town is farming. There are numerous 
small ponds and brooks in the town. At present there is no public 
water supply, although in 1910, at its annual town meeting, the town 
voted to petition the Legislature for the right to take water from 
Stiles Pond and Fish Brook. I t  does not appear that such a petition 
was ever presented to the Legislature.

There does not seem to be any likelihood that the town will install 
a public water supply in the near future. Whenever such a supply 
becomes necessary it can, in my opinion, be secured from ground- 
water sources, several promising locations being available. The water 
of Fish Brook, in my opinion, should be reserved for the somewhat 
distant future use of Boxford.

Danvers and Middleton.

These towns are considered together as they are at present supplied 
from the same source.

The territory of these towns lies entirely within the Ipswich River 
watershed. The present estimated population of the towns is 10,816 
and the valuation is $7,868,039. There has been a gradual and uni
form growth in population during past years, the population having 
increased about 60 per cent, in the past thirty years.

The towns contain some important manufacturing plants, and 
there seems to be a prospect of a greater increase of rate in popula
tion in the future than in the past, on account of the development of 
new industries.

The town of Danvers is of especial importance as being the loca
tion of a State hospital for the insane, with about 1,400 inmates, or 
1,714, including inmates and employees.

The town, under a contract with the Commonwealth, is bound to 
furnish an adequate water supply for the use of this institution. The 
present works were constructed by Danvers under authority of chap
ter 191, Acts of 1874, which gave to Danvers the right to take the 
waters of Middleton Pond and the waters of Swan Pond, subject to 
the rights of JSTorth Reading to take water from Swan Pond. Lp to
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this date only the waters of Middleton Pond have been used, although 
a pipe has been laid between Middleton and Swan ponds by means 
of which the waters of Swan Pond may be utilized when necessary.

The total watershed of Middleton and Swan ponds, including 
water surface, is approximately 2.2 square miles, and the yield in 
average years about 1,300,000 gallons per day. The water is of 
fairly good quality, and can, no doubt, be used without filtration for 
a considerable period of years in the future. The present consump
tion is at the rate of 1,000,000 gallons per day, which indicates that 
provisions should be made for an additional supply to be available 
within three or four years.

The approximate future needs of Danvers and Middleton are shown 
in the following table: —

Table showing Estimate of Future Water Consumption of Danvers and Middleton.

Y e a r . Amount needed 
(Gallons).

Amount needed 
in Addition to 
Present Supply 

(Gallons).
Estimated
Population.

1915.................................................................. 1,119,000 119,000 11,190
1920.................................................................. 1,186,000 186,000 11,860
1925.................................................................. 1,255,500 255,500 12,555
1930.................................................................. 1,331,000 331,000 13,310
1935, ......................................................... 1,419,000 419,000 14,190
1940.................................................................. 1,502,500 502,500 15,025
1945, ......................................................... 1,591,500 591,500 15,915

The most feasible and best source of supply appears to be Boston 
Brook.

As stated earlier in this report, Boston Brook furnishes water of 
a better quality than other tributaries of the Ipswich River, or the 
main river. I f  mixed with the waters of Middleton Pond the com
bined supply could probably be used for a considerable term of years 
without filtration.

The watershed of Boston Brook has an area of approximately 10 
square miles, for the greater part within the territory of the town 
of Middleton. The average daily yield of the territory would be 
approximately 10,000,000 gallons, and for the driest months of the 
year about 2,000,000 gallons. I t  is therefore evident that water
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sufficient for the needs of a supplementary supply for Danvers and 
Middleton could be taken from Boston Brook at all periods of an 
average year, and if storage facilities were supplied, an ample supply 
could be secured during a very short period of flood flow.

A plan has been developed by the engineer of Danvers which 
contemplates increasing the storage capacity of Middleton Pond and 
Swan Pond, and storing therein water to be pumped from Boston 
Brook. This plan seems to be perfectly feasible, and more satis
factory from a financial and sanitary standpoint than any other plan. 
In  my opinion, sufficient water from Boston Brook should be reserved 
for the future needs of Middleton and Danvers.

H amilton-.

Hamilton is a small and thinly settled community, although 
wealthy. Its growth in valuation has been rapid for the past few 
years on account of the development of its territory into large estates 
for summer residences. There is no public water supply at present, 
although the matter has been agitated at various times and legisla
tion authorizing a supply was obtained (chapter 128, Acts of 1902). 
The act was conditional upon its acceptance by the town within 
three years, and as it was not accepted by the voters within the 
statutory period, no authority for the construction of water works 
exists, at the present.

The latest report on a water supply for the town, made in 1912, 
indicates that the town should secure water from the Beverly supply 
if possible; or, if the plan should not prove feasible after the final 
settlement of Beverly’s problem for an increased supply, that a 
ground-water supply should be obtained from the valley of Miles 
River or near Pleasant Pond within the territorial limits of the 
town. In  my opinion, a supply sufficient for the future needs of 
the town can be obtained by one of the methods outlined.

Lynnfield .

A portion only of the territory of Lynnfield is within the Ips
wich River watershed, the greater portion of the town being drained 
by the Saugus River and its tributaries.

The town has been of very slow growth, both in population (960 
estimated for 1912) and valuation ($1,199,311 for 1912), although
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there has been some increase during the past few years. At present 
there is no public water supply and there is no indication that a 
supply will be needed for a long time in the future. The town con
tains many natural sources of supply, although the principal ones, 
such as Suntaug Lake, Billings Pond and the Saugus River, have 
been granted to other towns. Whenever a water supply is needed, 
the water can be secured from ground-water sources along the tribu
taries of the Ipswich River, or from the main river, if a large amount 
becomes necessary.

North R eading.

North Reading has a very thinly settled territory; its population 
is 1,129 and its valuation is $885,254. No public water supply is 
at present contemplated. Whenever such a supply becomes neces
sary it can be obtained from ground-water sources within the terri
torial limits of the town, or from Martin’s Pond and its tributaries.

R eading.

Reading has an estimated population for 1912 of 5,070 and a 
valuation of $6,546,867. There has been a considerable increase in 
population during recent years, with a consequent increase in water 
consumption. The per capita consumption is very low, 39 gallons 
per year, and the increase in total consumption per day since the 
works were installed is approximately 90,000 gallons, which indi
cates that future increase will not materially affect the flow of the 
Ipswich River. The present supply is taken from ground-water 
sources near the river (chapter 405, Acts of 1889). A supply for 
the future needs of the town can be secured by extending the present 
works.

Topsfield.

Nearly the entire territory of Topsfield lies within the watershed 
of the Ipswich River, and the main stream runs through the more 
thickly settled portion of the town. Besides the main river, there 
are several brooks and ponds within the territorial limits of the 
town that are available as sources of supply.

The estimated population of the to w  for 1912 is 1,570 and the 
valuation is $3,109,877. The town has developed very slowly dur
ing the past thirty years, although there has been an increase in both 
population and valuation during the past few years, due to the de-
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velopment of the town as a place of summer residence. The matter 
of a public water supply has been agitated at different times, and re
ports have been made contemplating a supply from ground-water 
sources. The valley of Pye Brook seems to offer a particularly 
favorable source for a ground-water supply for the town.

W enham .

Wenham adjoins Hamilton. I t is a community of the same gen
eral character, although with a much smaller population. The esti
mated population at present is 1,017 and the valuation is $2,627,900. 
Wenham Lake, the present supply of Beverly and Salem, lies for 
three-fifths of its area in the territorial limits of Wenham. Ho pub
lic-water supply seems to be contemplated at the present time, and 
whenever such a supply becomes necessary, the small amount of 
water needed can, no doubt, be obtained either by arrangement with 
Beverly or from ground-water sources.

W ilmington.

Wilmington has a population of 1,945 and a valuation of $1,709,- 
327. I t has no public water supply at the present time. Investiga
tions for a supply from ground-water sources were made in 1910, 
which indicated that the cost of a supply was greater than the town 
could afford at the time. There are several locations in the town that 
can probably be developed for ground-water supplies whenever the 
town finds it advisable to make the necessary expenditure.

Third Class.
The cities and towns in the third class include Salem, Beverly and 

Peabody.
Salem and Beverly.

Present Water Supply.
Previous to the year 1868, Salem obtained a water supply from 

the Salem and Danvers Aqueduct Company, a private corporation 
having as a source of supply Brown's Pond and Mineral Spring 
Pond (now Spring Pond), located in the town of South Danvers and 
the city of Salem.

According to the provisions of chapter 268, Acts of 1864, Salem 
was authorized to take the water of V enham Pond in the ton ns of
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Wenham and Beverly, or to take Brown’s Pond and Mineral Spring 
Pond in South Danvers and Salem, together with the property and 
franchises of the Salem and Danvers Aqueduct Company. Salem 
chose the first alternative, and works for supplying Salem were com
pleted in 1868. The act of 1864 provided that any town on the line 
of the works should be entitled'to a “ reasonable use” of the water 
from Salem by paying an “ equitable compensation therefor,” such 
compensation, in case of disagreement, to be determined by a com
mission appointed by the Supreme Judicial Court.

The Acts of 1869, chapter 380, gave Salem rights to lav pipes 
within the limits of Beverly, and water rates were determined by a 
commission, as provided by the act of 1864. The arrangement 
whereby Salem provided Beverly with water expired Dec. 31, 1884, 
and promptly a dispute arose regarding future payments.

The Acts of 1885. chapter 294, authorize Beverly to draw directly 
from d enham Pond as much water as it may require, and provide 
that Beverly shall pay Salem one-third of the expenses heretofore 
sustained by said city on account of payment of damages and cost 
of land, water rights and easements purchased or taken, and shall 
Pay annually one-third of the expenses which the city shall reason
ably incur as provided, etc.

Under the authority given, works were constructed by Beverly, 
and the taking of water from Salem by Beverly ceased Oct. 1, 1887.

The growth of the cities being such as to cause a shortage of 
supply, chapter 364 of Acts of 1893 was enacted. This statute pro
vided that the city of Salem, for the purposes of a future supply 
of water for said city and for the town of Beverly, may take and 
convey into Wenham Lake the waters of Xorwood and Beaver ponds, 
the waters of Miles River, the water of all tributaries and the waters 
of Longham Meadow. Under the provisions of this act the Long- 
ham Brook supplementary supply has been constructed by Salem, 
and used by Salem and Beverly jointly in connection with the Wen- 
ham Lake supply. The cost of the Longham Brook supply to Salem 
was approximately $64,000.

The original estimate of the supply of Wenham Lake was 2,000.- 
000 gallons daily, but by actual use the supply was found to be in 
excess of this amount, and the present supply is agreed to be nearly 
3,000,000 gallons daily. The addition of the Longham Brodk sup
ply is estimated at approximately 1,700,000 gallons daily, making a
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total present supply for Salem and Beverly in dry seasons of 4,700,- 
000 gallons.

During the year 1911 there was taken from the lake approximately 
1,790,000,000 gallons, or an average of 4,904,500 gallons per day, 
the lake being pumped 11 feet 6 inches below its normal level.

While in ordinary years the supply seems to be sufficient for the 
needs of Salem and Beverly, for several years the danger of very 
dry years indicates that a supplementary supply must he obtained in 
the immediate future. The following table shows the population 
and water consumption in Salem and Beverly for the year 1910, and 
the estimated needs of Beverly and Salem for the period from 1915 
to 1945, based on an increase in population in the future as indi
cated by the increase for the past thirty years, and an average con
sumption of water of 90 gallons per capita approximately: -—

Estimated Average Daily Consumption, Salem and Beverly.

S a l e m . B e v e r l y . T o t a l .

Y e a r . Esti- Estimated Esti- Estimated Esti- Estimated
mated Consump- mated Consump- mated Consump-
Popu- tion Popu- tion Popu- tion
lation. (Gallons). lation. (Gallons >. lation. (Gallons).

1910, .................................... 43,700 3,950,000 18,650 1,700,000 62,347 5,650,000
1915, .................................... 47,400 4,300,000 21,300 1,950,000 68,700 6,250,000
1920.......................................... 51,100 4,600,000 24,400 2,200,000 75,500 6,800,000
1925, .................................... 55,100 4,970,000 28,000 2,530,000 83,000 7,500,000
1930, .................................... 59,600 5,370,000 31,900 2,880,000 91,500 8,250,000
1935.......................................... 64,300 5,800,000 36,200 3,300,000 100,500 9,100,000
1 9 4 0 ,.................................... 68,900 6,200,000 41,600 3,800,000 110,500 10,000,000
1945.......................................... 74,500 6,700,000 46,500 4,200,000 121,000 10,900,000

Sources of Additional Supply for Salem and Beverly.
Three sources of additional water supply for the cities of Salem 

and Beverly seem worthy of investigation, as follows: —
The Chebacco Lakes.
The Ipswich River.
The Metropolitan System.
Chebacco Lakes. — The Chebacco Lakes are a series of four small 

lakes in the town of Hamilton, the largest of which is Chebacco Lake. 
The total watershed of these lakes, exclusive of Gravel Pond, is 5.04 
square miles. The water surface is 66 square miles. I he water
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of Gravel Pond is at present used to supply the town of Manchester, 
which town also has rights to take waters of other ponds in case of 
emergency. The water of Chebacco Lake has less color than the water 
of Wenham Lake, and, as shown by the analysis of the Massachusetts 
State Board of Health, contains less chlorine and less albuminoid 
ammonia. On the whole, the waters of Chebacco Lakes appear to be 
considerably better than the combined Wenham Lake and Longham 
Brook waters.

The Chebacco Lakes have, by common consent, been reserved for 
a water supply of the towns adjacent thereto, and for an additional 
supply of Gloucester, Rockport and neighboring towns.

An estimate of the yield of the Chebacco Lakes from December to 
May, inclusive, based on the Sudbury River records and actual ob
servations for the year 1910-11, indicates a total yield of 706,000,000 
gallons. This amount is about the amount estimated to be necessary 
to supplement Wenham Lake for a series of very dry years to 1920.

The cost of works for such a supplementary supply would be ap
proximately $100,000, although cost of works for an emergency sup
ply has been estimated by the authorities of Salem at $30,000. If  
the Chebacco Lake water were used, the quality of Wenham Lake 
water would be improved, and there would be no immediate need of 
considering a filter plant, as would be required if the Ipswich River 
supply were used.

On account of the short time during which the supply would be 
available, it does not seem advisable to adopt the scheme, except in 
case of extreme emergency. In  such a case, Salem can supplement 
its water supply from Chebacco Lakes by taking advantage of the 
provisions of chapter 313, Acts of 1901, which provide that any city 
or town which has a water supply may, in case of emergency, take 
waters from any brook, stream, river, lake, pond or reservoir, for a 
period of not more than six months in one year, in such quantities 
as may be necessary, after approval by the State Board of Health. 
Such cities or towns may also take rights to use any land for such 
time as may be necessary.

The waters of Chebacco Lakes have already been approved by the 
State Board of Health. The proximity of Chebacco Lake and the 
ease of securing a temporary supply therefrom make it clear that 
Salem and Beverly are in no immediate danger of a water famine.

Eor details of estimate see Appendix B, tables 1 to 4, inclusive.
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Increased Water Supply for Salem and Beverly.

At a meeting in the office of the commission at which were present 
engineers representing the cities of Salem and Beverly, it was unani
mously agreed that all suggested methods of securing an additional 
supply for Salem and Beverly could properly be eliminated from 
discussion except the following: —

1. Both Salem and Beverly to enter the metropolitan water system.
2. To supplement the present supply of Wenham Lake from the 

waters of the Ipswich River, the supply to be used by Salem and 
Beverly jointly.

3. Salem to enter the metropolitan system and relinquish its pres
ent rights in Wenham Lake to Beverly, a suitable compensation to 
be paid by Beverly to Salem for such rights.

4. Salem to secure its entire supply from the Ipswich R iver; Bev
erly to be given exclusive rights in Wenham Lake; a suitable com
pensation to be paid by Beverly to Salem for such rights.

A brief outline of the details of each plan, with estimates of 
probable costs for a thirty-year period from 1915, follows: —

In preparing the figures given in the following pages, showing- 
estimates of cost for securing water supplies under various plans. 
I  have carefully examined reports and surveys previously submitted 
so far as available, particularly those that have been formulated by 
the various engineers employed by the municipalities of Salem and 
Beverly for a supply stored in a reservoir to be located in the Putnam- 
ville section of Danvers. In  general, I  have found that the surveys 
made by these towns have been sufficient for a basis from which to 
approximately estimate the cost. The geological investigations did 
not seem to me to be sufficient to justify conclusions which have been 
formed, and it has been necessary to inaugurate somewhat extended 
series of subsoil investigations. These investigations indicate that 
the proposed reservoir site at Putnamville will be a very good one, 
but that the costs will be probably somewhat greater than has been 
indicated by the engineer employed by the city of Salem.

The estimates submitted herewith have, I  believe, been made on a 
liberal basis, both as regards the cost of the proposed Ipswich River 
supply and the future cost of the metropolitan supply, and neither 
is excessive, considering the information at present available.
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First Plan. Water Supply for Salem and Beverly, from the Met
ropolitan System. — Should Salem and Beverly elect to join the 
metropolitan system together, the cost of admission would be reduced 
from the cost of either entering the system separately, on account of' 
a less proportionate cost of necessary pipe lines and other structures. 
The cost of entrance fee for Salem will be $600,000, against $700,- 
000 for a separate entrance; and $500,000 for Beverly, against 
$525,000 if admitted separately.

An estimate of annual cost to the two cities, based on probable 
future development, is shown by the following table: —

P e r i o d .
A v e r a g e  Y e a r l y  A s s e s s 

m e n t s .
A v e r a g e  T o t a l  A n n u a l  

C o s t s .

Salem. Beverly. Salem. Beverly.

1916-20, .................................... $67,400 $47,960 $103,597 $78,064
1921-25, .................................... 67,200 58,540 103,397 98,704
1926-30, .................................... 67,400 72,940 103̂ 597 103,104
1931-35.......................................... 69,000 94,960 105,197 125,124
1936-40, .................................... 62,650 107,590 98,847 137,754
1941-45, .................................... 53,380 121,050 89,577 151,214

Average, . . . . . $64,506 $83,840 $100,702 $113,994

The above table is not a satisfactory estimate as regards Beverly 
beyond the second period. The valuation of Beverly has increased 
at an average rate of nine per cent, annually, and the figures given 
above are based on such an annual increase for a thirty-year period 
from 1915. I t  is unreasonable to suppose that such a large rate cau 
continue for so long a period.

The figures are of value, however, as showing that a very large in
crease in the valuation of Beverly may be expected in future years, 
and they indicate that Beverly cannot afford to enter any system of 
water supply that makes valuation one of the elements for determin
ing annual assessments.

Eor detail figures of the above table see Appendix C, tables 1 to 7, 
inclusive.

Second Plan. To supplement the Present Supply of Wenham Lake 
from the Flood Flow of the Ipswich Fiver. — The necessary supply 
will be pumped from the river during the months of flood flow to a
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reservoir to be built in the Putnamville district of the town of 
Danvers, the water to be stored for use in the dry season. Before 
mixing with the waters of W enham Lake, the river water will be 
filtered through open sand filters, and after mixing with the lake 
water, the mixed water will be filtered, before using, through slow 
sand-covered filters.

In  my opinion, the plan is entirely practicable, and a quality of 
water could be secured much better than the present water of Wen- 
ham Lake. The estimated cost of such a supply to Salem and 
Beverly is shown in the following table: —

Estimated Yearly Cost of a Supplementary Supply for Salem and Beverly, to be 
taken from the Ipswich River, including Interest and Sinking Fund Charges 
for a Thirty-year Period.

1916-20,
1921-25,
1926-30,
1931-35,
1936-40,
1941-45,

Average,

P e r i o d . Salem. Beverly.

$79,062 $41,274
80,970
83,220
85,576
87,513
91,783

$84,688

42,763
44,476
46,389
48,198
50,788

$45,648

For details of above estimate see Appendix D, tables 1 to 5, 
inclusive. n

Third Plan. Salem to enter the Metropolitan System and relin
quish its Present Rights in Wenham Lake to Beverly. — Under this 
plan Salem would be obliged to pay approximately $100,000 more 
as an entrance fee than if it entered the metropolitan district jointly 
with Beverly. The fixed charges on this amount, together with an 
increase in the annual assessments because of the loss of Beverly’s 
high valuation to the metropolitan system, would represent the excess 
cost to Salem of entering the metropolitan system over the cost of the 
joint plan Yo. 1.

The cost to Beverly would be approximately the present cost for 
the maintenance of Wenham Lake, plus its cost of pumping, plus 
fixed charges on the amount which it would be obliged to pay to Salem
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for exclusive use of Wenham Lake. The following table shows the 
estimated cost of the plan to Salem. As regards Beverly, the table 
gives only the estimated cost of pumping and the maintenance of the 
lake, estimated at $1,200 per year.

P e r i o d . Salem. Beverly.

1916-20....................................................................................... Sill,044 S10.037
1921-25....................................................................................... 109,274 10,697
1926-30, . ....................................................................... 108,205 11,410
1931-35, . ................................................................ 110,065 12,230
1936-40....................................................................................... 105,449 13,215
1941-45....................................................................................... 97,974 14,345

A v e r a g e , ....................................................................... $107,002 SI 1,989

The cost to Beverly probably would be increased sometime during 
the thirty-year period by the necessity of securing control of some of 
the estates bordering on Wenham Lake, and also by the possible neces
sity of filtering the supply.

Fourth Plan. Salem to secure a Supply from Ipswich River; 
Beverly to have Wenham Lake. —- The fourth alternative plan, des
ignated for convenience as the Kimball plan, contemplates securing 
the entire water supply of Salem from the Ipswich River. The water 
will be pumped during the period of high flow to the proposed Put- 
namville Reservoir, from which it will be conducted, as required, to 
a filter plant in the town of Danvers near Salem boundary. After 
suitable purification, the water will be pumped to the present Salem 
distributing reservoir.

The works required are, with some modification, the same as for 
the joint supply discussed under Plan 2. The cost of such works 
will, in my opinion, be somewhat greater than for Plan 2 on account 
of the greater volume of water to be handled, requiring larger pipe 
lines and pumping apparatus. The following table shows the esti
mated average annual cost for the different periods to Salem and 
to Beverly: —
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Comparative Cost to Salem and Beverly of Plan 4.

P e r i o d . Salem. Beverly.

1916-20....................................................................................... S101.950 S10.037
1921-25, .............................................................................. 103,900 10,697
1926-30, .............................................................................. 107,285 11,410
1931-35, ............................. .................................... 109,755 12,230
1936-40....................................................................................... 113,475 13,215
1941-45, .............................................................................. 116,225 14,345

Average, . . . . . . . . . . . $108,765 $11,989

So consideration of payments to Salem by Beverly; the cost to 
Beverly being only the expense of maintaining Wenham Lake and 
for pumping its supply, as in Plan 3.

On account of probable increased cost of construction, the danger 
of entire loss of water supply to Salem by accident to the works, and 
on account of the constant care necessary to secure good results from 
the processes necessary to purify the raw Ipswich River water, I  do 
not regard this plan as good as Plan 2.

The figures of probable cost of the four alternative plans considered 
in the preceding pages are summarized in the following table: —

Estimated Average Cost per Year for Five-year Periods of securing Additional 
Water Supply for Salem and Beverly.

P e r i o d .

S a l e m . B e v e r l y .

Plan 1. 
Metro
politan 
System.

Plan 2. 
Wenham 

Lake 
and

Ipswich
River.

Plan 3. 
Metro
politan 
System.

Plan 4. 
Ipswich 
River.

Plan 1. 
Metro
politan 
System.

Plan 2. 
Wenham 

Lake 
and

Ipswich
River.

Plan 3. 
Wenham 

Lake.
Plan 4. 

Wenham 
Lake.

1916-20, . $103,597 $79,062 Sill,004 $101,950 $78,064 S41,274 $10,037 $10,037
1921-25, . 103,397 80,970 109,274 103,900 88,704 42,763 10,697 10,697
1926-30, . 103,597 83,220 108,205 107,285 103,104 44,476 11,410 11,410
1931-35, . 105,197 85,576 111,065 109,755 125,124 46,389 12,230 12,230
1936—40, . 98,847 87,513 105,449 113,475 137,754 48,198 13,215 k 13,215
1941-45, . 89,747 91,783 97,974 116,225 151,214 50,788 14,345 14,345

Average, $100,730 $84,688 $107,161 $108,765 $113,994 $45,648 $11,989 $11,989

The figures of the foregoing tables, showing the annual cost of 
metropolitan water to Salem, exceed the cost indicated by the figures
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furnished by the Metropolitan Water and Sewerage Board to the 
committee on water supply.

The figures furnished by the Metropolitan Water Board were evi
dently based on a rate of water consumption as indicated by Salem’s 
actual consumption for the year 1911. This rate was much lower 
than the rate for previous years. The figures of the above tables 
were based on the consumption of Salem for a period of years, and 
I  believe more accurately represent the probable conditions than 
do the figures for the single year 1911. I f  Salem should enter the 
metropolitan system, it is probable that the metering of all services, 
as would be required, would reduce the water consumption to a rate 
as low as the 1911 rate, or even lower, but the total cost to the city 
would not be greatly reduced, as the cost of metering would counter
balance in a large degree any saving on account of less use of water. 
The figures of the estimates herein given do not in any case provide 
for additional metering in Salem.

A study of the above summary is interesting as indicating the 
cheapest source of supply for each town, the approximate amount 
that Beverly could afford to pay for exclusive rights in Wenham 
Lake and the amount that Salem could afford to accept if it adopted 
one of the alternative plans that have been discussed.

As regards Plan 1, the entrance of both Salem and Beverly into the 
metropolitan system, it seems clear that on account of rapidly increas
ing valuation, any of the other alternative plans would be preferable, 
and that Beverly could afford to pay a very large sum for exclusive 
rights in Wenham Lake. I t  does not seem to me advisable to base 
any calculations of Beverly’s possible payment to Salem on my esti
mate for Plan 1, for the reason already stated, — that the estimate 
of increase is probably excessive; but making any reasonable allow
ance for such excess, it is clear that Beverly should not be required 
to enter the metropolitan system.

The average figures for Plan 2 show the plan to be the cheapest 
for Salem of any of the alternatives, without consideration of pay
ment by Beverly for rights in Wenham Lake.

The average yearly expense of the plan to Beverly would be ap
proximately $32,342 more than if the city has exclusive rights in 
Wenham Lake, as contemplated in plans 3 and 4. I  believe that the 
above amount capitalized furnishes the most equitable basis from 
which to compute the amount which Beverly should pay Salem for
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exclusive rights in Wenham Lake. The amount should be increased 
by contingent items, such as the value of the Longham basin area, 
the value of works that would be abandoned and similar considera
tions. There would also be deductions on account of the possible 
items for future increased expense to Beverly if exclusive rights in 
Wenham Lake were secured.

Plan 4 seems likely to be more expensive to Salem than Plan 2, 
as well as less reliable in furnishing a future water supply, and, 
therefore, will not be considered further.

P eabody.

The present permanent water supply of Peabody has been devel
oped from work originally initiated by the Salem and Danvers Aque
duct Company.

This company was incorporated under the provisions of chapter 
42 of the Acts of 1797. In  1850 the company secured from the Leg
islature the right to take water from Spring Pond.

The water originally used came from a spring; it was collected in 
a reservoir on Gallows Hill and was supplied to the town through 
wooden pipes. Iron pipe was first used in 1834, and in 1851 a new 
12-inch main was laid. In  1865 water was taken from Brown’s 
Pond. By the provisions of chapter 268, Acts of 1864, Salem was 
authorized to take the waters of Brown’s Pond and certain other 
sources in South Danvers (now Peabody), but the right was never 
exercised, the citizens of Salem deciding that they could get a satis
factory supply by developing the property of the Aqueduct company, 
and Salem proceeded to build works for taking its water supply from 
Wenham Lake. I t  seems that the Aqueduct company practically went 
out of existence on account of its stock becoming worthless, after the 
construction of the Wenham Lake Works. The aqueduct’s sources 
of supply, Brown’s Pond and Spring Pond, became the source of 
Peabody’s supply, except that it has been somewhat increased by 
the addition of Suntaug Lake.

The problem regarding the future supply for Peabody is compli
cated. The present water supply of Brown’s Pond and Spring Pond 
is in danger of serious pollution, and means for protecting this sup
ply are now being considered by the authorities of the State Board 
of Health.
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At present, the supply is being increased from temporary driven 
wells near Cedar Pond. These temporary wells, together with the 
regular supply from the reservoirs owned by the town, barely suffice 
for the present needs of the community. At the present time, the 
manufacturers of the town of Peabody are using private supplies 
drawn from ground-water sources, in the neighborhood of 5,000,000 
gallons a day. So far, I  have secured little information upon which 
to formulate an opinion as regards the permanency of these ground- 
water sources of supply, and it seems reasonable that some, if not 
all of them, will in the near future be considerably reduced, if not 
entirely exhausted, therefore necessitating a sudden large increase in 
the draft from the public supply. I t  seems certain that private sup
plies cannot be greatly increased for the future, and that the needs 
of the new manufacturing interests locating in Peabody must be 
taken care of by the public supply of water.

The following table shows the probable needs of Peabody until 
1945, but does not take into account such contingencies as are above 
suggested: —

Estimated Daily Consumption of Water, Peabody, Mass, {not including Private
Supplies).

Y e a r .

Estimated 
Consump

tion, Gallons 
Daily, at 
160 gallons 
per capita.

Estimated
Population.

Estimated 
Yield, Gal
lons Daily, 
Ordinary 

Year.

Average 
Daily 

Difference 
to be drawn 
from Other 

Sources.

Total
Amount Mil
lion Gallons 

per Year 
from Other 

Sources.

1915, .................................... 2,770,000 17,300 1,400,000 1,370,000 500
1920...................................... 3,030,000 19,000 1,400,000 1,630,000 595
1925, , ............................. 3,340,000 20,900 1,400,000 1,940,000 710
1930..................................... 3,650,000 22,800 1,400,000 2,250,000 820
1935...................................... 4,050,000 25,300 1,400,000 2,650,000 970
1940, .................................... 4,450,000 27,900 1,400,000 3,050,000 1,110

1945...................................... 4,950,000 30,800 1,400,000 3,550,000 1,290

In  view of the uncertainty regarding the future needs of Peabody, 
it is my opinion that a supply of not less than 8,000,000 gallons per 
day should be available as the possible needs of the town of Peabody 
for the year 1945.

Prom the studies so far made, it is apparent that only two sources
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of a permanent additional water supply for Peabody are worthy of 
consideration at the present time. First, the Ipswich River, using 
Suntaug Lake as a storage reservoir; second, the metropolitan sys
tem. On account of the existence of Suntaug Lake, the situation of 
Peabody is somewhat simplified, as compared with Salem.

The plan which has been developed for a supplementary supply 
for the town of Peabody from the Ipswich River, upon which the 
figures of this report are estimated, contemplates the construction 
of a temporary pumping station on the Ipswich River somewhat 
below the mouth of Humphrey’s Brook. From this station water will 
be pumped to Suntaug Lake, which will be utilized as a storage 
reservoir. From Suntaug Lake water will be drawn through the 
present conduit to filter beds near Spring Pond and Brown’s Pond, 
and filtered, together with the water of these ponds. The supply 
thus provided for will probably.be sufficient for the needs of Peabody 
for at least twenty years. After that time it is proposed to move the 
pumping station to a point on the Ipswich River near the mouth 
of Boston Brook, at which point a supply can be obtained for a much 
longer period. The length of time that a supply can be obtained 
near the mouth of Humphrey’s Brook depends, in a great degree, 
upon how soon Lynn begins to take its water supply from territory 
already granted above the Middleton paper mill dam, and how much 
water Lynn will take each year.

As previously stated, little information has been available regard
ing the intentions of the city of Lynn, but it is reasonable to assume 
that whenever Lynn begins to exercise its rights in the Ipswich River 
supply that it will abandon its present supply from the Saugus River, 
amounting to approximately 4,090,000 gallons per day. Lynn is ax 
present drawing about 3,760,000 gallons daily from the Saugus 
River. I t  seems, therefore, probable that, unless Lynn secures addi
tional sources of water supply, there may be drawn from the Ipswich 
River an average of 3,760,000 gallons per day, beginning in the 
year 1915. On account of the necessity of pumping during six 
months of the year only, the average pumping will be at the rate of 
7,520.000 gallons per day as a minimum for the first year.

An estimate of the future growth of water consumption in Lynn 
indicates that by the year 1945 Lynn may be pumping from the 
Ipswich River at the rate of 28.S20.000 gallons per day, an amount
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which would leave little, if any, water available for Peabody during 
many days of the pumping season. There would, however, be suffi
cient water for Peabody under all conditions at the proposed location 
near the mouth of Boston Brook. The above figures assume the 
maximum requirements for very dry years.

Some previous investigators have doubted the suitability of Sun- 
taug Lake as a storage reservoir. The plan outlined contemplates 
raising the level of the lake to grade 122, 5 feet above the ordinary 
level of the lake; additional storage to the extent of 252,000,000 
gallons will be thereby furnished. To raise the water of the lake to 
such a height as would furnish storage capacity for the needs of 
Peabody until 1945 would require the construction of dikes on the 
westerly side of the lake, and considerable expense to protect the 
steep banks on the easterly side. The formation about the lake is a 
particularly porous sand and gravel. The surface of the ground 
slopes away on all sides.

In order to determine whether Suntaug Lake would prove to be 
a suitable reservoir, borings have been made at various points about 
the lake and an examination made of the geological conditions.

On the northerly side of the lake the land is high and somewhat 
rocky, and there appears to be little chance for the escape of water in 
this direction. On the easterly side a high plain extends for a dis
tance of about 1,500 feet towards Cedar Pond. Borings taken about 
1,500 feet from the lake indicate that the slope of the ground water at 
this point is towards the wells near Cedar Pond, but, on account of the 
formation encountered in the building of the present conduit from 
Suntaug Lake, it is not probable that any great amount of water 
will be lost in this direction. On the southerly side of the lake there 
is a large overcrop of ledge, which would seem to prevent any escape 
of water in this direction. Borings have been made on the westerly 
side of the lake along the old outlet of the lake and along the present 
outlet. These borings show, in general, that for several hundred feet 
back from the water’s edge the ground water stands above the water 
of the lake and the slope of the water is towards the lake. There 
also appears to be rock in some places about 20 feet below the 
surface. The indications of the borings are that dikes could be built 
on the westerly side of the lake that would be sufficient to prevent 
the escape of water from the lake.
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As a result of the investigations made, I  am of the opinion that 
the plan outlined is perfectly feasible, and offers a satisfactory 
method of supplementing the present water supply of Peabody for a 
period of at least thirty jrears. In  my opinion, the pumping period 
should be confined to four months of the year, January to April, 
inclusive. I  wish also to make it clear that the estimate assumes that 
no abandonment of any of the present permanent sources of water 
supply of Peabody will be made, but that Brown’s Pond and Spring 
Pond will continue to be used with the proposed supplementary 
supply.

Cost of Metropolitan Water to Peabody.

The estimated entrance fee which Peabody would be obliged to 
pay to enter the metropolitan water system alone is given by the 
Metropolitan Board as $700,000, and, if entrance is made with 
Salem, as $625,000. In  either contingency the price is the same as 
for Salem.

As already stated, it is impracticable to discuss in detail the Metro
politan Board’s estimate, necessary information being refused to the 
representatives of the commission.

The apparently excessive amount as compared with Salem, which 
has more than twice the population of Peabody, is probably because 
of considerations as follows: —

Peabody, on account of the peculiar business needs of the town, 
has a very large per capita consumption of water, 166 gallons for 
the year 1912, as compared with 83 gallons per head for Salem. The 
Peabody distributing reservoir is about 73 feet higher than the Salem 
reservoir, and on account of less head between the Fells Reservoir 
of the metropolitan system and the Peabody reservoir, a larger pipe 
will be required to deliver a given quantity of water than under the 
conditions at Salem. On the other hand, the back assessments to be 
paid by Peabody would certainly be much less than for Salem, as 
shown by Appendix C, Table 7.

As regards the annual assessments for metropolitan water which 
Peabody would be obliged to pay, the figures which furnish a basis 
of estimate are very unsatisfactory. As is the case of Beverly, the 
valuation and population of Peabody have been increasing at an 
abnormal rate for the past seven years, although for reasons different 
than those that influence Beverly’s development.
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I do not believe that the present rate can continue, and for pur
poses of this estimate I  have assumed rates of increase the same as 
for my estimates of the metropolitan district.

The following table gives my estimate of the probable cost of a 
supplementary water supply for Peabody from the Ipswich River, 
as compared with a metropolitan supply. For details of the follow
ing table, see Appendix E, tables 1 and 2.

Table showing Estimated Cost of a Water Supply from the Metropolitan System, 
as compared with a Supplementary Supply from the Ipswich River.

P e r i o d . Metropolitan 
System. Ipswich River.

1915-20....................................................................................... $84,454 $46,101
1920-25, .............................................................................. 84,719 50,545
1925-30....................................................................................... 87,022 55,225
1930-35....................................................................................... 89,066 63,990
1935-40, .............................................................................. 84,866 72,813
1940-45....................................................................................... 80,469 76,795

A v e r a g e , ....................................................................... $85,099 $60,911

I n c r ea sed  A l l o w a n c e  to  T o w n s  in  t h e  M e t r o p o l it a n  S y s t e m

T H A T  F U R N IS H  A P A R T  O F T H E IR  S U P P L Y  FR O M  T H E IR  OwN
S y s t e m .

The metropolitan water act, so called, chapter 488, Acts of 1895. 
as amended by chapter 489, Acts of 1901, provides that “ any city 
or town assessed upon its full valuation and population, which fur
nished a part of its supply from its own works or receives a supply 
from a water company, shall be allowed and credited in its apportion
ment with a sum equal to twelve dollars for each million gallons of 
water furnished as aforesaid.” This provision of law, while appar
ently intended to relieve the burden of the charges for metropolitan 
water to towns having supplies adequate for a part of their needs, as 
well as to assist in preserving the metropolitan supply by encourag
ing towns to continue the use and improvement of their private 
sources of supply, was in fact so framed as to discourage the use of 
the former supplies of the towns which made up the metropolitan dis
trict. In  general, it has been found that the price of $12 per million 
gallons is not sufficient to pay for the maintenance of such supplies, 
and they have, in general, been abandoned.
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Attempts have been made from time to time to secure such amend
ments to the present law as would allow a greater amount than $12 
per million gallons as a rebate to such cities and towns as might 
desire to use their independent supplies, so far as available. Legisla
tion to accomplish this object has been recommended to the Legisla
ture by the Metropolitan Water and Sewerage Board, and there is 
at the present time before the legislative committee on metropolitan 
affairs a recommendation from the Board that will allow, if enacted 
into law, a rebate varying from $24 to $57 per million gallons to 
cities and towns furnishing water of proper quality from their own 
works (House, No. 607).

Such an amendment to the present law as has been recommended 
would without doubt act to conserve the present resources of the 
metropolitan system, and delay the time when extensions of the pres
ent works will be necessary. I doubt, however, that such legislation 
will be secured until the need of extending the present metropolitan 
system becomes urgent.

If  such legislation were secured, it would have little effect on the 
problems of the cities and towns of this investigation. As regards 
Beverly, it has already been pointed out that this city, on account of 
its high valuation, cannot afford to enter the metropolitan system, as 
compared with alternative plans which are feasible.

In  the case of Salem, if the city entered the metropolitan system 
such action would be taken only after a suitable agreement with 
Beverly whereby Beverly would secure exclusive rights in Wenham 
Lake. In  such a case Salem would have no water of its own from 
which to get a rebate.

In  the case of Peabody, the town could furnish only about 1,400,- 
000 gallons per day for which a rebate could be secured. In order 
to make this water available to secure the proposed rebate, it would 
have to be purified by filtration and pumped to the distributing reser
voir at a cost of approximately $20 per million gallons, an amount 
nearly equal to the minimum rebate proposed. Even should the 
maximum rebate proposed be granted, it would not make the esti
mated cost of metropolitan water as cheap for Peabody as a supply 
from the Ipswich River.

In  case the proposed legislation in regard to increased rebates 
does not become law in the near future, another scheme has been 
proposed to decrease the expense of metropolitan water to Peabody
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as follows: Peabody to utilize its present supply unpurified, for man
ufacturing purposes, through a set of street mains independent from 
the mains carrying the domestic supply from the metropolitan system. 
Ho figures of estimate have been prepared to show what the financial 
results of such a plan would be. In  my opinion, the economies would 

'not be sufficient to justify the introduction of metropolitan water.
From a sanitary standpoint the scheme is very objectionable, as it 

would be practically impossible to prevent some use of the polluted 
water for drinking and other domestic purposes.

P o s s ib il it y  o f  U l t im a t e  E n t r a n c e  o f  T o w n s  in t o  M e t r o p o l 
it a n  S y s t e m .

The idea has been proposed for consideration that ultimately sev
eral of the towns of this investigation must join the metropolitan 
system, even if the time of the entrance is delayed by the adoption 
of some of the plans at present being considered, and that the an
nual assessments that will ultimately have to be paid as an entrance 
fee will accumulate as a potential charge that will have to be paid 
whenever the towns enter the metropolitan system.

The matter may be worthy of study in connection with the adop
tion of Plan 2 for Salem and Beverly, viz., supplementing the pres
ent Wenham Lake supply from the Ipswich Kiver, and the plan of 
obtaining a supply for Peabody from the Ipswich Kiver. I t is my 
opinion that the saving bv the above-mentioned plans over the 
cost of the metropolitan supply would over-balance such accumulated 
charges.

Moreover, it seems as likely that the large development of the Ips
wich River supply, as outlined in the Willowdale Reservoir plan, 
will furnish a future water supply for the towns under consideration 
as the metropolitan system.

The contingency is such a remote one that its consideration should 
have little effect in determining the recommendations of this com
mission.

P o s s ib il it y  o f  C h a n g e s  in  t h e  P r e s e n t  M e t h o d  o f  A p p o r t io n 
in g  t h e  C ost  o f  M e t r o p o l it a n  W a t e r .

The apportionment of the cost of water to the cities and towns 
of the metropolitan district is at present made according to the pro
visions of chapter 457, Acts of 1906, which provide that the amount 
required in each year to pay the interest, sinking fund requirements
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and expenses of maintenance and operation of the metropolitan water 
system shall he assessed on the cities and towns of the district, one- 
third in proportion to their respective valuation for the preceding 
year and the remaining two-thirds in proportion to the consumption 
of water for the preceding year.

That this method will continue for the future has been assumed in 
making up the estimates contained in this report.

There is, however, a possibility that present methods will be 
changed so as to apportion the entire cost according to consumption 
alone. Following are extracts from Vol. 2 of the report of the 
Boston Finance Commission, 1909, in regard to the matter:-—

Th e  Metropolitan W ater A ssessments.
In the order of the city council, approved Jan. 29, 1907, the commission 

was requested to inquire: —•
“ Whether the financial burdens imposed upon the city in connection with 

the expenditures for the construction and maintenance of metropolitan works 
are excessive or unfair, and if so, how the same can be reduced or made 
equitable.”

The basis of assessment fixed by section 19 of the metropolitan water act 
(Statute of 1895, chapter 488) was grossly unfair to the city of Boston, and 
was otherwise a most unwise scheme. Instead of apportioning the annual 
cost of the works according to the amount of water supplied to each city 
and town of the district, — a system which would have been fair to all and 
which would have been an encouragement to economy in the use of water, 
— it was determined to base the assessments on population and valuation 
for all the cities and towns except Boston, and for that city on valuation 
alone. A mistake from the standpoint of the whole district was made by 
making the annual assessments wholly independent of consumption; and a 
wrong was done to Boston in particular by establishing for that city a differ
ent and higher basis of assessment than for the other cities and towns. . . .

. . . This injustice continued until 1906. when an act was passed (chapter 
457) changing the apportion by basing it, for the whole district, one-third 
on valuation and two-thirds on consumption. This system has nearly removed 
the inequality. . . .

. . . The commission finds that the present basis of apportioning the an
nual cost of the metropolitan water works between the city of Boston and the 
rest of the district is substantially fair to Boston, but that in the interest 
of the entire district the assessment should be based wholly on consumption.

There is at present before the committee of metropolitan affairs 
a bill introduced by the mayor of Boston to make apportionments for 
metropolitan water on the basis of consumption only.

If, in the future, metropolitan assessments are based on consump-
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tion alone, the cost of water to Salem and Peabody would greatly 
exceed tbe costs estimated in this report. As regards Beverly, the 
estimated costs would be considerably reduced.

<
C o n c l u s io n s .

As a result of the studies outlined in the preceding pages of this 
report, I  submit the following conclusions regarding the essential 
questions upon which your commission must base the findings of 
its report: -—

1. The best information that I  have been able to obtain indicates 
that until the retirement of the present outstanding bonds there will 
be an annual increase in the cost of metropolitan water. There may 
be some reduction in the yearly cost of metropolitan water after the 
retirement of the present outstanding bonds. Such reduction will 
not be large, and possible contingencies may prevent any reduction 
in yearly cost.

There will be a considerable reduction in the cost of water per 
million gallons as the limit of the present supply is approached, as 
the rate of increase in the running expenses of the metropolitan sys
tem will be less than the rate of increase in consumption. The 
cost per million gallons must not be confounded with the total annual 
cost to the cities and towns of the district.

There is no such certainty of any future reduction in the price 
of metropolitan water as would justify your commission recommend
ing any purchase price or award based on a consideration of esti
mated reduction. The data upon which the estimates of this re
port are based, and consequently the estimates themselves, are less 
reliable as regards the future of the metropolitan system than in the 
cases of the estimates for taking water from the Ipswich River.

2. A complete investigation of the plan for conserving the waters 
of the Ipswich River through the medium of a reservoir to be built 
at the Willowdale site, if conducted with a view to broad public 
policy for future development of the State’s water resources, may 
show the plan to be the best one for furnishing the towns of this 
investigation with a permanent, satisfactory water supply.

3. I f  present financial and political conditions are such that the 
Willowdale scheme is impracticable, the towns of the investigations 
can best be supplied with temporary supplies, good for a period of 
approximately thirty years, as follows: —
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Towns in the first class— Andover, North Andover, Burlington, 
Billerica, Georgetown, Ipswich, Rowley, Tewksbury and Woburn — 
can obtain their supplies from sources outside the Ipswich watershed, 
from extensions of their present works or from the development of 
sources within their territorial limits, as already outlined.

Towns in the second class — including Boxford, Danvers, Middle- 
ton, Hamilton, Lynnfield, North Reading, Reading, Topsfield, Wen- 
ham and Wilmington— can obtain their future supply from sources 
within the watershed of the Ipswich River.

In  general, such water supplies will be derived from ground-water 
sources, and on account of the small number of inhabitants of these 
towns and the comparatively slow development, the amount of water 
needed will not, for a long time in the future, seriously interfere 
with the flow of the Ipswich River. A reservation of 10,000,000 
gallons per day, above the amount which other towns are allowed to 
take from the Ipswich River, will probably be sufficient for the future 
needs of the above towns.

4. Towns in the third class — Peabody. In  my opinion, a water 
supply for a period of more than thirty years can be more economi
cally obtained for the town of Peabody from the Ipswich River, 
through the scheme outlined herein, than from any other available 
source.

5. Salem and Beverly. For these cities, either the Putnamville 
Reservoir plan or the plan whereby Beverly would have sole use of 
Wenham Lake and Salem would enter the metropolitan system would 
furnish a satisfactory water supply.

The towns that will be, in the future, obliged to take water from 
the Ipswich River will be better protected if the second alternative 
is adopted.

The final decisions as to the advisability of adopting the second 
scheme must, however, be based on the amount of money which Bev
erly will pay Salem for its rights in Wenham Lake and for incidental 
charges. The determination of this amount is subject for an extended 
study, involving legal as well as engineering questions, and unless an 
agreement can be reached between the towns, the Ipswich River plan 
should be adopted.

Respectfully submitted,

GUY C. EMERSON.
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A p p e n d i x  A .

The figures showing the actual flow of the Ipswich River at vari
ous points along its course for the year 1911, which are tabulated in 
the following pages, were presented at various times during the pub
lic hearings held by the commission.

The figures are said to represent the results of actual, measure
ments of the stream, made by representatives of the Ipswich Mills 
and the Massachusetts State Board of Health co-operating in the 
work.

The year 1911 was a very dry year and followed a series of several 
drv years.



T able 1. — Ipswich River. 
Flow at Willowdale Dam, 1911.

[Million gallons per day. Drainage area, 119.9 square miles.]

Date. January. Febru
ary. March. April. May. June. July. August. Septem

ber. October. Novem
ber.

Decem
ber.

1........................................................... 59.4 79.0 263.0 111.4 26.1 20.2 58.8 36.8 26.7 56.1 138.4
2, - 62.0 98.5 246.7 106.2 24.8 18.9 56.1 39.2 29.6 54.1 135.0
3, - 49.6 106.9 226.6 97.9 22.1 14.9 51.6 40.0 30.8 52.9 129.04 , .................................................. - 49.6 116.1 205.8 95.3 21.5 14.9 49.7 40.9 32.9 50.9 118.0
5........................................................... - 60.1 95.3 205.8 90.71 19.5 13.6 39.7 41.0 36.4 50.9 112.8
0 , ........................................................................................... _ 74.4 90.6 209.6 86.31 20.4 11.6 36.4 39.9 41.6 50.9 100.5

[ 7 , .................................................. - 104.0 82.2 240.0 81.7i 31.9 13.0 32.6 38.8 42.7 52.1 95.2
8 , .................................................. _ 109.0 90.2 274.0 77.01, 38.5 13.0 28.7 37.2 43.2 50.9 90.2
9, . . . - 104.0 71.2 274.0 72.4 43.7 11.6 25.4 35.0 58.82 49.6 85.610, - 89.8 66.0 236.4 70.7 54.8 11.0 31.43 38.1 48.4 50.9 83.5

1 1 , .................................................. - 80.2 67.8 232.3 64.7 54.8 10.3 27.0 33.4 48.4 50.9 83.0
12, . . . - 78.4 74.4 246.7 60.6 58.8 9.1 24.6 32.4 48.4 50.9 80.91 3 , .......................................................................................................... _ 67.9 85.4 241.4 57.8 62.6 8.4 20.0 30.8 47.0 50.9 83.514, - 64.6 102.3 222.0 56.2 72.5 7.7 17.7 29.6 44.4 50.9 80.9
15, . . . _ 67.9 162.8 219.4 54.2 74.5 7.0 17.4 28.6 43.8 61.4 83.5
15, _ 91.3 217.6 209.6 49.6 77.7 7.0 19.5 28.8 40.5 63.4 87.0
17, _ 91.3 242.0 205.8 47.6 79.0 6.4 17.7 27.7 40.5 70.5 92.8
18, _ 86.7 257.8 196.1 43.8 77.0 7.0 17.9 28.4 41.8 97.9 118.0
19, _ 71.2 239.5 184.4 41.8 71 .9 6.4 19.5 28.5 39.1 101.1 128.620, - 54.6 239.5 168.1 41.8 67.9 7.0 18.9 27.7 39.1 109.4 131.7
21, _ 71.2 256.2 163.6 39.8 61.3 7.7 17.6 26.7 40.5 117.9 128.622, _ 69.9 256.2 151.9 39.8 56.8 7.7 17.1 26.0 49.7 119.3 130.0
23, _ 68.5 262.0 144.6 38.6 52.9 6.4 15.5 25.6 53.5 117.9 171.0
24, 27.3 69.9 219.4 142.1 36.3 47.0 7.0 14.9 25.1 56.8 120.0 178.0
25, 25.4 60.1 209.3 135.6 35.3 39.7 7.7 12.9 23.2 58.8 130.4 215.526, 24.7 54.8 219.4 142.1 34.6 34.6 7.7 12.9 23.4 58.8 133.0 245.027, 25.4 61.4 199.2 143.4 33.3 31.2 7.7 14.2 22.4 62.6 144.1 245.0
28, 39.2 65.9 207.7 138.1 32.6 28.0 19.5 15.5 22.8 63.3 149.2 238.229, 42.4 _ 199.2 129.3 31.3 26.0 38.4 20.0 24.1 60.7 149.2 206.030, GO. 1 _ 222.7 118.0 28.7 22.8 47.0 24.8 25.8 58.1 144.1 224.03 1 , ................................... 47.7 - 253.8 - 29.1 - 54.8 28.6 56.8 - 172.0

Total for m onth ,............................ - 2,047.7 5,074.9 5,916.4 1,785.1 1,410.3 430.6 804.6 928.9 1,443.7 2,551.6 4,212.4
Average daily flow, . . . . - 73.1 163.7 197.2 57.6 47.0 13.9 25.9 31.0 46.6 85.1 135.9
Maximum daily flow, . . . . - 109.0 262.0 274.0 111.4 79.0 54.8 58.8 41.0 63.3 149.2 245.0
Minimum daily flow.......................... - 49.6 66.0 118.0 28.7 19.5 6.4 12.9 22.4 26.7 49.6 80.9

1 Putting on steel crest; flow estimated, 2 Flow diverted to dam. s Flow diverted to canal.
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T able 2. — Ipswich River.
Flow at East Street, Middleton.

[Million gallons per day. Drainage area, 73.02 square miles.]

Date.
Ap

ril
.

M
ay

.

Ju
ne

.

Ju
ly

.

Au
gu

st.

Se
pt

em
be

r.

Oc
to

be
r.

No
ve

m
be

r.

De
ce

m
be

r.

1, - 50.4 11.4 10.9 33.1 23.9 15.5 28.1 86.0
2, - 47.1 10.1 9.3 28.1 28.1 17.2 30.6 77.3
3, - 42.9 9.3 8.7 22.9 29.0 22.7 30.6 71.4
4, - 39.4 8.7 8.0 22.7 25.6 23.9 28.1 67.6
5, - 36.5 8.0 8.0 20.8 23.2 25.8 28.1 61.8
6, . - 34.7 7.4 8.0 15.5 19.8 25.8 27.0 51.4
7, - 31.5 22.7 8.0 12.9 18.0 26.5 26.5 47.1
8, . - 28.1 39.4 7.4 10.9 16.3 30.6 29.3 42.9
9, - 25.8 47.1 6.7 10.1 12.9 31.9 27.0 39.4

10, . - 25.5 47.1 6.0 9.3 17.2 30.6 25.8 36.5
11, - 24.9 46.5 5.0 7.4 16.8 28.1 25.8 39 4
12, - 23.9 42.9 4.5 6.0 15.3 27.0 25.8 41.2
13, . - 22.7 42.9 3.6 4.7 12.9 25.8 27.0 42 9
14, - 21.6 56.5 3.0 4.5 11.5 23.9 28.1 42.6
15, - 19.8 61.8 2.9 4.0 12.2 22.7 30.6 39.4
16, - 18.0 65.0 2.7 6.0 12.2 21.6 45.0 65.0
17, . - 16.3 67.6 2.6 7.4 16.3 20.8 51.4 64.6
18, . - 15.5 71.4 2.6 6.7 13.7 19.8 53.8 80.6
19, - 16.3 56.5 2.4 7.4 12.9 22.7 67.6 86.1
20, . - 17.8 47.1 2.4 7.4 12.2 24.8 77.3 80.7
21, - 19.5 42.9 2.3 6.0 11.5 25.8 84.4 74.1
22, . - 18.0 36.5 2.3 5.3 10.9 31.9 74.1 67.6
23, . - 16.3 29.3 1.9 5.1 10.1 38.8 67.6 90.9

24, - 15.5 23.9 1.9 4.7 9.8 41.2 61.8 126.8

25, . - 16.3 18.0 1.6 5.1 9.8 41.2 SO.7 151.0

26, . 94.1 16.3 13.5 1.6 5.3 9.3 39.4 97.8 142.0

27, 84.1 16.2 14.7 1.4 5.3 10.1 37.6 94.5 134.0

28, 73.0 14.7 13.7 1.4 6.7 11.5 36.5 87.5 134.0

29, . 61.8 13.7 12.2 30.1 7.4 12.9 33.1 89.6 146.0

30, . 56.5 12.9 11.5 32.6 14.7 13.7 31.9 87.5 162.0

31, - 11.5 - 34.6 14.7 - 29.3 - 123.0

Total for month, - 729.6 987.6 224.4 328.1 459.6 874.4 1,539.0 2,515.2

Average daily flow, - 23.5 32.9 7.2 10.6 15.3 28.2 51.3 81.1

Maximum daily flow,. - 50.4 71.4 34.6 33.1 29.0 41.2 97.8 162.0

Minimum daily flow, . - 11.5 7.4 1.4 4.0 9.3 15.5 25.8 36.5

N o t e . — Discharge curve used; present limits, 100,000,000 gallons per day.
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T able 3. — Ipswich River.
Flow at Russell’s Bridge, One Mile below South Middleton Station, 1911. 

[Million gallons per day. Drainage area, 44.56 square miles.]

DATE.
Ap

ril
.

M
ay

.

Ju
ne

.

Ju
ly

.

Au
gu

st.

Se
pt

em
be

r.

Oc
to

be
r.

No
ve

m
be

r.

De
ce

m
be

r.

1, - 34.0 10.1 7.5 17.5 14.1 12.1 19.5 50.0
2, - 32.6 8.7 7.5 16.4 15.2 14.1 19.8 50.0
3................................... - 29.9 7.6 5.8 15.4 16.0 14.9 18.8 44.8
4 , ............................. - 27.1 7.5 5.4 14.9 13.6 14.9 18.7 40.2
5 , ............................. - 25.4 7.1 5.4 12.9 12.6 16.4 17.4 34.0
6 , ............................. - 23.9 7.5 4.4 12.0 12.0 16.0 17.1 34.0
7................................... - 22.3 25.9 3.3 9.7 11.8 18.1 18.7 31.4
8................................... - 20.9 38.9 4.1 8.5 10.7 19.5 18.4 40.2
9 , ............................. - 19.5 34.9 5.4 7.3 10.1 19.5 17.2 22.3

1 0 , ............................. - 17.6 32.6 4.1 6.4 11.8 18.1 16.7 25.8
1 1 , ............................. - 18.2 29.9 4.1 5.8 10.8 17.5 17.5 28.5
12................................... - 18.2 30.7 3.3 5.2 10.1 16.6 16.7 28.5
1 3 , ............................. - 18.8 34.0 2.6 4.4 9.2 16.4 18.7 29.9
14, . - 16.6 44.8 1.3 4.1 8.5 15.2 18.2 28.5
15, . . . . - 15.1 46.5 1.0 3.3 8.1 14.1 25.5 35.4
1 6 , ............................. - 14.1 43.3 0.9 2.4 9.1 14.1 34.9 38.4
17................................... - 13.6 43.3 0.9 4.2 9.4 13.4 32.7 51.7
18................................... - 12.9 40.2 0.8 4.4 9.4 14.0 35.2 53.1
19................................... - 14.1 34.0 0.65 4.8 9.2 16.4 53.2 51.7
20................................... - 16.1 29.4 0.65 4.6 8.7 15.5 51.7 42.9
2 1 , ............................. - 16.1 25.9 0.65 4.4 8.4 16.0 51.7 41.6
22................................... - 14.9 17.5 0.65 4.4 8.3 22.4 46.4 40.6
2 3 , ............................. - 14.1 16.4 0.65 3.6 7.6 27.2 40.8 80.8
2 4 , ............................. 53.2 12.6 12.9 0.65 3.3 7.6 28.1 43.8 91.2
2 5 , ............................. 49.8 13.1 12.0 0.9 2.4 6.7 27.2 69.0 82.7
26................................... 46.5 12.9 10.8 1.0 2.4 8.5 26.8 58.5 80.8
27................................... 41.5 12.8 9.7 0.9 2.6 9.1 24.6 55.0 84.5
2 8 , ............................. 40.0 12.8 8.5 0.8 3.3 10.3 24.3 53.1 81.5
29................................... 36.8 11.6 8.9 12.3 4.4 10.8 22.3 51.7 83.5
3 0 , ............................. 35.4 11.2 7.6 25.9 7.5 11.0 22.0 53.1 67.3
3 1 , ............................. - 9.8 - 20.9 9.2 - 20.3 - 64.1

Total for month, - 552.8 680.2 134.4 211.7 308.7 578.0 1,009.7 1,559.9
Average daily flow, - 17.8 22.6 4.3 6.8 10.3 18.6 33.7 50.3
Maximum daily flow, . - 34.0 46.5 25.9 17.5 16.0 28.1 69.0 91.2
Minimum daily flow, . - 9.8 7.1 0.8 2.4 6.7 12.1 16.7 22.3

N o t e . — Discharge curve used; present limits, 4.5,000,000 gallons per day.
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T able 4. — Ipswich River.
Flow at Noyes or Humphrey's Brook, at Junction of Lowell and Lake Streets, West Peabody,

1911.
[Million gallons per day. Drainage area, excluding Suntaug Lake, 2.12 square mile*?.]

Date.

M
ay

.

Ju
ne

.

Ju
ly

.

Au
gu

st.

Se
pt

em
be

r.

Oc
to

be
r.

No
ve

m
be

r.

De
ce

m
be

r.

1 , ............................. - 0.542 0.410 0.780 2.050 1.080 1.180 2.620
2 - 0.542 0.340 - 1.180 1.470 1.270 2.280
3.................................... - 0.470 0.280 - 1.180 1.220 1.220 2.280
4 , ............................. - 0.407 0.250 - 0.905 1.370 1.320 2.050
5, . . . . - 0.440 0.220 - 0.750 1.220 1.475 1.890
6.................................... - 0.470 0.165 0.220 0.780 1.080 1.270 1.790
7.................................... - 3.2801 0.480 0.195 0.905 1.320 1.180 1.680
8 , ............................. - 2.2102 0.410 0.170 0.705 1.520 1.370 1.790
9.................................... - 1.7702 0.280 - 1.220 1.320 1.270 1.890

1 0 , ............................. - 0.905* 0.250 0.510 1.040 1.180 1.320 1.830
1 1 , ............................. - - 0.340 0.410 0.780 1.080 1.220 1.785
1 2 , ............................. - - 0.280 0.340 0.700 1.030 1.320 1.730

1 3 , ............................. 1.048 - 0.165 0.310 0.700 0.990 1.470 1.730

1 4 , ............................. - - 0.165 0.245 0.860 0.900 1.320 1.670

1 5 , ............................. - - 0.165 0.195 1.080 0.860 1.030 1.950

1 6 , ............................. - - 0.123 0.470 1.000 1.030 2.560 2.800

1 7 , ............................. - - 0.097 0.410 0.960 0.950 2.280 3.470

1 8 , ............................. _ - 0.077 0.340 0.830 0.990 2.620 3.370

19.................................... - - - 0.520 0.780 1.180 3.470 3.230

2 0 , ............................. - - - 0.438 0.860 1.260 2.620 2.490

21.................................... - 1.270 - 0.310 0.860 1.680 2.380 2.220

2 2 ............................. 0.950 1.035 - 0.270 0.780 2.050 2.110 3.470

2 3 , ............................. 1.040 0.940 - 0.220 0.630 1.880 1.890 2.800

24.................................... 0.860 0.860 - 0.310 0.630 1.680 2.280 2.620

2 5 , ............................. 0.900 0.700 - 0.465 0.550 1.520 3.470 2.490

26.................................... 0.950 0.700 - 0.270 1.220 1.320 3.470 2.490

2 7 , ............................. 0.860 0.660 0.026 0.440 0.860 1.220 3.470 3.470

2 8 , ............................. 0.740 0.620 2.560 0.705 0.780 1.220 3.470 3.470

2 9 , ............................. 0.740 0.550 2.450 1.370 1.470 1.180 3.470 2.750

3 0 , ............................. 0.630 0.515 - 1.420 1.180 1.130 3.470 2.500

31.................................... 0.580 - 1.270 1.220 “ 1.080 2.490

1 Represents only a portion of the  w ater flowing, as it was running over the top of dam.
2 Weir and dam washed ou t; m easurem ents uncertain.

N ote . — M ay 22 to August 10, weir set in rough earth  dam .
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A p p e n d i x  B .

Chebacco Lake Ten-Year Auxiliary Supply for Salem and Beverly. 
T able 1. —- Ordinary Year.

Y ear .
Estimated 
Consump

tion, Salem 
and Beverly.

Wenham and 
Longham 
Yield for 
Ordinary 

Year.

Difference 
to be drawn 
from Other 

Sources.

Total Yearly 
Draft

from Other 
Sources.

Days
Pumping.

1910...................................... 5,650,000 6,400,0001915...................................... 6,250,000 6,400,000 _ _
1920, . . . 6,800,000 6,400,000 400,000 144 181925, ............................. 7,500,000 6,400,000 1,100,000 396 50

T able 2. — Series of Very Dry Years.

Y ear .
Estimated 

Consumption, 
Salem and 
Beverly.

Wenham and 
Long ham 

Brook Yield 
for Very Dry 

Years.

Difference 
to be drawn 
from Other 

Sources.

Total Amount 
required 

(Million Gal
lons).

1910............................................... 5,650,000 4,750,000 900,000 3291915, ........................................... 6,250,000 4,750,000 1,500,000 5481920, ........................................... 6,800,000 4,750,000 2,050,000 7451925............................................... 7,500,000 4,750,000 2,750,000 1,000

T able 3. — Yield of Chebacco Lakes for Wet Months from December to May, 
inclusive, based on Sudbury Records for Series of Very Dry Years from 
1908-11 (Actual Records for Year 1910-11).

D ate.
Million 

Gallons per 
Square Mile 

Daily.

Million
Gallons
Daily.

Total
Million
Gallons.

December, . . . . . . . . . 0.186 0.94x31 29.1
January, . . . . . . . . . 0.45S 2.31 x 31 71.5February, . . . . . . . . . 0.661 3.43 x 28 96.0March,................................................................ 1.157 5.S3 x 31 180.1A p ril,................................................................ 1.597 8.05 x 30 241.5
May...................................................................... 0.568 2.86x31 88.7

706.9

Which apparently demonstrates that the Chebacco Lakes will not 
yield an auxiliary supply for more than ten years in a very dry 
series of years.
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T able 4. — Estimate of Cost o f  Works necessary to increase Wenhafn Lak 
Supply from Chebacco Lakes.

Intake and pumping s t a t i o n , ................................................................... $10,000
Pumps and m o to r s , ............................................................................ 4,000
W iring,................................................................................................... 1,000
S w itc h -b o a rd ,...................................................................................  500
Piping, ...................................................................................................  1,000

$16,500
24-inch force main, 4,750 lineal feet, at $ 4 . 2 5 , .............................. $20,200
Land d a m a g e s ,...................................................................................  2,500
Ditching, .3 mile,...................................................................................  1,600
Brook straightening, etc., 1 m i l e , ....................................................  2,600
1 mile 36-inch pipe, Longham Brook to Wenham Lake, . . . 42,300

$85,700
Add 20 per cent, engineering and contingencies,.............................. 17,200

$102,900
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A p p e n d i x  C.

The figures of the following tables, showing the estimated future 
development of the metropolitan water system, are based ou the fol
lowing assumptions: —•

That serial bonds will be issued for all future loans.
That interest charges on present loans will be at 3.50 per cent., 

with sinking fund charges at 2.38 per cent, compounded semi-an
nually.

That a pipe line will be built from the Weston Reservoir to Spot 
Pond, at a cost of $1,000,000, in 1913 and 1914.

That the Lake Cochituate supply will be filtered from the year 
1915, at a cost as shown in House Document bio. 698.

That construction on the Assabet River extensions will begin in. 
1922, with an expenditure of $400,000 yearly for three years, total 
cost, $1,200,000.

That the Ware River extensions will begin in 1932, — time of 
construction extending over five years at a total cost of $10,000,000.

That $15,000,000 will be spent between 1940 and 1944 for the 
partial development of the Swift River extension.

That for all years where no construction costs are indicated, 
average sums per year for minor construction items and contingencies 
will be expended as follows: —

1 9 1 6 -2 2 ,............................................................................................... $200,000
1925-31..................................................................................................... 240,000
1 9 3 7 -3 9 ,.................................................... ■ .......................................  350,000
1945, 500,000
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T able 1. — Serial Bonds. Estimate of Future Metropolitan Assessments.

Y e a r . Annual
Issue.

Total
Issue.

Annual
Payments.

Total
Payments.

Balance
Due. Interest.

1911.................................. $200,000 $200,000 - - $200,000 $7,000
1912, ............................. 190,000 390,000 $5,000 $5,000 385,000 13,475
1913, ............................. 500,000 890,000 10,000 15,000 875,000 30,625
1914.................................. 500,000 1,390,000 22,500 37,500 1,352,500 47,337
1915, ............................. 570,000 1,960,000 35,000 72,500 1,887,500 66,062
1916.................................. 200,000 2,160,000 50,000 122,500 2,037,500 71,312
1917.................................. 200,000 2,360,000 55,000 177,500 2,182,500 76,387
1918, ............................. 200,000 2,560,000 60,000 237,500 2,322,500 81,287
1919.................................. 200,000 2,760,000 65,000 302,500 2,457,500 86,012
1920, ............................. 200,000 2,960,000 70,000 372,500 2,587,500 90,560
1921.................................. 200,000 3,160,000 75,000 447,500 2,712,500 94,937

1922.................................. 400,000 3,560,000 80,000 527,500 3,032,500 106,157

1923.................................. 400,000 3,960,000 90,000 617,500 3,342,500 116,987

1924.................................. 400,000 4,360,000 100,000 717,500 3,642,500 127,487

1925, ............................. 240,000 4,600,000 110,000 827,500 3,772,500 132,037

1926.................................. 240,000 4,840,000 116,000 943,500 3,896,500 136,377

1927.................................. 240,000 5,080,000 122,000 1,065,500 4,014,500 140,507

1928, ............................. 240,000 5,320,000 128,000 1,193,500 4,126,500 144,427

1929.................................. 240,000 5,560,000 134,000 1,327,500 4,232,500 148,137

1930.................................. 240,000 5,800,000 140,000 1,467,500 4,332,500 151,637

1931.................................. 240,000 6,040,000 146,000 1,613,500 4,426,500 154,927

1932.................................. 2,000,000 8,040,000 152,000 1,765,500 6,274,500 219,607

1933.................................. 2,000,000 10,040,000 202,000 1,967,500 8,072,500 282,537

1934, ............................. 2,000,000 12,040,000 252,000 2,219,500 9,820,500 343,717

1935.................................. 2,000,000 14,040,000 302,000 2,521,500 11,518,500 403,147

1936, ............................. 2,000,000 16,040,000 352,000 2,873,500 13,166,500 460,837

1937.................................. 350,000 16,390,000 402,000 3,275,500 13,114,500 459,007

1938.................................. 350,000 16,740,000 461,300 3,736,800 13,003,200 455,112

1939, ............................. 350,000 17,090,000 469,800 4,206,600 12,883,400 450,919

1940.................................. 2,000,000 49,090,000 478,300 4,684,900 14,405,100 504,178

1941.................................. 3,000,000 22,090,000 528,000 5,212,900 16,877,100 590,698

1942, ............................. 4,000,000 26,090,000 605,000 5,817,900 20,272,100 729,523

1943.................................. 3,000,000 29,090,000 705,000 6,522,900 22,567,100 789,848

1944, ............................. 3,000,000 32,090,000 780,000 7,302,900 24,787,100 867,548

1945, ............................. 500,000 32,590,000 795,000 8,097,900 24,492,100 857,223
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T able 2. — Estimate of Future Metropolitan Assessments. Estimated Payments
Each Year.

Y e a r . Interest. Sinking Fund. Serial Bonds. Total.

1912, ........................................... $1,401,430 $492,636 $5,000 $1,899,066
1913............................................... 1,407,905 492,636 10,000 1,910,541
1914............................................... 1,425,055 492,636 22,500 1,940,191
1915, ........................................... 1,441,767 492,636 35,000 1,969,403

1916, ........................................... 1,460,492 492,636 50,000 2,003,128

1917, ........................................... 1,465,742 492,636 55,000 2,013,378

1918, ........................................... 1,470,817 492,636 60,000 2,023,453

1919............................................... 1,475,717 492,636 65,000 2,033,353

1920, ........................................... 1,480,442 492,636 70,000 2,013,078

1921, ........................................... 1,484,990 492,636 75,000 2,052,626

1922............................................... 1,489,367 492,636 80,000 2,062,003

1923............................................... 1,500,587 492,636 90,000 2,083,223

1924.......................................................................... 1,511,417 492,636 100,000 2,104,053

1925.......................................................................... 1,521,917 492,636 110,000 2,124,553

1926.......................................................................... 1,526,467 492,636 116,000 2,135,103

1927................................................ 1,530,807 492,636 122,000 2,145,143

1928............................................... 1,534,937 492,636 128,000 2,155,573

1929, ........................................... 1,538,857 492,636 134,000 2,165,493

1930................................................ 1,542,567 492,636 140,000 2,175,203

1931............................................... 1,546,067 492,636 146,000 2,184,703

1932, ........................................... 1,549,357 492,636 152,000 2,193,993

1933................................................ 1,614,037 492,636 202,000 2,308,673

1934, . . . . . . . 1,676,967 492,636 252,000 2,421,603

1935................................................ 1,738,147 337,936 302,000 2,378,083

1936, ........................................... 1,797,577 337,936 352,000 2,487,513

1937, ........................................... 1,400,267 337,936 402,000 2,140,203

1938............................................... 1,398,437 290,336 461,300 2,150,073

1939............................................... 1,254,542 242,736 469,800 1,967,078

1940............................................... 1,130,349 * 242,736 478,300 1,851,385

1941, ........................................... 1,183,608 123,736 528,000 1,835,344

1942............................................... 854,628 82,086 605,000 1,541,714

1943............................................... 970,953 5S.286 705,000 1,734,239

1944............................................... 961,278 34,129 780,000 1,775,407

1945............................................... 968,978 26,751 795,000 1,790,729

■---- --------------
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T able 3. — Assessments if Salem and Beverly entered the Metropolitan System
together.

[The figures of valuation and consumption from which estimates are calculated are those for the year 
previous to the date given, on which assessments would be paid. The figures in the first, second 
and third lines of each group are for the metropolitan district, Salem and Beverly, respectively. 
Slide rule calculations, approximate only.]

Y e a r . Valuation.
Consump- i 

tion, 
Million 

Gallons per 
Day.

R a t io s

Valua
tion.

D o u b l e  
o  W a t e r

Con
sump
tion.

Ve ig h t

Aver
age.

Annual
Assess
ments.

1915.................................... SI,963,800,000 114,500,000 - - - , $2,339,403
34,200,000 4,230,000 .01633 .03506 .02881 : 67,410
49,700,000 1,900,000 .02428 .01575 .01859 43,480

S2,047,700,000 120,630,000

1920, ............................. 82,238,300,000 129,000,000 - _ - j $2,438,078
37,700,000 4,540,000 .01609 .03346 .02767 ; 67,465
77,000,000 2,150,000 .03286 .01584 .02151 i 52,440

S2,343,000,000 135,690,000

1925.................................... $2,542,000,000 147,000,000 - - - $2,554,553
41,300,000 4,900,000 .01528 .03174 .02625 67,060

119,000,000 2,460,000 .04407 .01593 .02531 64,640
82,702,300,000 154,360,000

1930.................................... $2,907,000,000 166,000,000 - - - $2,709,203
45,400,000 5,290,000 .01424 .0303S .02500 67,740

1S4,000,000 2,810,000 .05771 .01604 .02999 81,240
$3,136,400,000 174,100,000

1935, ............................. $3,313,600,000 189,000,000 - - " $2,947,083
50,000,000 5,720,000 .01370 .02899 .02389 70,400

285,000,000 3,220,000 .07811 .01626 .03688 10S.68O
$3,648,600,000 197,940,000

1940.................................... $3,777,000,000 214,000,000 - - - $2,458,885
55,000,000 6,120,000 .01296 .02734 .02233 54,900
41,100,000 3,700,000 | .09687 .01653 .04331 1. 106,500

$4,243,000,000 223,820,000

1945, ............................. $4,303,700,000 244,000,000 - - - $2,440,729
60,500,000 6,600,000 .01193 .02591 .02125 1 51,860

678,000,000 4,120,000 .13440 .01607 .05558 135,600
$5,042,200,000 254,720,000
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T able 4. — Assessments if Salem entered the Metropolitan System alone.
(The figures of valuation and consumption from which estimates are calculated are those for the year 

previous to the dates given, on which assessments would be paid. The figures in the first and second 
lines of each group are for the metropolitan district and Salem, respectively. Slide rule calcula
tions, approximate only.l

Y e a r . Valuation.
Consump

tion, 
Million 

Gallons per 
Day.

R a t io s  D o u b l e  W e ig h t  
t o  W a t e r .

Annual
Assess
ments.Valua

tion.
Con

sump
tion.

Aver
age.

1915, ............................. $1,963,800,000 114,500,000 - - - $2,339,403
34,200,000 4,230,000 .01712 .03562 .02945 68,910

$1,998,000,000 118,730,000

1920.................................... $2,238,300,000 129,000,000 - - - $2,438,078
37,700,000 4,540,000 .01656 .03399 .02818 68,720

$2,276,000,000 133,540,000

1925.................................... $2,542,000,000 147,000,000 - - - $2,554,553
41,000,000 4,900,000 .01587 .03045 .02559 65,370

$2,583,000,000 151,900,000

1930, ............................. $2,907,000,000 166,000,000 - - - $2,709,203
45,400,000 5,290,000 .01538 .02918 .02458 66,583

$2,952,400,000 171,290,000

1935.................................... $3,313,600,000 189,000,000 - - - $2,947,083
50,000,000 5,720,000 .01486 .02773 .02344 69,090

$3,363,600,000 194,720,000

1940.................................... $3,777,000,000 214,000,000 - - - $2,458,885
55,000,000 6,120,000 .01435 .02780 .02332 57,350

S3,832,000,000 220,120,000

1945.................................... $4,303,700,000 244,000,000 - - - $2,440,729
60,500,000 6,600,000 .01386 .02634 .02218 54,140

"$4,364,200,000 250,600,000
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T able 5. — Assessments if Peabody entered the Metropolitan System alone.
[The figures of valuation and consumption from which estimates are calculated are those of the year 

previous to the dates given, on which assessments would be paid. The figures in the first and second 
lines of each group are for the metropolitan district and Peabody, respectively. Slide rule calcula
tion, approximate only.]

Y e a r . Valuation.
Consump

tion, 
Million 

Gallons per 
Day.

R a t io s
i

Valua
tion.

D o u b l e  
o  W a t e r .

Con
sump
tion.

Ve ig h t

Aver
age.

Annual
Assess
ments.

1915.................................... $1,963,800,000 114,500,000 - - - $2,339,403
13,248,000 2,718,000 .006702 .02319 .01769 41,390

$1,977,048,000 117,218,000

1920.................................... $2,238,300,000 129,000,000 - - - $2,438,078
15,100,000 2,972,000 .00670 .022517 .01725 42,060

$2,253,400,000 131,972,000

1925.................................... $2,552,000,000 147,000,000 - - - $2,554,553
17,214,000 3,277,000 .00670 .021844 .01680 42,920

$2,569,214,000 150,277,000

1930.................................... $2,907,000,000 166,000,000 - - - $2,709,203
19,610,000 3,581,000 .00670 .021111 .01631 46,665

$2,926,610,000 169,581,000

1935.................................... $3,313,600,000 189,000,000 - - - $2,947,083
22,357,000 3,973,000 .00670 .020585 .01596 47,010

$3,335,957,000 192,973,000

1940.................................... S3,777,000,000 214,000,000 - - - $2,458,885
25,475,000 4,366,000 .00670 .019995 .01556 38,265

$3,802,475,000 218,366,000

1945, ............................................. $4,303,700,000 244,000,000 - - - $2,440,729
29,030,000 4,857,000 .00670 .019518 .01525 37,215

$4,332,730,000 248,857,000
..
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T able 6. — Estimate of Average Annual Assessments for the Maintenance of the 
Metropolitan Water District.

P e r i o d . Pump
ing.

In Lieu 
of Taxes.

Aqueducts
and

Reservoir,
Mainte
nance.

Adminis
tration. General.

Interest
and

Sinking
Fund.

Total.

1915.......................... $99,000 836,000 $190,000 $13,000 $32,000 $1,969,403 $2,339,403
1916-20, 106,000 36,000 195,000 13,500 32,500 2,023,278 2,408,278
1921-25, 120,000 36,000 210,000 14,000 33,000 2,085,292 2,501,292
1926-30, 136,000 36,000 260,000 18,000 35,000 2,155,363 2,647,763
1931-35, 154,500 36,000 308,000 19,000 35,500 2,297,411 2,852,411
1936-40, 175,000 36,000 323,000 19,500 36,000 2,119,250 2,711,350
1941-45, 199,000 36,000 338,000 20,000 37,000 1,735,486 2,368,487

T able 7. — Assessment that would have been paid by Salem and Peabody if they 
had been included in the Metropolitan Water District, although not taking 
Water.

Y e a r .

A s s e s s m e n t s .
Y e a r .

A s s e s s m e n t s .

Salem. Peabody. Salem. Peabody.

1898, . . . . $1,455 60 $435 79 1906, . . . . S2.S94 10 $876 24
1899............................. 2,142 03 662 71 1907............................. 2,922 08 875 97
1900, . . . . 2,910 18 891 82 1908, . . . . 2,927 51 935 71
1901, . . . . 5,265 77 1,652 29 1909............................. 3,102 02 988 07
1902............................. 5,756 10 1,801 97 1910............................. 3,005 51 997 24
1903, . . . . 7,130 46 2,229 57 1911............................. 2,932 61 1,059 19
1904, . . . . 7,968 07 2,538 54 1912............................. 3,042 73 1,046 30
1905, . . . . 8,270 51 2,654 89 Totals, $61,725 28 $19,646 30
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A p p e n d i x  D .

T able 1. —- Salem and Beverly. Estimate of Cost of Construction 
mentary Water Supply from Ipswich River.

[Works built in two years.]
Pumping station, intake, e t c . , .....................................................
P u m p s , ...........................................................................................
Engines (oil f u e l ) , ............................................................................
Land damages (pipe l i n e ) , .............................................................
Pipe line construction, 30-incli cast i r o n , ......................................
Covered f i l t e r , ....................................................................................
Open f i l t e r , ....................................................................................
Storage r e s e r v o i r , ............................................................................
Water r i g h t s , ....................................................................................
Plus 15 per cent, co n tin g en c ie s ,.....................................................
Interest on loans during construction p e r i o d , ..............................

Total construction c o s t , .............................................................
Call i t , ....................................................................................

Beverly, o n e - th ird ,............................................................................
Salem, tw o - th ird s , ............................................................................

Beverly Construction Cost. 
One-third general construction cost, as above, . 
Covering distributing reservoir, . . . .

T o ta l , .............................................................

Salem Construction Cost.
Two-thirds general construction cost, as above, . 
Covering distributing reservoir, . . . .

Total, .

of Supple-

$ 10,000
5.000

12,000

5.000 
140,000 
308,500
30.000 

509,41S
10.000

154,488
65,000

$1,249,406
$1,250,000

$416,666
$833,333

$416,666
35,000

$451,666

$833,333
90,000

$923,333
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Table 2. — Estimate of Cost of a Slow Sand Filtration Plant for Salem and
Beverly.

[Capacity, 6,000,000 gallons daily, to be increased to 10,000,000 gallons daily in 1930.]
Quantities.

25,000 cubic yards excavation and refilling at $0.70, . . . .  $17,500
4.000 cubic yards concrete at $6.75 ( f l o o r s ) , ..............................  27,500
4.000 cubic yards concrete at $8 ( w a l l s ) , ...................................... 32,000

700 cubic yards concrete at $11.50 ( p i e r s ) , ...........................  8,000
3,700 cubic yards concrete at $8.50 (ro o f) ,.............................................. 31,500

350 tons cast iron pipe at $50 laid, including special castings, . 17,500
Split tile drains, 10,000 linear feet at $ 0 .5 0 ,............................................  5,000
Filter gravel, 24,000 cubic yards at $ 1 . 2 5 , ....................................... 30,000
Office and laboratory, 200 cubic yards at $ 8 , ................................ 1,600
Reg. house foundations, 300 cubic yards at $ 8 , .............................. ' 2,400
Reg. h o u se ,................................................................................................. 7,500
Laboratory build ing,.....................................................................................15,000
Filter entrances, 3, at $ 1 ,2 5 0 ,..................................................................  3,750
Low-lift pumps and b o i l e r s , ......................................................................15,000
Low-lift pumping sta tion ,............................................................................. 15,000
Clear-water r e s e r v o i r , ..................................................................... 40,000
Gates, operating devices, e t c . , ......................................................................10,000
Land d a m a g e s ,.........................................................................................  8,000
Seeding and sodding,............................................................................  1,200
Sand court p a v i n g , .................................................................................  9,000
Drainage of r o o f s , ............................................................................  1,600
Sand washer pipe system ,..................................................................... 5,000
Sand washer a p p a r a tu s , ..................................................................... 1,000
Shelter house for w o r k m e n , .............................................................  1,000
Electric lighting (courts and f i l t e r s ) , ...................................................  2,500

T o t a l , ...................................... ....... ............................................. $308,550
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T able 3. — Estimate of Cost of Construction of the Proposed Putnamville Reser
voir for Salem and Beverly.

Land for reservoir s i t e , ....................................................................$60,000
Stripping, clearing and grubbing 100 acres at $200, . . . .  20,000
123 acres 1 foot deep, 194,000 cubic yards at $0.40, . . . .  77,600
Covering with sand, 170 acres by 14 inches deep, 320,000 cubic yards

at $ 0 .4 0 ,............................................................................................ 128,000
Easterly dam site: —

Earth embankment, 72,500 cubic yards at $0.60, . $43,500
Slope paving, 7,300 square yards at $2.50, . . 18,250
Core wall excavation, 8,910 at $1.50, . . . .  13,365
Core wall concrete, 5,352 at $ 8 , ..............................  42,816
Gate h o u s e , .............................................................  5,000
Seeding and lo a m in g , .............................................. 500

------------  123,431
Highway filling: —

62,500 cubic yards at $0.40,......................................  $25,000
11,370 square yards rip rap at $1.25, . . . .  14,212

--------------  39,212
Fence, 3,200 linear feet at $ 0 . 3 0 , .................................................... 1,000
Culverts, 500 cubic yards at $ 8 , ....................................................  4,000
Westerly dam site: —

30,000 cubic yards embankment at $0.60, . . . $18,000
3,150 square yards slope paving at $2.50, . . 7,875
3,600 cubic yards core wall excavation at $1, . . 3,600
2,640 cubic yards concrete at $S, . . . .  21,200

Spillw ay,..................................................................... 5,000
Seeding and lo a m in g , .............................................. 500

------------  56,175

$509,418

N ote. — If it should be found unnecessary to cover the bed of the reservoir 
as estimated above, the cost of construction would be reduced by $128,000, 
and the annual fixed charges by $7,680.
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T able 4. — Estimate of Annual Cost of the Ipswich River Supplementary Supply.

P e r i o d . Items. Salem. Beverly.

1915................................ Interest and sinking fund. $55,502 $27,247
Pumping, . . . . . . 3,914 1,957
Operating filters and reservoir, 9,134 4,567
Repumping, . . . . . . 12,780 8,352

T o t a l , .................................... $81,330 $42,123

1916-20............................ Interest and sinking fund, $55,502 $27,147
P u m p in g , .................................... 646 323
Operating filters and reservoir, 9,934 4,967
Repumping,................................... 12,980 8,837

Total, . . . . . . $79,062 $41,274

1921-25, . . . . Interest and sinking fund, $55,502 $27,147
Pumping, . . . . . . 1,304 652
Operating filters and reservoir, 10,934 5,467
Repumping,.................................... 13,230 9,497

T o t a l , .................................... $80,970 $42,763

1926-30............................ Interest and sinking fund, $55,502 $27,147
Pumping, .................................... 2,172 1,086
Operating filters and reservoir, 12,066 6,033
Repumping, .................................... 13,480 10,210

Total, . . . . . . $83,220 $44,476

1931-35............................ Interest and sinking fund, $55,502 $27,247
P u m p in g , .................................... 2,958 1,479
Operating filters and reservoir, 13,266 6,633
Repumping,.................................... 13,850 11,030

T o t a l , .................................... $85,576 $46,389

1936-40, . . . . Interest and sinking fund, $55,502 $27,247
Pumping, .................................... 3,271 1,636
Operating filters and reservoir, 14,600 7,300
Repumping,.................................... 14,140 12,015

T o t a l , ................................... $87,513 $48,198

1941-45............................ Interest and sinking fund, $55,502 $27,247

P u m p in g , ................................... 5,925 2,463

Operating filters and reservoir, 15,866 7,933

Repumping,................................... 14,490 13,145

T o t a l , ................................... $91,783 $50,788
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T able 5. — Salem and Beverly. Estimate of Pumping from Ipswich River 
through Different Sizes of Pipe Lines (12,850 Linear Feet of Pipe). 

2Jj.-inch Pipe, 8,000,000 Gallons per Twenty-four Hours.

Y e a r . C.
AverageDaily
Million
Gallons.

Friction,
1,000
Feet.

Total
Friction.
(Feet).

Total
Head.
(Feet).

Total
Million
Gallons.

Million
FootGallons.

1915.......................... 130 8.00 2.07 26.7 61.7 1,500 92,550
1920, . . . . 121 0.40- 2.38 30.5 65.5 146 9,550
1925, . . . . 112 1.10 2.73 35.0 70.0 401 28,200
1930.......................... 106 1.82 3.03 39.0 74.0 665 49,200
1935.......................... 99 2.70 3.43 44.0 79.0 985 78,000
1940.......................... 95 3.60 3.70 47.5 82.5 1,310 108,000
1945.......................... 90 4.50 4.09 52.5 87.5 1,640 144,000

30-inch Pipe, 8,000,000 Gallons per Twenty-four Hours.

1915, . . . . 130 8.00 0.70 7.6 42.6 1,500 63,900
1920.......................... 121 0.40 0.80 10.3 45.3 146 6,600
1925, . . . . 112 1.10 0.92 11.8 46.8 401 18,800
1930, . . . . 106 1.82 1.02 13.1 48.1 665 32,000
1935.......................... 99 2.70 1.15 14.8 49.8 985 49,100
1940, . . . . 95 3.60 1.25 16.0 51.0 1,310 66,800
1945.......................... 90 4.50 1.38 17.7 52.7 1,640 S6.200

30-inch Pipe, 10,000,000 Gallons per Twenty-four Hours.

1915.......................... 130 10.00 1.06 13.6 48.6 1,500 73,000

1920, . . . . 121 0.40 1.25 16.2 51.2 146 7,480

1925.......................... 112 1.10 1.38 17.7 52.7 401 21,100

1930, . . . . 106 1.82 1.56 20.3 55.3 665 36,800

1935.......................... 99 2.70 1.75 22.5 57.5 985 56,700

1940.......................... 95 3.60 1.91 24.7 59.7 1,310 78,300

1945.......................... 90 4.50 2.09 25.9 60.9 1,640 100,000
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A p p e n d i x  E .

T able 1. — Peabody. Estimate of Cost of Works necessary to secure a Water 
Supply from the Ipswich River and Present Sources combined. 

Temporary pumping station below Humphrey’s Brook for about 20 years’ 
service:—

Pumping station and i n t a k e , ......................................  $10,000
Motors and p u m p s , .....................................................  4,000
W iring,............................................................................  1,000
S w itc h -b o a rd ,.............................................................  500
P ip in g ,............................................................................  1,000

$16,500
Plus 20 per cent, for engineering and contingencies, . 3,300

------------  $19,S00
Damages to water r ig h ts ,.................................................................... 10,000

Permanent original construction, 30-year basis for interest and 
sinking fund: —

24-inch force main, 15,000 feet at $4.25, . . . $63,750
Land d a m a g e s ,.............................................................  5,000
Improvement of Suntaug L a k e , ..............................  35,000

$103,750
Add 20 per cent, for engineering and contingencies, . 20,750

------ ------- 124,500
Filters, 4,000,000 gallons capacity ,.............................. $205,000
Covering distributing r e s e r v o i r , ..............................  15,000

-------------  220,000

Total first cost of c o n s t r u c t io n , ............................................. $374,300
Additional construction costs: —

Additional filters, 1 9 2 5 , ....................................................................  51,000
Permanent pumping station below East Street, Middleton, 1935: —

Pumping station and i n t a k e , ..............................  $10,000
Oil engines and p u m p , ...................................... 34,000

$44,000
Add 20 per cent, for engineering and contingencies, . 8,800

52,S00
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T able 1 —  Concluded.
30-inch force main, 23,000 feet at $6,, . . . . 8138,000
Land d a m a g e s ,............................................................. 5,000
River and brook crossings, ......................................  10,000

8153,000
Add 20 per cent, for engineering and contingencies, . 30,600

------------  183,600

Total construction costs, 8661,700

Annual fixed charges: —
1915, $19,800 interest, depreciation, and repairs at 8.1 per cent., 
1915, 124,500 interest and sinking fund at 6.0328 per cent.,
1915, 220,000 interest and sinking fund at 6.0328 per cent.,
1915, 10,000 interest and sinking fund at 6.0328 per cent.,

Additional fixed charges: —•
1925, 851,000 interest and sinking fund at 6.0328 per cent.,
1935, 52,800 interest and sinking fund at 6.0328 per cent.,
1935, 183,600 interest and sinking fund at 6.0328 per cent.,

81,604
7,511

13,272
603

3,077
3,185

11,076

T able 2. — Summary of Annual Fixed Charges and Operating Costs for supply
ing Peabody with a Water Supply from the Ipswich River and Present Sources, 
as compared with the Cost of a Supply from the Metropolitan System.

1915.

1920.

1925.

[Metropolitan system entrance fee, $700,000.)
Ipswich River: —

Pumping station, . . . .  
24-inch pipe line, etc., .
Pumping at IA cents kilowatt hour, 
Labor at station, . . . .  
Filters, fixed charges,
Filters, operation, . . . .  
Repumping, . . . . .  
Water rights,.............................

Pumping station, . . . .  
24-inch pipe line, etc., .
Pumping at \A cents kilowatt hour, 
Labor at station, . . . .  
Filters, fixed charges,
Filters, operation, . . . .
Repumping,.............................
Water rights,.............................

Pumping station, . . . .  
24-inch pipe line, etc.,
Pumping at 1A cents kilowatt hour, 
Labor at station, . . . .  
Filters, fixed charges,1 .
Filters, operation, . . . .
Repumping,.............................
Water rights,.............................

$1,604
7,5113.4S0

745
13,272
5,050

11,900
603

Sinking fund charges, 
Interest at 4 per cent., 
Assessment,

. SI 4,229 

. 28,000 
. 41,390

$44,165 $83,610

$1,604
7,511
4,340

890
13,272
5,540

13,100
603

Sinking fund charges, 
Interest at 4 per cent., 
Assessment,

. $14,22 9 

. 28,00® 

. 42,060

S46.860 $84,289

$1,604
7,511
5.450
1,070

16,349
6,081

14,300
603

Sinking fund charges, 
Interest at 4 per cent., 
Assessment,

. $14,229 

. 28,000 

. 42,920

$52,968 $85,149

i New filters added this year.
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T able 2 —  Concluded.
1930. Pumping station, . . . . $1,604 Sinking fund charges,24-inch pipe line, etc., . 7,51k Interest at 4 per cent.,

Pumping at V/i cent3 kilowatt hour, 6,580 Assessment,Labor at station, . . . . 1,220Filters, fixed charges, 16,349
Filters, operation, . . . . 6,666Repumping,............................ 15,600Water rights, . . . . . 603

$56,133

$14,229
28,000
46,665

$88,894

1935. Pumping station,.............................S3,185
24-inch pipe line, etc., . . . .  7,511
30-inch pipe line, etc., . . 11,076
Pumping at 3 cents million feet gallons, 6,500
Filters, fixed charges, . . . .  16,349
Filters, operation, . . . . .  7,375
Repumping, . . . . . .  17,400
Water rights, . . . . . .  603

Sinking fund charges, 
Interest at 4 per cent., 
Assessment,

S14.229
28,000
47,010

$70,452 $89,239

Pumping station, . . . . . $3,185 Sinking fund charges,
24-inch pipe line, etc., . . . . 7,511 Interest at 4 per cent.,
30-inch pipe line, etc., . . . . 11,076 Assessment,
Pumping at 3 cents million feet gallons, 7,570
Filters, fixed charges, . . . . 16,349
Filters, operation, . . . . . . 8,084
Repumping,.................................... 19,100
Water rights, .................................... 603

$73,478

$14,229
28,000
38,265

$80,494

1945. Pumping station, . . . . .  $3,185
24-inch pipe line, etc., . . . .  7,511
30-inch pipe line, etc., . . . .  11,076
Pumping at 3 cents million feet gallons, 8,940
Filters, fixed charges, . . . .  16,349
Filters, operation, . . . . .  9,000
Repumping, . . . . . .  21,300
Water rights,.................................... 603

Sinking fund charges, 
Interest at 4 per cent., 
Assessment,

$77,964

$14,229
28,000
37,215

$79,444

I m p o r t a n t . — These figures are on the assumption that the valuation of Peabody increases only 
with the metropolitan district. The valuation of Peabody has increased 5 per cent, per year for the past 
seven years, and the metropolitan district'in the same time has increased but 2.7 per cent, per year. The 
consumption is estimated according to the average increase in population for the past thirty years.
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A p p e n d i x  F .

The figures of the following tables have been prepared as very 
rough estimates of the cost of a water supply by the construction of 
the suggested Willowdale Reservoir.

The estimates are herewith submitted.
No. 1 shows the cost for a small district, consisting of the cities of 

Salem and Beverly and the towns of Peabody, Danvers and Middle- 
ton.

No. 2 shows the cost for a much larger district. Interest and sink
ing fund charges have been reckoned for a thirty-year term, although 
the supply Avould be good for a much longer period, and, in case of 
No. 1, would amount to a practically permanent supply.

You will note that after the retirement of the loans for construc
tion, at the end of a thirty-year period, the price of water would 
drop to a very low figure.

No rebates on account of present supplies have been estimated, 
but a small award to Salem for water mains that would be taken for 
the common use of all towns has been estimated.

Assessments have been estimated according to the present method 
of the metropolitan water district.

In  case a plan were adopted as outlined in estimate No. 1, there 
is no doubt that a considerable income could be obtained by the water 
district from the sale of its surplus water to surrounding cities and 
towns in the district.
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T able 1. — Very Rough Estimate of Cost of Construction of the Suggested Wil- 
lowdale Reservoir and Incidental Structures.

[Elevation 54 flow line.]
D a m , ..................................................................................... $100,000
Reservoir land: —

3,200 acres marsh land at $75, . . $240,000
2,100 acres upland at $450, . . . 950,000

--------------  1,190,000
Clearing 2,500 acres at $ 1 0 0 , .......................................  250,000
Railroad filling 2.3 miles, average height 17 feet, . . 400,000
Highway fillings: —-

2.8 miles at $5,000, . . . .  $14,000
3.7 miles highway filling 15 feet high, 

including street surface and rip rap 
both s i d e s , ......................................  1,020,000

17 culverts at $3,600, . . . .  61,000
--------------- 1,095,000

Award to Salem: —•
19,350 feet 20-inch pipe 50 per cent, of $3.21 per foot, 31,200
33,750 feet 30-inch pipe 70 per cent, of 5.85 per foot, 138,000

New pipe, 17,500 feet 30-inch at $5.85 per foot, . . 102,500
New pipe, 19,000 feet 48-inch at 12.47 per foot, . . 230,000
New pipe, 3,700 feet 48-inch at 12.47 per foot, . . 46,300

--------------- $3,583,000
Mechanical filtration plant, 12,000,000 gallons at $20,000, . . 240,000
Covering distributing reservoir, elevation 240, 30,000,000 gallons, 150,000 
Pumping station, pumps, e t c . , .............................................................  200,000

$4,173,000
Plus 15 per cent, for engineering and contingencies, . . . .  780,000
Interest during co n stru c tio n ,............................................................. 360,000

$5,313,000

T able 2. — Estimate No. 1 Cost for 1915.
Fixed charges: —

$5,313,000 at 6.2 per c e n t . , .............................................................$329,406
Maintenance, pumping, Alteration, e tc . , .............................................  75,000

Total annual cost, $404,406
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Annual Cost to Cities and Towns.

C it y  o r  T o w n .
Estimated
Valuation,

1914.

Approx
imate
Ratio
Valua
tion.

Esti
mated

Average
Con

sumption
Gallons
Daily,
1914.

Approx
imate
Ratio
Con
sump
tion.

Average 
Ratio 

Double 
Weight 
to Con
sump
tion.

Assess
ment,
1915.

Interest
on

Awards.
Net

Annual
Cost.

Beverly, $49,700,000 .473 1,860,000 .189 .284 $114,840 - $114,840

Salem, . . . . 34,200,000 .326 4,180,000 .425 .392 158,520 $6,768 151,752

Peabody, 13,000,000 .124 2,700,000 .273 .223 90,190 - 90,190

Danvers and Middleton, 8,065,000 .077 1,108,000 .113 .101 40,850 - 40,850

$104,965,000 1.000 9,848,000 1.000 1.000 $404,400 $6,768 $397,632

T able 3. — Estimate No. 2 Cost for 1915.
[The construction cost would be increased over estimate No. 1 on account of additional pipe lines, filters, 

reservoirs, etc., to approximately $8,500,000.]
Fixed charges: —

$8,500,000 at 6.2 per c e n t . , ................................................................. $527,000
Maintenance, pumping, filtration, e t c . , .............................................  160,000

Total annual c o s t , ......................................................................... $687,000

C ities and T owns.
Estimated
Valuation,

1914.

Approx
imate
Ratio
Valua
tion.

Esti
mated

Average
Con

sumption
Gallons
Daily,
1914.

Approx
imate
Ratio
Con
sump
tion.

Average 
Ratio 

Double 
Weight 
to Con
sump
tion.

Esti
mated
Annual
Asses-
ment.

Interest
on

Awards.
Net
Cost.

Beverly, $49,700,000 .179 1,860,000 .082 .114 $78,320 - $78,320

Salem, . . . . 34,200,000 .122 4,180,000 .184 .163 111,980 $6,768 105,212

Peabody, 13,000,000 .046 2,700,000 .119 .095 65,260 - 65,260

Lynn, . . . . 89,500,000 .322 7,280,000 .320 .321 220,520 - 220,520

Reading, 7,050,000 .025 253,000 .011 .016 10,990 - 10,990

Danvers and Middleton, 8,065,000 .029 1,108,000 .049 .042 28,850 - 28,850

Ipswich, 6,390,000 .023 277,000 .012 .016 10,990 - 10,990

Woburn, 11,900,000 .043 1,920,000 .085 .071 48,780 - 48,780

Wakefield, 11,800,000 .042 820,000 .036 .038 26,100 - 26,100

Marblehead, 10,900,000 .039 560,000 .025 .030 20,610 - 20,610

Gloucester, . 26,300,000 .094 1,420,000 .063 .073 50,150 - 50,150

Rockport, 3,930,000 .014 320,000 .014 .014 9,640 - 9,640

Smaller cities and towns, 6,200,000 .022 - - .007 4,810 - 4,810

$278,935,000 1.000 22,698,000 1.000 1.000 $687,000 $6,768 $680,232
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