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PREFATORY NOTE .

The report of the preliminary Metropolitan Park Commission
to the Legislature of 1893 suggested , through the accompany

ing report and plan of Charles Eliot , its Landscape Architect,
a river road and parkway drive from Winchester along Aberjona

River and Mystic Lake and Mystic River to and across the marshes
of Malden River, and through a portion of the cities of Everett
and Chelsea across Snake Creek and Revere marshes to Revere
Beach . Since then the permanent Board of Metropolitan Park

Commissioners has been from year to year gradually acquiring
land for such river road and parkway, and extending the con
struction as funds became available.

Revere Beach Parkway is substantially completed to Fellsway,

in the part of Medford known as Wellington. From that point
to High Street in Medford , at the foot of Lower Mystic Lake,
necessary land for construction of the river road has been ac

quired , and from High Street a road has been constructed
through a park -like reservation along Mystic Lake and Aber
jona River to Winchester, where a short piece of parkway

connects with the westerly side of Middlesex Fells. The land
along Mystic River was acquired Nov. 29, 1899, under a joint
agreement by which the city of Medford acquired the land from
Middlesex Fells Parkway to a point near Cradock Bridge, upon
the understanding that the Metropolitan Park Commission
would in due time construct the roadway thereon , and would
also acquire the land and build the roadway from Cradock

Bridge to Mystic Lake .
In making more detailed plans for this work , Messrs. Olmsted
Brothers, Landscape Architects, suggested that a dam be built
with weirs and lock near Cradock Bridge, and that the water

above be held at a permanent level just below the grade of the
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marshes .

In 1903, funds having become immediately available,

the Commission required of its Engineering Department detailed
plans and specifications for carrying out the general plans of
the landscape advisers. Attention was then called to a special
act, chapter 327 of the Acts of 1903, which authorized the
towns of Arlington and Belmont and the cities of Cambridge
and Somerville to unite in improving the sanitary condition of
Alewife Brook and meadows, and for this purpose to place tide

gates at the outlet of the brook into Mystic River. The pos
sibility of conflict and of waste of money at once led the
Metropolitan Park Commission to seek eminent engineering
and scientific advice wholly outside of its accustomed engineers

and advisers, and to suspend operations along Mystic River
pending such disinterested examination and report, and to ask
the cities and towns interested to also suspend operations in the
neighborhood of Alewife Brook . As a further precaution, the

Commission joined with the cities and towns to secure from
the Legislature the enactment of chapter 445 of the Acts of
1904, requiring assent of the State Board of Health to a dam
at Cradock Bridge.

Mr. John R. Freeman, the eminent engineer, upon whose

report the legislation authorizing a dam across Charles River
to replace Craigie Bridge was based , has conducted the investi

gations upon Mystic River and Alewife Brook , and his report
accompanying appendices form the contents of this volume.
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REPORT ON IMPROVEMENT
OF THE

UPPER MYSTIC RIVER AND ALEWIFE BROOK
BY MEANS OF

TIDE GATES AND LARGE DRAINAGE CHANNELS.

BY JOHN R. FREEMAN , Civil Engineer.

Boston, Mass ., Sept. 21, 1904 .

To the Metropolitan Park Commission , Boston, Mass.

GENTLEMEN : - On July 23, 1903, you requested me to study
a proposal of your Landscape Architects to facilitate, and lessen

the expense of, improving Mystic River by placing tide gates
at Cradock Bridge, near the City Hall, Medford, so arranged
as to exclude high tides from the marshes and restrain the ebb

tide by a weir from uncovering the muddy, unsightly and bad
smelling banks which are now uncovered at low tide, and in
that way make it possible to build the various roads and paths

planned along the river at little above the present marsh level
( 10.5 ) instead of at above the level of the highest tide ( 15.6) .
You requested me also to study the project, authorized by

chapter 327 of the Acts of 1903, for improving the sanitary and
drainage conditions of Alewife Brook by placing tide gates near
its outlet into Mystic River, and by deepening and cleaning the
brook under the joint action of Arlington , Belmont, Cambridge
and Somerville. These two proposals of tide gates in the

Mystic River and of tide gates in Alewife Brook suggested
possibilities of co -operation , and also possibilities of conflict in
operation .

Your Board expressed a desire that, if possible, plans be
studied out and submitted by which your proposed work along

Mystic River could be carried out in full harmony with , and ,
if possible, so as to assist in the sanitary improvements along
Alewife Brook contemplated by Arlington , Belmont, Cambridge
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and Somerville, under the Act above referred to, and further
suggested that in connection therewith I should consider care
fully the conditions existing throughout the marshes and water

margins of all this region before a large expense was incurred
for new structures in either direction.
I have, therefore, carefully inspected the entire watershed of
Mystic River and made a thorough study of the conditions of

stream flow in time of heavy rainfall and extra high tide along
Mystic River, and especially along Alewife Brook and Welling
ton Brook. I have been forced to the conclusion that any such
simple arrangement of tide gates as that contemplated in Ale
wife Brook, unless supplemented by large and expensive storage
basins, is likely to prove unsatisfactory by failure to prevent
the occasional overflow of the marshes during the heavy storms
from May to November. Moreover, unless arrangement is
made, necessarily at large expense , for flushing out the stagnant

pools above the proposed tide gates with cleaner upland water
impounded in Spy Pond and Little Pond , a worse nuisance

than that existing at present is liable to result from the present
pollution of Alewife Brook by the flood overflows of the Cam
bridge sewers, by the foul flow of Tannery Brook, by the gutter
wash of horse manure and the like brought into the brook in
heavy rains, and by manure piles on the truck market gardens
of Arlington and Belmont and at the railroad sidings. On the

other hand , I am of the opinion that properly designed tide
gates and weirs placed in Mystic River at Cradock Bridge will
not only facilitate the work to be carried out by your Commis

sion along the river, but will also improve the present condi
tions of Alewife Brook and its tributary region, and will be in

the line of a future complete improvement of the sanitary and
drainage conditions of Alewife Brook according to a plan sub
mitted with this report, which seems to me to be the most
feasible and least expensive plan for accomplishing such im
provement, or according to any feasible plan which I can now
foresee for such improvement.

The details of my investigations and suggestions are as fol
lows :

SANITARY CONDITIONS .

MALARIA .

As soon as I began my investigations I found conditions

already existing along Alewife Brook and in the bordering
marsh lands so contrary to what modern sanitary science
teaches they should be that I was led to request of your Board
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that a complete sanitary survey of the neighborhood be author
ized, in order to learn how far the health of those living near

the marshes had already suffered . This request was granted .
The experts called on to make this further investigation were
Mr. Charles Edward Amory Winslow of the biological labora
tories of the Massachusetts Institute of Technology , an investi
gator who has given much attention to problems of the public
health , and Mr. William Lyman Underwood, lecturer in biology

at Technology, a naturalist of exceptional information in all
that pertains to the breeding of mosquitoes and the causes of
malaria, who had for many years resided near the district and

made himself familiar with the peculiar conditions presented,
and who had, furthermore, gained practical experience as
chairman of the board of health of the town of Belmont and

in supervising drainage improvements on Wellington Brook.

The results of this inquiry were startling. Every physician
who was consulted testified that malarial disease was already

prevalent, and that it was apparently increasing and slowly
extending northerly and easterly from Cambridge and through
the lowlands of Arlington toward West Medford .
A canvass of twelve prominent practising physicians of Cam

bridge, Belmont, Arlington and Somerville disclosed that during
the summer of 1903 these twelve physicians had treated in all
about 800 cases of malaria in the region tributary to Alewife

Brook , and that the disease was spreading away from the
cheaper houses near the marshes and clay pits to the more
expensive residential districts on the upland . The sum total
of cases which twelve physicians reported, each for his own

practice during the twelve months previous, reached 807. The
records of these cases were not so complete as is desirable, and
the count by the physicians was based largely on memory and
general impressions, but any possible overestimate by these
physicians may be regarded as balanced by the well-known

fact that in many of the milder cases no physician was con
sulted .

A brief house -to -house canvass through the lowlands and the

houses near the marshes, visiting one -sixth of all the houses
within a half mile of the stream and its branches, but naturally

taking those nearest the stream first, made in December, 1903,
showed that out of a total of 942 persons living in these 168

houses 242 cases of malaria were reported, — a ratio of 1 in 4.
This house -to -house canvass , made under the supervision of
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Messrs. Underwood and Winslow by Mr. W. C. Lounsbury,

was extended subsequently over a larger area , and the territory
covered is shown on an accompanying map.
The results in brief were as follows :
Persons .

Families visited ,

683

3,341

Families reporting malaria within past five years ,
Proportion of families that had suffered from

222

446

1 in 3

1 in 7.5

malaria , .

.

Within half a mile of these marshes the number of dwellings are :
Cambridge, 525 ; Belmont, 123 ; Arlington, 201 ; Somerville , 307 ;
total, 1,156 . Estimated at 5 persons per house total is 5,780 .
If proportions for whole district were as found above, 1/3 is 385 ; 1 / 7.5
is 770 .

In some of the better class of the residential districts border

ing the marsh there was a manifest desire on the part of some

residents to defend the district against the reproach of malaria,
although physicians reported frequent cases therein .
In view of the results of this house -to - house canvass and of

the approximate estimate of cases presented by the physicians
I consider it not improbable that, counting recurrent cases and
the mild cases in which a physician's aid is not sought, the
unsanitary conditions of these marshes and of the clay pits near
them have resulted in 500 or more cases of malarial disease in

a single year, and considering that records of 446 individual

cases were obtained from a limited area, and the impractica
bility of hunting down all the cases in many houses, it appears
probable that the number in the whole district within five
years has exceeded 1,000.
But whatever the precise figure may be, it is certain that

malaria prevails to an alarming extent and is spreading ; that
this condition is due to bad drainage of the marshes and clay

pits; that whether the number of cases per year is 500 or 200,
these are a tax on the vital force and comfort of the community
which demands a remedy.

The Anopheles, the type of mosquito in which the malarial
germ breeds, had been found by Mr. Underwood at various
times during the past three years multiplying in various stag

nant pools in the upper marshes, and has again during this
summer been found by him in large numbers . *
On Aug. 11 , 1904, Mr. Underwood made a partial inspection of the marshes,

visiting such places between Concord Avenue and the mouth of Little River as
could be reached without a boat . Out of 32 pools examined 15 contained Ano
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I was thus obliged at the outset to face a great sanitary
problem , which for the time overshadowed the study of details
of tide-gate designs, for questions of public health are para
mount, and should have precedence over landscape design and

facilities for brickmaking or market gardening.
In December last I placed before your Board these broader

aspects of the problem , and was thereupon instructed to
endeavor to design an economical method of accomplishing the
sanitary improvement of Mystic River and of the entire area

tributary to both Alewife Brook and Mystic River, and then to
indicate the extent to which the expenditures by your Board

for park improvements might be made to assist in carrying out
such feasible design for the general sanitary improvement of

the region. I was requested to carry these designs and the
collection of data to such point only as would enable your Board
to present the matter properly to the Legislature or to the State
Board of Health for examination and approval, or for further
recommendations. In carrying out these instructions your

Engineering Department has co -operated most earnestly in
meeting my requests for more complete and more accurate data
than was obtainable when I began the work , and has had
several field parties at work on surveys of the marshes and
channels and on the collection of a variety of necessary infor
mation . Additional engineering and other assistance has also
been furnished by your Board , and the engineering departments
of the cities and towns adjacent to the region have co -operated

in furnishing such plans and data as were already in their
possession. Thus, for the first time , there have been provided
complete topographical maps of the marshes, ponds and chan
nels, on a large scale, showing the height of ground, the

heights of standing water, depths of channels, depth of peat
pheles larvæ and 25 contained Culex. In many of these pools both species were
breeding, and in only 4 of the places examined were mosquito larvæ absent.

Just back of the buildings formerly of the Boston Packing Company, but lately
reopened as a glue factory, more mosquito larvæ to the cubic foot were found
than Mr. Underwood had ever observed elsewhere . In some places over an area
of twenty square feet the water was so filled with wigglers that the bottom could
hardly be seen . Three large spoonfuls of water of one ounce each dipped out
contained by actual count 482, 495 and 733 larvæ. A laborer from the glue

factory said , “ Everybody who works here has been sick with malaria ; about 50
work people who came here since the glue factory opened took sick and left. I
have had the chills twice ; only old hands can stand it.” The water in some of
the pools was foul with what appeared to be some kind of refuse from the glue
factory of a putrescible nature that gave off nauseating odors when stirred up.

Along Alewife Brook among the growing canebrake Anopheles are abundant.
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and muck, and a variety of other information necessary for a
thorough study of these problems.
The chief sanitary requirements now appear to be :
1. Drain the marshes.

2. Lessen the present pollution of Alewife Brook.

The sanitary purpose of the first requirement, stated more in
detail , is to abolish so far as possible the breeding places of

malarial mosquitoes and of the ordinary mosquitoes. Breeding
places for both of these kinds of mosquitoes now abound in the

many small stagnant pools scattered over the 250 acres of wet
land known collectively as Fresh Pond Marshes, and the 50

acres of wet land along Alewife Brook and the Upper Mystic.
Mosquitoes also breed in the pools in and near the Cambridge
clay pits, but these pools drain into the marsh channels so that
whatever lowers the water in the marsh makes it easier to drain

the wet ground near the clay pits. These marshes lie in large
part between the head of Alewife Brook and Spy Pond in

Arlington . Curiously, the upstream marshes are about a foot
lower than the marshes farther down the stream , and contain
much greater depths of peat. The 250 acres near the head are
about 6 inches below the level of mean high tide in Boston
Harbor and from 4 to 5 feet below the level to which the tide

sometimes rises in great storms. To properly drain this great
area the general water level must be kept down to between 2
and 3 feet below the general marsh level , or at an elevation
somewhere between 7.0 and 7.5, Boston base . To accomplish
this result and to guard against the overflow of the marsh at time
of heavy rainfall, not only must tide gates be properly designed

and so located as to exclude the tides which now, especially at
the time of full moon, rise above the level of the marshes, but
provision must also be made for storage basins adequate to care
for the rainfall accumulated during the time that the outside
tide is above the level proposed in the basin . An elevation of
7.0 for the crest of the long weir for controlling the height of
low water in the basin is found to be the best adapted for

securing safe drainage of the marsh , for providing sufficient
storage between tides in ordinary rain storms, and, on the other
hand, giving head and fall sufficient for discharging this stored
water on the outgoing tide, and for the best utilization of
Lower Mystic Lake and Spy Pond .
When the general water elevation within the marsh channels
is lowered 3 feet the marsh soil will settle from 3 to 11 inches,

according to the depth and composition of the soil and peat at

Off Bay State Road, Cambridge. Anopheles breeding here. Aug. 7, 1904.

One of the many pools in the marsh.
the distance are in Arlington.

The pool is in Cambridge ; the houses in
Photos by William Lyman Underwood.
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different localities, but not more than 6 to 9 inches may be
expected on the greater part of the marsh proper, and the
general elevation of the 250 acres of marsh between Fresh
Pond and Spy Pond will, after drainage and settlement, be

come 9.5 or perhaps 9.0 by Boston base in a few places. This
shrinkage of the marsh in height will lessen the depth of flood
water that can be stored in the channels without overflowing

their banks. The drainage thus provided for ought to be
accompanied by straightening and deepening the channel of
Alewife Brook · and of the other brooks of the region, and
should be supplemented by filling up many of the smaller pools
and the shallow portions of the larger pools and of the aban
doned clay pits, and , wherever practicable, by connecting the

remaining portion of the larger pools and the unused clay pits
with the brooks by large drainage channels, which will give
easy access for the minnows and other natural enemies which

feed on the mosquito larvæ .

Such drainage will of itself not only improve the sanitary
condition of this region, but will permit large areas of land
that is now almost worthless to be continuously cultivated , or
devoted

other beneficial uses .

The amount of pollution that now finds its way into Alewife
Brook can be further lessened and the natural future increase

of pollution restricted without burdensome expense and with
great benefit to the community. The discharge of refuse tan
nery liquors, foul with washings of hides, into the brook a few
hundred feet east of Massachusetts Avenue, Cambridge, should
be no longer tolerated . The former large slaughterhouse that

has now been changed into a glue factory will require quite
as careful sanitary supervision.
The sewage from all neighboring dwellings, stables and
factories should be taken into the Alewife Brook branch of the
* An inspection of the marshes, pools and water courses in midsummer, 1904,
shows that conversion into cultivated hay fields and market gardens, thus bring

ing the surface into the sun and air, will be most advantageous, and that if, as

seems desirable, they should be bordered by a road or a parkway, it would be
desirable to confine the plantings to close, low -growing shrubs and planted
in a narrow fringe, and , in brief, that everything practical should be done to
promote the drying of the surface of the ground .

It is an open question how rank the growth of border weeds within the pools
and channels will be after the pollution of the water is lessened . They are now
much too luxuriant . Perch Pond is three -quarters covered by a mat of duck
weed , and weeds grow rank in many parts of the lower brook and Little Brook .
Analogy from the upper portions of the brooks and of the marshes of Spy Pond ,

Little Pond and the Aberjona River indicates that these weeds can be kept in
proper subjection at small expense .
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north metropolitan sewer which , fortunately, runs conveniently
near, and the manure piles on the railroad sidings and the
market gardens near the stream should be so placed and sur
rounded that their leachings in time of rain would run through
a bank of gravel before reaching the stream , and thus receive,

at least, a crude intermittent filtration .

The gradual extension

of the separate system of sewerage already begun in Cambridge
will tend to lessen the amount of overflow from the common

sewers of Cambridge into Alewife Brook in time of storm .
The data thus far collected on the pollution of Alewife
Brook , taken in connection with the general studies made a
year and a half ago for the Committee on the Charles River
Dam , give good reason to believe that this pollution can readily
be kept within such limits that, in connection with the large

volume of upland water that will come down Wellington Brook
and Winn's Brook after almost every rain severe enough to
cause overflow of sewage , no offensive sights or smells would
occur in the pools and channels if the tide gates and weir be
located at Cradock Bridge. There will be less danger of offen
sive conditions with the weir and tide gates at Cradock Bridge

than if these are located at the outlet of Alewife Brook, because
the pollution comes mainly from Cambridge territory , and with
the tide gates farther down and on the Mystic, this will become

absorbed in a larger basin and diluted by the flow from a much
larger watershed. Moreover, the sewage overflows are found
to follow the rainfall with great promptness, and to reach the
stream earlier than the upland water of Wellington Brook and

Winn's Brook , while the main freshet of the Upper Mystic
comes later still , and therefore if certain sewer outlets are

changed as they should be , their discharge will be diluted and
pushed down stream by this later flow .
It is found practicable to so regulate the outflow from Spy
Pond and Little Pond that the flushing with this upland water
will be a great safeguard toward keeping the water of the en
larged channels clean .

STORAGE REQUIREMENTS ON ALEWIFE BROOK TO PREVENT
FLOODS OVER MARSHES .

There are 300 acres of wet and soggy land in the neighbor
hood of Alewife Brook and about 635 acres more of low border

ing land. Due regard for the health of the present and future
population requires either the filling of these lands up to grade
12 or 15 and the building of roads at grade 16, Boston base, or
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else that the general ground -water level be lessened and kept
down through the year. The interests of the gardeners near
the marsh also require that the lands of slightly greater eleva
tion bordering the marsh shall not be inundated during heavy

rains. The filling up of these lowlands to a grade above the
ordinary drainage levels, or to the grades adopted generally in
. Boston and Cambridge, would cost over $ 2,000,000, and is
plainly a matter for the very distant future. Meanwhile,
another method must be found for guarding the health of the

surrounding populous districts against the increasing malaria.
The quickest and most economical method of doing this is
undoubtedly by tide gates and large drainage channels, pro
vided these are properly designed and located. The problem

of draining these marshes is, however, one of exceptional diffi
culty, because the marshes are now 6 inches below sea level at
mean high tide and will be about 14 inches below mean high
water after they have shrunk and settled as a result of drain

age , and because a quick and flashy tributary watershed of 7.07
square miles area above the outlet of Alewife Brook may during
heavy sudden rains deliver a volume of water far beyond the
capacity of any reasonable pumping plant.

On the ebb tide the water level in Mystic River just below
Alewife Brook outlet is now held up to grade 6 at spring tides
and to about 5 at neap tides by the present height of the river
bed , and stands there from four to five hours, while the harbor

tide falls 4 to 7 feet lower. It is nearly five miles along the
natural drainage channel from the head of the marshes to the

head of navigation on the Mystic estuary in Medford just below
Cradock Bridge. The length of drainage channel and the lack
of sufficient fall to provide rapid flow of the storm water
through the drainage channel make the problem in a way much

more difficult than that of providing an outlet for great freshets
in Stony Brook , on which Boston has been at work the past
eighteen years ; for in the case of Stony Brook there was an
ample elevation to provide a very rapid delivery through the
large culvert 17 feet in diameter.

To keep a flood like that which in 1886 caused such great
damage along Stony Brook from flooding the 250 acres of Fresh
Pond Marshes, and flooding as much more low arable land
bordering the marshes, will necessitate large tide gates at
Cradock Bridge and an exceptionally broad deep channel, say

40 to 100 feet wide at the ordinary surface and 4 to 6 feet deep
at ordinary height and somewhere between 15 and 30 feet wide
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on the bottom, which in time of greatest freshets would become
5 or 6 feet deeper and 30 to 40 feet wider, and even a channel

of this great size may not be large enough to carry off the
water of a February or March freshet without flooding the

marshes unless provision be made for holding back the upland
water of Wellington Brook and Winn's Brook until much of
the immediate run -off has been discharged through the tide •
gates. The two Mystic lakes must also continue to be utilized
to restrain and distribute the flood discharge over several tides.
Even if all the marshes should be filled up to above high tide
level in the distant future, the volume of flood water to be pro
vided for would remain the same, and the full size of these

enlarged channels be needed as a safeguard against the inun

dation of the valley by the freshets liable to occur during the
spring or winter months.
PREVENTION OF FLOODING MARSHES IN SUMMER ONLY.

Two very different plans may be followed according as pro
vision is made for controlling all floods, or controlling only the
summer floods.

The percentage of heavy rainfall that reaches the stream in
summer, when the ground is absorptive, covered with verdure,

dry and sponge-like, is only a small fraction of that which may
quickly run off into the stream when the ground is frozen, or

that which may come to it from the melting of a heavy covering
of snow by a warm, heavy rain.
The sanitary conditions for the near future can be fairly well

met by providing for the summer drainage only, or that from
May 1 to November 1 . A much smaller and less expensive
channel will accomplish this than if a channel is to be now

built which will permanently drain the marshes and keep their
present levels (after shrinkage ) from inundation. A channel
of moderate size and depth , with sloping banks that increase
the width rapidly as height increases, may be now built that
will drain the marshes, prevent their inundation in all but the
highest spring freshets, and that in future, without deepening,
will carry the greatest freshets between the higher banks that

will confine it after a filling up and grading of the marsh in
the future to a proper height; and the material is so easily
excavated that the cost of such a large drainage channel, as

public works go , may be surprisingly cheap.
The run -off from heavy rainfalls on the drainage area of 7.07
square miles tributary to Alewife Brook will from year to year
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become larger and more rapid as streets are extended and houses

built within the watershed, and is probably even under present
conditions frequently greater than could be stored between
tides in the small channel contemplated under the Act of 1903,
and far beyond the capacity of any reasonable outfit of powerful
pumps kept in readiness for immediate use in connection with
tide gates located at Alewife Brook .

For these reasons, among others, I believe that tide gates at
Alewife Brook outlet alone, with the small amount of channel

improvement that I understand to have been contemplated
under that Act of 1903 referred to above, would in time of

heavy rainfall fail to provide the drainage expected, particularly
after water weeds had time to grow again in the channel; and
I am also of the opinion that unless such contemplated improve
ments were accompanied by the removal of the present sources
of pollution , they would fail utterly to remedy the present bad
sanitary conditions. *
SUFFICIENT STORAGE OBTAINABLE BY USE OF Mystic RIVER,
SPY POND , LITTLE Pond, Mystic LAKE AND LARGE Con
NECTING CHANNEL .

Fortunately, the natural surroundings are such that these
storage and drainage requirements, after even the most extreme
storms, can be met by tide gates and weirs at Cradock Bridge,

in combination with adequate storage for rainfall in Spy Pond
and Little Pond , and the excavation of a broad, deep channel
extending from Spy Pond and Little Pond down through the
midst of the marshes to where Alewife Brook joins the Mystic

River, and by enlarging and deepening the outlet from Lower
Mystic Lake for a short distance. This channel should be deep
in order that the growth of weeds may not soon choke it .

This general plan for draining the marshes and controlling
the flood waters, in combination with maintaining substantially
a constant water level in the Mystic River alongside the park
way now under construction by your Board, presents so many
advantages from whatever point of view it may be looked at
that, as already stated , I have prepared and submit herewith

designs for the structures, in preliminary form . The design
now presented is intended to prevent the greatest summer
* It may be noted that tide gates have been tried on Alewife Brook and were
removed, it is understood, in some way, because they caused the frequent flood
ing on the meadows and marshes above.
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freshet from overflowing the lowest of the marsh lands, but is
not expected to prevent all overflows of the present low lands
by winter or early spring freshets, for it appears proper to lessen
the first cost and take some chances of occasionally overflowing

more or less of the marsh in winter or in the early spring
months by exceptionally severe rainfalls and freshets such as
may result from a heavy rain falling on frozen ground . The
channel that I have designed is, however, sufficiently broad so
that if, in future, these marsh lands are filled and graded to a

level proper for general use, it can , with the 3 to 1 slope of its
banks, present greater width as the water rises to convey the
most extreme freshets.

As already stated, an elevation of 7.0 for the crest of the

long weir shown on the plan submitted appears to be that best
adapted for controlling the height of low water in the basin,
securing safe drainage, providing a sufficient storage between
tides and sufficient fall and head for discharging the stored
water on the outgoing tide. At this grade the required storage
area may be provided at comparatively little expense in Lower
Mystic Lake and Spy Pond and in the large drainage channels
proposed . Perhaps some of the larger abandoned clay pits can
also be connected and utilized .

It is a simple matter of construction to utilize the storage
capacity of Lower Mystic Lake and Spy Pond and at the same
time make these safe against a possible backing up of polluted
water from Alewife Brook , or to provide, in effect, an upper
and lower storage basin connected by an open but restricted

water way, through which boats can pass.

The upper basin

may be so regulated by a controlling sluice as to receive and

hold temporarily in check the upland freshet water only, which
is as pure as that now in Spy Pond, until the freshet water from
the watershed of the lower basin has been discharged , and then

to utilize the accumulated upland water a few hours later to
flush out the channels leading to the lower basin.
There will result a slight lowering of Spy Pond and Mystic

Lake, which, however, is perfectly practicable without injury
to their purity or attractiveness. As illustrating the practi
cability of thus lowering Spy Pond and the Lower Mystic, it

may be mentioned that Fresh Pond, Cambridge, originally at
about the elevation of Spy Pond, was found standing at about
level 7.0 during our ground -water observations, and there have

been times since it was used as a public water supply when it has
drawn below level 3, Boston base, throughout the entire year.
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Fortunately, also, the flood waters from heavy rains along
the streams in Woburn , Stoneham and Winchester above Mystic

Lake will be delayed by the greater distance and by passage
through the chain of upper ponds until after the downpour on
the Fresh Pond Marshes and that which runs into Wellington
Brook and the Lower Mystic River under ordinary conditions
will have passed out through the tide gates.
All the proposed channels would be filled with fresh water

instead of water varying from fresh to brackish and salt as
The extended investigations made two years ago for the
Charles River Basin, and the study then made of the Fens

now .

Basin in Boston, reversed many preconceived notions, and
proved conclusively that fresh water can receive more polluting

material than salt without the production of offensive sights or
smells. This is probably due to the more thorough circulation
and aeration of water of uniform specific gravity, and to the
more abundant microscopic life in fresh water, through which
the polluting material is devoured, much as the vegetables in

a garden , through the agency of the microscopic life in the
soil, absorb and render harmless the fertilizers applied.
A channel of much larger size and much more direct than

the present winding brook is a necessity for the proper drain
age and sanitation of the marshes, in order that during heavy
rainstorms the flood water stored during the five or six hours

during which tide water may be above grade 7.0 can be carried
forward rapidly and discharged during the few hours while the
outside tide in the harbor is lower than grade 5 or 6. The
time for the transmission of the tidal wave from the tide gates

back to the head of the basin, a distance of nearly five miles,
along the natural drainage channel from the head of the
marshes to Cradock Bridge, increases the size required , and
the fact that the great area of the marshes will be more than

1.0 below mean high tide in the harbor compels a small slope
and large channels.

Account must be taken of the impeding

of its delivery due to a thick covering of ice. The generous
surface width of the proposed channel will present a consider
able storage capacity for each foot of increase in height in

addition to the storage area provided by Little Pond and Spy
Pond .

The cleanliness and care of the banks of this drainage

channel ought to be protected by public ownership of a strip
of land on both its sides as the easiest and most effective way
of observing and checking any pollution or obstruction from
private drains or factory wastes.
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It is plain that this protecting strip might be used also as
a space for the natural growth of shrubbery and trees, or, if

somewhat wider, for a roadway, somewhat as was provided by
the city of Newton in its improvement of Cheesecake Brook .

This protection of the margins of the brook need be no bar to
the full enjoyment of the water privileges by factories for boiler
supplies and steam condensation . Under proper restriction the
neighboring lowlands would become no less available as factory
sites or for gardens than now, but, on the contrary, would be

more valuable because of the great benefit in drainage and more
healthful surroundings, and in a supply of clean fresh water at
nearly constant level .

I am led to recommend provisionally that the channel which
starts at Spy Pond should be 40 feet wide at grade 7.0, with
the bottom not higher than grade 3.0, Boston base, and with a
width on the bottom of at least 16 feet, and that the Alewife

Brook channel should be of a width averaging at least 50 feet
at the surface of the water, and at its outlet into Mystic River
of a width of 55 feet at grade 7.0, with the bottom at grade

2.5, and a bottom width of 28 feet, and that the side slopes be
not steeper than 1 on 3, with which slope there is a marked

advantage in providing a rapid increase in area for discharge
as water rises in freshets, and in a lower cost of maintenance
of the slope. A flat slope of the banks also makes the channel
better adapted to pleasure boating.

Below Mystic Lake for a short distance the proposed channel
is to be excavated 60 feet wide at grade 7.0, with the bottom at
grade 3.0 and a bottom width of 36 feet, and the depth is to

increase slightly, proceeding downward from the lake to grade
2.5 opposite the outlet of Alewife Brook .

For much of the distance this portion of Mystic River is

already as wide as necessary . Proceeding downstream, from
Alewife Brook outlet to Cradock Bridge a part of the channel
is already as wide and deep as necessary. Two or three large
bends should be cut off and the channel be generally widened
to 100 feet at grade 7.0, the bottom excavated to grade 2.5 at
the outlet of Alewife Brook and the depth increased gradually

to grade 1 at Cradock Bridge, with side slopes generally of
1 on 3 .

The outline design for the tide-gate structure at Cradock
Bridge, which I present herewith, has been worked out with
much care to provide larger water ways through it for the

greatest freshets than are found in the permanent structure of
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Cradock Bridge.

They are believed to be ample.
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The gates

and sluices do not obstruct the view of the basin from the

bridge. They provide for the minimum fluctuation in water
level and are designed to work automatically without attend

ance, save that required occasionally to raise one or more gates
in time of greatest freshets, and this even need not be done
until some hours after the heaviest rainstorm has given ample

warning. The depth of the sheet of water flowing over the
weirs with the ordinary summer flow of .50 cubic feet per

second per square mile, or 23 cubic feet per second in all, would
be a little less than 1 inch and a rise during the six hours of
full tide, while the outflow would be a little less than 2 inches.
A lock is provided through which such ordinary boating as can

now pass through Cradock Bridge can pass through the lower
river to the portion above the tide gates.
The total excavation involved in these channels of the size

described above is approximately as follows :
Cubic Yards.

From Spy Pond to Little Pond ,
Little Pond to Massachusetts Avenue ,

Massachusetts Avenue to Alewife outlet,

8,000
60,000
52,000
120,000

Mystic Lake to Alewife outlet,
Alewife outlet to Cradock Bridge,
.

30,000
100,000
130,000

Total,

250,000

It will be noted that less than one -half of all this channel

excavation is required upstream from the outlet of Alewife
Brook. This is all of the cheapest kind of excavation, easily
handled by modern machine methods, — by dredge or pump.
The ground is favorable for the cheapest kind of excavation.
The material dredged out from this channel may be in part
used for filling the present stagnant pools in the marshes, but
most of it could be best used as the foundation for a road

bordering the slightly curving channel. The cost of excavating
the large channel recommended up through the marshes all the
way from Alewife Brook to Spy Pond at 30 cents per cubic yard

for 120,000 cubic yards, at which price it could probably be done,
would be only $ 36,000. This low cost is another reason for being
generous in estimating the size of the channels, and I would rec
ommend that if sizes of channels are changed from dimensions
above given they be widened or deepened 10 or 20 per cent., rather
than diminished in size.

About two- fifths of the entire 250,000

cubic yards of excavation is in Mystic River, between Alewife

16
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Brook outlet and Cradock Bridge, and is in a large measure
required by straightening the channel. This material could be
used for subgrading the roads which are contemplated by your

Board, and for filling up and grading off the adjacent marsh ,
or, if not required by your plans for development, a large part
of this excavation could be deferred for some years .

The more expensive of the existing bridges over Alewife
Brook and Mystic River are found large enough, so that, with
small expense for protecting their foundations and tapering the
approach and delivery of the channel to and from them , they
would not seriously obstruct the flow ; they would not need to
be rebuilt or radically changed for many years.
PossibLE MODIFICATION OF PARK PLANS TO AID IN
DRAINAGE PLANS.

The broad scheme that I have proposed is not chiefly for any
special benefit to park development now being made by your
Board along Mystic River between Mystic Lake and Cradock
Bridge. That portion presents no specially unsanitary condi
tions, and my scheme would help your work on Mystic River

only to the extent of preserving a permanent water level which
would at all times do away with the present unsightliness of

the banks at low tide, and of economizing your funds by en
abling your Board to build roads and do the incidental grading
at a lower grade than would be required without tide gates at

Cradock Bridge ; and of enabling you to feel confident that if
you begin your work you will not interfere with the sanitation

of the Alewife Brook meadows by the parties authorized under
the Act above referred to . The scope given to my report is
designed rather to present to you the fact that there is at the
present time an opportunity by co -operation between your
Board and other interested bodies for the sanitary betterment
of the very unsanitary conditions, yearly growing worse, of the
portions of Arlington, Belmont, Cambridge and Somerville
lying in and near Alewife Brook , and to lay before you the

economical and far-reaching plan which I have found feasible
for that purpose ; and further to advise you of the way in which
your Board can make your expenditures help in the sanitation
of that region , which it is evident must soon be undertaken by

some agency. I therefore recommend that your work upon
Mystic River be made to conform as far as possible to the plan

which I submit as the surest way to assist in aiding in the
accomplishment of these results.
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I may also call attention to the possibility of still further
improvement in the plan which I submit by availing yourself

of the opportunity for a park or parkway along Alewife Brook,
and of perhaps including in such scheme that brook and the
other brooks and ponds and land suggested to be taken for the
sanitation of that region. The channels and ponds above
Mystic River if filled with fresh water at the level suggested
would not be unhealthful, malodorous or unsightly.

They

would provide an ample passageway for canoes and other
pleasure boats in summer and for skaters in winter from Spy
Pond or near Fresh Pond to the Mystic River and Mystic Lake,
and so be convenient to Arlington, Belmont, Cambridge, Med
ford , Somerville and Winchester. The margins of the chan
nels, especially if a somewhat wider strip of what is now very
worthless land were acquired , could be planted close down to

the water edge with shrubbery, fresh - water plants and grass,
and with trees grouped naturally a little farther back . This
would result at moderate cost in a beautiful park like the Back
Bay Fens. A study of the map of the Metropolitan District
will show that the general course of Alewife Brook is a little
east of north , and is in a position well suited to form a direct

line of approach from Cambridge, where you have already a
parkway from Charles River to Fresh Pond, for a parkway
Mystic Valley Parkway and Middlesex Fells, connecting
Mystic River with a road which will in the future lead
Revere Beach . My investigations show that the interests

to
at
to
of

the community will be most cheaply and most promptly served
if sanitary improvements and Mystic River improvements are
carried, on together.

Each may serve the other and divide the

expense. Cambridge and the other cities and towns may be
made more free from malaria and may gain in the increased
value of lands which cannot now be improved except at a pro
hibitive cost. If the land needed for this sanitary improve
ment could also be used for a parkway, it would add still
further to the general welfare.

As a result of all these studies I am led to make the follow
ing recommendations : -

1. Drain the marshes and construct large tide gates and

freshet sluices at Cradock Bridge, such that the water level
will ordinarily stand at 7.2 to 7.5, the drainage to be done by
means of enlarged open channels as described .

Fill small stag

nant pools, and execute such ditching and filling of low areas
as will prevent breeding places for mosquitoes.
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2. Utilize Spy Pond and Lower Mystic Lake as reservoirs to
assist in holding the clean upland storm water during the hours
while the harbor tide is above this basin level , and also for

holding back the height of extreme freshets.

Divert Welling

ton Brook above Wellington Street into Little Pond, and pro
vide a controlling sluice and weir adapted to passage of small
boats at the outlet of Little Pond ( and possibly another at

Lower Mystic Lake) , so that the cleaner upland water, that

which now enters Spy Pond , may be used to flush out from
Alewife Brook the storm overflow of sewage.

3. Cleanse Alewife Brook by excluding present foul tannery
refuse ; also by diverting other pollution into the sewers.
Extend certain of the storm overflows from Cambridge sewers
to a point near Massachusetts Avenue, where there is more
current than at the present location of the outfalls. Fill or
partially fill and drain into the brooks the clay pits which are

no longer in operation, and the pockets between graded streets
near the clay pits in which the water now stands and forms
breeding places for mosquitoes.
4. Prescribe heights limiting the future development of these
marshes, so that cellar bottoms shall not be built lower than

grade 13, nor street surfaces (other than park roads) built lower
than grade 16 , and that low pockets, or depressions in the
ground formed between streets or other embankments, shall

have proper drainage channels and valves leading to the main
In brief, take all reasonable means to maintain good
surface drainage and exterminate mosquitoes.
5. Combine the drainage channel with a parkway develop
ment, as suggested in the foregoing pages.
In brief, I find that the present sanitary condition of Fresh
channel.

Pond Marshes and Alewife Brook is a serious menace to public

health and a very pressing cause of excessive malaria, and that
malaria is spreading from them to the upland residential sec
tions of the neighboring cities and towns. I find that the first
and most effective remedy, and the clear duty of the community
concerned , for this serious sanitary condition is to drain marshes

and brooks, and that the most effective and economical way to
accomplish this result is by a plan which I have prepared and
submitted herewith . This plan divides the necessary work so
that, in my opinion , your Board may with safety and consider

ation for all interests at once build tide gates and weirs in the
neighborhood of Cradock Bridge, and roads along the Mystic
River, and improve the connection with Mystic Lower Lake ;

-
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and the other parties interested may, whenever they are ready,
continue the work in and along Alewife Brook and the marshes
above. Your work will not hamper Arlington , Belmont, Cam
bridge and Somerville from proceeding under chapter 327 of
the Acts of 1903 , but, on the contrary, will assist them in any
feasible plan which they may have devised, and will reduce the
expense to them of satisfactory sanitation . I suggest that you

urge these cities and towns to enter at once upon their part of
the work ; and I recommend that, if possible, you assist in the
work , by locating a parkway along Alewife Brook and acquir
ing the necessary land for that purpose, or by any other means
in your power .

Respectfully submitted ,
JOIN R. FREEMAN ,
Consulting Engineer .

APPENDICES .

APPENDIX No. 1 .

DATA AND

ESTIMATES

CONCERNING THE

HYDRAULIC PROBLEMS INVOLVED IN DRAINING THE FRESH POND
MARSHES AND REGULATING THE FLOOD HEIGHTS OF THE
MYSTIC RIVER ABOVE CRADOCK BRIDGE,
BY JOHN R. FREEMAN, CONSULTING ENGINEER.

CONCERNING THE PRESENT HEIGHT AND AREA OF THE MARSHES.

The total marsh area, upstream from Cradock Bridge in the several
towns, is approximately as follows:
Acres .
45

Arlington ,
Belmont,

23

Cambridge,

Acres .
35

Medford ,

15

Somerville,

179

Total, .

.

297

The portion called the Fresh Pond Marshes comprises about two

thirds of the entire surface, within a territory of irregular outline, about
three -fourths of a mile in length, along Alewife Brook and Wellington
Brook , and nearly one and one-half miles in width , from Fresh Pond to
Spy Pond.

The wet marsh lands are bordered by a broad area of lands

only slightly higher, which lands are inundated in freshets and extreme
tides.

The total area of low lands, between contour 14.0 , Boston base , *

and the edge of the marsh, including the clay pits, channels and smaller
pools, but exclusive of the area of Lower Mystic Lake and Spy Pond,
aggregates 635 acres, in addition to the 297 acres of marsh .

There is

thus a land area of nearly 1,000 acres, upstream from Cradock Bridge,

lying below grade 14.0 , Boston base, a height which is often reached by
the harbor tide in long easterly storms.
The 250 acres of Fresh Pond Marshes all lie at an elevation of very
nearly grade 10.0 , Boston base . As may be seen from the large map

accompanying the report, some portions are from 3 to 6 inches below
* The datum plane to which all elevations stated in this report are referred is that

used by the city of Boston and the Metropolitan Water Works . It is now about 0.8 feet
below mean low tide in Boston Harbor, and is probably subsiding, in relation to sea
level, at the rate of about a foot in a century. ( See Appendix 20, Report Committee on
Charles River Dam , 1903.)
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this level , while other portions are from 3 to 6 inches above it. These
marshes between Fresh Pond and Spy Pond are from 1.0 to 1.3 feet
lower than the marshes farther down the stream along the Mystic River,
and also are from 1.0 to 1.5 feet lower than the marshes near Faneuil
station , near the head of the Charles River Basin .
High TIDES IN BOSTON HARBOR .

The number of tides that rose above the elevations given below during

a period of eighteen years, according to the report of the Stony Brook
Flood Commission, made in 1886 , was as follows :
41 tides above 13.14 feet above Boston city base .
19 tides above 13.50 feet above Boston city base .
8 tides above 14.00 feet above Boston city base.
tides above 14.50 feet above Boston city base.
1 tide above 15.00 feet above Boston city base .

1 tide above 15.50 feet above Boston city base.

The daily observations of tide gauge at the Boston Navy Yard , begun
in 1847 , were discontinued from 1877 to 1902.

The following is made

up from records of the gauge at the Navy Yard and the gauge main
tained by the Metropolitan Sewerage Works at Deer Island , Boston
Harbor, and covers a period of six and one -half years , from Jan. 1 ,
1897 , to July 1 , 1904 :
17 tides above 13.50 feet above Boston city base .
4 tides above 14.00 feet above
2 tides above 14.50 feet above
1 tide above 15.00 feet above
0 tide above 15.50 feet above

Boston city
Boston city
Boston city
Boston city

base .
base .
base .
base.

In other words, during the periods covered by the above observations
the harbor tide reached a height :
Above 14.5 five times in about twenty - five years.
Above 14.0 twelve times in about twenty - five years.

Above 13.5 thirty -six times in about twenty -five years.

For data concerning the change now probably going on in the rela
tive elevation of land and sea near Boston , see Report of Committee on

Charles River Dam , 1903 , Appendix No. 20 .
RELATION OF Marsh LEVELS TO TIDAL HEIGHTS.

By the observations at the Navy Yard, Boston, in 1902 , the mean
height of the tides , in relation to Boston base, was as follows :
Mean high water , at spring tides,
Mean high water, all tides ,
Mean low water, all tides, .

.

12.03
10.63
0.79

In the great storm of April 15 , 1851 , in which the Minot's Ledge
lighthouse was destroyed, the tide in Boston Harbor reached a height
of 15.67 .

In the great storm of Nov. 27 , 1898 , in which the steamer • Port
land ,” with all on board, was lost, the tide all around Boston Harbor
reached grade 15.0 .
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At the head of navigation in Medford, just below Cradock Bridge, the

same tide reached grade 14.5.
On the Mystic River, at the metropolitan sewer pumping station, near
the outlet of Alewife Brook, the same tide reached only grade 13.1 .

Along Alewife Brook , west of Massachusetts avenue and east of the
Arlington Branch Railroad , the greatest height reached in the same
storm was only grade 11.0 .

In spring freshets the Fresh Pond Marshes are now often covered by
water 2 feet in depth .
The long and crooked channel of Alewife Brook and the Mystic River
prevents the rapid escape of this freshet water between tides , but, on

the other hand, this same lack of carrying capacity in the present chan
nel serves

guard these marshes and the low lands contiguous to

them from inundation by extreme tides from the harbor.

If the channel of Alewife Brook were enlarged and straightened this
larger water way would permit the extreme tides to flood these marshes to
a greater depth than now , unless tide gates of ample height were built.
HEIGHTS ESTABLISHED FOR FILLED TIDAL LANDS .

The general practice on the reclaimed tidal lands , about the branches
of Boston Harbor, has been to build the streets up to somewhere between
grade 16 and 18 , the greater height being preferable, in order to allow
for settling . In the Back Bay District of Boston the streets have ordi
narily been built up to grade 18.0 , but, in various localities , have, in
course of time, settled a foot, and in some cases about a foot and a half.

It is the generally accepted rule in this region that in order to adapt

tidal lands, or marshes, for building purposes, they should be graded
up to at least elevation 12.0 or 13.0, Boston base , for the cellar bot

toms. The lowest level for cellar bottoms, permitted under the Boston
health ordinances, is 12.0 feet above mean low water. This is equivalent
to about 12.8 feet above Boston base , but although that was the height
prescribed by the law of 1895 , it is said to be a common practice to
fill only to 12.0 , Boston base, or 0.8 foot lower than the law prescribes.

In old Cambridge there are tracts where the streets are lower than

grade 16.0, but this is mainly an inheritance from a hundred years ago,
and has long been recognized as a most unfortunate condition. In
Boston there was a tract near the Providence Railroad depot where in
early days, from motives of economy, the streets were built at a low

grade and the extreme tides diked out, but these streets were raised to
about grade 18.0 nearly thirty years ago at great expense, and the
yards filled to grade 13.0, it having been found that the lower original

grade gave bad house drainage, poor street drainage and conditions
generally unsatisfactory.
CONCERNING THE CLAY PITS IN AND NEAR THE MARSHES .

The presence of many deep pits, from which clay has been excavated
for brick making near the marshes in Cambridge and Belmont, greatly

complicates the drainage problem . Some of these pits are still in
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process of excavation, while others are disused , and still others have
been abandoned . The disused and the abandoned pools have become
filled with water, commonly to about grade 10.0, or about the same
level as the marsh . In some of these pools the water is clean . In
others it is foul and polluted. The depths in these pools vary from 5
feet to 30 feet .

Under present conditions it is not found profitable to fill up these
deep holes for any value that the land would subsequently have, and
many of them have become, in their neglected condition , breeding
places for mosquitoes and serious unsanitary features of the neighbor
hood. In the distant future, when the opportunity has ceased for dump

ing ashes and similar refuse for filling on the low wet lands along the
Charles River and other places nearer to the centres of population,
some of these clay pits will irnish very convenient dumps for the

ashes of the city, and some good building lots can be thus made, but a
study of the location shows that the time for any extensive filling up of

these clay pits, or of the wet pockets between graded streets near them ,
must be very remote.

The sanitary treatment of these clay pits appears to be a problem for
the respective municipalities in which they are located, but after inspect

ing them it is plain that a remedy of the unsanitary conditions can be
greatly facilitated by the general lowering of the water level within
the marshes to about grade 7.1 , Boston base, as proposed in this report.

The chief requirements for improving the present condition of these
clay pits appear to be :

1. Keep the working pits well ditched and drained to the central
sump, avoiding all pockets for standing water so far as practicable,

and during the mosquito season apply kerosene to the pools that cannot
be drained .

2. Some of the larger unworked pools may be connected by ample
channels to the new drainage system in such manner that some circu
lation of water may occur, and that little fishes and other enemies of
mosquito larvæ may freely enter . Other unworked pits may be greatly
improved by smoothing up the shores and by ditching the margins so
as to avoid all little pools of stagnant water.

3. Avoid all entrance of sewage or street wash or other pollution to
any clay pit.

4. The wet pockets between the graded streets should have the
standing water drained off by means of culverts running beneath the
street and connecting with the main drainage channels of the marsh .

Small iron pipe tide gates that will permit drainage outward , but pre
vent back flow , should be placed on these drainage culverts wbere
obviously necessary .
Each clay pit presents problems peculiar to itself. Pits but a small

distance apart show very different conditions of cleanliness and freedom
from alge , and this special branch of the general sanitation of the
district needs further study .
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It has long been recognized that these clay pits present a most diffi
cult problem in sanitation, and that they have had a bad effect upon
the health of the neighborhood. The city has been growing toward
them and surrounding them at a rapid rate, and conditions which might

have been unobjectionable years ago , when this industry was established
here, or that might to -day be tolerated at a distance from a populous

neighborhood, appear no longer tolerable. What should be done with
them ? As already stated , the land gained by filling the pit would in
most cases not be worth the cost of filling under present conditions .
Perhaps the simplest and best solution of the difficulty, if adequate

channels for drainage and intercommunication can be also provided,
will be for the city of Cambridge to ultimately acquire all that have
been abandoned , fill some of the small ones, and improve the large ones
by smoothing up their banks and planting these banks to shrubbery and

grass , and letting the pools become filled with rain water, and connect
ing each to the main channel by an open channel , perhaps 10 feet wide
and 4 feet deep. These old pits could then form little lakes within
a narrow parkway stretching from Fresh Pond to Alewife Brook . It

should not be difficult to keep pollution out of them and to maintain
them as balanced aquaria in which fish and minnows would come from
the brook and destroy the mosquito larvæ .
PRESENT ORDINARY HEIGHT OF THE GROUND WATER IN AND
AROUND THE MARSHES.

At the time of the spring rains the water is frequently about 2 feet
deep over all these marshes, 250 acres or more in extent, but becomes
drained off as the season advances . After the heavy rains in the first

week of July, 1903 , the water stood at 11.7 on the edge of the Wyman
farm near Little River, and in the storm of April 27 to 30 , 1904 , the maxi

mum height at junction of Alewife Brook and Little River was 11.90 .
A brief inspection of the marsh at the driest time of the year shows

that the level of the ground water throughout nearly all parts of the
marsh is close to the surface of the ground , that is , near grade 10.0.
Careful measurement in the many test pits, made during the past
season in the course of the surveys for this report and stated more in

detail on page 28, also shows that the general level of the ground
water averages at grade 10.0, and ordinarily remains at this height
even near the stream at time of lowest tides .

Obviously, the summer level of the ground water cannot be lower
than that of the numerous ponds, pools and sluggish brooks which
abound in the broad upper portion of the marshes and form its only
drainage channels . The heights in these ponds and channels , observed

during the progress of the survey, are stated in the following tables.
The influence of the ordinary harbor tides is said to be almost un
noticeable upstream from the Arlington Branch Railroad , but the higher
spring tides, just after each full moon and new moon , change the level
perhaps an inch or two up as far as Little Pond .
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Observations by a recording tide gauge for several days about April
26 , 1904 , showed a total fluctuation of about 0.50 feet at the culvert

where the old Lexington & Arlington Railroad crosses Little River.
This was at a time approaching high spring tides. High water here
was about two hours later than the apex at the Navy Yard. The
mean tidal level here for two days was 9.9 , the extreme 10.2, while

extreme predicted height in harbor was 10.7 .
In the pools and channels of the Cambridge marsh south of the
Fitchburg Railroad main line, the effect of the ordinary tides is said to
be unnoticeable or unimportant.

Heights of Ground Water observed in Test Pits in and near Marshes.
The height of the ground water in the marsh was noted at most of
the test pits , dug to test the substrata , in the course of the survey and

the recorded height is entered on the survey maps .
Throughout that portion of the marsh in the vicinity of the confluence
of Alewife Brook and Little River on Nov. 24 , 1903, height of ground

water all the way out to edge of the marsh was found to be very uni.
formly at grade 10.0 .

Proceeding up Little River to the vicinity of Little Pond, the eleva
tion of the ground water, near the edges of the marsh as found on
November 23 , rose uniformly to about grade 10.6 .
Do the Upper Marshes underdrain into the Fresh Pond Water Supply ?

All along the westerly end of the marsh , in the vicinity of Concord
Avenue, the water in the twelve test pits stood a little lower than at

localities north of the Fitchburg Railroad, suggesting that the water
from the marshes might be percolating toward Fresh Pond . On Nov.
24, 1903 , its elevation was found from about 9.7 to 8.0 , and I noted on
December 11 that the water in the pond near the slaughterhouse and
manure piles had drained out from under the ice, although it had not
done so at points farther down stream .
The level of Fresh Pond on November 23 was 6.74 and on November
24 was 6.67 , Boston base .

Considering the presence of the large glue factory, formerly works
of the Boston Packing Company, and the proximity of a sewer over
flow , this matter of the possible pollution of the water supply should

be carefully studied by test pits and analyses over a long period, although
the probability is that the natural filtration of this underflow will be
found sufficient to make it safe at most times . This furnishes an addi
tional reason for moving the location of the sewer outlet and for flush
ing out the polluted water, as described on page 18 .
Tidal Influence on Ground -water Level.
Along the entire course of Alewife Brook , from the Arlington Branch

Railroad to Mystic River, the borings made, commonly just outside the
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edge of the marsh , showed in general only about .2 feet less height at
low tide than at high tide .
The observations taken Nov. 14, 1903 , showed height at high tide

about 10.0 ; down as far as Massachusetts Avenue , ground-water height
at low tide was about 9.8 .

On the same date, between Broadway and the Mystic, the high-water
level averaged about 10.5 .

Along the Mystic River, all the way near the outlet of Mystic Lake
to Cradock Bridge, the height of the ground water in and near the
marsh changed seldom more than from .1 to .3 feet between high

tide and low tide, and was most commonly found at about grade 10.0,
but varied in different localities, varying from 8 to 10 or 11 , probably
depending upon the substrata . Where this was sand or gravel and thus
porous, the tendency was toward a mean height of about grade 8.0 .
Ground-water height down between the Boston & Maine Railroad

and Cradock Bridge , in the midst of the marsh , was commonly about
10.5 .

WATER ELEVATIONS IN SPY POND .

Elevations from the records in the office of the city engineer of
Cambridge : 11.00

January , 1876 ,

11.20

May , 1876 ,

Elevations from the records in the office of H. S. Adams :
March 12, 1895 ,
March 14, 1895 ,
March 15, 1895 ,
March 15, 1895 ,
June 19, 1895,

10.81
10.64
10.88
.

10.93

10.79

March 11 , 1896,
Dec. 8, 1897,
Dec. 8, 1897,
March 24 , 1898,

10.38

10.44
10.36

10.25

Elevations from records of Engineering Department of Metropolitan
Park Commission :
December , 1897,
Jan. 26 , 1899,
Dec. 31, 1903, .
Jan. 15 , 1904,
March 8, 1904 ,
March 9, 1904 ,

. 10.40
11.30 *
.

10.71 *

10.84 *
11.87
. 11.67

March 11, 1904,
March 18, 1904,
March 22, 1904 ,
March 25, 1904 ,
March 29, 1904 ,
April 5, 1904, .

. 11.59
11.10

. 11.10
11.06
. 10.90
· 10.83

.

A stain on culvert, believed to be a high-water mark , is at 12.15 .
WATER ELEVATIONS IN LITTLE POND .

The use of Little Pond by Cambridge for water supply between the
years 1870 and 1886 may have controlled the height in those years .
The height in Little Pond under present conditions is slightly influenced

by high tides at the spring tide season .
* Ice .
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Elevations of Little Pond from records in the office of the city
engineer of Cambridge: • 11.86 *
• 10.50

High water in 1872,
May , 1872,

8.00

January , 1876,

Elevations of Little Pond from records of Engineering Department
of Metropolitan Park Commission :
Dec. 31, 1903,

10.147

Jan. 15 , 1904, .

. 10.947

WATER ELEVATIONS IN PERCH POND .

Elevations from records in the office of the city engineer of
Cambridge : 10.52

October, 1899,

Elevations from records of Engineering Department of Metropolitan
Park Commission :
11.00

August, 1898 ,

Nov. 30, 1903,

9.807

FRESH POND , CAMBRIDGE .

This originally formed the source of Alewife Brook , but was cut off

by a dam from draining into the brook many years ago , that its flow
and storage might be used for the public water supply of Cambridge.

This pond is still used as a reservoir by the Cambridge water works,
and the pumps draw directly from it. The conduits from the catchment
and storage reservoirs on Stony Brook and Hobbs Brook discharge into
it. The normal height of high water is 11.85 . It is now each year
commonly drawn down to about 7.00 or 8.00, and in extreme cases is

now pumped down to nearly half-tide level . For example, upon Nov.
.29 , 1903 , it was drawn down to‘grade 6.50 .
During the period of scant water supply, prior to the completion of
the Stony Brook works, it was on Nov. 5 , 1887 , drawn down to -1.68 ,
or Fresh Pond at that time stood at 2.3 feet below mean low tide in
Boston Harbor.

The highest water level in Fresh Pond during the entire year 1887
was grade 3.0 , Boston base .

With the pond thus pumped down there

would naturally be a strong underflow in the strata of gravel toward
the pond, which doubtless helped much toward draining the marshes in
the years from 1875 to 1887.
LOWER MYSTIC LAKE.

The water level of this lake is affected daily by the tide ; also by

freshets in the river. From tidal causes alone during the period of
spring tides twice each month the mean daily height of the lake is about
1 foot greater than during the neap tide period .
A high - water mark.

The daily fluctua
† Ice .
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tions in height during the spring tide period is about .9 feet, or from

grade 9.5 to grade 10.4. During the neap tide period, in which the
harbor level rises only to about grade 9.0, the daily change in the lake
level is almost imperceptible, or about an inch ; ranging from about
8.9 to 9.0 .

This is due to the bar near the outlet of the lake .

Observations on the tidal heights in the Mystic River are presented
in diagrams on page 40 .
UPPER MYSTIC LAKE .

Upper Mystic Lake now stands normally in summer at about eleva
tion 15.60. Its outflow and level are controlled by the flashboards and
by the sluice gates through the water works dam at its outlet. In '
winter the flashboards are at the present time taken off down to about ele
vation 13.14 . In former years, when used for a part of Boston's water

supply, the level of the upper lake sometimes rose to elevation 17.0 .
The present report makes no suggestion for a change in the level of
the Upper Mystic Lake.

Table A. — Ordinary Heights of Water in the Marshes.
Elevation
above
Boston Base ,

Date .

Pond on Wellington Brook, about 500 feet east of
Wellington Street,

Perch Pond, on Wellington Brook ,
Pout Pond,

.

Three small ponds near Pout Pond, .
The Glacialis,

Five small ponds, south of Fitchburg main line,
west of Watertown branch ,

North of Fitchburg Railroad, main line :
Spy Pond, Arlington , .

Little Pond, Belmont, .

On ice, Nov.
On ice , Nov.
On ice, Dec.
On ice, Dec.
On ice, Dec.
On ice, Dec.
On ice, Dec.
On ice, Dec.
On ice , Dec.
On ice, Dec.
On
On
On
On

ice,
ice,
ice ,
ice,

Dec.
Jan.
Dec.
Jan.

28 , 1903,
30 , 1903 ,
8, 1903,
8, 193,
11 , 1903,
12, 1903 ,
12, 1903,
12, 1903 ,
12, 1903,
12, 1903,

9.8
9.8

9.6
9.6

9.9

9.9
9.9

10.0
10.1
10.2

1903,
1904 ,
1903,
1904,

10.71
10.84

5, 1903,

10.15

31 ,
15,
31 ,
15 ,

10.14
10.94

Pool on Wellington Brook, about 700 feet up from
its outlet,

On ice , Dec.

Large pool, near confluence of Little River and
Alewife Brook , .

On ice, Dec. 21 , 1903,

10.0

On ice , Dec. 15, 1903,

10.8

Old clay pit, 200 feet east from and outside of
marsh, north of Rindge Avenue and west of
Clifton Street,
Miscellaneous observations :

Below this point, elevation of water and duration
of flow are affected by daily tides.
Alewife Brook , just below culvert Boston & Maine,
Arlington Branch Railroad ( flood ? ),
Alewife Brook , just below Massachusetts Avenue,

1879

9.27

Feb. , 1880

9.12

1891

11.31

1879

9.27

Feb., 1880

8.97

1891

11.27
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The following observations were made upon the height of water in
the Fresh Pond Marshes in the spring of 1904. They tend to confirm
the statements of the old residents that the water all around the marshes

may stand at about grade 12.0 in the spring.
Wellington
Brook near
Wellington
Street.

DATE.

1904 .
March 8,

13.40

9,

29 ,

11.70
11.00
10.95
10.90
10.70

April 5 ,

10.60

11 ,

12.40

29

Alewife Brook
Head of
Spy Pond
Little River Alewife Brook
at Junction Outlet, North
near
at Con
with
Side of
Hill Road . cord Avenue . Little River. Lake Street .

12.00

11.80

11.94

11.80

11.60

10.94

10.85
10.80
10.60

10.50
10.40
10.30

10.45

10.20

$ 11.90

† 11.56

May

11.87

11.67
11.59
11.10
11.10

11.06
10.90
10.83
11.65
11.46

11.19

* Maximum by auto gauge.

† April 30 .

At 16-inch pipe under Fitchburg Railroad, west of junction with spur
track of Boston Packing Company :
DATE.

March 9, 1904,

April 30, 1904,

::::::::::

North
of
Railroad .

South
of
Railroad .

11.60
11.60

11.05

11.20

MARSH WATER LEVELS IN RECENT YEARS COMPARED WITH THOSE
OF TWENTY OR THIRTY YEARS AGO .
It has been stated that the Fresh Pond Marshes are now flowed to a

greater depth and for a longer period than formerly because of the

gradual obstruction of the channel by aquatic plants and silting up.

It

is believed by certain of the Cambridge officials that the growth of the

aquatic plants was stimulated by the pollution from the sewers and from
the slaughterhouse.

It is stated by Mr. Davis , for many years assistant city engineer of
Cambridge, that the channel of Alewife Brook was dredged in 1890 and
the water was lowered , and that this resulted in better crops on the low
lands for a few years .

The brook became choked again in a very few

years .

This obstruction of the channel by weeds has doubtless had some
influence in making the marshes more wet, but when we consider the
relation of this water level to the harbor tides, it appears probable that
any lower summer water level that may have existed in these marshes at
those times, twenty or thirty years ago, when marsh hay was cut here for
the Fresh Pond ice houses, was due to a combination of small rainfall

with drainage by percolation into Fresh Pond, and to the exclusion of
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tide water by the old tide gates near Broadway , which tide gates were
built in 1875 to keep sewage from being thrown back by high spring

tides on to a part of the gathering ground of the Cambridge public
water supply . *

· These tide gates were taken out in 1899 in the supposed interest of
some of the farmers of Arlington .

The height of water on the upper marshes was also influenced dur
ing a part of each year, for a term of years, probably from 1870 to
1887 , by holding back the water on the marshes by flashboards in the
Alewife Brook culvert under the Lexington & Arlington Branch Rail
road for the purpose of supplementing the Fresh Pond water supply

of Cambridge ; and later, by holding it back in Little Pond and Spy
Pond and taking it thence into Fresh Pond by a culvert that is still in
existence but now disused .

The observations in the foregoing table do not establish with entire
certainty or great precision the little changes in water level that have
been going on during the past twenty- five years in that portion of the

marsh lying south from the Fitchburg Railroad and east of the old water

works conduit, for they were probably taken at somewhat different
So far as they go, they
show that the change has not been large. The above observations of
1879 , 1880 , 1899 and 1904 , covering a period of about twenty - five

stages of stream flow , drought and rainfall.

years, and covering some of the time during which the old tide gates
were used , all show an average of about 10.0 for elevation of water
along Alewife Brook , which is the mean elevation of the present year.
The fact that to-day the general summer level of the water in these
marshes is 6 to 8 inches below the mean high tide in Boston Harbor
and 2 feet below the average bimonthly high spring tide, also confirms

the opinion that, except as temporarily influenced between 1875 and
1887 by flashboards in the freshet season and by percolation to the low

level of Fresh Pond in time of drought, the water is now not materially
higher than formerly over the 150 or 200 acres of marsh along Alewife
Brook and Little River.

In some portions of the marsh the water unquestionably stands higher.

Embankments of the Fitchburg Railroad have cut off two former drainage
channels and there has been substituted a pipe only 16 inches in diame
ter, through which substantially the whole flow from the 65 - acre pocket

(shown in photograph opposite page 1 ) south -westerly of the railroad has
to pass , and the increased height of the water here is shown by its effect

in killing the trees in the marsh near the Boston Packing Company.
ORDINARY HEIGHT OF WATER IN THE UPSTREAM MARSIIES NEAR
WELLINGTON BROOK UNDER PRESENT CONDITIONS.

Wellington Brook was cleaned out in 1900 by the joint action of
Cambridge and Belmont, and a clean open channel about 4 feet deep
by 10 feet wide cut out all the way from Belmont line to Little River,
* See page 63 for more complete notes on these gates .
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a distance of nearly half a mile. A part of this distance led through
one of the worst portions of the marsh , in which the bed of the brook
had become choked with weeds, bushes and by the caving of banks.

The effect has been to lower the water near the town boundary by
about 1.8 feet, and a gradually decreasing amount as outlet of Welling
ton Brook into Little River is approached . The following observations
show there is no change in the water level at the outlet of Wellington
Brook at ordinary stages. Perhaps in freshets it stands a little higher

near its outlet than formerly, due to a more rapid delivery of the upland
water .

The following observations on height of water prior to this improve
ment have been collected mainly from the records of the Cambridge
city engineer :
ELEVATION OF
WATER SURFACE .
Date.

By Miscel- By Observa
tions
laneous Observations.
of 1899 .

Wellington Brook, at Belmont and Cambridge
Oct. , 1899,

11.6

WellingtonBrook, just above FitchburgRailroad
Oct., 1899 ,

11.37

Wellington Brook, below Fitchburg Railroad cul.
Wellington Brook, at crossing of old water works
culvert,
Wellingt
on Brook, at Perch Pond,

Oct., 1879,

Wellington Brook , near outlet into Little River,

Oct. , 1899,

11.76

Oct., 1899,
Oct. , 1899,

11.20
10.52
9.9

Pool, near Niles Brothers slaughterhouse ( now
1879,

10.30

1879,
Feb., 1880,
1879,

10.80
9.39
10.23
11.42

Boston Packing and Provision Company ),
Pout Pond,

Alewife Brook, at headnear Concord Avenue,

Alewife Brook, just below culvert under Fitch:{
1891,
Alewife Brook,at confluence with Little River, •} | Peb:, 1880,
Little River, at Arlington town line,

9.17
9.32

Oct., 1899,

9.43

Oct. , 1899,

9.05

Little River,half way between Wellington Brook
and Alewife Brook ,

We have flood marks prior to the improvements, near where Welling
ton Brook crosses the Belmont-Cambridge boundary, at grades 14.92
in 1892 , 14.34 in 1898 and of 14.14 at a date not stated .

It will now

seldom rise above grade 12.0 at the same point, or about 2.5 feet less,

and will therefore spread out over a much narrower strip of the gently
sloping arable land along the brook , lying between grade 11 and 14
and just outside the marsh .

This work has proved very successful in removing stagnant pools,
in carrying off the water falling in heavy rains without inundating the
low lands along the brook in Belmont upstream from the marshes, and
in lowering the ground -water level in the strip of meadows immediately
adjacent to this new channel by 2 feet or more at the upstream end,
this lowering tapering off to nothing at the junction of the Wellington
Brook with Little River.

Only a small portion of the Cambridge marsh

received any direct benefit from this work .
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This straightening and cleaning out cost about $ 1,600 for this half
mile of 4 feet by 10 feet channel , and this work is a very valuable

object lesson for demonstrating the low cost of improving channels for
draining the outlying or detached portions of the marsh lands into the
main channel.

The mistake must not be made of supposing that throughout the Fresh
Pond Marshes the water level can be reduced about 2 feet by a similar
process of ditching, for the water here now stands about 2 feet lower

than it did upstream from the Belmont line , where the ditch above
described gave its best results .
On the Fresh Pond Marshes the water level is controlled largely by

the height of the harbor tide . For efficiently draining the great area
of the Fresh Pond Marshes, work is required on a much more heroic
scale than the Wellington Brook improvement.
Flood HEIGHTS OVER THE MARSHES UNDER PRESENT CONDITIONS .

As already stated , the Fresh Pond Marshes are remarkably level and

lie at an elevation 2 feet below the harbor level of the ordinary full-moon
and new -moon tides, and 5 feet or more below the tide level of the great

easterly storms. They receive the run -off in heavy rains from 6.26
square miles of watershed upstream from Massachusetts Avenue, con
taining a good deal of impervious surface . Thus these marshes are
subject to inundation from two directions, from the upland andfrom the
sea, and it will sometimes happen that the storm run - off comes at the
same time as a storm tide .

I have had the surveyors question the residents around the borders
of these low lands , and seek diligently for authentic flood marks, and

have had these marks subsequently levelled upon and transcribed for
comparison upon the plans of the district. In general , when studied
they confirm each other remarkably well , and in the multitude of these
independent witnesses we have conclusive proof that the marshes are
often about 2 feet under water.
TABLE B. — Flood Heights on Fresh Pond Marshes, Alewife Brook and
Mystic River.
[ Letters A , B, C, etc., refer to the position of these flood marks as indicated upon the

accompanying maps. Location and elevations of high -water marks pointed out by
residents shown on maps thus ( A ) ] .
Height
OCCASION .

reached .

Every spring ."

Mr. Malloy, of the Cambridge police force, was born and has always lived
in the first house west of the Watertown railroad crossing, near Concord
the
Avenue, and has seen the water every spring as high as the roots of
Elevation
first pear tree west of the house ( A ) ,

11.50

" Has been at."

Mr. Knowles, who has the rights of cutting ice in Glacialis Pond, has
seen the water up to the top of pipes at south end of pond. No date
given (B) ,

Elevation 12.31

“ Every spring."
G.A.Sumner, of the Boston Packing and Provision Company, has worked
there twenty -three years . He has seen the water five -tenths of a foot
Elevation 12,55
over the floor in the hog house every spring (C ),

He says that rise and fall of tide never affects water level at this point...
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Height

reached .

OCCASION.
“ February, 1892.”

F. L. Russell,a store-keeper near Hill's Crossing, says that in February,
1892, the water was 2 inches over the floor in his barn (D) ,
Elevation 14.94
He remembers it because he had to take his horse out and stable it in his
neighbor's barn .
“ Portland storm .”
In 1998 , when the steamer “ Portland ” was lost , the water came to the
Elevation 14.34
corner of his hen -yard fence ( D ) ,

He hasno recollection of high water in June, 1903. (Wellington Brook
was widened and deepened in 1900.)
“ Has seen before Wellington Brook improvement."
J. A. Keenan, station agent at Hill's Crossing, has lived there eleven
years. Hehasseen the water over the second manhole east of the
Elevation 14.14
(

This
was before Wellington Brook was widened and deepened. He has
not seenthe water as high since the brook was improved. Westof the
station, north of the Massachusetts Central Railroad , all below grade

14.00 was bog and covered with bulrushes until the brook was improved .
High water is usually the last of April or the first of May .
Spring of 1903."

Peter
Largeau has lived for thirty years in a small farmhouse west of
Little Pond . Last spring the water came to the foot of the clothes pole
near his house ( F) ,

Elevation 11.95

He says thetide affects the water elevation here.
“ Portland storm ."
Horace Frost, who has lived for forty years on the next farmhouse west,
confirms Largeau's information, and also says that the storm of 1898,

when the steamer “ Portland ” was lost, did not perceptibly affect the
elevation of the water at this point.
“ Feb. 13, 1886."

Walter Crosby, residing on the estate of Josiah Crosby on Lake Street,
says that Feb. 13, 1886 , the water came into his field to about where the
Elevation 12.50
furrows change direction ( G ) ,

" Usually in spring ."
Usually in the spring the water comes to about half way between this point
Elevation 11.70

Hespring
says that
the tide influences the height of the water on his farm in the
and fall, but notat other times.
" July , 1903.”

DanielWyman,who has lived on Lake Street for many years, says that
the firstweek' in July in 1903 the water was highest he had ever seen it on
his land, and pointed out where it came on his farm road ( H ), . Elevation 11.75
“ Spring of 1902."
William H. Skane, 427 Rindge Avenue, has lived in the neighborhood
forty -eight years. One year ago last spring the water was 2 feet deep in
his cellar ( ), .

Elevation 12.10

“ Every spring."

He saysthat the water comes to his barn floor every spring ( I ) , · Elevation 14.30
“ Every spring ."
Mrs. Bridget McCall, 466 Rindge Avenue, says that every spring for seven
or eight years past there has been about 24 feet of water in her cel.
lar ( J) ,

“ Every spring."
Every spring the water comes all around her barn , (J ) .

Elevation 12.60
Elevation 12.60

She says the water comes in about March first and stays until May first,
and that last summer the water came up about June first and stayed
about three weeks, and spoiled her crops .
“ Ugualhigh water.”

B. Jaynes , at the calf slaughterhouse, between Massachusetts Central Rail.
road and the Arlington Branch of the Boston & Maine Railroad, on the
eastsideof A lewife Brook , says that the high water usually comes to
the
Elevation

12.10

In the spring the water is'highest during the last of March or the firstof
April, or at any time in the winter when there is a thaw .
“ Spring of 1903."

W.J. Penney, who lives between Massachusetts Avenne and the Arling
ton Branch of the Boston & Maine Railroad, says that last spring the
water rose to the corner of his hen yard ( L ) ,
“ Portland storm ."

Elevation 12.50

The water during the Portland storm of 1898 came to the corner of the
piggery ( L ) ,

Elevation 11.00

Since the tide gates were taken out at Broadway he sees effects of thetide
every day. When the gates were in, he could plant to the edge of the
brook. Since they were taken out he does not cultivate within 150 feet of
the brook .
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Height
OCCASION .

reached .

“ Every spring . "
Joseph James, 40 Bismark Street, Cambridge, has lived there ten years.
Every spring he has seen the water to the foot of hisfence (M ), Elevation 11.35
“ Every spring."
Mrs. Hardy, 45 Bismark Street, Cambridge, says that the water comes to
Elevation 12.80

the foot of her back steps every spring (N ) , .

“ Portland storm . "
At the time of the Portland storm in 1898 it came into the cellar ( N ) ,

Elevation 11.40

Last spring she set some tomato plants just before Decoration Day, and
they were all washed away in June.
“ Spring of 1903."

Mrs. Edmund, 18 Bismark Street, last spring had 1042 inches of water in
her cellar (O) ,
· Elevation 11.50
spring .”
Every
“
Superintendent of the Cambridge Poor Farm says that every spring the
water comes around the manhole of the metropolitan sewer back of his
house (P ) ,

Elevation 11.80

“ Highest seen ."
Superintendent of the Somerville Poor Farm has seen the water up to the
Elevation 12.00 *
foot of sewer embankment, but never any higher (Q) ,
“ Portland storm ."
The engineer at the Alewife Brook pumping station has 2 drill holes in the
stone work back of the station ; one marking the highest point of the
Portland flood (R) ,
Elevation 13.06
** Spring of 1902."
The other marking high water in the spring of 1902 ( R) ,

See page

Elevation 12.77

39 for additional flood heights along Mystic River and at

Alewife Brook and Charlestown pumping station of the Metropolitan
Sewerage Works.
High -water Marks along Mystic River.
Height
reached .

OCCASION .
9

" Every spring.”

At the blacksmith shop of Hanscom & Brine, Arlington Street, north of
Arlington Place, a man who has worked there for five years says that
the water comes within a foot of the old barn back of their stables every

spring ( 8) ,

Elevation 12.70

.

“ Spring tides ."
Mrs. Lewis, 69 Arlington Street, says that spring tides come about to the
Elevation 12.90
location of the boring back of her house ( T ),.
“ Spring tides. "

A tenant at 133 Arlington Street says that spring tides come nearly to the
street south of the house ( U ) ,

Elevation 13.50

..

"Water comes to ."

A tenant at 173 Arlington Street says that water comes to the roots of the
Elevation 12.50
first tree near the river, south of their fence ( V ), .
.

" Portland storm ."

Themanager ofthe mattress factory on Sharon Street, near Jerome Street
Bridge, says that the Portland flood came to the bottom of his floor
Elevation 13.40
timbers ( W) ,

(w ), 12.10
And that the 'usual spring tides came to the foot of the building Elevation
“ Usual spring tides."
Moses Mann owns property at Boston Avenue Bridge, on the north side of
the river. He says that the spring tides usually come just over thestone
Elevation 13.03
wall, between the mill and the barn ( X) ,.
“ Several times yearly ."

P. Coppinger,55 WestStreet, says the water comes to about6 inchesfrom
the top of a postback ofhis house several times a year (Y),
Elevation 13.20
Approximately.
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Height

reached .

OCCASION .
“ 1887 or 1888."

Sixteen years ago it went to the root of the Hastings Elm, on the opposite
Elevation 14.20
side of the river ( Y) ,
“Water rises to."

A. Symmes, blacksmith and wheelwright, at the blacksmith and wheel
shop, Medford Square, says that the water rises up to the tile stone in
the yard ( a ) ,

Elevation 15.10

“ Portland storm ."
Albert Cowan , owner of the coal wharf on Riverside Avenue at the Bos
ton & Maine Railroad crossing, says that the Portland flood came to
Elevation 14.30
foundation of his office ( b) ,
“ Often rises to ."

John Cowan says that it is often a foot over their wharf capping (c ),
Elevation 14.20
“ Nov. 5, 1901."
F. E. Simpson , of the Medford city engineer's office, put a nail in a tree

on Cowan's wharf marking the elevation of water on Nov. 25 , 1901 ( d),
Elevation 14.17

Not marked on plan .
“ Nov. 26 , 1898."

On Nov. 26, 1898, the water was over the platform at west cellar door
of 163 Riverside Avenue, opposite Pleasant Street. Not marked on
plan (e) , :

Elevation 14.75

“ Dec. 4, 1900."

At 10 P.M.on Dec. 4, 1900, the water was up to the projection on the foun .
Elevation 14.51
dation at the north - east corner of 21 Swan Street (f) ,
“ Dec. 4 , 1900."

At 11 P.M. , at Alewife Brook pumping station, by records of Metropolitan
Elevation 12.81

Sewerage Works (g) ,

HIGH -WATER MARKS ALONG MYSTIC RIVER BETWEEN LAKE AND
CRADOCK BRIDGE NOTED BY PARK POLICE .
These marks were made between 1.15 and 2.15 P.M.

It is stated that

the police officer who made them believed the water to be at its greatest

height when the marks were made . These marks were subsequently
levelled on by the engineers of the Metropolitan Park Commission .
12.50

Nov. 9, 1900, High Street Bridge (Mystic Lake outlet ), .
Nov. 9, 1900, Jerome Street Bridge (near pumping station ),
Nov. 9, 1900 , Boston Avenue Bridge, .

12.40
12.60

Nov. 9 , 1900, 900 feet upstream from Winthrop Street Bridge,

13.90

Nov. 9, 1900, near the mouth of Meeting House Brook, .

13.80

It will be noted that under these conditions the upstream end of the
river was 1.3 feet lower than the downstream portion .
The foregoing are due to high tides in the harbor, not to a freshet, in
the river, and the water was doubtless flowing backward into Lower
Mystic Lake until the tide turned .

In the storm of April 28 , 29 , 1904 , a height of 12.50 in Lower Mystic
Lake was reached at the hi

-tide point during the freshet . The high

tide at Deer Island on April 28, at 10.30 P.M. , reached 12.60, and on
April 29 , at 11 P.M. , reached 12.90, which is about 2 feet above the
mean high water, so in this we had an instance of a great freshet coin
cident with extremely high tides .
A cut on the abutment is said to mark the high tide in the freshet of

February, 1886 ; thiş - Stony Brook flood” mark is at elevation 14.33 .
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The height of tides in the harbor on these dates of the Stony Brook
flood were not extraordinary.

The combination of a “ Minot's Ledge " tide ( 15.6 ) with a - Stony
Brook " flood (40 cubic feet per second per square mile ) is so remote
that chances may be taken on these bringing a brief inundation .
In Lower Mystic Lake our recent tidal observations show heights
of 10.5 reached in the ordinary spring tides of Nov. 5 and Nov. 18 ,
1903, with a maximum of 9.1 in the neap tide period of Oct. 28 , 1903.

High -water Records from Sewer Department of the Metropolitan Water
and Sewerage Board .
12.50
12.37

Feb. 5, 1897, Alewife Brook pumping station ,
Feb. 5, 1897, Charlestown pumping station,
Jan. 23, 1898, Alewife Brook pumping station ,

12.64
14.17

Jan. 23 , 1898 , Charlestown pumping station,

Nov. 27, 1898 ( Portland storm ), Alewife Brook pumping station,
Nov. 27, 1898 (Portland storm ), Charlestown pumping station , .
Sept. 20, 1899, Alewife Brook pumping station ,

.

Sept. 20, 1899, Charlestown pumping station, ' .

.

Dec. 4, 1899 , Alewife Brook pumping station ,
Dec. 4, 1899, Charlestown pumping station,
Nov. 8, 1900, Charlestown pumping station ,

13.23
.

.

14.85
12.12
12.89
12.70

12.79
14.14

It is thus thoroughly established through many independent wit
nesses, by numerous flood marks scattered along the borders of the
marshes, and on all sides, that the water now rises almost every spring
to about grade 12.0, or to 2 feet above the general marsh level, and that

throughout the greater portion of the marshes, or nearly all of those
above Arlington Branch Railroad , it is a fresh -water flood, coming
from the rainfall on the drainage areas upstream , and held back during
the hours of high tide by the salt water outside ( which may also stand

at grade 12.0 or higher ), and prevented from rapidly draining off be
tween tides by the small slope, sluggishness, narrowness and crooked
ness of the long channel.
To straighten , deepen and enlarge the channel would not of itself
remedy these inundations, for it would provide a way to let more of the
sea water in ; and to provide tide gates at the outlet of Alewife Brook,

without providing much greater storage area than is now available and
also providing much larger channels, would not prevent these inunda

tions , for the run -off from the upland in heavy rains would be in excess
of the carrying capacity of the present sluggish channels to transport
it rapidly to the outlet during the few hours of low tide, and the storage
capacity within these narrow channels and the small pools that border
them is too small to store the flood run -off during the hours of high
tide without overflowing their banks.
DURATION OF FLOOD STORAGE .

The length of time during which tide gates at Alewife outlet or Crad
ock Bridge would be closed and during which run -off from rainfall
and drainage must accumulate in the pools and channels will , of course,
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depend upon how high the basin surface is to be permitted to rise above
mean sea level. The time of storage will be longer when tides are
running high , or at spring tides , and will be further increased when

the tides are pushed still higher by long -continued easterly storms.
The tide curves obtained from the recording gauge at the Charles
town Navy Yard and from the recent series of observations at Cradock
Bridge, presented in the following diagrams, show that, with the

basin inside the tide gates maintained at between grades 7.0 and 7.5 ,
this period, under ordinary conditions, with neap tides will be about
four hours and at spring tides about five hours, but with long -continued ,
strong easterly winds at spring tides the main outflow may possibly be
held back for a little more than six hours . In great freshets the greater
height in basin will lengthen the period of discharge.
DATA ON RAINFALL AND RUN - OFF .

The dimensions of the channels that I recommend will at first view

perhaps appear unnecessarily large . I therefore will present in detail
some of the data that has led me to adopt these sizes. The safety of
the region against inundation after future developments must be con
sidered .

We have various records of heavy storms in the vicinity of Boston
which indicate that in the greatest storm of a century a rainfall of 12
inches in twenty - four hours , over a watershed like that of Alewife

Brook , is a possibility, and that the run -off from frozen ground into the
stream within twenty - four hours may be equivalent to a uniform depth

of 6 inches , or possibly even 8 inches, over its entire watershed of 7.07
square miles; but rainfalls and run-offs of even half the magnitude just

stated from a watershed of 7 square miles are extremely rare.
The more extended the watershed , the longer it takes the water from
the distant portion to arrive at the outlet , and it so happens that the

greatest rate of run -off in twenty -four hours ever yet observed (in about
thirty years) from the 26.9 square miles tributary to Upper Mystic Lake
was only 1.47 inches in depth .

The present problem is to estimate the greatest total run - off liable to
be delivered into the streams within a period of about six hours, during

which high tide may prevent outflow from the basin and compel storage
within the ponds and channels of Alewife Brook .

Two very different conditions are to be provided for in the structures
to be built, namely, the present drainage for sanitary purposes in summer
storms and the prevention of flooding in the greatest spring or winter

freshets the levels to which the present marsh may in future be graded.
The storm that is most instructive of any of which we have records

for illustrating the run-off in extreme spring freshets is that known in
Boston as the “ Stony Brook Flood , " which occurred from Feb. 10 to 14 ,
1886 , and caused great damage in parts of Boston , and was carefully

studied by a commission of distinguished engineers , who collected many
facts concerning the rate and volume of the run - off from its watershed .

.
Thus
Shown
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About six inches of rain fell in this storm . There was snow on the
ground equivalent to 2 inches in depth of rainfall, which melted and

went off with the rain . Both the Mystic River records and the Sudbury
River records of the Boston water works indicate this to have produced

the most violent flood that has occurred in the immediate vicinity of
Boston for more than thirty years past .

The Stony Brook Flood Commission * state that most of the 6 inches

of total rainfall fell within twenty -four hours, and that three-fourths of
this 6 inches, or the equivalent of 4 inches in depth , flowed off from the
ground on which it fell within twenty -four hours . At this rate the run -off
from the entire watershed of Alewife Brook would be 760 cubic feet per

second, but the actual delivery from Stony Brook was at a less rate than
this because of the flooding of about 1,000 acres of meadows along the
upper portion of Stony Brook , on which much of this water was held
back because of the scant outlet area found through the Pynchon Street
and other culverts.

Similarly, a part of the run -off from Winn's Brook

(and Wellington Brook also if its course is slightly changed ) can by
design be held back in Spy Pond and Little Pond.
The Stony Brook Flood Commission call attention to the fact that a
much greater rainfall than the 6 inches which produced the flood of

February, 1886 , is possible, and cite the following examples.
This same storm (February , 1886) gave a rainfall of more than 8

inches over a district of 750 square miles in Rhode Island and Connec
ticut, to which should be added the snow and ice previously on the

ground, estimated equivalent to 2 inches of water ; and of this total of
10 inches , the maximum amount of rainfall within twenty -four hours
may be taken as equivalent to a rainfall 8 inches in depth.
Aug. 21 , 1860 , there occurred at Waltham , Mass ., in a local shower
which probably covered a very limited area , a rainfall of 5.63 inches
in three hours .
On Oct. 3 and 4 , 1869 , a rainfall covered an area of a thousand

square miles near Hartford, Conn ., to a depth of from 9 to 12.35
inches in about thirty hours .

The Stony Brook Flood Commission concluded that provision should
be made in the near future for a run -off from Stony Brook of 6 inches
in twenty-four hours, equivalent, if uniform , to 1.5 inches in a six -hour
period ; but for somefuture time, when the territory was fully developed
and the impervious surface increased by building of streets and roofs,
and the drainage throughout the whole area quickened by gutters,

storm drains and improved channels, the commission estimated that a
provision should be made for the delivery of three -fourths of a 12-inch
rainfall, or 8 inches equivalent depth within twenty -four hours .

On the Boston Stony Brook, however , any overflowing of the chan
* See Report on Prevention of Floods in the Valley of Stony Brook, by James B.
Francis, C.E., Eliot C. Clarke, C.E., and Clemens Herschel , C.E. - Boston City Docu
ment No. 159, 1886 .

42

METROPOLITAN PARKS .

nels causes disaster, and the importance of avoiding this overflow is far

greater along Stony Brook than it is along Alewife Brook at present.
Seldom or never will a run -off of half of the rainfall occur unless the

ground is frozen and therefore non-absorptive, or unless it is saturated,

as in the spring, by previous rain ; and a proportion so large as one
half or three -quarters of the rainfall running off in a single day has
been seldom reached without being in part made up of snow previously
on the ground, melted by the rain .

The Stony Brook Commission called attention to the possibility of
great freshets at times when the ground is not frozen, and cite that on
the much larger drainage area of the Merrimack River the greatest flood

of which there was then any knowledge, during a period of more than
one hundred and fifty years, was in the month of October, and was caused

by forty -eight hours of heavy southerly rain . This was the great flood
While from the height of river and comparison with recent
gaugings the maximum quantity in this freshet of 1785 can be estimated ,
the depth and rapidity of the rainfall that produced it is unknown.
of 1785 .

We need have little apprehension about great summer freshets on
Alewife Brook or the Mystic River.

The flood and rainfall records on the Mystic, presented on pages 49

to 55 , are of great interest in showing that the run -off from a very
heavy summer rain is nearly always very small in comparison with the
run -off from a winter rain of equal depth , and in showing that no

extreme freshet has occurred in summer on the Mystic watershed as a
whole during the past thirty years.
The most extreme freshet on the Mystic in warm weather of which
we have a record is that of April 28 and 29 , 1904, in which a rain of

5.6 inches produced a run -off into the upper lake at the rate of 19 cubic
feet per second per square mile in about fifteen hours after the most

rapid precipitation. This is less than half the run -off in the Stony
Brook flood , but is as large as the ordinary severe winter flood . In
the next greatest summer freshet, the run -off was only 11 cubic feet
per second per square mile .

This was on the fourth of May.

The chief object of the works now contemplated , which is sanitary
improvement, can be attained by keeping the marshes from overflowing

during warm weather, and the Mystic flood records show that much
smaller channels will serve for the run -off of the most severe summer

rain than for the run -off from an equal depth of rain in February,
March or December, when the ground is frozen .
QUICKNESS OF THE ALEWIFE BROOK DRAINAGE.

For extreme winter freshets of the distant future, when this whole

marsh territory may be developed , graded and require complete security
against inundation, the Stony Brook flood experience is fairly applicable
to the watershed tributary to the Fresh Pond Marshes. A study of the

topographic map of the Alewife Brook drainage shows that the greater
portion tributary to Winn's Brook, and also that north of Spy Pond , is
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exceptionally steep, forming as it does the southerly slope of the Arling
ton Heights range and draining highlands east of the McLean
Hospital. Two -thirds of Wellington Brook drainage is also steep ,
lying between the range of hills just named and the high hill to the
south , on which the Payson Park reservoirs stand . . From the upstream

corner of the watershed down to the edge of the marshes or the pond
is seldom more than 1.5 miles, and from the centre of delivery it is
generally less than a mile .

The channels or brooks themselves are fairly steep, and there are no
noteworthy meadows or pools in which the run -off can be delayed until
it reaches Spy Pond , Little Pond or the marshes. To reach the edge
of the marshes in six hours, water from near the extreme head of the

watershed 1.5 miles distant would have to travel at the mean rate of

only one-quarter of a mile per hour, or .36 feet per second .
About 600 acres of the drainage area in Cambridge tributary to Ale
wife Brook is developed by streets and sewers on the combined system,
carrying storm water directly into the marsh by channels hardly any
where of more than 14 miles extreme length and averaging about three
quarters of a mile long . A considerable portion of this area has an
impervious clay soil .

Promptness and Per Cent. of Run -off from the Populous Sewered
Districts.

The ratio of run -off to rainfall existing in a territory developed by
streets, particularly where built upon , and where underlaid by the
impervious clay found in much of this Alewife Brook district, was
shown in the course of some valuable observations made in a Cam

bridge sewer tributary to this district, under the supervision of Mr.
Lewis M. Hastings, in 1900. ( See Report on Charles River Dam ,
Boston, 1903, diagram at page 172. )

In the course of these observations it was found, for example , on

May 3, 1900, that 2.4 inches of rain fell in the eight and two-thirds
hours from 4.40 A.M. to 1.20 P.m., and that 1.6 inches of this rain fell

in the five hours between 8.20 A.M. and 1.20 P.M. The corresponding
measurements of sewer flow showed that during the first four and two
thirds hours, while the rate of rainfall was moderate, the rate of run -off
was only about twenty - five per cent. of the rate of rainfall, but in the mean

time a saturation of the surface on which it fell apparently had occurred ,
and after the heaviest rain then began more than 50 per cent. of it ran

off through the sewer within an hour from the time the rain fell, and at
a time one hour after the rain had ceased , 61 per cent. of the whole rain
fall on the tributary area of 68.1 acres had run off through this sewer .

The depth of run -off in five hours between 9.30 A.M. and 3.30 P.M.
was 1.2 inches.

Again on September 18, of 1.50 inches of rain falling in two and one
half hours , from 2.30 A.M. to 5 A.M. , on the Sherman Street sewer area,

44

METROPOLITAN PARKS .

.86 inches, or 57 per cent. of all that fell, was discharged through the
sewer within the three hours from 3 A.M. to 6 A.M.

Comparing the chart of the clock gauge in the sewer with that of the
automatic recording rain gauge at Harvard Observatory, it was found
in general throughout these observations that the peak of theflood wave
in the sewer followed the most rapid precipitation within from ten
minutes to half an hour.
These areas were small and the channels short in proportion to those
for the whole section now under discussion , and therefore their run -off

would be somewhat quicker and more abrupt than for the whole square
mile of somewhat similar sewered territory tributary to Alewife Brook.
RUN-OFF FROM MARSH AND POND SURFACE .

Of that rain which falls directly on the 170 acres of ponds and chan
nels and on the 300 acres of undrained marshes , the run -off immediately
effective in raising the water level of the channels may be reckoned at

100 per cent. until the marshes are drained by lowering the water level ;
after which the immediate run -off from the marsh surface will be some

what lessened in summer by the sponge-like quality of the peaty
portions.

The sewered populous districts and the marsh and pond areas form

so large a proportion that, together with the steepness of a large part,
we must conclude that taken as a whole the Alewife Brook watershed is

“ quick ," and yields a large percentage of storm run -off.
FLOOD MEASUREMENTS ON WINN'S BROOK AND WELLINGTON BROOK .

We endeavored to secure actual measurements of the run -off from

the principal tributaries of Alewife Brook, and for this purpose set
some clock gauges on these streams during the spring flood season of
1904 .

One was near the outlet of Winn's Brook into Little Pond, the

second on Wellington Brook, about 600 feet below Baker Street Bridge

near Wellington Street, a third on Alewife Brook ( Little River) , about
700 feet above the culvert under the Arlington branch of the Boston &
Maine Railroad .

Two severe rainfalls occurred while the gauges were in position,
viz ., April 27–29 , of 5.6 inches , and May 9 , of 1.05 inches .
Current meter gaugings were made after the flood had partially sub
sided and diagrams prepared by engineers of the Metropolitan Park

Commission for estimating the flow corresponding to various heights
shown by the clock gauge, but unfortunately the surroundings were
not well suited for accurate measurement .

From 6.40 P.M. , April 27 , in six hours 1.6 inches of rain fell on

ground already saturated by 1 inch of rainfall ; 1.6 inches depth in six
hours on 1.87 square miles corresponds to 171 cubic feet per second
per square mile. The curve of run -off of Wellington Brook followed
about three hours behind the rain -gauge curve, and increased from 5 to
upward of 13 cubic feet per second per square mile . Later in the same

!
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storm , from 12.40 P.M. , April 28 , in five hours 1.3 inches more of rain

fell , again equivalent to a rainfall rate of about 170 cubic feet per sec
ond per square mile, 3.5 inches of rain having previously fallen within
twenty -nine hours, and this increased the rate of run -off probably to more
than 15 cubic feet per second per square mile .

How much more we

cannot say. No current meter gauging was made until two days after
the peak of the flood had passed.

Winn's Brook at high stage overflowed into Wellington Brook and
also disturbed the precision of measurement.

The Alewife Brook

gauge was influenced by the tide.

It is unfortunate that in this exceptionally severe storm the conditions
for guaging did not permit precise measurements near the summit of the
flood at either of the three stations on Alewife Brook and its tributaries.

In the storm of May 9 , with 1.1 inch of rain in five hours, the peak

of the flood-wave curve followed only about two to three hours behind
the maximum rate by the rain gauge, and on Winn's Brook the maxi
mum rate of flow was 8 cubic feet per second per square mile and on
Wellington Brook 5.5 cubic feet per second per square mile. On Ale
wife Brook the current meter and the clock gauge showed the flow

steadily maintained at about 6.5 cubic feet per second per square mile
for the thirty -six hours following this rainfall of May 9 .
In the storm of April 27–29 , 1904 , the somewhat crude gauging gave
19 cubic feet per second for the run -off into Upper Mystic Lake .

From

Winn's Brook, Wellington Brook and Alewife Brook, a much higher
rate would be expected than from the Mystic , and although the gaug

ings did not show this , it cannot yet be said with certainty that it did
not occur .

Possibly an uncommonly high rate of run -off on the Mystic may have
been produced by the second heavy down-pour of this storm happening
at just the right time for the water that fell on the territory close to the

lake to supplement that which had just arrived from the upstream
regions, where it had fallen hours before .

These measurements of run -off from Wellington , Winn's and Ale
wife brooks, made about May 1 , 1904, are too few and too unprecise to
draw final conclusions from , and in view of the improvements that must

sooner or later surely be made, it would be well to maintain two or
three carefully prepared gauging stations on these streams for two or
three years. Weirs and clock gauges will probably give the best results.
DEPTH OF RUN -OFF REQUIRED TO FLOOD MARSHES UNDER PRESENT
CONDITIONS.

A simple computation shows that to fill the 275 acres of pools,

marshes and margins lying upstream from Massachusetts Avenue to a
depth of 2 feet of fresh water, as is said to occur each spring, and as
occurred in the first week of July , 1903 , is equivalent to a run -off of

1.6 inches depth from the entire watershed of 4,000 acres , or 6.26 square
miles, lying upstream from Massachusetts Avenue ; but under present
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conditions the tidal complications, and lack of information about rate

and duration of rise, make it impossible to deduce the depth of rain
storm run -off in a given number of hours, from the observed height of
water on the marsh .

Flood DISCHARGE INTO UPPER MYSTIC LAKE .

Records were kept of the height in Upper Mystic Lake from which
the run - off of the Mystic watershed can be deduced during the years
that this was utilized for one of Boston's sources of water supply.
The height was noted at 7 A.M. , 12 m . and 6 P.m. , and also all changes
in gates and flashboards and outflow through conduit. The Metro

politan Water and Sewerage Board, through Mr. Dexter Brackett,
Department Engineer, and Mr. W. E. Foss, Division Engineer, have
very kindly , at my request, reviewed the old record and computed the
rate of flow in certain of the largest storms. The estimate is not very
precise , for the co -efficient of discharge of the rough sluice is uncertain ,
and heights were not noted through the night, but even these some
what crude measurements are very useful.

The rainfall and run - off in ten of the greatest floods found during a

period of fifteen years , 1877 to 1891 inclusive, are given in the table
on page 49 .

These greatest floods were all in the months when

ground is frozen . For comparison the rates of flow in ten or twelve
of the largest

mmer rainfalls are also presented .

The run -off has been computed for each of the days immediately
following the rain and until the larger portion of the storm water had

passed off. Of course, a part of the storm water continued to drain
off slowly for some days longer, and a part of it was held still longer
in storage in the numerous ponds and reservoirs within the drainage

area, but, on the other hand , a small part of the total flow in time of
freshet was made up of the ordinary flow of the stream , as found just
before the storm began.
The presence of Upper Mystic Lake and the chain of ponds in Win

chester and Woburn delays the storm -water delivery into Lower Mystic
Lake until much of the water from Alewife Brook and other immediate
drainage areas has had time to pass off through the large channel now

proposed. This will lessen the rise of the storage basin behind tide
gates at Cradock Bridge during the high water interval, and helps to
make it possible to avoid the expense of constant attendance for opening
sluice gates at Cradock Bridge in time of rain . To show just what delay
occurs on this particular stream the diagrams on page 44 have been
prepared.

Comparison of Freshets on Mystic River with those observed on Other
Streams .

It may be noted that the maximum flow of the Mystic River at the
time of the Stony Brook flood, February, 1886 , was 39.6 cubic feet per

second per square mile for the average of the maximum twenty -four
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hours, or almost precisely the same as the outflow per square mile
from Stony Brook and the Sudbury River in the same storm .

But this run - off from the Stony Brook watershed through the Pynchon
Street culvert was modified and held back in the large meadows near
Forest Hills station , because of the small size of this culvert.

It was

estimated by the commission , as already mentioned (page 10 of their

report) that three -fourths of the rainwater flowed off from the ground on
which it fell within twenty - four hours . This , if flowing off immediately
without restraint, would give a yield of 121 cubic feet per second per
square mile. But the rate of delivery at the outlet of the district, how
ever large the channel , would be somewhat smaller. *
On the Sudbury River, the records of the Boston water works show t

the two greatest freshets in a period of sixteen years , 1875 to 1890
inclusive, were that at the time of the Stony Brook flood, Feb. 10 and
13 , 1886, and that of March 26 , 1876. These were of nearly equal

severity ; that of February, 1886, gave a maximum rate of flow of 44.2
cubic feet per second per square mile .
The Sudbury's maximum rate for twenty - four hours was 41.4 cubic

feet per second per square mile, equivalent to a run-off in twenty -four
hours of 1.54 inches depth over the entire surface .
The total run -off during the entire freshet from Feb. 11 to Feb. 18

inclusive, 1886 , from the Sudbury watershed of 76 square miles was
equivalent to a depth of 4.93 inches over the entire watershed , and ex
ceeded the entire rainfall. The depth of rainfall was 4.64 inches , but
there was snow previously on the ground probably equivalent to about
2 inches depth of rain , which was melted ; thus there was 4.9 inches
run - off from about 6.6 inches of rain and melted snow .

On the Mystic in winter storms the total run -off in the few days fol

lowing the storm has frequently been about equal in total volume to
the rain , the land shedding it like a roof .
The records from Mystic, Sudbury and Stony Brook confirm one

another in a very interesting manner to the effect that when the ground

is frozen the total run - off during the few days following the storm may
nearly equal the total rainfall, and the important question remaining to

be solved for each of these Mystic River and Alewife Brook sections is

how quickly will this water pass out at the downstream end, or what
may be the greatest concentration within a twelve-hour tidal period .
In the report of the Massachusetts State Board of Health upon the

improvement of Neponset River, made in 1897, page 20, provision for
carrying 4 cubic feet per second per square mile was regarded as suffi
cient for the prevention of the overflow of the great meadows in summer,
under the circumstances, and the expectation was expressed that a
From the 12.27 square miles of Stony Brook the maximum rate of delivery (prob.

ably a greater rate than the twenty-four hour mean ) , through the Pynchon Street cul.
verts was about 500 cubic feet per second , or 40.7 cubic feet per second per square mile .

| See Transactions American Society Civil Engineers, 1992, page 262; see also same,
Sept., 1891, page 253 ; also same, 1889, page 95, for descriptive notes .
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summer month as wet as August, 1889 , in which for a week the run

off from the Sudbury averaged 3.7 cubic feet per square mile, would
occur once in from ten to fourteen years, and from a study of the rain
fall records it was thought that two or three times in a century the flow
for one of the summer months might exceed that of August, 1889 .

The drainage area directly tributary to the great Neponset meadows
is nearly 100 square miles , and the tributaries come from a watershed

averaging less steep than that of Alewife Brook . The immediate neigh
borhood is much less populous, the surroundings less valuable, and
plainly the channels for draining the Fresh Pond Marshes in summer
freshets should be designed on a much more liberal scale.
Summer Freshets v . Winter Freshets. Comparing the group of
winter freshets in the following table with the group of summer freshets

we are immediately struck by the small proportion of the rainfall that

in summer reaches the stream, and it is commonly found less in mid
summer than in spring, when the ground is more moist.

With 3.5 inches of rain in nine hours, on Aug. 18 , 1879, the total
depth of run -off from watershed in three days following storm was only
.225 inch , or 6 per cent. , of rainfall, and although the rise of water came

immediately, and the peak of the flood arrived only about three or four
hours after the rain had ceased , its highest rate of delivery did not
exceed 109 cubic feet per second from the entire 26.9 square miles , or
4 cubic feet per second per square mile , but held at nearly this rate for
six hours .

With 2.7 inches of rain in about five hours, on Aug. 21 , 1888, the

total depth of the run -off in the four days following was only .153 inch ,
or 6 per cent. of the rainfall. The peak of the flood came only an hour
or two after the close of the rain .

The highest rate of delivery did not

exceed 54 cubic feet from the whole area, or 2.01 cubic feet per square
mile .

With 7.3 inches falling at a nearly uniform rate through a little more
than twenty-four hours in the remarkably heavy rain of Oct. 13 , 1895,
the peak of the flood wave was just at the end of the rain , or perhaps
four hours behind the end of the fastest rain .

The total run - off was

.88 inches , and the maximum rate for any five or six hours was about
200 million gallons daily, or 309 cubic feet per second , which is 11.5
cubic feet per second per square mile . This maximum rate is equivalent
to .104 inches depth in six hours.

Some intimation of the dryness of the ground just previous to the
rain will be found in the rate of run-off given on the day next before
the rain .

The curves showing the rise and fall of the flood wave differ, as rates
of rainfall differ.
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WATERSHED OF UPPER MYSTIC LAKE .

Yield in Ten of the Largest Summer Storms in Twenty Years,
1880 to 1900 .
[ Drainage area , 26.9 square miles .)
RAINFALL .

RUN - OFF ( INTO THE UPPER LAKE ).

DATE .

Depth

Began .

Ended .

in
Inches.

Total Cubic
Feet in

Equiva

Twenty -four Depth in
Hours.

Average
Cubic Feet

lent

Inches .

per Second per
Square Mile
for Day .

1881 .

June 7,

6.40 P.M.

8,
6.00 P.M.
2.00 A.M.

2.67
6.00 A.M.

11 ,
12
13,
14 ,
15 ,

Total,

. 12
.04
.27

6.00 A.M.

4.30 P.M.

.02

2.50 P.M.

8.15 P.M.

.10

3.22

.

2,640,000
2,020,000
1,748,000
10,970,000
12,130,000
7,060,000
5,680,000
4,090,000

.042
.032
.028
* .175
.194
.113
.091
.082
.065

51,458,000

.822

5,120,000

1.14
.88
.75

4.72
5.23
3.04
2.45

2.20
1.76

Ratio run - off to rainfall = 25 per cent.
1882 .

Sept. 10,

:

11 ,

8.10 A.M.

2.46
.18

12,

13,
2.30 A.M.

14,
15,
16,

6.10 A.M.
10.30 AM

.54

311,000

.005

2,320,000

.027

1,143,000
935,000
* 1,211,000

.018

935,000

Total, .

3.18

.015

..019

798,000

.015
.013

7,653,000

.112

13
.73
.49
.40
.52
.40
.34

Ratio run -off to rainfall = 3 per cent.
1882 .

Sept. 19,

ននន

21 ,

11.00 P.M.

1,185,000
1,236,000

.018
.019

1,236,000

.019.

2.24
.48

2,193,000

.05
.06

2,260,000

1,752,000

.035
.032
.036
.024
.040
.028

15,850,000

.251

.14
.93

5.50 A.M.

Total,

1,970,000
1,530,000
2,488,000

3.90

.51
.53
.53
.94
.85
.98
.66

1.07
.75

Ratio run -off to rainfall = 6 per cent.
1884 .

June 24 ,
25 ,

2.00 P.M.
7.30 A.M.

3.49

980,000
5,100,000

.02

5,700,000

5,020,000
2,890,000
2,130,000

1,

Total,

3.51

.080

1,440,000

.046
.034
.028
.023

25,030,000

.399

1,770,000

July

.016
.082
.030

Ratio run -off to rainfall = 11 per cent.

.42

2.20
2.44
2.16

1.24
.92
.76
.62
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Continued .

Watershed of Upper Mystic Lake - Continued .
RAINFALL .

RUN -OFF ( INTO THE UPPER LAKE ).
Average
Equiva
Cubic Feet
Feet in
lent
Twenty -four Depth
in per second per
Total Cubic

DATE .

Depth
Began .

in
Inches .

Ended .

Hours.

Inches .

Square Mile
for Day.

1888 .

11.30 A.M.

Sept. 23,

.03

5.00 P.M.

24 ,
10.00 P.M.
3.23

11.30 A.M.

1,

Oct.

.047

1.26

6,930,000
3,880,000
5,530,000

.027
.260
.200
.111
.062
.089

.72
7.01
5.37
2.98
1.67

49,657,000

796

2,925,000
1,672,000
16,250,000
12,470,000

2.38

10.00 A.M.

Total, .

3.26

.

Ratio run - off to rainfall = 24 per cent.

1889 .

May 19,

.24 )
1.88

4.30 A.M.

.

3.30 P.M.

20
21 ,

1.30 P.M.
2.00 P.M.

.95

3.07

Total, .

1,310,000

.021

.56

7,360,000
15,240,000
11,550,000

.118
.244
.185

3.17
6.58

6,250,000
6,120,000

. 100

2.69
2.66
1.21

2,810,000

.099
.045

50,640,000

.812

4.98

Ratio run -off to rainfall = 24 per cent.

1890 .

Oct. 19,

10.00 A.M.

2.45

9,340,000
14,100,000
14,520,000
7,600,000

.150
.225
.233

4.02
6.08
6.26

.122

3.28

2.45

45,560,000

.730

10.30 A.M.

20 ,
21 ,
22,

Total,

.

Ratio run - off to rainfall = 30 per cent.

1893 .

30 ,

to
come
to
ricies
es

April 29,

.02
5.30 A.M.

7.30 A.M.

3,405,000
3,470,000

.055
.056

4,630,000
4,560,000

.074
.073
.233

May

3.68

14,680,000
1.30 P.M.

26,250,000
.01

2.00 A.M.
3.30 P.M.

3.00 A.M.
4.45 P.M.

}

.03

3.74

.420

1.99
1.96
6.27
11.32
11.26

26,150,000

.418

13,640,000
9,160,000

.218

5.87

7,580,000

.147
.140
.121

3.94
3.76
3.26

122,165,000

1.955

8,740,000

Total, .

1.46

1.49

11.45 P.M.

Ratio run -off to rainfall = 52 per cent.
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Continued.

Watershed of Upper Mystic Lake
RAINFALL .

DATE .

RUN -OFF (INTO THE UPPER LAKE ) .
Depth

Began .

Ended .

Continued .

in

Inches.

Total Cubic
Feet in

Equiva-

Hours .

Inches.

Average
Cubic Feet

second per
Twenty -four Depthin per
Square Mile
for Day .

1895 .

950,000

Oct. 11 ,
1.20 P.M.

12 ,

7.33

13,
14,
15,

3.30 P.M.

4.00 A.M.
9.30 P.M.

.09

16,

.044
.228

1.19
6.13

.339
.242

9.13
6.50

2,230,000

.031
.093
.064
.052

2.50
1.72
1.40

68,212,000

1.093

2,750,000
14,240,000
21,180,000
15,120,000
1,947,000

17 ,

5,800,000

18,
19,

3,990,000

7.42

Total,

.84

Ratio run - off to rainfall = 15 per cent.

1899 .

Sept. 18 ,
19,
3.00 A.M.
1.10 P.M.

20 ,

21 ,

12.00

M.
5.00 P.M.

2.50
.26

23 ,

2.75

Total, .

1,110,000
4,003,000

.018
.064

.48
1.73

2,494,000
1,133,000

1.07

1,370,000

.040
.018
.022

10,110,000

162

.49
.59

Ratio run - off to rainfall = 6 per cent.

1879 .

Aug. 16,

5.20 A.M.

17 ,
18,
19,

6.40 A.M.

93
.18
3.79

16.30 A.M.

21 ,
22,
4.90

Total, .

1,090,000

2,640,000
2,475,000
1,270,000

.017
.009
.088
.094
.042
.040
.020

19,508,000

.310

603,000
5,060,000
5,870,000

.47
.26
2.39
2.53
1.14

1.07
.55

Ratio run -off to rainfall = 6 per cent.

1888 .

នន

Aug. 20 ,
21 ,

2.7

2.40 P.M.
4.45 A.M.

Total, .

2.7

2,650,000
1,450,000
2,080,000
1,052,000

.016
.055
.042
.023
.032
.017

11,655,000

.185

968,000
3,455,000

.42

1.49
1.14
.63
.87
.45

Ratio run -off to rainfall = 7 per cent.

* Mystic Lake fell .04 feet, although record shows no water used or wasted .
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Concluded .

Watershed of Upper Mystic Lake
RAINFALL .

RUN -OFF (INTO THE UPPER LAKE ).

DATE .

Depth
Began .

- Concluded .

in
Inches .

Ended .

Total Cubic
Feet in

Equiva

Average
Cubic Feet

lent

Twenty- four Depth in per
Second per
Square Mile
Hours.

Inches.

for Day.

1904 .

April 26 ,
27 ,

2.06
2.70

9.00 A.M.

28 ,
12.00

M.

.84

5,500,000
13,300,000
35,700,000
42,400,000

185,200,000

2.985

16,600,000
5.6

5.75
15.35

15,800,000

23,100,000

Total, .

2.36

.215
.575
.690
.527
.371
.267
.252

32,800,000

May

.088

18.40
14.10
9.90
7.13
6.78

Ratio run -off to rainfall = 53 per cent. *

* This extremely large ratio is probably due to previous saturation of the ground.
Most of the other examples of large ratios of run -off from rains on ground not frozen
come in May and June.

WINTER FRESHETS .
WATERSHED OF UPPER MYSTIC LAKE .

Yield in Ten of the Largest Winter Storms in Fifteen Years, 1877 to
1891 .
[ Drainage area , 26.9 square miles. ]
RUN -OFF .

RAINFALL .
DATE .

Depth

Began .

Ended .

in

Inches.
1877 .
March 27 ,
28, .
29 ,

Equiva

Feet in

lent

Twenty - four Depth in
Hours .

Inches .

23,450,000
38,900,000
30,800,000
23,950,000

14,700,000

.376
.623
.493
.382
.235

2.10

131,800,000

2. 109

31,

Average
Cubic Feet

per Second per

1.97
.13

30 ,

Total, .

Total Cubic

Square Mile
for Day.

10.13
16.83
13.33
10.33
6.33

Ratio run -off to rainfall = 100 per cent .

1878 .
Feb.

20 ,
21,
22.

3,045,000

12.30 P.M.
9.30 P.M.

2.44

3,010,000
13,640,000
39,500,000
34,300,000

22,650,000
15,390,000
27,

Total, .

9,000,000
2.44

140,535,000

Ratio run - off to rainfall = 92 per cent.

.049
.048
.218
.632
.548
.361
.246
.144

2.246

1.31
1.29
5.88
17.03
14.77
9.75
6.62
3.87
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Continued .

Watershed of Upper Mystic Lake

Continued .

RAINYALL .

RUN -OFF .

DATE .

Depth

Began .

Ended .

in

Inches.

1881 .
March 9,

2.30 A.M.
1.50 P.M.

15,

6.30 A.M.
11.30 A.M.

Cubic Feet
Square Mile
for Day.

Inches.

18,150,000
42,400,000

.290
.677

18.27

36,420,000

.582

15.74

21,150,000

.338
.261
. 186

9.15
7.02
5.02

9,200,000

. 167
. 147

3.97

165,690,000

2.648

2.06
.62
.04
.21
.03

16,310,000
11,630,000

6.00 A.M.

10,430,000
2.96

Average

lent

Hours .

16,
Total, .

Equiva

Twenty- four Depth in per Second per

1.10 P.M.

10,
11 ,
12,

13,
14 , .

Total Cubic
Feet in

7.82

4.49

Ratio run -off to rainfall = 89 per cent.

1885.
Nov.

22 ,

11.00 A.M.

23 ,

ន

4.30 P.M.

Total, .

.

.18
.39
1.95
1.55
.03

867,000
2,800,000
5,960,000
19,850,000
25,600,000
15,190,000

9,160,000

.317
.409
.243
146

4.10

79,427,000

1.269

.014
.045
.095

.37
1.21
2.56
8.55
11.04
6.55
3.95

Ratio run -off to rainfall = 31 per cent.

1886. *
Feb.

10,
11 ,
12,
13 ,
14 ,
15 ,

7.30 P.M.

4,620,000
6.00 P.M.

48,600,000

.777

32,110,000
17,920,000
13,000,000

.287

1.99
4.11
18.58
39.63
33.42
20.93
13.88
7.73

.208

5.60

338,560,000

5.411

9,510,000

. 152

43,200,000
92,000,000
77,600,000

.690
1.470

16,

17,
18,

Total, .

.074

1.72
3.77
. 15

5.64

1.240
.513

Ratio run -off to rainfall = 96 per cent.

1888 ,

20 ,
21,
22,
23,

.98

Total,

98

Feb.

10,300,000

.294
.752
.333
.165

96,343,000

1.544

18,390,000
46,880,000
20,773,000

Ratio run -off to rainfall = 157 per cent .

* Stony Brook flood.

7.93
20.23
8.96
4.43

METROPOLITAN PARKS .

54

WINTER FRESHETS

Concluded .

Watershed of Upper Mystic Lake

Concluded .
RUN - OFF.

RAINFALL .

DATE .

Depth
Began .

Ended .

in

Inches .

Total Cubic
Feet in

Equiva
lent

Average
Cubic Feet

Twenty -four Depth in per
Second per
Square Mile
Hours.

Inches.

for Day.
1888 .

5.00 P.M.

March 20,
21 ,

1.10
2.00 A.M.

22,
23,
24 ,

1.10

Total,

7,720,000
41,600,000

.123
.665

31,140,000
13,030,000

12,100,000

.499
.208
.193

105,590,000

1.688

3.33
17.95
13.43
5.62
5.22

Ratio run -off to rainfall = 1.53 per cent.

1888 ,

Nov.

2.00 A.M.

25,
26 ,
27 ,
28,

1.24
1.68
.97

10.00 P.M.

.16

1.30
8.01
22.66
20.73

13,650,000
187,304,000

2.995

35,150,000
16,170,000

30 ,
1,

Total, .

.048
.298
.841
.769
.562
.259
.218

3,024,000
18,610,000
52,600,000
48,100,000

11.30 A.M.

Dec.

9.00 P.M.

.

4.05

.

15.16
6.97
5.87

Ratio run -off to rainfall = 74 per cent.

1888 .

Dec.

17,
18,
19,
20 ,

1.45 A.M.

3.56
1.00 P.M.

.10

21 ,
3.66

Total, .

19,800,000
35,700,000
24,880,000
15,552,000
10,630,000

.317

8.56

.570
.398
.249
.168

15.40
10.72

106,462,000

1.702

6.72
4.54

Ratio run -off to rainfall = 46 per cent.

1891 .

Jan.

6,890,000

21 ,
92
24
,

23 ,
24 ,
25 ,
26 ,

Total, :

5.00 A.M. 10.00 P.M.
2.00 A.M.

3.00 P.M.

1.06

34,000,000
48,400,000
25,500,000

.110

.543

.92

13,650,000
10,580,000

.773
.407
.218
.169

1.98

139,020,000

2.220

2.97
14.64
20.83
10.98
5.88
4.56

Ratio run - off to rainfall = 112 per cent.

The preceding were flows into Upper Mystic Lake ; the following
were discharges out from Upper Mystic Lake and were subject to the
regulation by sluice gates and flashboards on the outlet of Upper Mystic
Lake when it was found rising too fast.
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APPENDIX ,

Maximum Daily Discharge from Upper Mystic Lake into Lower Mystic
Lake during Several Representative Freshets.
Winter Freshets.
MAXIMUM RATE
DURING DAY .

MEAN RATE FOR MAXIMUM 24 HOURS.

DATE .

Feb. 13 , 1886, ·

Inflow

( see Previous

Outflow
per Second) .

1,055

1,047.0

39.0

39.6

589.1

21.9

20.8

584.3

21.7

22.6

505.1

18.8

17.0

Jan. 23 , 1891 , ·
Nov. 27 , 1888 , .

Outflow

( Cubic Feet
per Second per

Outflow

( Cubic Feet
per Second ) .

714

Feb. 23 , 1878,

( Cubic Feet

Tables ) .

Square Mile ) .

March 10 , 1881,

611

476.9

17.7

18.3

Feb. 21 , 1888 , ·

502

473.4

17.6

20.2

18.4

18.4

Spring Freshets.
493.9

April 29, 1904,
May 4 , 1893 ,

11.3

.

Summer Freshets .

May 21, 1889, .

312

220.9

8.2

6.6

Oct. 21 , 1890 ,

308

209.2

7.8

6.3

Sept. 26 , 1888,

147.7

5.5

7.0

June 11, 1881, .

135.4

5.0

5.2

The above data from the records of the Boston water works , Mystic

department, gives a fair basis for estimating the waterway that must
be provided in the designs , so far as the flow from the Upper Mystic
portion of the watershed in both summer and winter freshets is con
cerned , but for the Alewife Brook portion of the watershed the require
ments may be much more severe . These will be considered later.

Not all of the floods within the thirty-year period were worked up

and the above tables include only the ten winter floods of largest run -off
and the twelve summer floods of largest rainfall.
In winter floods, that of February , 1886, the worst for more than
thirty years, gave a maximum twenty -four -hour run -off of about 40
cubic feet per second per square mile ; seven others gave a maximum

twenty-four-hour run -off of from 17 to 20 cubic feet per second per
square mile. In one of the others the flow was about 15 cubic feet per
second per square mile, and in the other about 11 cubic feet per second
per square mile.
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The greatest flood classed with the spring floods, April 29 , 1904 ,
gave about 18 cubic feet per second per square mile . The next
largest, May 4 , 1893 , gave about 11 cubic feet per second per square
mile . Three summer freshets, June, 1881 , September, 1888 , and
May, 1889 , gave about 6 cubic feet per second per square mile,

and for this particular watershed the ratio of run -off to rainfall in
summer was so small and so indefinite as to have no particular value ,

except to prove the uselessness of attempting to predict the volume of
a summer freshet from its depth of rainfall.
The time of transit from the upper end of this watershed to the lower
end, and through its chain of ponds, appears to be such that the peak
of its flood follows from nine to twelve hours behind the probable time

of maximum height of flood from same rain on Alewife Brook and the
watershed directly tributary to Lower Mystic Lake and the river below .
A study of the curves of run -off, and of the conditions shown on the

map, makes it appear probable that the flow from the Upper Mystic
will seldom average more than half its maximum during the same six
hour period during which the flow from Alewife Brook and the Lower
Mystic is greatest, yet in the storm of April 28 , with two violent rain
falls separated by a period of smaller rainfall, the whole classed as a
single storm , two nearly maximum conditions in Alewife and Mystic
respectively were superimposed . This record is thus a valuable warn
ing as to what may happen here on rare occasions.

Maximum Rate of Flow of Alewife Brook. — For the flow from the
Alewife Brook watershed in summer freshets the data is very meagre ;

plainly it is a quick watershed, that will yield more than the ordinary

proportion of run -off ; plainly it is of such a shape that the concentra
tion of flow will be much greater than from the long Mystic, with its
chain of ponds .

For the present study, the margin of uncertainty should be thrown to
the side of making the channels too large rather than too small , that
estimates of this cost may surely be large enough. Although present

plans fail of execution , some radical improvement in taking care of
the run -off or drainage from this populous and now malarial district
is sure to be demanded before many years , and as already suggested a
gauging station, preferably by means of a weir and clock gauge , should
be established and maintained for two or three years , from April 1 to
December 1 , and on the data thus gained , with other new data, it might
perhaps be found reasonable to lessen the size of channels from those now

proposed. But considering that for the channel recommended, of about
50 feet average surface width , all the way from Spy Pond to the outlet of
Alewife Brook , 2.63 miles, there will be needed only about 120,000

cubic yards of soft excavation costing (by machinery) in all some
where about $ 36,000 , it is plain that any saving in size that might be

justified by waiting for more data is no just ground for delaying this
work for the improvement of the public health .
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Present Assumptions regarding Freshets along Alewife Brook and the
Lower Mystic River . *
[ These rest on somewhat scant data, particularly so for Alewife Brook. ]
Equivalent
Depth in

Twenty - four

Cubic Feet
per
Second per

Hours

(Inches ).

Square Mile .

UPPER MYSTIC .

[ Area , 26.9 square miles. ]
Winter Freshets : -

Maximum freshet of ordinary year, maximum twenty -four
hour flow ,

Greatest freshet ofordinary twenty- five year period (as ob:
Greatest freshet'of the ceniury,

.75

20

1.50

40
80

3.00

Summer Freshets. All between April 15 and October 31 :
Maximum of ordinary year,

.375

10

Maximum
of ordinary twenty-five year period, about as on
April 28 , 1904 ,

.75

20

1.12
2.25
4.50

30
60
120

.56

15
30

.

A LEWIFE BROOK , LOWER MYSTIC LAKE AND MYSTIC RIVER
TO CRADOCK BRIDGE .

[ Total area , 16.3 square miles , all quick , but some parts 5 miles farther off than
others; assumed 50 per cent. greater than for Upper Mystic . ]
Winter Freshets : Greatest winter freshet of ordinary year,

Greatest freshet of ordinary twenty -five year period,
Greatest freshet of the century,
Summer Freshets : Greatest of ordinary year,

Greatest of twenty-five-year period,

1.12

For eitherWellington Brook or Winn's Brook or Alewife Brook
by itself, a greater run- off should be anticipated . In winter
this may sometime reach 8 inches run- off or 213 cubic feet
per second . ( See page 87. )

* Since the foregoing was prepared the following notes upon the flow per square mile
from a small, steep watershed in centralMassachusetts have been kindly furnished me
by Mr. X. H. Goodnough, C.E. They tend to confirm the values adopted above.

Freshet Flow of Manhan Rirer .
( Drainage area , about13 square miles, mainly steep slopes. Compiled from data in
office of Massachusetts State Board of Health covering the records for the months of
June, July and August for six years ; and of September, October and November for
five years .)

24.6 cubic feet per second per square mile.

The highest flow in any June was .

15.7 cubic feet per second per square mile.
43.3 cubic feet per second per square mile.
5.4 cubic feet per second per square mile.
11.0 cubic feet per second per square mile.
The highest flow in any August was
feet per second per square mile.
The second highest flow in any Augustwas 10.0 cubic
. 16.1 cubic feet per second per square mile.
The highest flow in any September was
5.8 cubic feet per second per square mile.
The second highest in any September was
. 22.8 cubic feet per second per square mile.
The highest flow in anyOctober was
7.5 cubic feet per second per square mile.
The second highest in any October was
14.6 cubic feet per second per square mile.
was
November
in
any
flow
highest
The
6.3 cubic feet per second per square mile.
The second highest in any November was

The second highest flow in any June was
The highest flow in any July was :
The second highest flow in any July was

.

.

.

.

Mr. Goodnough bas also compiled the flows for the months from December to May,
and finds that the highest flow in any of those months for six years was 60.5 cubic feet
per second per square mile, and the second highest flow was 50.5 cubic feet per second
per square mile .

The flows here given are the total for twenty- four hours and do not represent the
maximum flow for the highest part of the twenty - four hours. None of these flows
represent the highest freshets,such as the great freshet on the Westfield River in 1878
and the great freshet on the Charles River , Stony Brook and other streams in south
eastern Massachusetts in 1886. These freshets, however, occurred in the winter season

of the year: that of Westfield on December 10 , and in the Charles and Stony Brook
The flood flow of the Westfield at that time was about 150 cubic feet

February 12 to 14 .

per second per square mile; that of the Charles was about 24 cubic feet per second per
square mile.
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As further confirmation for values adopted above we may note that

in the Stony Brook flood, Boston, February, 1886 , the commission esti
mated for this watershed of 12.7 square miles that of the entire rainfall
and melted snow of 6 inches within the maximum twenty - four hours ,

" three-quarters flowed off the ground on which it fell within twenty -four
hours,” equivalent to a run -off of 121 cubic feet per second per square

mile . But the delivery at the end of the water course would necessarily
be at a smaller rate.

In the design of the new Stony Brook conduit provision was made
for a run - off of 6 inches in twenty-four hours , or 2,000 cubic feet per

second from 12.7 square miles, equivalent to 157 cubic feet per second
per square mile , and it was suggested that at some future time, when

that whole district had become thickly settled , provision should be made
for a run -off of 8 inches in twenty - four hours .

On the Boston water

works the reservoirs are understood to have been designed with spill
ways sufficient to take care of a freshet of 6 inches run -off in twenty
four hours.

It will be noted in the foregoing table that I have adopted values of
120 cubic feet per second per square mile for greatest flood on Alewife

Brook, while 157 was adopted in designing the Stony Brook conduit.
In the present problem such large factors of safety need not be taken

as for design of Stony Brook conduit, or for the spillway of a great
reservoir ; because a flooding of this marsh and of these farm lands and
some cellars would cause far less damage than a repetition of the in

undation along Stony Brook , and the consequences would be far less
serious than those following the overtopping of a reservoir dam .
It will add comparatively little to cost of the improvement as a whole
to make the masonry structure, containing the flood gates and tide gates,
large enough to care for the greatest flood that may be anticipated , but

it appears to me reasonable to at present excavate channels only suffi
cient for the greatest summer floods (or of such greater width as will
meet the requirements of the landscape architect, if a parkway improve

ment accompanies the sanitary improvement, as I believe it should) ,
for after the marsh lands are graded up for use, and future streets
built at proper level , the area between the raised banks of this proposed

channel on their 3 to 1 slope will serve to confine and discharge the
greatest floods without it becoming necessary to then dig the bed of the
channel deeper.
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Table C. — Storage Capacity of Present Ponds and Channels.
Along Alewife Brook .
[ Area of water surface by planimeter from maps of recent surveys.]
Square

Acres

Feet at
Grade 10.

at

at

at

Grade 10 .

Grade 9.

Grade 8 .

5,114,000

117.40

112.70

108.40

914,800

21.00

20.20

19.40

62,700

1.44

1.01

.88

78,700

1.81

33,800
70,200

.78
1.61

62,100

1.42

. 73
.69

.07
.39
. 10

155,800

3.58

3.30

2.98

1.38

1.07

.16

99,100

2.27

2.16

.70

98,000

2.25

1.24

X.72

Alewife
Brook from Broadway to Mystic
River,

331,000

7.60

5.77

4.64

Total area Alewife Brook and tributaries, ex .
clusive of Spy Pond and Little Pond,

1,051,600

24.14

17.93

11.91

19.7

18.6

16.8

15.0

13.0

19.0

17.2

15.5

14.5

10.3

6.5

Spy Pond,

Acres

Acres

Little Pond, including brook back to Spy
Pond ; Winn's Brook not included , being
mostly above grade,
Perch Pond , including brook west of pond,
Clay pit, abandoned , south of Fitchburg Rail
road and just east of Cambridge-Belmont
boundary,

1.54

1.27

Wellington Brook from Perch Pond to Little
Little River from LittlePondtoAlewifeBrook,
Ditches within marsh north of Little River,

.42

Clay pit, abandoned , near junction Alewife
Brook and Little River,

A lewife Brook from Little River to Fresh
Pond cut-off,
Alewife Brook from Little River to Massachu :
setts Avenue ,

60,200

Alewife Brook'from Massachusetts Avenue to
Broadway ,

The
new channel,as shortened, straightened
and widened to an average width, as per
sections A , B and C , will be as follows:

C , including new channel Spy Pond to Broad:
way ,
The presentareaofthe brook only, from Little
Pond to its outlet, as per details above, is

17.4

Therefore the additional area gained by the
proposed new channel will be Abt. 6.0 * Abt. 4.0 * Abt. 4.0 *
1.0
1.3
1.3
4.5
6.9
9.0

* Areas lost if bends in river are filled where the channel is straightened, and if
some portions are filled where river is very wide as well as ditches and low places
below grade 10 on land of the Commonwealth .

Along Mystic River.
Lower Mystic Lake,

.

Mystic River from outlet at 375 feet west of
Medford Street to Medford Street, .

4,841,000

111.14

30,700

.70

.42

.28

413,300

9.49

8.32

6.74

245,600

5.64

4.94

4.65

145,900

2.79
3.99
.22

2.64
3.72
. 15

Mystic River from Medford Street to Harvard
Avenue,

Mystic River, 'Harvard Avenue to Alewife
Brook ,
Mystic River, Alewife Brook to Boston Ave.
nue ,
Mystic River, Boston Avenue to Auburn Street,
Mystic River, Playstead Brook, .
Mystic
River , Auburn Street to Winthrop
Street,
Mystic River, Winthrop street to 'Cradock
Bridge,
Mystic River,Neeting House Brook,
:

201,700
15,300

3.35
4.63
.35

349,100

8.01

6.36

6.15

429,400
98,500

9.86
2.26

9.44
1.56

8.88
1.11

Total of Mystic River section , exclusive of
Mystic Lake,

1,929,500

44.29

38.04

34.32
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There are several clay pits and pools that perhaps could be controlled
through purchase and by dredging channels to them , and thus made
available for storm -water storage, but plainly they are not available
under present conditions .

Since they are shown on the map and are features for sanitary study,
we present the following notes on their area : TABLE D. — Areas of Certain Other Pools in the Fresh Pond Marshes.
[ Area of water surface by planimeter from maps of recent surveys. ]
Acres

Grade 10.

Acres

Acres

Grade 9.

Grade 8.

at

at

365,200

8.4

85,900
33,500
20,400
21,800
7,400

2.0

161,700

3.7

-

255,900

5.9

-

The Glacialis , :

Square
Feet at
Grade 10.

6.62

5.90

Clay pit,south ofFitchburg Railroad, about
500 feet west of Glacialis,
Pout Pond ,

Threesmall pools near Pout Pond,
Pool of Boston Packing Company,
Three small pools near the last named ,

.8

.5
.2

Clay pits of New England Brick Company,

near Rindge Avenue, north pit,,
near Rindge Avenue, south pit,

Clay pits of New England Brick Company,

STORAGE FOR STORM WATER BETWEEN TIDES WITH TIDE GATES AT
ALEWIFE BROOK .

The possibilities for storage of storm water between tides, with tide

gates located only at the outlet of Alewife Brook , and with the channel
somewhat straightened and moderately enlarged , as under the proposed
improvement authorized by the Legislature of 1903 , will be first dis

cussed, and later, the problems presented by a more comprehensive
treatment, with the tide gates located at Cradock Bridge.
Spy Pond , under present conditions, stands ordinarily at about 11.00,
or in extreme freshets at 12.1 . In other words, its water surface is
ordinarily one foot higher than the general level of the Fresh Pond
Marshes and a foot below the high water of average bimonthly spring
tides in Boston Harbor . Its ordinary elevation is 4 feet below the level
reached in the extreme high tide driven into Boston Harbor by the
easterly wind at the time the steamer - Portland ” was lost , Nov. 27 ,
1898 .

It is plain from the above notes , and from inspecting the outlet of the
pond , that under present conditions Spy Pond would not be available

for the storage of anything more than the run-off from its own very
small drainage area of .79 square mile, which is only one-ninth part of
the entire watershed of Alewife Brook . It will hold back and delay
the run -off of this little territory and thereby help . Its present outlet
channel is small and shallow . In other words, under present condi

tions Spy Pond stands too high to be utilized to prevent the overflowing
of the marshes by receiving and storing the backward current. More
over, if the channel is dug out and the pond thus lowered without
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restriction , a back flow into the pond of water from the marsh , polluted
as at present, might not be tolerated because of the ice harvest .

Little Pond receives the Winn's Brook drainage, which, with its own
immediate watershed, amounts to 1.46 square miles . Its present water

level is ordinarily about grade 10.0, or slightly above , but by nearly
half a mile of deep and somewhat costly ditching ( useful also in drain
ing the marsh) this pond could be lowered so that in dry weather it
would stand at the general level of Alewife Brook and Little River .

With channel substantially as now, it would aid in equalizing the flashy
run -off of Winn's Brook, but its storage depth available for help against
flooding the marshes will be small .

I will , however, reckon Little

Pond as available for storm -water storage in the project now being con
sidered .

The present general elevation of the bottom of Little River is about

grade 8.7 at its upper end , grade 8.0 along the middle portion and
about grade 7.0 at its lower end, where it flows into Alewife Brook .
The general level of the bottom of Alewife Brook through the marshes
is about elevation 7.0 .

The ordinary low -water level within the

marshes, with tide gates located at the outlet of Alewife Brook and such
moderate dredging and straightening as contemplated under the Somer
ville, Cambridge, Arlington plan of 1903, would be probably some
where about 8.0 .

Under present conditions the water level in Alewife Brook at Massa
chusetts Avenue seldom if ever falls below grade 8.6 at lowest tides,
and at Jerome Street, in the Mystic River, a little below the outlet of

Alewife Brook, the water level commonly stands at about grade 6.0 at
low tide for a period of about four hours , but in extreme cases of

drought and lowest tides falls to grade 5.0 .
It is thus seen that inside the tide gates proposed heretofore at Ale

wife Brook outlet, the total area available for storage of storm water in
the pools and channels, including Little Pond but not including Spy
Pond, is :
At grade 10,
At grade 9,
At grade 8,

45.14 acres .
38.13 acres .
31.31 acres .

As stated above, the probable average low -water level in the marshes
under this project for gates at Alewife outlet would be about grade

8.0 . The general level at which water begins to spread out over large
areas of marsh now is grade 9.8 and 10.0 . When the water level is
drained to grade 8 this portion of the marsh will shrink and settle to
about grade 9.5 , or possibly 9.3 , and if drained lower would settle
more . Thus , with ditches and channels moderately deepened, there
would be only about 1.5 feet of storage depth for storm water before
overflowing the marshes .

The average area of the storage basin, between grades 8.0 and 9.50,
including Little Pond , would average only about 37 acres after the
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straightening and widening of channels although we include an enlarge
ment of Little River to make Little Pond available , such as could be

made only at a greater expense than was probably contemplated in
the proposition of tide gates at Alewife outlet.
To fill this 37 acres of water area 1.5 feet, or eighteen inches deep,
or to just below the point of overflowing broad areas of the marshes ,
would require a run - off from the 7.07 square miles, or 4,525 acres , of
drainage area only
18 inches X 37 acres

4,525 acres

= .147 inch in depth of run -off.

To deliver this in six hours requires a rate equivalent to about 15
cubic feet per second per square mile .

The marsh would thus begin

to be overflowed by just about the flow that may be expected from this
quick and fashy drainage area of 7.07 square miles in a very heavy
summer rain falling on wet ground. (See page 56. )
Half the area estimated above as available for storage is in Little
Pond . With Little Pond thus made available through an ample channel,
probably those overflows would be so infrequent that they would not

interfere much with farming operations, and perhaps they could be
tolerated from the sanitary standpoint if pollution were lessened .
But our data for stream flow is not full , and it must not be forgotten
that one of the worst floods in recent years, which submerged the
marshes and the bordering cultivated land to grade 11.70 or 12.0
and spoiled much celery, occurred in July, 1903 .

The margin of safety against overflow in summer, with the tide
gates at Alewife Brook, even with Little Pond made available for stor
age , is too small.

I have at present no estimate on the assumption that Spy Pond would

be lowered to the general level , or that Wellington Brook would be
diverted and Little Pond dammed as proposed later on page 80 ,
because this would involve much work on the improvement of shores
of Spy Pond and its shallow flowage, and would involve the protec
tion of Spy Pond from pollution by sewage . The expense of all this

would probably be regarded as too great for a mere local improve
ment, and there would be no inducement for co -operation on behalf of
the Metropolitan Park System.

While it is plain that a simple dam and tide gate at the outlet of Ale
wife Brook , and a moderate dredging and straightening its channel,
would better the present conditions of height of standing water in the
marshes, it appears from the analyses and sanitary studies set forth

in detail in Appendix 2 that this tide gate at Alewife outlet would
probably maintain an intolerable condition of pollution , unless Tannery

Brook was greatly improved and much of the sewage and other pollu
tion now present were excluded .

To sum the matter up , I am of the opinion that tide gates, as pro
posed at Alewife Brook outlet, in connection with the moderate amount
of dredging of channel possible with an appropriation of $ 10,000 , or,
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such as I am told was contemplated in the joint action under the legis
lative authority of 1903 , would be inadequate to meet the requirements
of public health , and I am led to believe that although much larger
work of excavation be done , and a broad, deep channel dug to Little
Pond, and pollution excluded from Tannery Brook, and the sewer over

flow conduits extended , that the needs of the public cannot be so well
met by tide gates at Alewife Brook outlet as by a more comprehensive
treatment with tide gates at Cradock Bridge and with Spy Pond and
Lower Mystic Lake also utilized, as hereinafter described , in storing
the upland flood waters , to be released a few hours later for flushing
out the waters polluted by sewer overflows and street wash .
IMPOSSIBILITY OF KEEPING THE WATER LEVEL DOWN IN SEVERE RAINS
BY PUMPING .

To keep the water level in the Alewife Brook drainage channel from

overflowing the marshes by pumping during heavy rainfalls within the
five or six-hour period while the tide gates proposed at its outlet were
closed, would not be feasible except at great and unwarranted expense.
This is especially true if Spy Pond and Little Pond be not made avail

able for storage between tides, and if the only storage space provided
is the channel, slightly enlarged and straightened, above the Alewife
Brook tide gates.
To pump only one -half the run -off from a summer freshet delivering

8-inch of rain per twenty-four hours from this watershed of quick and
large yield (equivalent to one-half of 20 cubic feet per second per square

mile from 7.07 square miles or 70 cubic feet per second) would require
a pump as large as one of the great sewer pumps at Deer Island, although
it would not call for so large an engine and steam boiler plant as the
Deer Island plant. The pumps would have to be many times larger
than the sewage pumps now located near Alewife Brook.
The occasions requiring the use of such a pump would come seldom
but might come suddenly, and the plant and men in charge must be at
all times ready to start the pumps at an hour's notice. Plainly such a
plant would be too expensive in first cost, too expensive in maintenance
and too uncertain in action on a sudden call , and it would be in all ways
inferior to a tide-gate system supplemented by ample storage space
for the run - off accumulated between tides.
CONCERNING THE FORMER TE GATES ON ALEWIFE BROOK .

In view of the foregoing statements, that tide gates as proposed at
the outlet of Alewife Brook might prove a failure for preventing the

inundation of the marshes in very heavy rainfalls , it will naturally be
questioned if the tide gates that formerly stood near where Broadway
crosses Alewife Brook were not a success .

The old Broadway gates were designed for a totally different pur
pose and operated under very different conditions, and for a part of
the time, at least, they were operated in company with flashboards on
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Alewife Brook at the Arlington railroad culvert, designed to keep more
water in the marshes, so that it might add to the public water supply

of Cambridge, then drawn from Fresh Pond . The chief object of the
old Broadway tide gates was to prevent the pollution of the Cambridge
water supply by salt water backing up through Alewife Brook into the
channels among the marshes , and bringing along with it the discharge
from certain sewers of Cambridge that then discharged into Alewife
Brook at points below the marshes.

Water from the marshes flowed into Fresh Pond through strata of
gravel underlying portions of the marsh , at times when the water level
in Fresh Pond was much reduced by pumping. The main object then

was to add all possible fresh water to the Cambridge supply, from
these marshes and from Little Pond and Spy Pond . Later, this water
from Little Pond and Spy Pond was brought directly into Fresh Pond

by building a conduit between these points. Therefore, the drainage
of these marshes, except for taking the drainage into the water supply,
was farthest from the object then sought. These tide gates excluded
the sea floods, but it was not then necessary to keep the rain floods
from inundating the marsh .
The history of these tide gates more in detail , as gathered by the

engineers of the Metropolitan Park Commission in part from old resi
dents of the neighborhood and in part from the city engineer of Cam
bridge, is as follows:
The Broadway gates, so called, were authorized by an act of the
Legislature in 1874 ( chapter 193 , Acts of 1874 ) . They were con
structed by the city of Cambridge, by an agreement with the town of

Arlington, in 1875. They consisted of double gates, each opening
about 4 feet by 6 feet.

The gates were renewed, or repaired, in 1880,

and were in use up to the time of the completion of the metropolitan
sewer, in 1897.

Plans of gates are on file in the city engineer's office

of Cambridge and an outline plan of them is presented herewith .
Mr. Lewis M. Hastings , for many years city engineer of Cambridge,
says that tide gates of some kind have been kept up by the farmers

along Alewife Brook for many years , but in the early seventies the
Cambridge water board , under an act of the Legislature, erected , and

the city through its sewer department maintained until 1897 , the Broad
way gates, so called . At this time, water was being pumped from
Wellington Brook to Fresh Pond reservoir through a conduit, and later
the conduit was extended to Little Pond, which was thus added directly

to the Cambridge sources of supply. The object, as far as Cambridge
was concerned, was twofold : to prevent the pollution of its water sup
ply, and to prevent back flow at extremely high tides from that part of

its sewer system then emptying into the brook .
In 1896 or 1897 , the Metropolitan Sewer Commission having com

pleted the Alewife Brook sewer, and the Cambridge sewers being
connected therewith, the water-supply conduit across the marshes hav
ing been abandoned by reason of the better supply of water recently
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obtained from Hobbs Brook, and Stony Brook , the necessity for main

taining the tide gates for the benefit of the city of Cambridge ceased.
According to Mr. Hastings, the gates were left in until 1899 or 1900,
although after 1897 , owing to complaints of the Arlington farmers that
their maintenance injured the celery crop , and at the request of the

Arlington town officers, the Cambridge officers had the gates trussed
up and inoperative a part of the time.

The gates were removed, without the knowledge or consent of the
Cambridge officials, in 1899 or 1900 .

It is supposed that they were

pulled out by men from the Arlington street department, by means of
ropes or chains attached to the steam road roller belonging to the town
of Arlington .

The following notes on height of water, etc., at the gates are found
in the Cambridge City Engineer's office :
September, 1878 , gates opened to let water out at elevation,
September, 1878, high water, .

January , 1881, high water, down stream from gates,
January, 1881, high water, upstream from gates,
January, 1884 , sill of gates,
January, 1884, gate , .

January , 1884, fighway ,

9.00
11.35
11.50
9.30
5.86

7.12
7.61

SHRINKAGE IN HEIGHT OF MARSH CAUSED BY DRAINING .

These marshes between Fresh Pond and Spy Pond and those along
Alewife Brook will probably settle somewhere between 5 inches and 8

inches and at some few places 11 inches, varying at different localities ,
if the ground water is lowered from its present general height of 10.0
to the proposed future height of about 7.25 . It may be expected ,

therefore, that the future elevation of much of the 250 acres of marsh
lying upstream from Massachusetts Avenue will be about 9.5 and in
some places 9.2 or even 9.0 , instead of averaging about 10.2 to 9.8 , as
at present .

The extent of the subsidence will vary at different points , according
to the character of the peaty substrata.

It is a well -known fact that deep deposits of peat shrink when
drained.

At Green Harbor, Mass ., in the course of the investigations

made in 1896 and 1897 by the State Board of Health and the Board of

Harbor Commissioners, jointly, it was found that 6. The meadows had
settled materially after reclamation , the surface of the meadows just
above the dike being 2 feet or more lower than that of the unreclaimed
salt marshes below the dike ." *

Several hundred acres of the Green

* See report of Joint Board upon the Restoration of Green Harbor, State of Massa

chusetts, Senate Document, 1898.
On page 32 it is stated that mean high tide in that locality is 9.4 feet above low tide.
The general summer water level for a long distance back from the dike is 3.8 feet above
mean low water . This is equivalent to 5.6 feet below mean high water . In a wet

summer the water apparently stands somewhat higher, and in the early spring months
of every year is kept at a much higher level .

On page 41 it is stated that the marshes below the dike now stand at an average
height of 9.1 above mean low water. The parts above the dike doubtless originally
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Harbor marsh stood at a level about 20 inches lower than its proba
ble original level , and this had been brought about by the construction
of a dike and tide gates, which had maintained the ordinary water level
at about 5 feet below mean high tides during a period of twenty -five
years.

It is stated in this report of the joint board that the shrinkage is
partly due to the death and decay of the roots of the salt-water
vegetation

In the Fresh Pond Marshes the present vegetation is almost wholly
that which thrives in fresh water, and it probably would not die out and

change to the same extent as when a salt, peaty marsh is drained . For
this reason it is possible that the ratio of shrinkage would be less, or it
may be that it would merely progress more slowly during the first few
years .

On the basis of the Green Harbor experience, as stated above, a

shrinkage of 37 per cent . of 2.75 feet, ground water table being lowered
from 10.0 to 7.25, would cause a subsidence of 1 foot in the most peaty
portions of the Fresh Pond Marsh .

Possibly a very small part of the Green Harbor subsidence may have
been due to the slow general subsidence of the coastal region during
these twenty -five years , but at .01 foot per year this would amount to
only .25 feet out of the 1.66 feet. The salt marsh open to the sea ap
pears to be constantly built up by vegetation and silt to an extent equal
to the general subsidence of the coastal region .

Possibly the lower elevation of the Fresh Pond Marshes, noted on
page 23 compared with that of the Charles River and Mystic marshes is
due to their different vegetation and to the restricted channel, and to
their distance from the sea, which brings them less silt, so that for the
past thirty years and more, the accretion year by year has been smaller
than the subsidence ,

The only means by which it appears that drainage may produce a
settlement of these Cambridge and Arlington marshes are :

First, the drying out of the moisture within the stratum lying between
the present water level and the future water level .
Second, the shrinkage of organic material in this stratum of soil

above the permanent water level through decay, or possibly through
stood at the same level but are now found at between 7.0 and 7.5. This shows a settle .
ment of 2.1 and 1.6 feet, an average of 1.85 feet , or 22 inches.
The present elevation of the ground averages about ( 7.25 — 3.8 = 3.45) 3.45 feet above
the ordinary summer water level.

If we call the mean lowering of the water table 5 feet, the ratio of shrinkage in height

of the Green Harbor marshes after many years of drainage and cultivation is 37 per
cent of the amount of lowering of the water surface. In these lower reaches of the

Green Harbor marshes the material is .5 feet to 1 foot of turf and soil on top, and below
this 1 foot to 3 feet of earth and fibrous matter. In some places earthy matter pre

dominates. In other places the material appears to be largely a mass of small fibres.
The muck and clay are underlaid hy sand averaging 8 feet below the surface but in

several places attaining a depth of 20 or 25 feet. These drained lands at Green Harbor
are very fertile.
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fire . * Tests made by the ignition of dried samples of the peat and muck
taken from many portions of the marsh show that 70 to 90 per cent . is
of organic material.

Although the water in the streams and ponds be lowered to 7.1 , the
capillarity of the soil and the slope of the water table necessary for per
colation toward the drainage channel will hold up the level of the
ground water to some extent within the great body of the marsh .
If basin level be maintained at 7.1 the plane of saturation can hardly
average lower than elevation 7.5 .
If the future mean level of saturation is grade 7.5 where at present
it is 10.0, this will give a stratum at most 2.5 feet thick , subject to drying,
decay and shrinkage.
In order to obtain some more definite measure of the probable shrink
age, many test pits, borings and examinations of the soil were made at

locations widely scattered over different sections of the marsh and of the
bordering, low, firm ground .

These borings varied from 2 to 5 feet

deep in the firm ground and were 5 to 50 feet in the marsh.
Speaking generally, there was found within the borders of the marsh
a deposit of peaty mud or muck 5 feet to 50 feet in depth, in which roots
and coarse fibres were not a large per cent. of the whole . This muck
or peat, exclusive of water, was about 70 to 90 per cent . organic

matter, mainly finely divided carbonaceous material . In a majority of
the borings the peat, or “ peat mud , ” as those who made the borings
called it, was underlaid by sand and in a few instances by clay .
Ten samples of cores from borings averaging 15 feet deep, in locali

ties widely separated , so as to be fairly representative of all the marsh
between Fresh Pond and Little Pond , were taken from bottles in which

they had been kept tightly corked for about three weeks and pressed

into glass tubes

of an inch in diameter by about 2.5 inches long, open

at both ends , while still very moist, and then exposed to evaporation
from the open upper end . The bottoms of the tubes rested on blotting
paper, through which also moisture was abstracted .

After standing thus exposed to evaporation and shrinkage for eleven
days , the material was gently pressed down so as to fill the cross
section of the tube, and its height again measured . The average
shrinkage in height was 37 per cent. The samples were still slightly
moist .

Samples were then tested for per cent. of organic matter at the
chemical laboratory of the Massachusetts Institute of Technology by
Mr. Woodman . They were first dried on a water bath ; then put
through a sieve of 30 meshes to a linear inch to remove stones and

sticks. ( The observer neglected to weigh the materials thus excluded ,
* Instances are on record where drained peat swamps have caught fire and burned
deeply after drainage. On the Rock meadows, near the Belmont and Lexington line,

fire caught years ago in a place where peat was formerly excavated, and burrowed
deeply, passing, it is said , under the highway through the peaty stratum .
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but the amount is said to have been “ very small.” The original wet
Then the samples were
dried in an air bath at 212 degrees Fahrenheit to constant weight and
bottled . An accurately weighed sample of each was then ignited in a
platinum crucible until the weight remained constant. The loss in dry
weight by ignition is taken as showing the percentage of organic
matter in the dried fine material after excluding roots and pebbles.
weight of the samples was not observed .* )

Samples from Borings in and near Marsh .
No.
of
Bor

[ Per cent. of organic matter and shrinkage .]
SHRINKAGE TESTS.
Total

.
ing

LOCALITY IN MARSH FROM

WHICH SAXPLE WAS TAKEN.

Sample .
304

About 20 feet south of Lit.
tle River, about half-way
from Wellington Brook to
Alewife Brook , .

312

About 10 feet south of Little
River about one-third up

Borers '
of Ma

terial passed
through .

5.6 Mud.

Loss on

Ignition or

Depth of Description
Material
like

Original
Height

Per Cent.

Per Cent.

of
Shrink

of Organic

( Inches ). age found.

Matter .

2.2

34

49

1.05

38

82

3

from Wellington Brook to
Little Pond ,

60

Marshmud.

318 About 10 feet south of Little
River, about 500 feet east
of Little Pond,

330
334

About 325 feet north-east of
Perch Pond ,

26

Peat mud.

2.3

32

85

18

Peat mud.

1.95

33

94

15

Mud .

2.35

39

78

34

Soft mud.

2.3

46

91

3

Mud.

1.75

31

71

3

Mud .

2.1

46

91

9

Mud .

1.9

40

89

6

Soft mud .

1.0

35

90

37

82

About 310 feet north -west of
Pout Pond , about 200 feet

south of Fitchburg Rail.
road,

.

338 About 325 feet north of Bos.
ton Packing Company,
344 About 300 feet north of Mass
achusetts Central Rail.

road , about half-way be.
tween Alewife Brook and
Little River,
348 About 350

feet

north of

Fitchburg Railroad , about
550 feet west of Alewife
Brook , .
352

About 100 feet west ofnorth

west corner of Glacialis, .
356 About 60 feet west of south .
west corner of Glacialis ,
Average of 10 samples, .

18

* Subsequent observations on other samples, the analysis of which is given on page
74, indicate that the proportion of organic matter in the coarse material was in general
about the same as in the fine .

The percentage of organic matter found in this later series of samples was in many
cases about the same, but owing to including a few samples containing much sand and
clay the average of the entire second lot, coarse and fine, shows 67 per cent. of organic
matter .

The percentage of water averaged about 80 ; several samples nearly 90 per cent.
| Boring stopped at this depth .
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In order to see if the above -described tests on short samples gave

results in agreement with samples of the full depth of 2 feet , four other
samples, each about 2 feet in depth , were taken from one test pit

located a short distance away from Alewife Brook, at a point about
100 feet down stream from the point where Little River flows into it.
These samples, cut from the ground on Jan. 12, 1904, were three days later compacted

into glass tubes 84 of an inch in diameter by 24 inches long, under just enough pressure
to fill the voids and with care to compact it in its natural condition as nearly as practi.
cable . The tubes were placed upright, and all left uncovered at the top . Two of them

had the bottom end immersed in water, while the bottoms of the others were dry and
exposed to the air.

On February 4, or after twenty days of drying, one each of the immersed and dry
samples were tested , and six days later, or twenty-six days after preparation of the
samples, the other two were tested . In each case pressure was applied sufficient to fill
the voids at the sides left by shrinkage. The results were as follows:

SAMPLE NUMBER.

Condition .

Number of
Days
Exposure
to Evapora

Original
Height in
Tube

tion .

( Inches ).

Shrinkage
( Per Cent.

A,

Bottom immersed .

20

24.1

20

B,

Bottom dry, .

20

24.1

25

C,

Bottom immersed ,

26

24.0

24

D,

Bottom dry, .

26

22.8

29

17 Average of 4 samples,

23

22

Some of the same material after being thoroughly dried showed on ignition a loss of
66 per cent.

A specimen from the same pit, classified as " peat ” by the observer, exposed to
evaporation for seventeen days in one of the 2.5 inch tubes, then removed, pulverized
and carefully put back, showed a loss in height of 39 per cent. This was doubtless
much more thoroughly dried than A , B, C or D.

Similar tests were made with a fairly representative selection of the

specimens obtained in the borings made along the Mystic River and
along that portion of Alewife Brook downstream from Massachusetts
Avenue , and the results are presented in the following table.

The following are grouped , first according to the classifications re
turned in the well borers' notes, and secondly are arranged in order of
position, the pit farthest upstream being entered at the top.
These tests were made upon ordinary samples from the borings that

had been kept in tightly stoppered bottles. Those from along the
Mystic River had been kept about three months, those from Mystic

River to Arlington Branch Railroad about two months, and those along
the Fresh Pond Marshes about three weeks . After being closely
packed into glass tubes the specimens were stood in a rack in the office
and allowed to become thoroughly dry ." Prior to measuring shrink
age the material from each tube, now “ thoroughly dry ," was removed
and pulverized and carefully put back .
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SHRINKAGE

TEST.

Limiting
Distances below
LOCALITY .

Surface of

Material likethis
Sample .

Loss

Original
in
Height Height
in
Tube.

From

Feet.

197 | Just outside wet marsh, 200

Το
Feet.
4.0

Ignition ,
or Per
Cent . of

after

Organic
Material.

Per
Inches .
1.80

Cent .
17

Clay and

21

loam .

1.0

3.0

2.45

18

Clay and
loam .

11

2.3

2.50

12

Sandy
loam .

27

1.0

2.50

4

Sandy
loam .

9

1.0

2.50

10

1

feet west of New England
Brick Company shed .

122 Near edge of marsh, about

Material.

Loss of
Dried Ma
terial by

Drying.

feetnorth of Concord Áve
nue, about 600 feet west
of Glacialis.

36 In midst of marsh , 550 feet
west of Winthrop Street .
126 Just outside wet marsh , 400

Borers
Classifica
tion of this

700 feet east from inter .

section Massachusetts
Central and old Lexing

ton and Arlington Branch
Railroads.
173 Outside marsh,500 feetnorth

Sandy

17

loam .

of confluence of Welling.
ton Brook and Little
River .

.8

3.5

10

1.50

20

Peat

18

loam .

2.45

4

.5

2.45

10

Peat .

9

1

1.0

15 Outside of marsh , half-way
between Jerome Street
and Harvard Avenue .

Sandy

16

Joam .
.2

2.0

-

Average of above 9

Sandy
loam .

153 Middle of marsh , across
river from Somerville pest
house .

2 Near outlet of Mystic Lake.

2.50

14

1.5

108 Poor Farm field , 500 feet
east of Tannery Brook .

15

12

No.
Boring
of
.

samples.

SHRINKAGE
TEST .

Limiting
Distances below

LOCALITY .

Surface of

Material like this
Sample.

Original Loss
in
Height Height
in
Tube.

From
Feet.

167 Edge of marsh , about 50

To

Loss of

Dried Ma
terial by
Borers'
Classifica- Ignition ,

after

tion of this
Material.

or Per
Cent. of
Organic

Drying.

Material.

Per

Feet.
2.4

Inches .

Cent.

2.50

52

Loam and
peat.

60

3.2

2.50

68

Loam and

84

feet east of middle of

curve, Arlington Branch
Railroad.

114 In midst of small marsh, 400
feet westof Massachusetts

peat.

Avenue.

21 Edge of marsh , 200 feet

1.0

7.0

2.45

55

north -west of Jerome
Street.
72 In midst of marsh, 100 feet
north - east of Boston
Avenue.

Loam and

59

peat.
4.0

2.50

64

Loam and
peat.

57

No.
Boring
of
.
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SHRINKAGE

Loss of

TEST.

Dried Ma

Limiting
LOCALITY .

Distances below
Surface of
Material like this

Sample .

Borers
Loss

Original
in
Height Height
in

Classifica- Ignition ,
tion of this
Material.

103 Near powder house boule.

Organic

Drying.

Material.

To
Feet.

Inches.

Cent.

2.7

2.50

38

Peat and
loam .

1.5

2.45

51

Peat and

Per

vard, 500 feet south -west
of pest house.
29 In marsh north of river,
just west of Auburn

or Per
Cent. of

after
Tube .

From
Feet.

terial by

19

loam .

31

Peat and

50

Street.

76 In marsh just west of Bos
ton & Maine Railroad .
156 North edge of marsh , 600
feet east of Broadway.

5.9

2.45

62

loam .
1.0

176 Just outside marsh , near
corper Arlington , Bel .
mont and Cambridge

boundary .
69 Near river, about 300 feet

1.5

1.85

41

2.5

2.50

60

Peat.

82

3.0

2.45

37

Peat .

14

7.3

2.50

58

Peat .

41

Loam , clay
and peat.

70

south -west of Boston
Avenue .

87 Near upland edge of marsh ,
about 250 feet west from

Cradock Bridge.
.2

3.7

-

Average of above 11
samples, substan .
tially all within
marsh .

53

45

All of this material described in the preceding table was dried much

more thoroughly in the laboratory than it ever would be by the lowering
of the water table if left standing in the marsh , for capillarity will hold

much moisture in the strata immediately above the level at which the

basin stands, and probably it was more tightly compressed, but, on the
other hand it was not subject to the shrinkage that may in course of
time come from oxidation or decay .

The results from these very small specimens are valuable, chiefly in
indicating the greatest possible degree of shrinkage due to drying and
compacting
TESTS ON SHRINKAGE OF LARGE SPECIMENS OF PEAT .

I therefore had four 6 -inch cylinders of the peaty earth cut out by
means of a thin sharp tube of galvanized iron , similar to a stove pipe,
driven down into the marsh . These cylinders were carefully removed

by digging around them and cutting off the bottom, and were retained
in undisturbed form , 6 inches in diameter by 2 feet, or in some cases
2.3 feet , high .

These samples were not removed from the casing and were kept most

of the time under cover in a dry basement, and were continuously open
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at top and closed at bottom .

The circulation of air about them was

slow and the opportunity for drying rather poor during the first three
months .

The samples were weighed and measured within an hour or two
after removal from the ground, but some water was drained out while
they were being conveyed to the scales , and up to July 21 water would
drip from the bottom of the cases when they were shaken down. They
shrank rapidly at first, to the extent of 2 inches in height ; then more

slowly. Examining them July 21 , it was noted that they had also
contracted horizontally, and shrunken about to inch away from the
case for some inches down from the top ; under a shaking down and

pressure of 50 to 100 pounds from the hand they settled down about an
inch , and then showed a total shrinkage of about 5 inches . The top
was still wet to the touch , and the bottom saturated , as shown by drip
from the casing. The bottom cap was kept on each metal case all of
Average
.

the time. *

MARK ON SAMPLE .

2

Location adjacent to test pit No. ,

April 23. Originalheight ofsample(inches),

3

328
25.2

334
28.5

347
25.1

31.0

32.0

30.0

35.0

26.2

27.2
58.4

25.2
61.5

30.2
68.7

2.1
1.0

1.3
1.5

April 23. Original weight of sample, including
case, after some drainage,

300

26.9

Originalnet weight,exclusive of case, after some
drainage ( pounds ), ·
Original bulk (cubic feet ),

Original net weightper cubic foot (pounds),

63.6
.412

.44

April 24. Shrinkage in weight, 1 day (pounds), :

2.5

2.0
1.3

May 8. Shrinkage in height, 15 days (inches ) ,
May 8. Shrinkage in weight, 15 days ( pounds ),
July 1. Shrinkage in height, 69 days (inches) ,

2.2
3.5

2.2
2.0

2.4
2.2

1.8
2.8

2.8

July 1. Shrinkage in weight, 69 days (pounds), :

4.3

2.8
2.7

3.1
2.8

4.0

3.5

4.0

4.3

3.3

3.5
3.0

3.6
4.2

16.4

12.1

11.9

13.9

4.8

5.2

4.5

4.6

5.0

5.2

5.0

4.9

5.0

5.3

6.0

5.5

5.4

5.5

7.4
35.0

8.0
25.0

28.0

7.4
29.5

29.0

28.0

29.0

6.9
30.0
26.0

April 24. Shrinkage in height, 1 day (inches) ,

1.7

.466

2.9

July 21. Shrinkage in height, 89 days, about
( inches ),

July 21. Shrinkage in weight, 89 days (pounds),
July 21. Shrinkage in per cent. of net

weight in

89 days ( pounds ),
( inches ),

28. fotal shrinkage after pressing down,
July
still wet at top (inches ),.
Aug 7. Total shrinkage after pressing down,
still moist at top after 106 days ( inches),
Nov. 2. Total loss in height afterramming mod
erately with 2-inch rod (inches) ,
Total per cent. loss net weight,
Nov. 2. Total per cent. loss in height,

Nov. 2 .

-

July 21. Total shrinkage after pressing down

28.0

* On July 21 they were all removed to a sunny location in the open air, but kept
covered in rainy weather. By August 7 they had doubtless become as dry as they
would, in the open field, subject to rain , and with the bottom kept saturated by the

ground water at the drainage plane. All specimens were then elastic and although
yielding 14 to 4 inch to moderate pressure, sprang back when pressure was removed .

They continued , with case standingin the sun open at top only, shielded from entrance
of rain , until November 3, by which time they had become " air dry," and much drier
than they could become in their natural position , with best of drainage.
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From all of the foregoing it appears probable that the draining of
the marshes, so that the water will stand ordinarily at about grade 7.25
in the channels, will cause a shrinkage of fully 6 inches , due to such
draining out of the water as will occur under natural conditions.
In addition there may be a further shrinkage from the decay of por

tions of the roots and fibres in the peat after the ground water is lowered
so as to expose these to the air.
The plants are already those of fresh water, so that tide gates would
not cause their death , by reason of change from salt to fresh , to the
extent noted in the case of Green Harbor .

SETTLEMENT BECAUSE OF DECAY .

As a common -sense proposition, much of the woody fibre in the peat
may be expected to decay like the end of a fence post in moist earth ,
or like the grass roots or turf used by florists as a fertilizer. A part

of this organic material may supply fertilizer for future heavy crops of
grass, but other portions may perhaps have been already so far acted
upon by bacterial (anaerobic) decomposition as to leave the carbon in a
condition not liable to oxidation , save perhaps at a very slow rate .

There may perhaps be a marked distinction in this regard between the
fibrous peat and the “ mud peat.”

Further studies in the open air are

needed, reproducing natural conditions.
A further sampling of the material, with special view to determining
the percentage of water contained in the material as found in the marsh ,

and to learning the proportions of coarse material like little sticks and
stones not included by the chemist in his first determinations, was made
with the following results, the samples being collected under the per
sonal direction of Mr. Winslow . Notes are also given of a few pre

liminary tests intended to discover tendency to decay, but these were
not carried far enough to be conclusive, and the biologist submits them

as merely the record of a beginning. Mr. Winslow's preliminary report
is as follows :

BOSTON, MASS., June 15, 1904.
Mr. JOHN R. FREEMAN .

DEAR SIR : – In response to your request for information in regard to the probable
shrinkage through decay of the peaty deposits in the Fresh Pond Marshes, which might
follow a lowering of the water level, I submit the following:
On April 21 , I visited the marshes in company with a representative from the engi.
neer's office of the Metropolitan Park Commission, and under my general direction 20

small soil samples were collected from various points in the marshland and in the beds
of its streams. It was my aim to secure samples typical of the peat, and points where
only clay could be found , as in the bed of Perch Pond, were ignored .
My first object was to determine the general character of the material and its liability
to loss by direct evaporation, and for this purpose I submitted the samples to Mr. A.
G. Woodman for analysis. The results obtained are shown in the appended table .
It is evident first that all the samples contained a very high percentage of water,
above 80 per cent. in 14 of the 20 samples examined . The amount of material passing a
30 -mesh sieve amounted in 13 samples to over 80 per cent, and in only 3 cases fell below

70 per cent. The coarse material when present was generally either granular mineral
matter or fibrous woody substance from decaying vegetation.

The percentage of organic matter varied widely, amounting to over 90 per cent. in
some cases and to less than 20 per cent. in others. In samples of the latter type con .
siderable clay was present, mixed with the peat.
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Examination of Soils from Fresh Pond Marshes .
.
Number

AFTER DRYING .

Per
Cent .
Coarse
Ма
terial,

Per
Cent .
Fine
Ma
terial.

88.1
89.4

17.4

82.6
89.1

77.34

71.19

10.9

92.15

89.37

89.2

37.5

62.5

84.47

72.91

91.3

19.8

80.2

95.37

93.53

80.8

23.6

76.4

59.32

56.30

64.4

3.7

96.3

3.9

96.1

41.08
81.21

18.45

87.5

62.2

3.5

96.5

21.45

13.06

73.0

6.7

93.3

44.53

30.70

84.0
85.9

10.0
53.7

90.0
46.3

67.66
86.54

54.55

88.5

6.3

93.7

84.76

76.86

88.5

23.5

76.5

92.98

90.12
37.97

Per
Cent.
Water.

SOURCE OF SAMPLE .

Per Cent. Per Cent .
Organic Organic
Matter,
Matter ,
Coarse

Fine

Portions. Portions.

On marsh , about 270 feet east of the
north -east corner of Heustis ' piggery ;

17

surface ,

14 Same ; 3 feetbelow surface,

On marsh, about 300 feet north -west of
Pout Pond ; surface,
16 Same ; 2.5feet below surface,
15

13

On marsh , junction ofWellington Brook
and Little River ; 6 inches below sur.
face,

2

on marsh , south west of junction of

1

Little River and old Lexington & Ar.
lington Railroad ; surface ,
Same; 3 feet below surface,

3

On marsh , west side of Alewife Brook
between Little River and Arlington
Branch ,

77.34

4 On marsh ,west side of Alewife Brook,
south of Arlington Branch ,

On marsh, 800 feet west of Alewife

18

Brook , 200 feet south of Massachu
setts Central Railroad ; surface,
20 Same; 2 feet below surface ,
19 On marsh ,back of Boston PackingCom:
pany , half-way to Pout Pond ; 6 inches
below surface , :

6 Same; 2.5 feetbelow surface,
On marsh , near south -west corner of
Glacialis ; 1 foot below surface,
11
In Little Pond below pipe line; under i

85.51

10

foot of gravel,
5

Bottom of Little Pond above pipe near
In Alewife Brook at junction of Little

7

In Glacialis,near east shore ; 1.6 feet

12

59.6

18.5

81.5

53.53

87.1

37.8

62.2

65.07

83.26

86.9

18.3

81.7

91.87

91.52

43.4

3.1

96.9

23.84

9.69

26.6

94.30

92.92

8

In Glacialis,near south -west corner,

87.8
85.4

28.6

73.4
71.4

65.75

69.47

9

In Glacialis, near east shore ; 6 inches
down, .

77.2

12.5

87.5

85.06

87.20

79.5

18.3

81.7

70.40

65.10

From these examinations it is evident that over a good part of the Fresh Pond

Marshes there is a peaty deposit containing some 80 per cent. water, and largely of an

organic nature . Such a material must be subject to possible shrinkage from the mere
loss of water in the case of a lowering of ground water level . Whether further loss from
subsequent decomposition of the organic matter would occur is less easy to say ; and in
order to throw some light on this point I have carried out the following experiments .
Five composite samples of soil were dried in porcelain dishes for twenty -four hours
at 37 ° C., equals 98.6° F., and then analyzed, giving results shown in the appended table .
[Parts per 100,000 .)
Station
SPECIAL SAMPLE .

Samples used Free Am Albumin
oid
in mixing
Special
Samples.

sim

7, 8, 9
2, 15 , 17 , 18
6 , 13, 19
1 , 14 , 16 , 20

11 , 12
Average,

monia .

14.5

Bacteria

Oxygen
Ammonia . consumed .

per
Gram .

11.5
33.0
16.0
31.0

696
678
920
826
830

3,187
4,920

6,630

7,100,000

21.2

790

6,070

2,440,000

7,247
8,368

570,000
610,000
3,800,000
121,500
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Each composite sample was then divided into three portions. One was kept dry , the
second was kept moist, water being added daily to make up for evaporation , and the
third was kept completely submerged in water . All were kept at a temperature of 37
C., equivalent to 98.6 ° F. After two weeks all were dried for twenty - four hours at 37°
C. , and then examined, with the following results :
Dry Portions .
SAMPLES.

Free Am
monia .

BE20

Bacteria
Per
Gram .

consumed .

646
662
852
758
874

2,844
5,144

800,000

24.5
39.5
25.0
34.5

6,331
7,230
6,273

800,000
3,000,000

30.0

758

5,564

1,200,000

Albuminoid
Ammonia .

consumed .

26.5

Average,

Oxygen

Albuminoid
Ammonia .

180,000

Moist Portions.
SAMPLE .

Free

Ammonia .
18.0
23.5
14.0
19.5

A ,.

E,

Average,

Oxygen

Bacteria
per Gram .

2,922
4,348

24.0

740
686
710
714
810

5,319

6,000,000
3,000,000

19.8

732

4,338

3,380,000

2,903

6,198

3,800,000
3,000,000
1,120,000

Wet Portions.
SAMPLE .

E,
Average,

Free
Ammonia .

Albuminoid
Ammonia .

Oxygen

Bacteria

consumed .

per Gram .

14.5

654

3,370

28.5

19.0

676
838

26.0
25.0

756
838

3,487
3,580
4,442

22.6

752

130,000
740,000
600,000
300,000

4,286
3,833

440,000

Comparison of Averages from Mixtures as above .
[All figures below based on dry weight.]
[ Parts per 100,000.)
SAMPLE .

At start,

Free
Ammonia .

Albuminoid
Ammonia .

Oxygen

Bacteria

consumed .

per Gram .

21.2

790

6,070

2,440,000

30.0
19.8
22.6

758
732

5,564
4,338

1,200,000

752

3,833

After two weeks:
Dry, :
Moist,

Submerged,

3,380,000
440,000

Any deduction from such experiments as these must necessarily be made with ex .
reme caution , since the actual condition of the peat upon the marshes is so widely
different from anything which can be imitated in a laboratory experiment. The dif.

ferences between the results obtained in the three sets of samples are, moreover, so
slight as to be almost within the limits of chance variation. It is perhaps significant,
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however, that the dried samples showed least loss of albuminoid ammonia and oxygen
consumed , and that the moist samples showed the greatest loss of free and albuminoid
ammonia, while the greatest multiplication of bacteria also occurred in the moist con.
dition . This agrees with the well -known fact illustrated by the decay of fence posts
just at the surface of the ground, that moderate moisture and air supply furnish the
most favorable conditions for bacterial decomposition . In so far, therefore, as areas
now kept wet are partially dried by lowering the water level but yet kept moist by capil.

larity, it seems probable that the rate ofdecomposition of the surface peat in the
marshes may be materially increased . What the absolute amount of such decomposi.

tion would be is a question of great difficulty . Organic matter as measured by ordinary
methods includes a wide variety of more or less stable substances, and how far the
particular mixture in a given portion of the marsh would yield in course of time to the
action of putrefactive bacteria is hard to say.
How extensive such peaty areas as I have sampled may be the surveys made under
your direction will probably enable you to determine; and what proportion of the 75
per cent. or more of water they contain will actually be lost under given temperature
condition, and at a given distance above the ground -water must be settled by experi.
ments on a somewhat large scale, which I understand you have already undertaken .
Respectfully yours,
( Signed )
C.-E. A. WINSLOW .

PROBABLE EFFECT OF PEAT AND MUD DEPOSITS UPON ORGANIC
GROWTH IN THE PROPOSED CHANNELS.

Notwithstanding that the marsh , through which the proposed chan
nel runs , contains much peat and organic material, these deposits for
most of the distance are so shallow that the bed of the channel can be

in sand or gravel. There are ample gravel beds near from which that
portion having naturally a peat bottom can be covered with gravel.

In the shallow artificial ice pond of the Boston Packing Company it
was found necessary to occasionally rake up the plant growths from
the bottom .

Further investigation may be needed to determine if the large amount
of organic material in the ground through which the water seeps in, and
particularly that in the bed of Little Pond, is likely to promote the

growth of algæ and plant life in the water, so that it might occasion
ally become malodorous or its appearance offensive, or that the channel

might become soon obstructed by growths of water weeds or eel grass .
Observation of conditions of actual plant growth along the stream
will doubtless furnish the best data, but laboratory studies may help .

The present channels are badly choked in places, but it has been sug
gested by Cambridge officials that the sewage pollution has so fertil.
ized portions as to make the growth more rank than formerly.

The prompt flushing out of sewage overflows and stopping the pol
lution of Tannery Brook, together with preventing the direct entrance
of unfiltered washings from the manure piles where the cattle cars of
the Fitchburg division of the Boston & Maine Railroad are scraped out,
all will help in keeping down the objectionable growth.

So far as yet appears , no serious trouble is to be anticipated, for the
bottom of the channels will be mainly excavated in sand, and where
the new bed is in peat or mud , this can be covered by sand or gravel ,
of which there is an abundance near at hand .
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Kind of Ground for Bed and Banks of Channel.
In order to obtain a better idea of the ground through which the ex
cavations would be made for beds and banks, numerous borings were
made and numerous samples taken . Some of these results have been
already presented in pages 68, 70 and 71 .

Reviewing the notes of borings and test pits made by the engineer
of the Metropolitan Park Commission more particularly, from the
point of view of channel construction , we find as follows :

The peat deposits are much the deepest at the upstream and near
In the broad marsh upstream from the Arlington Branch
Railroad they are much deeper than found in the narrow marshes along
the Mystic River and along Alewife Brook .
Noting the depths and characteristics more specifically, we find, be

Little Pond .

ginning at the downstream end , that in the strip of marsh between
Cradock Bridge and outlet of Alewife Brook , averaging 300 to 600 feet
in width , within which the river winds , there is commonly 3 to 5 feet
of peaty mud, and seldom more than 5 feet. Where this portion of the

channel between Alewife outlet and Cradock Bridge needs to be widened
or straightened , the bottom of the cut will generally be in sand. The
excavation will probably be of the softest and easiest kind. The banks
apparently will resist sliding and erosion fairly well , particularly if
covered with a thin layer of gravel . For this part of the marsh a settle
ment due to drainage and decay may be expected of from 5 inches to

10 inches, and substantially all of this marshland would remain above
grade 10.25 .

In the channel near Lower Mystic Lake and along the Mystic River

between the outlet of the lake and Alewife Brook almost no peat or
peaty mud was found. The test pits and borings, mostly about 4 feet
back from the water's edge, showed that all along the channel the sand
and gravel commonly came to within 3 feet of the surface, often nearer,

and it may be expected that any enlarging or straightening of the chan
nel here would be all in sand or gravel easily excavated, and that on

lowering the water level permanently to about grade 7.25, the margins
would shrink from 1 to 3 inches in height, and would mostly remain
above grade 11 .

Proceeding upstream from Alewife outlet along the lower portion of
Alewife Brook throughout the length of the narrow marsh , nearly all of
the deposits of peat also appear to be shallow, the plans nowhere show
ing more than 3 or 4 feet and in some parts of the marsh showing only
a foot or less .

The bed of this part of the channel would be mostly in sand but in
some places would be in clay. Apparently all of the excavation would
be of the easiest kind, and from the plans and reports there appear to be

ample sand and gravel along the line for covering the peaty banks and
bed .

The shrinkage of this narrow strip of marsh due to draining it
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would probably average hardly more than 5 inches, and its final height,
exclusive of filling, would probably average very near to grade 10.0 .
The portion remaining for discussion is the broad area of marshes
between Fresh Pond and Little Pond , and throughout much of this area,
in the central portions, the peat is 20 feet or more deep, but the record
of material found in the test pits indicates that at the edge of the wet

and soggy marsh the peat is very shallow and commonly lies over sand ,
but sometimes over clay.

Fortunately up along the line of the proposed channel, along Little
River to a short distance above where Wellington Brook enters , the
peat deposit is only from 4 to 5 feet deep, and a deep bed of sand is found
with its top at grade 4.0 or 5.0, Boston base , within which the lower
half of the channel would be excavated , and which would furnish an

ample surplus for covering any peaty portion of the banks with sand
or gravel.

If the new channel follows the course of Little River upstream, the

depth of the peat deposit rapidly increases to more than 30 feet, and
continues very deep nearly all of the way to Little Pond.
It appears feasible, however, to secure a sand or clay bottom for the
canal nearly all of the way to Perch Pond by following a course about
100 or 200 feet northerly from the present channel of Wellington Brook ,
For the remaining 1,200 feet in length of channel to Little Pond, we

have no borings, and it is probable that the peat will be found 10 to 20
feet deep , so that the banks and bed of the canal would be in peat for
this length of 1,200 feet. Little Pond itself has upward of 25 feet
depth of peat in its bottom .
Southerly from the Central Massachusetts railroad to Concord Avenue,
numerous borings in the middle portion show that depth of peat is
only 4 or 5 feet, and that below this is firm sand or clay .

Along the banks of the channel, through the marsh proper, the
shrinkage in height of banks and marsh near the channel due to drain

age and decay of grass , roots and peaty matter will probably average
from 8 inches to 10 inches, and may in some places be ultimately a foot
in height.
STORAGE IN HEAVY RAINS , WITH TIDE GATES AT CRADOCK BRIDGE .

With tide gates at Cradock Bridge, the flooding of the marshes can
be better controlled than by tide gates located only at the Alewife

Brook outlet, because as part of a larger plan, the cost of utilizing Spy
Pond for storage and for flushing out the channels, and at the same

time safeguarding it against pollution by back flow from the marshes,
can be more easily met, and while the proportionate area of storage

basins per square mile of watershed will be no greater for the Cradock
site , the mean depth of storage can more readily be made greater, and,
most important of all, the larger watershed of 43 square miles will
seldom concentrate its freshet flow into so short a period as the water
shed of 7.07 square miles.
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The watershed of 16.3 square miles comprising all below the upper
Mystic Lake will give a flood somewhat less concentrated and more

easily controlled than that from the portion comprised in the 7.07 square
miles of Alewife Brook , because the water from the upper portion of
the large watershed of Mill Brook will be delayed in Lower Mystic
Lake, while that from Meeting House Brook will pass out first of all .
Although the Mystic River between Cradock Bridge and Lower Mystic

Lake now presents a broad surface of about 38 acres for the temporary
storage of flood waters between tides , its capacity, in combination with
the present 37 acres of Alewife Brook and Little Pond , or 75 acres in
all , is not so large as is desirable. Recourse should be had to Spy
Pond and Lower Mystic Lake for additional storage, or for holding back
the water from the more remote parts of the drainage area from enter
ing Alewife Brook and Mystic River until the peak of the freshet on
Alewife and the Mystic has passed out through the tide gates.
Acres.

Drainage area tributary to Lower Mystic Lake, exclusive of
Upper Lake,
The total drainage area tributary to Alewife Brook above its
outlet is about

Square
Miles .

3,793

6.93

4,525

7.07

The additional area (exclusiveof Alewife Brook) tributary to
Mystic River below Mystic Lake is

Total downstream from and exclusive of Upper Mystic Lake is
Drainage area tributary to Upper Mystic Lake, .

Total,

2,137

3.34

10,455
17,200

16.34
26.90

27,655

43.20

The mean depth of run -off from the drainage area of 16.34 square
miles comprising all downstream from Upper Mystic Lake that can be

held in the storage depth of 2.1 feet ( between elevations 7.2 and 9.3)
over a pool of 75 acres ( excluding Spy Pond and Lower Mystic Lake)
is only
2.1 feet x 12 inches x 75 acres = .181 inch
,
10,455 acres

This delivered in six hours is equivalent to a flow of 19.47 cubic feet

per second per square mile from the 16.3 square miles below Upper
Mystic Lake, but to this must be added the flow from Upper Mystic.
In the storm of April 27–29 , 1904 , with its two periods of rapid heavy
rainfall separated by a 12 -hour interval, the rate of flow from Alewife
Brook remained high until after the peak of the flood from Upper
Mystic had arrived . Such a coincidence is rare . Ordinarily much of

the water from the immediate watershed will have passed away before
the peak of the flood from the upper watershed arrives .
Storage in the Upper Mystic Lake, 200 acres in area, will delay the
flood unless its sluices are immediately opened or its flashboards re

moved , and the rule has been not to open them until the lake was rising
too high. The control under present conditions will be different from
that while used for water supply and tend to greater delay.
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One foot in depth on the 54-foot weir would discharge about 175

cubic feet per second or 6.5 cubic feet per second per square mile of
its drainage area.

One foot in height of this lake will hold a run -off from its 26.9
miles of watershed equal to
12 inches x 200 acres

= .14 inch ;
17,200 acres

or one foot in depth would store the entire run -off at the rate of 10
cubic feet per square mile for
200 acres x 43,560 square feet
9 hours .

26.9 square miles x 10 cubic feet x 3,600 seconds

This run -off must next come down through the Lower Mystic Lake
of 111 acres area, the raising of which 1 foot would require holding
back the flow of 10 cubic feet per second per square mile for
111 X 43,560
= 5 hours longer.
26.9 X 10 X 3,600

or a 1 -foot rise on both lakes would delay a flow of 10 feet per second

14 hours . This is a larger flow than found in a summer freshet, and
the lakes can rise much more than 1.0 foot without danger.
While under variable control of sluices of Upper Lake , we may not
state with precision the amount of retardation that the flood will suffer in

these two lakes , it is plain that these lakes will always assist in keeping
the basin above the tide gates from rising too fast, and that by placing
sluice gates and a narrow adjustable controlling weir at the outlet of
the Lower Lake, as suggested on page 82 for controlling Spy Pond , the
summit of the flood wave from the Upper Lake watershed of 26.9 square
miles can be restrained until that from the lower watershed of 16.3

square miles (or 12 square miles, if Spy Pond is controlled as sug
gested ) is well out of the way .

The sluices and weirs can readily be

so designed that they will perform this work without attention , save in
the most extraordinary floods, and so arranged that in these great floods
the only attention needed will be to open the sluice gates from six
hours to twenty - four hours after the heaviest of the rain .
USE OF Spy POND AND LITTLE POND TO RESTRAIN FLOODS AND FOR

FLUSHING OUT ALEWIFE BROOK WITH CLEAN UPLAND WATER .

Under present conditions in time of flood, water from the marshes
often flows back into Spy Pond through Little Pond. In one of the

diagrams of the bacteriologist's report, a large increase in bacteria is
shown in the Spy Pond samples, which probably resulted from this back
flow of polluted water from the swamps during a storm .
It is desirable that new works be planned so that the cleanliness of
the waters of Spy Pond can be safeguarded with special care, because

of its use for gathering ice and also because of the beautiful residential
development along its north shore . It is possible to do this and at the
same time to make the storage capacity of these ponds of great use in
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holding back from the marshes the rush of upland water in heavy

rains, until the street wash and sewage overflows of Cambridge have
passed off, and until much of the water falling on the marshes them

selves and the drainage area immediately tributary thereto has had time
to pass out through the tide gates.
The water in Spy Pond now frequently rises to grade 12.0 .

I recommend that storage space be gained mainly by a lowering of
the outlet, so that in ordinary summer weather Spy Pond can stand at

about grade 7.25 * which is the general water level proposed for the
entire system of channels inside the tide gates as far back as Lower
Mystic Lake.
The shores between the proposed low -water mark , grade 7.25 , * and
grade 9.5, the expected future limit of summer freshets, should be

gravelled , and any shallow flowage in which there is a close growth of
water weeds should be ultimately dug out or filled . An inspection
shows this shallow flowage is narrow .

Little Pond should be treated the same way.
By thus controlling these ponds , as made available for brief flood stor

age, there will be between the present high -water mark ( 12.15) and the
future low water (7.2) a height of about 5 feet over an area of about
150 acres, but this will never be filled to this height of 12.15 except in
some great freshet like the Stony Brook flood, perhaps once in twenty
five or fifty years . The most severe spring or winter flood of the ordi
nary year † will , under the arrangement proposed , not raise the level
above grade 11 .
A study of the contours around Spy Pond and Little Pond indicates
that, in connection with prospective park developments around these
beautiful sheets of water, provision could cheaply be made in connec
tion with the road construction to permit of the water rising even to

grade 18.0 for a day without causing noteworthy damage .
The storage from grade 7.25 to grade 18.0 would hold a run -off from
the entire watershed of 2,645 acres equivalent to
10.75 X 12 X about 150
= 7.3 inches ,
2,645

so that all outflow , even the greatest storms, could be held back during

the one or two tides while channels were being most severely taxed by
the watersheds down stream .

* In connection with the suggestion for maintaining Spy Pond at a lower level
in order to gain storage space , it may be noted that Fresh Pond ( normally at eleva.
tion 11.85 ) has in course of its use for water -supply storage been drawn to lower
than elevation 3.0 for a year at a time. On Nov. 29, 1903, it stood at elevation 6.5
( page 30 ) .

† In this, with a total run -off of say 3 inches on 4.1 square miles = 2,645 acres, if all
were held back and discharged after the other storm water had been discharged
through the tide gates the rise on the 150 acres of pondage would be
2,645 X 3
150

but not all of it would be held back .

= 53 inches = 4 feet 5 inches ;
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The new broad, deep channel between Spy Pond and Little Pond
would be always wide open to favor quick distribution of the storage.
The new outlet from Little Pond would be provided with a simple
structure of flood gates, and a narrow changeable weir, * over which
small pleasure boats could easily pass . These structures can be con
structed of such design that they will require only very infrequent
attention , and can be left to themselves except on rare occasions, after
several hours of extraordinary heavy rain .
FLUSHING OUT ALEWIFE BROOK FROM SPY AND LITTLE PONDS .

In heavy rains the sewers of Cambridge overflow into Alewife Brook
and pollute it. The storm flow from the sewers is almost the first water
to reach the brook in time of rain . The polluted water could be
flushed downstream by the delayed discharge from Spy Pond and Little

Pond, if arranged as above described . The situation is particularly
favorable in relation to this flushing out of the Alewife Brook channels .
This rate of discharge from the ponds can be regulated by properly

designing and adjusting the size and shape of the outlet from Little
Pond , with little interference to boating, so there would be no need of
the expense of an attendant at this outlet, or of any special care or

handwork in regulating its height.
That the sewer overflows follow the rainfall with great promptness
was found in all the observations taken in 1902 in connection with the

discharge of sewer overflows into the Charles River Basin , and as has
also been proved by the observations with clock gauges on these sewer
overflows on Alewife Brook , made by the Engineering Department of

the Metropolitan Park Commission during the past six months .
Hardly more than from ten minutes to thirty minutes elapses after
the rain falls before this storm water mingled with sewage has passed
out . It thus enters Alewife Brook in front of the general storm run
off from the fields and hillsides , and , given a regular and fairly straight
channel, there will always be a tendency to flush out this polluted water

promptly, for the same rain that causes the overflow of the sewage pro
vides the flood of upland water for diluting and flushing .

There is, however, a possibility that, rarely , a violent but brief sum
mer shower may cause an overflow of sewage without materially

increasing flow of upland water, if ground is dry.
The fact that this sewage discharge takes place well downstream in
the drainage area is also fortunate.

The Cambridge sewer outlets should all be extended to a point below
the Arlington railroad culvert, particularly the one that now discharges
near Fresh Pond, into what was formerly the upper end of Alewife
* If thought advisable in the final designs, the depth over this weir can be controlled
by large floats, and the rollway so shaped that a maximum depth for boating over its
crest (except in time of heavy storm) would be produced by a given discharge in cubic

feet per second. The weir can at the same time be arranged to exclude any material
amount of back - flow from the marshes into these ponds.
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Brook, but is now a dead and stagnant ditch , so as to make sure, bėyond
question , that none of the polluted water shall ever be forced back into
Spy Pond. The suggested change in position of outlet of Little Pond to
a point more nearly opposite from where the Spy Pond channel enters it
is largely for the purpose of improving the circulation and safeguard
ing the cleanliness of both Spy Pond and Little Pond, but the new posi
tion of channel also affords better drainage of the marsh as a whole and
gives it a sand bottom .

With Wellington Brook diverted as above recommended , the drainage
area tributary to Little Pond will be 4.23 square miles . The drainage
area between Little Pond and Massachusetts Avenue, which receives

most of the sewage and street wash , and including Tannery Brook is
only 2.21 square miles , while between Massachusetts Avenue and
Alewife Brook outlet the additional drainage area is only .63 square
miles .

Thus it is seen that there will ordinarily be a surplus of com

paratively clean upland water ample for flushing.
IMPROVED CONDITIONS ON LOWER MYSTIC LAKE .

The position of Mystic Lake in relation to flushing out the Mystic
River is fortunate, for here also the street wash and turbid water along
with the polluted water received from Alewife Brook at the beginning
of the freshet will be swept downstream by the upland water that
arrives a little later, and the cleanliness of the water in Lower Mystic

Lake need not be injured from using it as an equalizing basin for
storage of storm flow during the hours of high tide.
The condition of the water in Mystic Lake, under the arrangement

proposed with tide gates at Cradock Bridge, will be greatly improved
by the exclusion of the salt tide, for the lower layers of water in this
lake are now salt and foul .

The earliest record of the conditions of the

water in Lower Mystic Lake from the chemist's point of view are found
in an elaborate report by Professor Hosford made about forty years
ago , which may be found printed in an early report of the Commis
sioners on Boston Harbor.

The condition of this water has since been

repeatedly examined by the chemist and by the engineer 'of the Mas
sachusetts State Board of Health . This water is now brackish, the
saltness increasing with the depth below the surface.

The greater specific gravity of the lower layers of water , due to the
salt, prevent their vertical circulation and oxygenation , and with free
oxygen gone much life ceases , and under present conditions foul odors
are liable to be given off, much as in the case of the Fens Basin , de

scribed in Report on Charles River Dam , page 205. The proposed tide
gates at Cradock Bridge will assist in bettering these conditions.
The present salt water now at the bottom will in course of time pass
off, and, as proved in the investigations just referred to, water wholly
fresh can absorb more pollution without offence , than salt or brackish
water .
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Distances along Proposed Channel.
APPROXIMATE DISTANCES MEASURED
ALONG THE SHORTENED CHANNEL .

From

Partial Distance to this
Station from the

Total Distance .

Next Downstream .

outlet of Alewife Brook into
Feet.

Miles .

Mystic River :
To Broadway culvert,

3,200

.61

To Massachusetts Avenue culveri,

2,400

.45

Feet.
3,200
5,600

Miles .
.61
1.06

1,750

.33

7,350

1.39

650

.12

8,000

1.51

1,500

9,500

600
650

.28
.31
.06
.23
11
.12

11,460
12,650
13,250
13,900

1.80
2.11
2.17
2.40
2.51
2.63

3,200

.61

11,200

2.12

5,500

1.04

1,550
4,350

.29
.82

7,050

1.33
2.16

2,400
3,200

.45

4,650

.88

1,250

.24

To culvert at present Arlington Branch
Railroad,

To old Lexington and Arlington Branch
To new confluence Alewife Brook ' and
Little River,
confluence Wellington Brook
Toand
present
Little River,
To Perch Pond outlet,
Across Perch Pond,

1,650

To new outletof Little Pond,

1,200

300

Across Little Pond ,

To outlet of Spy Pond, :
To outlet of Fresh Pond, from old Branch
Railroad ,

11,150

From Cradock Bridge:
To Boston & Maine Railroad bridge ( along

present crooked channel is about 6,250
1.04

To outlet of Alewife Brook (along present
channel about 1,800 feet),

To outlet of Lower Mystic Lake,
To Massachusetts avenue culvert,

11,400
12,650

2.40

To old Branch Railroad , near confluence
Alewife Brook and Little River,
To Fresh Pond outlet,

.61

15,050
18,250

2.85
3.45

19,700
20,950

3.97

To outletofLittlePond, from old Branch
Railroad ,

To outlet ofspy Pond, :

:

3.73

CONDITIONS GOVERNING SIZE OF CHANNELS.

A variety of requirements must be considered in determining the size ,

and, after all , it will have to rest more on judgment than on precise
hydraulic computations.
( a) The chief immediate requirement is the drainage of the marshes
sufficiently to safeguard the public health . This demands that they be

seldom if ever overflowed in the warm months, but does not preclude
an infrequent overflow in the freshets of winter or early spring under
the present conditions of occupancy.
(6 ) Whenever these low lands become largely occupied streets and
dwellings, all overflow above the prescribed grade line should be pre
vented ; this will demand much larger channels than required for

immediate purposes, but the marsh will then have been graded up , and
the water can stand higher, and the channel area will become much
enlarged at the top .

(c) Ice , that may be 12 inches thick at the time of the winter or

spring freshet, may cut down the delivery of any channel greatly and

leads to preference for a deep channel . In general the deeper this
channel the better the material of its bed .
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(d) For most of the distance the lower portion of a channel 5 feet
deep would be dredged from loose sand or gravel. Some of this would
be suitable for the base of a boulevard alongside the water, thus lessen
ing cost .

(e) If channels should not be made of full size at first, a small

dredge of the hydraulic or other type could at any future time be set at
work within the channels to enlarge them . But the whole can be done

· at much less cost per cubic yard , and with less disfigurement, if the
section required for future development is all cut out at once, and as
elsewhere stated the excavation of a large channel here will be rela
tively small .

( f ) If the channel is developed beside a future boulevard, as a wind
ing, river - like canoe way , the requirements of landscape architecture
and convenience of pleasure boats passing in opposite directions will
call for greater width than needed for the immediate drainage of the
marshes, and will tend to the design of a broader and more shoal

channel than hydraulic considerations alone would dictate .
(9) Safety to pleasure seekers , overturned from canoes , would dic
tate a channel not more than 4 feet deep and with banks not sloping

more steeply than 3 to 1 ; but, on the other hand, it is generally found
much easier to maintain freedom from aquatic plants where the water
is at least 6 or 8 feet deep . The bottom can be made more sterile by

covering with gravel, of which large deposits exist conveniently near.
The large ponds which these channels connect are 20 to 40 feet deep.
In the following sizes proposed , I have sought to give channels of
generous size that would not require future enlargement, but widening

rapidly at the top on a 3 to 1 slope would serve to carry the greatest
future flow between their future banks after these had been raised to

the proper height for streets in this vicinity. The protection from inun
dation under future conditions, in the greatest freshet of the century ,
must come in part from raising the present marsh level to a higher
grade.

Dimensions of Channel recommended .

Balancing the foregoing considerations, and after computing the
hydraulic qualities of several trial sections and subject to some revision
of depth if need be , after studying the conditions of growth of aquatic

plants in this region more thoroughly, I recommend the following
sizes :

for that portion about 7,000 feet, or 1.33 niles , in length, between
Cradock Bridge and the outlet of Alewife Brook, it is desirable that
the channel be shortened by cutting out two large bends . Otherwise,

it can for the present be left for several years to come much as at
present.

It is now in part 100 feet wide, and part of bed is at grade 1 .

All should be ultimately widened to 100 feet at grade 7 , with slopes of
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3 to 1 , bottom 1.0 at the outlet weir and about 2.5 at Jerome Street,

but deeper where narrowed at bridges. This enlargement has in view
the ease of control in the greatest spring or winter freshets .
Between Alewife Brook and Lower Mystic Lake , a distance of about
4,400 feet, the width could remain much as at present, it now being
about 150 feet wide for much of the distance . The narrow portion

should be made at least 60 feet wide at grade 7.0 , with side slope 3 to
1. The bed should be excavated to elevation 2.5 at Alewife outlet,
rising to 3.0) at outlet of lake .
Up along Alewife Brook , for a distance of 7,400 feet from its outlet
to the culvert under the Boston & Maine, Arlington Branch railroad ,

for purpose of preliminary estimates, a width of 50 feet at elevation 7 ,
with side slopes of 3 to 1 , and bottom at an average of elevation 2.75 ,
is recommended .

Thence for about 5,000 feet, to new outlet from Little Pond , an average
width of 40 feet at elevation 7.0, with bottom averaging at elevation 3.0,

and between Little Pond and Spy Pond a channel of the size just stated
is recommended, to permit the rapid adjustment of storage level .
Smaller sections than above proposed would carry the summer
freshets and satisfy the present sanitary requirements, but would not

be nearly so well adapted for draining the great freshets , or for land
scape improvement, or for pleasure boating, and, as estimated on page
15 , the entire channel as proposed from Spy Pond to the outlet of Ale
wife Brook calls for only 120,000 cubic yards of excavation , all in
easy dredging, which , at a cost of 30 cents per cubic yard , would cost
$ 36,000 , for excavation , exclusive of work at bridges.

The great distance of the marshes from the sea and the small fall
available for draining them require large areas and very low velocities,

in order that the large quantities can be moved with a minimum of
friction and inundations avoided, and particularly if combined with a
water parkway development I consider there would be no extravagance
in adding 10 or 15 feet to the widths proposed above.
VELOCITY IN CHANNELS PROPOSED .

This will vary continually, being about zero during the high tide
period and perhaps more than double the mean twenty - four hour rate
at times when the ebb tide gives the largest fall at the tide gates. The
water will obviously run much faster at the beginning of the period of
discharge, soon after the tide gates have opened and while the fall is
large, than when all drained down to near the weir level .

Flow in New Channel for 5,000 Feet Downstream from Little Pond.

It is assumed in the following computations that Upper Wellington
Brook will be diverted into Winn's Brook and Little Pond, and that this

comparatively clean upland water will be detained temporarily in Little
Pond and Spy Pond and mostly discharged to flush out the channel
after the sewage overflow from the Cambridge district has passed out.
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Square
Acres .

Miles.

1,267

1.98
1.46

Drainage area , Upper Wellington Brook to Wellington Street,
Drainage area , Winn's Brook and Little Pond ,

934

Drainage area , Spy Pond,

Total,

507

0.79

2,708

4.23

The probable maximum rate of run -off into ponds from this small
steep watershed, containing 55 per cent. of water surface , may be
assumed as follows :
Cubic Feet

Inches
in

per

Area

Twenty- Second per (Square
four
Hours.

In severe winter or spring freshet,
In assumed greatest freshet of the century ,

Miles ) .

Cubic
Feet per
Second .

Mile.

|| || | ||

.75
1.5

In severe summer freshet,
In greatest summer freshet,

Square

20 X
40 X

4.2 =
4.2

107 X
213 X

4.2
4.2 =

84
168
449
894

The mean velocity of current corresponding to the above, with flow
through channel at same rate as the run -off from the watershed would
be as per figures in the following table ; if released at double this rate
during the 5 or 6 hours while the tide gates are open the velocity would
obviously be twice as great.
Assumed mean elevation of water in channel

Mean velocity with water at this level :
In severe summer freshet,
In greatest summer freshet,
In severe winter or spring freshet,
In assumed greatest freshet of the century ,

.49
.99

10.0

275

220

12.0
400

.38
.76

.30

2.00

1.60

.60
3.20

2.20

With storage controlled as proposed the rate of out flow can be as
much slower as desired .

Flow in New Channel from Arlington Railroad Culvert to Outlet of
Alewife Brook.

In general, the velocity of discharge through this channel must be
about double the rate of natural run -off from the watershed , because
the outflow is shut off by the tide nearly half the time. If it is as
sumed that the natural run -off from the 4.2 square miles above Little

Pond is to be controlled by storage in Spy Pond and Little Pond , then
the outflow from the Little Pond channel during the six hours of low

tide need add little to the maximum velocity in the channel through
the marsh . It can be made more or less, according to height and width
and means of adjustment of the proposed boat weir at the outlet of
Little Pond . In avoiding expense of attendance to operate sluices at

איזי

( square feet ),

9.0

8.0
170

220

(feet) ,
Approximate
'mean area of cross section
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outlet, we will assume that this amount allowed to escape is one-quarter
the rate of the run - off from its watershed , or that three-quarters of the
yield goes into temporary storage.

The drainage area between outlet of Little Pond and Massachusetts
Avenue culvert , including also Tannery Brook , is (after diversion of
Upper Wellington Brook as above) 2.21 square miles .
The probable rate of run -off from this territory, nearly one -half of

which is a fairly populous district in Cambridge, so developed by
streets and sewers as to bring a rapid and large proportion of run -off,
may be assumed as follows :
Cubic Feet

Inches .

per
Second per
Square
Mile ,

In severe summer freshet,
In greatest summer freshet,

In severe winter or spring freshet,
In assumed greatest freshet of the century ,

.75 =
1.50
4.0 =
8.0 =

20
40 X
107 X
213 X

Cubic
Feet per

Area

( Square
Miles ).

Second.

2.21 =

2.21
2.21

88
236
470

2.21 =

To this must be added the outflow from Little Pond , assumed, as
stated above, at one- quarter its inflow .
The mean rate of discharge through this channel in the period of out
flow , assumed at double the rate of run -off, will be as follows :
Mean elevation of water in channel ( feet ),

8.5

Approximatemean area of cross section ( square feet), : 240

Greatest summer freshet, velocity in feet per second,

11,5
446

13,5
600

128

258
1.1

258

.9

Severe summer freshet, quantity in cubic feet per second,
Severe summer freshet, velocity in feet per second ,
Greatest summer freshet,quantity in cubicfeet per second,

9.5
300

Severe winter or spring freshet, quantity in cubic feet per
second ,

Severe winteror spring freshet, velocityin feetpersecond,

690
2.3

690
1.5

Greatest freshet of the century, quantity in cubic feet per
1,380

Greatest'freshet of thecentury, velocityin feet per second,

3.1

1,380
2.3

The channel is long, the available fall small; the great freshet may
come at a time when ice obstructs the flow greatly . The area of water
way must therefore be generous and the velocity small, and if excava
tion proves cheap eren a larger channel would be advisable.

Velocity in the New and Enlarged Channel Downstream from Alewife
Outlet .

From the 26.9 square miles tributary to the Upper Mystic Lake, as

delayed in the two Mystic Lakes, the peak of the flood wave may be ex
pected to commonly , but not always, lag twelve hours to eighteen hours
behind the peak of the flood from Alewife Brook and the Lower Mystic.
We will first consider conditions found at the peak of the flood wave
from the watershed of 16.3 square miles that is close to Alewife Brook
and the Lower Mystic River.
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The flow from Upper Mystic Lake that comes simultaneously with
the Alewife Brook maximum will probably seldom be at more than one
third to one-half of the rate that it will reach on the following day, with
the natural detention in the Upper Mystic Lake, or say 4 cubic feet per

square mile for heavy summer freshets , or 15 cubic feet per square mile
for the greatest spring freshet of twenty -five or thirty years .

Drainage Areas Tributary to Mystic River, above Cradock Bridge.
Acres .

Square

Square

Miles .

Miles .

Tributaries of Upper Mystic Lake,

26.9

Lower Mystic Lake and Mill Brook :
Mill Brook in Lexington, Winchester and Woburn ,
Mill Brook in Arlington,

Pearl Avenue Brook and west shore, Lower Mystic

2,108

3.29

1,301

2.03

Lake,

236
42
106

East shores of lake,

Surface oflowerlake,

5.93

3,793

Mystic River:
Playstead Brook ,

726

Meetinghouse Brook ,

608

Nearmargins ofriver193 + 57 +33 + 302 + 182 + 36, equals

803

Total tributary to Mystic River below Lower Mystic
2,137

Lake,

3.34

Square Miles.

Total above Cradock Bridge, excluding Alewife Brook ,
Total above Cradock Bridge, including Alewife Brook,

36.17
43.2

The current in the channel between Lower Mystic Lake and outlet of
Alewife Brook at the peak of the flood wave from Alewife Brook and

the near watershed will probably never much exceed the following
estimates :

Flow into Lower Mystic Lake .
[At time of greatest run -off from Alewife Brook and the lower river.]
From Upper
Mystic at Peak
of its Flood
Wave .

In
severe
freshet,

From Upper Mystic,
simultaneously
with Greatest Flow
from Alewife Brook .

Cubic Feet per
Second per

Cubic

Square Mile.

Feet.

Square Cubic
Miles .

Feet.

From Tributaries
of Lower Mystic Lake,

Total

simultaneously

Cubic
Feet .

with Greatest Flow
from Alewife Brook .

Cubic Square Cubic
Feet.
Miles. Feet.

summer

In greatest summe
freshet,

10

4 X 26.9 =

108

15 X 5.93 =

89

197

20

8 X 26.9 =

215

30 X 5.93 =

178

393

40

15 X 26.9 =

403

80 X 5.93 =

474

877

80

25 X 26.95

672

In severe winter or
spring freshet,

In greatest freshet of
the century,

175 X 5.93 = 1,038 || 1,710

Lower Mystic Lake contains about 111 acres at grade 10 , has fairly
bold shores, and can be utilized for delaying the great freshets in

the manner suggested for Spy Pond on page 80 of this report, but
not to so great an extent, because of the flood due to arrive next day

from the upper river. Its present height at spring tides , with almost
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no outflow , is 10.5 . During the freshet of April 28, 1904 , it reached
a height of 12.50, and a cut on the abutment said to mark the height

in the flood of 1886 is at 14.33 ; as now proposed the ordinary height
will be about 7.25 .

A study of the map suggests that arrangements for permitting its
height to rise to elevation 16 , in great freshets , would not be particu

larly expensive , and possibly a height of 18 for a few hours in the
greatest flood of the century would do no great injury .

The storage capacity of Lower Mystic Lake between grades 7.25
and 16 would store about
125 X 8.75 X 12 = 3.4 inches
6 X 640

in depth of run -off from the 6 square miles immediately tributary to
the lower lake, and only .6 inch of run -off from the entire watershed ,
including that of the upper lake .

Assuming a rate of outflow through the channel equal to the rate of
run -off from the watershed, or, in other words , assuming that part of
the inflow is detained in storage in the two Mystic Lakes until a later
tide, or that the lake so controlled that it would stand at constant

height during the outflow period , discharging a quantity just equal to
what comes in, the quantity and velocity in the proposed new channel
will be as follows .

While this rests on no precise data , and the method of computation

is rough , it may help give definiteness to conceptions as to what might
happen in the greatest freshet.
Velocity in Proposed Channel just below Lower Mystic Lake.
[ Very rough estimate .]

Severe summer freshets, quantity in cubic feet per second ,
Severe summer freshets, velocity in feet per second, .
Greatest summer freshets, quantity in cubic feet per second,

197

393
1.1

second,

Severe winter or spring freshet, velocity in feet per second,
Greatest freshet of the century , quantity in cubic feet per
second ,

Greatest freshet of the century , velocity in feet per second ,

-

Greatest summer freshets, velocity in feet per second ,
Severe winter or spring freshet, quantity in cubic feet per

8.5
9.5
11,5
13.5
690
360
290
525

1

Approximatemeanater orchanssection(square feet),

877
1.7

1,710
2.5

For most of the distance of 4,400 feet between Lower Mystic Lake
and the outlet of Alewife Brook the velocity would be less than com

puted above, because the present width of channel is greater than that
to which the portion now narrow would be excavated .

If the lake were drawn down during the low -tide interval so as to
discharge all of the run -off received in the previous high -water interval,
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and also that being received during the period of outflow , the veloci
ties in small freshets would be double the above, but in large freshets,
with the greater height in basin, and the larger period of outflow , it
might get up a velocity 50 per cent. greater than the above 2.5 feet,
or become say, 4.0 feet per second .
Velocity in Proposed 100 - Foot Channel between Alewife Outlet and
Cradock Bridge.
For the quantity at the peak of the freshet from the near watershed

take the sum of those quantities assumed above for Alewife Brook and
Mystic Lake, and for the 3.34 square miles of drainage along Mystic
River below the lower lake , assume only about two-thirds its pro rata
run -off, because of nearness to outlet, and we have the following

quantities and velocities when 'section of channel is enlarged to 100
feet in width at elevation 7.0 .

Probable average velocity in proposed Mystic channel between Ale
wife outlet and Cradock Bridge at time of maximum freshet on Alewife
Brook ( if discharged at uniform rate) : –
8.0

11.0
9.0
669
911

13

1,177

300
.5

600
.9
1

Severe summer freshet, quantity in cubic feet per second ,
Severe summer freshet, velocity in feet per second ,
Greatest summer freshet, quantity in cubic feet per second ,
Greatest summer freshet, velocity in feet per second ,
Severe winter or spring freshet, quantity in cubic feet per
second ,
Severe winter or spring freshet, velocity in feet per second,

O
%
60

Mean elevation of water in channel ( feet),

Approximatemeanarea of cross section (square feet), : 560

1,400
1.5

Greatest freshet of the century, quantity in cubic feet per
second,
Greatest freshet of the century, velocity in feet per second,

2,500
-

2.1

The above quantities are the average if continuous . If shut off half
the time by the tide, the velocity given in the above table would be
doubled, but with channels filled to elevation 13 , more or less , in the
greatest flood the water level inside the basin will be higher than the

tide outside, so that the interval in which discharge takes place is much
more than six hours, and there is not the doubling of the velocity of

outflow that is necessary at smaller heights . With the channel cov
ered by ice the velocity would have to be greater than above.
There remains for consideration the velocity in the Mystic channel at
the time that the freshet from the Upper Mystic Lake is at its highest,

which will be after the peak of the flood from the near watershed of
Alewife Brook and the lower river has passed.
Velocity in proposed Mystic channel between Alewife outlet and

Cradock Bridge at time of maximum freshet on upper river ( if dis
charged at uniform rate with no restraint in ponds ) :
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Assumed

Into Upper
Rate of Run .
Mean
Cubic
Mystic Lake Cubic off ( Cubic
Ve
Corre
As
Total
at Highest
Feet Feet per Sec Feet
per
Run
sumed
-off
spondlocity
Six Hours of per
ond per
corre
ing
its Flood .
Height
at
Second Square Mile ). Second
Area spond
Confrom
in
( Cubic Feet from
Lower

per

6.9

Second per
Square
Mile .)

Square
Miles .

stant
16.3
Watershed
simultane, Square Rate .

ously
with this .

Chan
nel .

Cross

ing

Section ( Feet

( Feet). per Sec.

Miles .

ond ).

In severe summer

freshet, .

In greatest summer
freshet, .
In severe winter or
spring freshet,
In greatest freshet
of the century ,

10

269

20

538

40

1,076

80

2,152

120

389

8

560

0.70

15

240

778

9

669

1.16

30

490

1,566

11

911

1.70

1,177

2.66

3,132

13
14

1,316

2.38

7.5

60

980

The above computations rest on scant data and are but rough approx
imations. They serve present purposes only . Computations with much
greater detail are desirable while perfecting the final design . Some

computations on slope and tidal heights indicate that channels of this
size will have all that they and the sluices can take care of in the great
est freshet of a century. They, to say the least, call for a much more
generous water way for freshets than the comparatively modern stone
bridges across the Lower Mystic .
From present data I should increase rather than diminish the size of
the proposed channels . The limiting condition is mainly the cost .
DISCHARGE THROUGH THE TIDE GATES .

These gates, shown in outline on opposite page, have been designed
to meet primarily the following conditions .
1. To maintain the basin at between elevations 7.0 and 7.5 at all times ,

except after very heavy rains. The crest is placed at elevation 7.00 and
is made 400 feet long, so that 6 inches in depth will discharge about 500
cubic feet per second, or about equal to the mean flow for a twelve -hour

period in the heaviest summer freshets.

It will not be necessary to attend

to or open any of the freshet gates until six hours, or more, of heaviest
rainfall, and there will always be ample warning and time to act .

2. The round crest is adopted to prevent contraction of the stream
flowing over it and give the maximum of discharge, and the general lay
out is intended to give the least obstruction in time of a great freshet .
The roughly computed discharge is shown in the accompanying dia

grams, but lacks precision because of imperfect data upon the resistance
due to backwater from friction in the long crooked channel downstream
from Cradock Bridge at various stages of the tide.

3. In great freshets it is intended that these tidal sluices shall present
less obstruction than the present Cradock Bridge itself .

They should

be made as large as the future channel warrants , and ready in case
another span should be added to the bridge at some future time.
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4. The design is made strong and simple , so that no attendant will

be needed, except in greatest winter freshets , in which times only will
any of the three large freshet sluices have to be opened . The gates are
large, but not so large as are readily operated by hand, and have proved
feasible in many years of service in water-power constructions.
5. Tide gates are made double so that if an obstruction lodges under

one, the other will probably hold tight until discovery and repair.
6. The largest freshet sluice is so designed that it can be used as a
lock fonlaunches , scows or boats not exceeding 12 feet wide by 40 feet

long, but it is not expected that it will be often used .
7. The large size of the sluice gates will permit a rush of water to be

let out whenever desired to aid in scouring out or flushing the channel
near Cradock Bridge.
The design herewith submitted will meet the requirements with a

minimum of cost for construction and maintenance . It may be changed
to meet landscape requirements or more boating or to provide for
change in width or span of Cradock Bridge, but its length of waterway
and its area of sluice way should not be restricted .
Given more data on hydraulic capacity of the ship channel below
Cradock Bridge, and after the design and rules for operation of the con
trolling gates at outlet of Little Pond and Lower Mystic is determined ,

it is possible to compute the approximate height in basin and rate of
flow at various points from hour to hour throughout the tidal cycle
under various assumed rates of run -off, as a means of adjusting the

various parts of the system designed , but the problem is exceedingly
complicated, and it has appeared to me not best to present diagrams

showing this until further surveys give more accurate data, and until
the landscape architect and others have worked out their portions of the
problem , and determined size of channels and depths desired and their
location and alignment to meet special requirements. The sizes now
recommended are believed amply large to serve the purposes of the
preliminary discussion and for estimating the necessary cost.
The quantity of excavation required for constructing the channels
above described has already been given on page 15 .

Comparison of Charles Basin with Proposed Alewife-Mystic Basin .
Charles
Basin .

Alewife
and

Ratio
Charles to

Alewife
Mystic
Basin .

and

Mystic .

Area of basin and all auxiliary ponds at about grade 9.0,
Boston base (acres ),

Total area of tributary watershed ( square miles) ,
Maximum recorded rate of freshet flow on Upper River
in Stony Brook flood , February , 1886 ,

303

2.6

7.25

11.3

10

58

16.3

362

43.2

20.2

39.6

-

( feet ),

Area immediate tributary watershed ( square miles) ,

800

8 to 9

1

Normal height proposed in basin ( feet) ,
General elevation of broad marshes near head of basin

3.6
8.4
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It is thus seen that the proposed storage area for storm water between

tides is relatively to the watershed far more generous on the Mystic
than on the Charles. On the other hand, the upland watershed of the
Charles above Waltham shows only half as great a rate of run -off per

uare mile as that from Upper Mystic Lake, and on the Charles Basin
it is expected that the lock tenders will at all times, day and night, be
in readiness to open the storm sluices at the dam, while at the Cradock
Bridge tide gates the effort has been to prepare such a design that one

can dispense with the cost of constant attendance and can let the water
heights regulate themselves. The Charles River project has a great

advantage in the storage reservoir for use between tides , being located
* close to the tide gates and sluices, thus quickening the operation of dis
charge and avoiding all consideration of friction loss and wave trans
mission in very long canals as an element in this discharge.
RELATION OF PRESENT BRIDGES TO PROPOSED CHANNEL .

Some of the existing bridges over the Mystic River are of a cheap,

temporary character, such that nothing will be lost in replacing them ,
but there are other bridges of a more permanent character the rebuild

ing of which would add materially to the expense of the undertaking.
It appears that some, if not all , of these can be retained for a long period
without other change than deepening the channel between their abut
ments and facing the deepened channel with concrete to prevent scour .

Representative bridges are shown in the following photographs.
JOHN R. FREEMAN ,

Consulting Engineer.
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APPENDIX No. 2 .

REPORT
ON

THE SANITARY PROBLEMS RELATING TO THE FRESH
POND MARSHES AND ALEWIFE BROOK ,
MADE BY

C.-E. A. WINSLOW AND Wm. LYMAN UNDERWOOD , NOVEMBER, 1903, TO JUNE, 1904.

BOSTON , June 15, 1904 .
JOHN R. FREEMAN , Consulting Engineer.

DEAR SIR : – In accordance with your instructions we have made
a preliminary investigation of the sanitary problems which relate to the
so -called Fresh Pond Marshes, adjoining Wellington Brook and Alewife
Brook , in the towns of Arlington and Belmont and the cities of Cambridge
and Somerville.

It has been claimed that the marshes in their present condition are ob
jectionable in two ways ; that their stagnant ponds and sluggish streams,
polluted with sewage and putrefying organic matter, are a nuisance;
and that, as breeding places for the mosquito which transmits malaria,

they are a menace to the health of persons living in their vicinity.
To determine the extent of this latter danger we have made, with the
efficient aid of Mr. W. C. Lounsbury, a house-to -house canvass of the

neighborhood to ascertain the apparent prevalence of malaria, and have
obtained from the physicians practising in that region important data on
the same subject.

To obtain some idea of the amount of pollution in the water courses,
and of their power to absorb it without offence, we selected twelve

stations from which samples for chemical and bacteriological analysis
have been collected weekly and semi-weekly by the engineers of the
Metropolitan Park Commission. These gentlemen , and in particular
Mr. D. A. Ambrose, have courteously and efficiently aided us in many
ways, particularly by the preparation of the maps and diagrams in
cluded in this report. Chemical examinations, now about 500 in number,

have been made by Mr. A. G. Woodman of the chemical department,

and corresponding bacteriological examinations have been made in the
biological department of the Massachusetts Institute of Technology.

In order to gain a complete knowledge of the conditions involved
these chemical and bacteriological studies should be extended to the end
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of the calendar year, in order to cover all seasonal conditions, and

should be supplemented by determinations of the microscopic organisms
present in the water during the warmer months; and the distribution
of Anopheles larvæ in the pools and streams should be carefully studied
at the proper season . The work already done, however, shows that an

important sanitary problem is involved in the condition and treatment
of the Fresh Pond Marshes.

As we shall now proceed to show in some detail, the area in its pres
ent condition is not only a nuisance but also a menace to the public
health . With the adoption of proper remedial measures these evils
may be removed ; and we believe that such measures are called for in
the interest of the community at large.
1.

GENERAL CONDITIONS OF THE DISTRICT.

The Fresh Pond Marshes and their low margins make up an area of
about 700 acres (of which 300 acres is now constantly wet and soggy ),

lying 5 miles west of Boston, in the midst of a growing suburban region.
The larger part of this district is at times under water, and is dotted

with pools and ditches partially covered in summer by unsightly green
scums. The smaller brooks are choked with weeds and the whole upper

area is a good example of “ wet, rotten and spongy land.” To the south
and east the problem is complicated by the presence of a number of

clay pits and large stagnant pools, which have been cut off from their
natural outlets by railroad embankments.

The principal water course of the district is Alewife Brook , a small
and sluggish stream receiving the drainage from an area of 77 square
miles and discharging into the Mystic River near the metropolitan sew
age pumping station in Somerville. It rises north of Concord Avenue
near Fresh Pond (of which it was formerly the outlet ) , receiving a small

discharge from Artificial Pond and a considerable amount of marsh
drainage before it crosses the tracks of the Central Massachusetts Rail

road, between Hills Crossing and North Cambridge Junction. Just
below this point it receives its principal tributary, Little River, through
which discharge Spy Pond, Little Pond with its feeder, Winn's Brook ,
and Wellington Brook . The areas drained by Spy Pond in Arlington

and Wellington Brook in Belmont are largely under cultivation, and
contribute contaminated surface drainage but little direct sewage pollu
tion . A few houses drain into the brooks on the marshes adjoining, and

the factory of the Boston Packing Company (recently sold, to be used,
it is said, for the manufacture of glue ) discharges polluting material
into a pool north of Concord Avenue.
Alewife Brook below the entrance of Little River flows north-east by a

tortuous course being fed by numerous small ditches, and receiving the
overflow from five sewers of the city of Cambridge which are said to
discharge into it at every storm. Between Massachusetts Avenue and
Broadway a small ditch brings to it the entire waste water from
Mullar's tannery. This waste, which is very foul, amounts, according

to an estimate by the city engineer of Cambridge, to 20,000 gallons per

day, and by a measurement made by the Metropolitan Park Commission
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engineer was found to be 80,000 gallons. The quantity doubtless varies
much from time to time. Analysis of a single sample showed the fol
lowing constituents :
Tannery Brook ( Tributary to Alewife Brook ).
[Parts per 100,000 .)
Unfiltered .

Total residue,

724.8
414.0
310.8

Loss onignition :
Fixed residue,
Free ammonia,

2.2400
10.6500

Albuminoid ammonia,
Nitrites,

Oxygen consumed ,

.0500
348.3

:

Filtered .

557.6
286.4

271.2
5.2000
256.9

Alewife Brook below the entrance of Tannery Brook after periods of

rain is practically an open sewer ; and this is evidently due to the tan
nery and the Cambridge sewer overflows which form the most serious
sources of pollution in the Fresh Pond area . As we have pointed out
above, however, all the streams upon the marshes receive surface wash
from manured land, street washings and indirect drainage from cesspools

and vaults. In all, 152 houses are so placed as to be possible contributors
to the area, besides 10 barns, a piano-key factory, the slaughterhouse of
the Boston Packing Company, and two piggeries.
2. PREVIOUS ATTEMPTS TO IMPROVE THE SANITARY CONDITIONS OF
THE MARSHES.

For many years this marshy section has borne a reputation for un
healthfulness among the residents of the different cities and towns near

its borders, and neighboring physicians have been unanimous in their
opinion that much sickness was caused by its unsanitary condition .

Twenty -five years ago valuable crops of meadow hay were annually
harvested from certain areas on the meadows, and found a ready market
with icemen för ose in ice houses located on the borders of Fresh Pond.

About 1880, however, the city of Cambridge, for the improvement of the
water of Fresh Pond, bought out the different parties interested in the
ice business and the ice houses were removed . As there was no longer

any market for the hay no further attention was paid by the owners of
the land to drainage of this territory. With changes in the Cambridge
water supply and sewer systems certain old tide gates have been aban

doned, and plant growth has choked the water courses until now certain
areas where, it is stated, good crops of meadow hay were once cut with

a mowing machine, are frequently submerged .
Since 1895 numerous meetings have been held by the boards of health
and physicians of the different cities and towns bordering the district

to see if some steps could not be taken towards bettering conditions.
Early in the fall of 1900, through the combined action of the Belmont
and Cambridge boards of health a considerable area of worthless and

unwholesome territory in the vicinity of Hills Crossing was successfully

METROPOLITAN PARKS .

98

reclaimed . For this purpose a broad new channel, 10 feet wide and
4 feet deep , was excavated from the point where Wellington Brook
enters Little River to the Belmont line, a distance of half a mile. By
this means the water level in the neighborhood of Hills Crossing has

been lowered fully 3 feet, and some 50 acres of land, which formerly
stood the whole year under water, are now available for farming.
During the 1902-1903 session of the Legislature the towns of Arling
ton and Belmont and the cities of Cambridge and Somerville asked for
the right to straighten and dig out the channels of Little River and Ale

wife Brook below the point where Belmont and Cambridge, by their
combined action, had reconstructed the channel of Wellington Brook .
They also asked for the right to construct a tide gate at a point on
Alewife Brook where it enters the Mystic River, the expense of this
improvement to be divided between the cities and towns mentioned.

This petition was granted, but the whole question has since remained in
abeyance.
In the same year Senator J. E. Parry of Middlesex introduced in the

Legislature a resolve directing the State Board of Health “ to investigate

the sanitary conditions of the meadows and marshes along Alewife
Brook, Wellington Brook and their tributaries, and the sanitary condi
tion of the said streams in the towns of Belmont and Arlington and the
cities of Cambridge and Somerville, and whether their condition is dan
gerous or injurious to the public health by reason of stagnant water or
other causes . ” Later in the same year there was introduced a bill

authorizing the Metropolitan Park Commission “ to take and improve
certain streams in Cambridge, Somerville, Arlington, Belmont and
Watertown and lands bordering on the same." Neither motion, how
ever , prevailed.
3.

CHARACTER OF THE WATER COURSES IN TIJE MARSHY AREA .

In order to gain an idea of the present condition of the water courses
in the region studied, and to measure the probability of their creating
a nuisance in the future, we have had samples collected, at first semi
weekly and later weekly, for chemical and bacteriological analysis at

twelve selected points along the system, the location of each being indi
cated on the appended map. Stations A and B are on Wellington
Brook , above Hittenger Street, and above its point of discharge into

Little River, respectively. Station C is on Winn's Brook just above its
entrance into Little Pond ; Station D is the outlet of Little Pond and

is the outlet of Spy Pond . Stations F and G are on Little
River, Station F just above the entrance of Wellington Brook and Station
G at the mouth of Little River itself. Stations 11 , 3, 5 and 1 are on Ale
Station

wife Brook , - Il above the entrance of Little River, 3 at Massachusetts

Avenue, 5 at Broadway and 1 at its mouth . Station 11 is on the Mystic
River at Jerome Street .

The results of the analyses made at these stations for the period from
January 1 to June 1 have for convenience been arranged in the appended
table, Table 1 , and the more important features have been plotted in
detail on diagrams 1 to 4 .
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The offensive conditions in a polluted pond or stream are brought
about by the decay of the organic matter produced by the life and death
of plants and animals ; and the extent and character of the decomposi
tion depend largely upon the amount of oxygen present in the water
If the air supply is adequate, certain bacteria known as the nitrifying
organisms bring about a gradual oxidation of the organic nitrogen and
change it finally to nitrates, in which latter form it is an entirely innocu

ous soluble mineral substance . This process is free from offence and

furnishes an ideal purification. If, however, the oxygen supply is defi
cient the course of events will be different. When the free oxygen has
been used up no further oxidation to nitrates can occur. A different set
of bacteria begins to multiply, again feeding on the organic matter, pro

ducing, however, not nitrates but offensive gaseous products, marsh gas,
carbon dioxide, hydrogen sulphid ,etc. Such a process we call putrefac
tion or decay. It is characterized by an insufficiency of free oxygen, an
increase in free ammonia, a decrease of nitrites and nitrates and an

increase in the total number of bacteria as ordinarily determined by
plating upon gelatin .
The analyses summarized in Table 1 show that the streams in the
Fresh Pond Marshes are heavily polluted . We have calculated the

average of certain samples from the “ foul and offensive ” Fens Basin, as
given in the report of Mr. H. W. Clark to the Committee on the Charles
River Dam , and have extracted from the same source some figures for

the Upper Mystic Lake, considerably polluted but still at that time a
potable water. In Table 2 these analyses are compared with the best
and the worst stations on the Fresh Pond Marshes, the best, Winn's
Brook , containing about as much organic matter as Mystic Lake, and the

worst, Alewife Brook , at Broadway showing pollution comparable to
that of the offensive Fens Basin , in which septic action goes on.

Perhaps the most serious feature of the present conditions is the fact
that Alewife Brook and its tributaries grow steadily worse as one pro
ceeds downwards . Reference to diagram 3 shows the excess of free
ammonia at the lower stations, and the dissolved albuminoid ammonia

exhibits a similar progressive rise. This is, of course, partly due to the
introduction of pollution from new sources It is also evident , however,
that the volume of pollution is too great for the ordinary purifying agen

cies to deal with successfully, and even between points where we know
no new pollution is introduced the condition of the water grows worse
rather than better, because of the putrefaction of the organic matter
already present. This is indicated by the falling off of dissolved oxygen
on Wellington Brook between A and B and in passage through Little
Pond between C and D ; and by the fact that no appreciable increase of

dissolved oxygen takes place in Alewife Brook itself, the average results
remaining under 50 per cent. of saturation and individual analyses as
shown on diagram 1 being frequently below twenty-five per cent.
With regard to the condition of various parts of the system the anal
yses are also instructive. Diagram 4 shows that the upper part of

Wellington Brook and Winn's Brook contain a large excess of nitrates
indicating, probably, ground water derived from manured lands and
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more or less purified wastes. Wellington Brook evidently receives
more pollution than Winn's Brook, as shown by the higher free ammonia,

and particularly at B by excessive numbers of bacteria. The flow of Spy
Pond ( Station E) is in some respects the purest water contributed to the
system, with low nitrates and a small proportion of B. coli, the organism
characteristic of the intestinal tract of man and the higher animals.
Little Pond ( Station D ) shows a fairly constant composition, little affected
by rains, while Spy Pond, on the other hand , exhibits great variations in
its dissolved oxygen content.
The first serious source of pollution is at the head of Alewife Brook

proper, close to Fresh Pond, just above Station H, where one of the large
Cambridge sewers overflows in time of heavy rain or melting snow.
A great excess of free ammonia and chlorine, with marked variation in
nitrates and dissolved oxygen, often reaching a point of complete ex

haustion, characterize the small stream, which at this point occasionally
receives heavy doses of sewage. Station 5 at Broadway is another point
of marked pollution, due largely to the entrance of Tannery Brook.
Color, dissolved albuminoid ammonia , free ammonia and bacteria are

here all excessive. Mystic River, diluted with sea-water, is a somewhat

purer stream than Alewife Brook, as shown by the small proportion of
B. coli, the comparatively small numbers of bacteria and the low nitrates.
The changes in the condition of the various stations are shown for cer

tain features of the analysis on diagrams 1 to 4, the amount of the sub
stance considered being indicated on the vertical scale. and the time of

analysis, from January 1 to June 1 , progressing from left to right. The
effect of storms upon the character of Alewife Brook is strikingly shown
by diagrams 1 , 2 and 3. Rain and thaw on January 13, February 22 and

March 3 caused a great increase in the number of bacteria and the
amount of free ammonia. The excess of free ammonia is particularly
shown at the lower stations, along Little River and Alewife Brook , and

the bacteria are most increased at the mouth of Wellington Brook (Sta
tion B) and on Alewife Brook at Broadway and at its mouth (Stations 5
and 1 ) . On January 13 the pollution was simply that washed from the

surface of the ground, while on the two latter dates the sewers over
flowed as well . It will be seen that the effect in the latter case was very
much more marked as regards both free ammonia and bacteria. Sta

tions A and C ( upper part of Wellington Brook and Winn's Brook ) fur
nish an exception to this rule, since they are not affected by sewer
overflows. The bacterial contents at these points rose during the first
two rains from the effect of surface wash and did not show a very great
increase during March. It is interesting to note that the numbers of

bacteria at all the stations fell to a fairly low level between storms, the
sewaye polluted Stations H, 4 and 1 retaining a relative pre-eminence.
The dissolved oxygen curves on diagram 1 are particularly significant.
After each rain they show a sudden increase in oxygen content, due to
the addition of aerated surface water, and then a falling off, the lowest
point being reached on January 20 after the storm of January 13, on
March 1 after the storm of February 22, and on March 18 after the

storm of March 3-11 . Evidently the pollution introduced only assumes
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its worst condition after being more or less stagnant in the stream for
several days, the shifting back and forth of polluting material by the

tide in the existing sluggish channel being a condition as undesirable as
could well be imagined. If by the temporary detention and storage of
the upland storm water in Spy and Little ponds the velocity of the
stream , after the sewer overflow has ceased, could be so increased as to

carry off in a few hours the sewage and surface drainage washed in at

times of storm , and if the tannery refuse were removed from the brook, the
remaining pollution could probably be absorbed by the water and cared
for through the ordinary agencies of nature without serious difficulty.
It is well to note the possibility that the pollution of the Fresh Pond
Marshes might affect the public health , from their close proximity to
Fresh Pond, the distributing reservoir of the Cambridge water works.
The head of Alewife Brook, a foul and stagnant ditch, into which one of

the Cambridge sewers overflows, is only 600 feet from the pond, sepa
rated from it by an artificial bank and causeway. The water level on
the marsh side is often above that in the pond. In 1879 , when the Cam
bridge water board had borings made, small wells being driven all over

the territory between the meadows and Fresh Pond, it is stated that a
rapid underflow was found setting from the marshes toward the water
supply ; and in their report for that year the commissioners advise that
these meadows should be kept clean, to avoid contamination of the Fresh

Pond water . We understand that certain investigations carried on last
November also led to the conclusion that when Fresh Pond was drawn

low by pumping, a portion of the marsh drained toward it through the
substrata. Natural filtration gives an important safeguard, but the
matter appears to warrant further investigation .
4. MALARIA IN THE NEIGHBORHOOD OF THE FRESH Pond MARSHES.

The sanitary evils of the Fresh Pond District are not confined to the

unsightliness of the pools upon the marshes and the unpleasant odors
they produce. The connection between the swampy area and the prev

alence of malaria in the neighboring community is of even greater
significance.

According to a paper read by Dr. E. H. Stevens of Cambridge before
a section of the Suffolk Medical Society in 1892 this malady occurred in
the district sporadically for sixteen years prior to 1887 , but only became
abundant after the city of Cambridge carried out some extensive exca

vations in the neighborhood of Fresh Pond in the spring of that year, a
large force of southern laborers being then employed. From the west
side of the pond the disease spread gradually along the line of the Fitch
burg Railroad and down Alewife Brook, next appearing in the brick

yards, where it is reported to have so seriously affected the force of one
company that 40 out of 240 men were sent home to Canada with the

chills characteristic of malaria. From that time malaria has extended

through Cambridge and the parts of Belmont, Arlington and Somerville
adjoining the marshes, moving generally toward the eastward .
We have personally obtained statements from twenty physicians in
the affected regions; almost without exception they have noticed the
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rapid increase of malaria since 1886 and its concentration in the neigh
borhood of the marsh land .

The statement of Dr. Stevens that this

“ is the most dangerous section within twenty-five miles of Boston” is
supported by several other physicians. In the immediate vicinity of
the low lands attacks of malaria are now less serere than in the past,
probably because partial immunity has been acquired by previous at

tacks, but among children cases are still acute. In some districts phy
sicians report that every person in every house has had the fever. For
many years malaria existed only among the poorer people, obliged to
live in the midst of the swampy area, but now the disease is spreading

outward into one of the best districts in Cambridge, as, according to the
testimony of physicians, very many families in the residential locality
known as “ the hill," on Arlington Street, west of Massachusetts Ave
nue , near Porter's

on , have been affected .

Twelve of the physicians interviewed gave statements of the approxi
mate number of cases they had personally treated during 1903, and the
total cases thus reported for one year are 807. In order to verify this
estimate we have made a house -to -house canvass of the districts imme

diately adjoining the marshes and our results are indicated on the
accompanying map. Houses outside the dotted line were not visited ,
since it was found that as our inspector proceeded into more prosperous

localities it was increasingly difficult to secure information .

In the

dwellings of the less well to do, close to the marshes, evidence was
readily obtained, and its value is increased by the almost universal

familiarity with the disease over the whole region. Great pains was
taken to sift the evidence on the spot, and we are inclined to consider

the statistics fairly trustworthy, whatever error there may be lying in
the direction of understatement of facts.

Those houses within the dotted line in which malaria has occurred

during the past six years are filled in with red ; those in which there
has been no case during that time are filled in with black ; and some for

which no information was obtainable, unoccupied houses, etc., are left
in outline.

The map well hows where the disease is most prevalent;

for example, near Henderson , Clifton , Jackson and Sherman streets
many cases were found, while on the higher ground near Upland Road
fewer affected houses appear.

In the area to the west, between Belmont

Centre and Fresh Pond, few recent cases were reported, excepting on a

side street near Hills Crossing ; but on the other hand, in the district on
the east, near Henderson Street, many cases had occurred last summer
and fall .

In all , 683 families, representing a total of 3,341 persons, were visited.
Of the 683 families, 222 had been attacked by malaria in the past five or
six years while living in their present abodes, and of the total of 3,341
persons 446 were reported to have had the disease. These figures cor
roborate the reports of 807 cases during 1903, received from the twelve

physicians above quoted , since the area in which we have found 446
cases is so limited , and since the disease is so often recurrent. Within
half a mile of the marshes there are altogether 1,156 dwelling houses ;
123 of these are in Belmont, 201 in Arlington , 307 in Somerville and 525

Culex wigglers breeding in pool in marsh near glue factory, west of Fitchburg Railroad .
Photo by William Lyman Underwood, August, 1904.
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in Cambridge. We shall probably not be far from the truth if we
assume the existence of 1,000 cases of malaria in the neighborhood of
the Fresh Pond district within the last five years .

The causes of malaria are now well understood. We know that the

malarial parasites are carried from person to person by the bite of a
certain mosquito belonging to the genus Anopheles. In the chain of in
fection, as has often been pointed out, there are three factors :
1. The mosquito Anopheles.

2. Local conditions which favor or interfere with the breeding of the
mosquito.

3. The presence of infected human beings, as sources of the malarial
parasite, from whom mosquitoes may become infected .

The first and third of these factors are almost constantly present in
eastern Massachusetts, and as the opportunity for the breeding of the

insects varies so does the prevalence of malaria. On the Fresh Pond
Marshes as they now exist the conditions are ideal for the propagation of
mosquitoes, both Culex, the ordinary and more common mosquito, and

Anopheles, the malaria -bearing species. Bodies of water sheltered from
the wind and so situated as to be inaccessible to fish or other natural

enemies of mosquito larve , or “ wigglers,” are scattered by hundreds

over the marshes about the upper end of Alewife Brook and all along
the course of Little River and the lower portion of Wellington Brook .
The accompanying illustration shows a portion of the marshland at a

point about a quarter of a mile west of North Cambridge Junction, look
ing south-west from the tracks of the Massachusetts Central Railroad, as
it exists to -day. In the foreground and in the distance small isolated
pools of water are seen which in the summer are sheltered from the
wind by marsh grasses. Several hundred acres of the outskirts of Cam

bridge, Somerville, Belmont and Arlington are in this condition, and in
the pools during the warm months it is not uncommon to find the water
black with mosquito larvæ . The enormous numbers of Culex which
annually come from this area constitute an obvious nuisance, and during
the summer of 1903 we found the larvæ of Anopheles (the malarial mos
quito ) in large numbers in the ditches and some of the stagnant pools.
It is easy to understand why malaria has moved in an easterly direc

tion from this marshy area. Prevailing summer winds are from the
west and south -west, and by them the mosquitoes are borne from the
marshes towards the east. In Belmont, with one or two rare exceptions

only persons living in close proximity to the marshy land have been
affected, since mosquitoes could only be borne to the hills and the centre
of Belmont by easterly winds, which do not greatly prevail during the
seasons of the year when these insects are abundant.
Altogether the evidence seems to us conclusive that the Fresh Pond

Marshes furnish an important breeding ground in this vicinity for both
the Culex and Anopheles mosquitoes, and that they are largely respon
sible for the heavy incidence of malaria upon the populations near by,
for the discomfort and loss of vitality entailed, and for the injury which
falls upon any district in which malaria is reported to prevail from the
driving away of prospective investors.
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CLAY PITS IN THE VICINITY OF THE FRESH POND MARSHES AND THEIR
SANITARY SIGNIFICANCE .

The presence of numerous clay pits, covering nearly 100 acres in the

southern and eastern portions of the district, furnishes a special sanitary
problem which must be considered in any general treatment of the Fresh

Pond Marshes. For many years the attention of physicians and sani
tarians has been directed to this feature of the situation in its relation to

the public health. As long ago as 1874, in the fifth annual report of the
State Board of Health, of which Dr. Henry I. Bowditch was then chair
man , it is stated that after a complaint from the selectmen of Medford in

regard to clay pits, and the excavation of clay near the Mystic River, the
district was visited by the Board, who reported that the pits were 40 feet
deep and below the level of tide water, and added :

We believe this

subject is one eminently worthy of legislation in the interests of life and
bealth. The present danger is very considerable from the liability of
persons walking into these holes in the night time and perishing

miserably. But this immediate and present danger is insignificant in
comparison with the certainty that whosoever shall occupy dwellings in
the sunken territory whose soil is clay will sicken and die. If anything

is proven in sanitary science it is the unfitness of an undrained clay soil
We would suggest that the owners of such sunken
lands, whether excavated by themselves or their predecessors, should

for human residence .

be compelled to raise them to a grade which will permit them to be

thoroughly drained before using them or permitting their use for the
erection of dwellings."

For the past twenty -five years the people residing in the vicinity of
West Cambridge have been entering complaints as to the unhealthy con
ditions arising from the clay pits, and numerous meetings have been held
by physicians and others interested in the problem to see what could be
done to prevent any further extensions of the excavations. In 1896 the
city of Cambridge, to stop the development of brickyards in the vicinity
of Concord Avenue near Fresh Pond, applied to the Legislature for an

act to authorize the city government to restrict the use of lands in this
vicinity. This act was granted under chapter 175, and was approved
March 21 , 1896 , and on April 16 of the same year the city of Cambridge
made an agreement with the Bay State Brick Company which in brief
was that the city should grade and lay out streets and put in sewers upon

certain clay lands owned by the brick company. The brick company
on their part gave to the city the land upon which the streets were

situated, and agreed that the adjoining land should never be used for the
excavation of clay for brick purposes or in any way for the brick busi

ness. Ninety-seven thousand dollars have already been expended by the
city in the years 1896, 1897 , 1898 and 1899 for laying out streets in this
territory, though as yet no houses have been built there.

During the past year the common council of Cambridge introduced
an order for the board of health to investigate the conditions in and
around certain clay pits near Sherman Street, in the vicinity of the
marshes. The physician to the board , Dr. Edward Farnham , reported
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that such places were injurious to health in that they offered an oppor
tunity for the breeding of the malarial mosquitoes, and that malarial
diseases were more prevalent in those parts of Cambridge where such
stagnant water existed.

In 1902 the board of health of Belmont, believing that the clay pits in
the vicinity of Hills Crossing were responsible for the spread of malaria,

passed an ordinance forbidding any new excavations on land not then
owned by the brick companies unless the said companies should give

bonds that they would fill up the excavations after removing the clay.
In defiance of this regulation the New England Brick Company bought
another piece of land and began excavating. Suit was brought, praying
for an injunction in the Superior Court in equity, June 23, 1903 The
court refused an injunction and a final decision from the Supreme Court
has not yet been handed down.

We believe that the possible dangers from clay pits have by no means
been exaggerated by the communities involved. The classic case of
Barrington , R. I., where in 1880, after an immunity of fifty years, malaria
broke out, in and about the brickyards at Nayatt Point, and from there
gradually spread to the other sections of the State, shows how serious
the danger may become under certain conditions. In the course of the
Belmont case above cited, Dr. L. 0. Howard, Chief of the Division of

Entomology, Washington, D. C., testified that he had investigated a
number of different clay pits as being favorable places for the breeding
of Anopheles mosquitoes, and had visited particularly pits in Virginia,
across the Potomac from Washington , and upon Centre Island, off the
coast of Long Island. Malaria was prevalent in the vicinity of the pits

in both places and Anopheles were found breeding in both localities.
Dr. Theobald Smith, professor of comparative pathology at the Harvard
Medical School, testified on the same occasion that wherever laborers

are encamped near stagnant bodies of water where excavation is going
on malaria is likely to appear in the town as a result of their presence.
He, as well as Dr. H. W. Hill, bacteriologist of the Boston board of
health, considered clay pits very favorable for the breeding of mosqui
toes, particularly where the water stands in small pools protected from

the wind by the high banks of the pit.
With regard to the specific clay pits in question as they are being
operated at present in the vicinity of the Fresh Pond Marshes we are of
the opinion that they offer exceptionally favorable conditions for the

breeding of mosquitoes. Although steam pumps are continually run to
prevent the excavations from completely filling up , no care has been
taken to conduct the water which continually seeps in into any well
defined water ways, and since the bottoms of the pits are uneven
numerous pools form after every rain . In this clayey soil the water

usually stands long enough for the development of several generations
of mosquitoes, and we have found Anopheles larvæ several times in the
only two pits we have examined. . When the excavations are abandoned
they soon fill with stagnant water, and after a time, when reeds and

rushes begin to grow around their margins, the conditions become even
more favorable for the propagation of mosquitoes.
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Close to the excavations are housed the laborers who work about the

brickyards. Sleeping, many men in a single room without protection
from mosquitoes, they are easily accessible to the insects which breed in
the pits ; and since many of them are Italians, liable to carry in their
blood the malarial parasites, the conditions for transmission are ideal.
All this is quite unnecessary. Clay pits can be treated in such a man

ner that mosquitoes will not breed in them , by taking pains to fill up the
small depressions while the clay is being excavated or by putting petro
leum upon the pools. The water coming in from springs should be con
ducted by straight and narrow channels toward one central point from
which it can be pumped. After the pits have been abandoned and have

become filled with water care should be taken to remove all closely
matted aquatic vegetation and to stock the large pools with goldfish or
other fish which thrive in such places and effectually keep down the
number of mosquito larvæ .
6. The IMPROVEMENT OF THE SANITARY CONDITION OF THE FRESH
POND MARSHES .

The sanitary evils of the Fresh Pond district, being due to the presence
of stagnant water in contact with decomposing organic matter, may be
remedied either by raising the land level or lowering the water level.
The second method should prove in general the most practical one ; and
there can be no doubt that it would prove effective. We are informed
by Mr. D. A. Ambrose that if the general level of the water on the
marshes were lowered to about grade 8, some 300 acres of land now

more or less under water would be permanently drained . This would
at once turn a large portion of the present swampy area into wholesome
and perhaps cultivable land. With respect to the remaining streams
and ponds two things would then be necessary. First, the worst pollu

tion which now enters should be excluded as far as possible. The flow
of Tannery Brook should under no circumstances be allowed to enter
without purification, and we believe that the removal from the district
of the storm overflows of the Cambridge sewers must be kept in mind
as an ultimate desideratum . In the second place the channel should be

so planned that contamination introduced at times of rain shall be quickly
carried away, and the system flushed out with the purer water from the
upper part of the district. If this be done we believe that what pollut

ing matter must necessarily enter will be cared for by the ordinary
agencies of self- purification without creating a nuisance .
There is one other possibility to be considered , namely, that the new
water courses might be rendered offensive by the growth of green alge
or other microscopic forms of life. With this danger in view we have
examined a few samples by the Sedgwick -Rafter method, in order to
see what organisms are at present found in the waters. Samples col
lected Dec. 15 , 1903, showed considerable amorphous matter, those from

Wellington Brook, from Little Pond and the mouth of Little River being
low in living forms. The outlet of Spy Pond showed a large number of
minute flagellated Protozoa . Of the two samples collected on Dec. 19,
1903, that from Alewife Brook at Massachusetts Avenue contained a

Near the border of the marsh, where occasionally flooded , showing the agricultural
possibilities.

Photo by William Lyman Underwood.
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- considerable number of Diatoms and large numbers of Scenedesmus,
while that collected from the mouth of Alewife Brook showed few

organisms. These results indicate no harmful forms but of course fur
nish no criterion for other seasons ; and it would be desirable to make

regular examinations of the water from certain stations during the
warmer months . On the whole, however, there seems no reason to

apprehend serious trouble from this cause. Under the present condi
tions some of the pools and ditches in the marshes are thickly covered

with a mat of the green duckweed, Lemna ; but although this is some
what unsightly, it is entirely inoffensive. The changes proposed would

surely bring an improvement over present conditions.
With regard to malaria there can be no doubt that the draining of the

marshes would be followed by marked improvement in the health of
the community. This step alone would remove a very large proportion

of the breeding places of the mosquitoes and must in any case be pre
liminary to other remedial measures. Finally, treatment of the clay
pits and isolated pools by filling up shallow places, clearing vegetation
and stocking with fish should make it possible entirely to eradicate
malaria from the affected district.
7.

CONCLUSIONS .

1. The Fresh Pond Marshes and their low borders make up an area

of some 700 acres of land, mostly wet and containing many stagnant
pools and ditches, and now almost entirely under water at times of very
heavy storms.

2. The streams and pools upon the marshes receive considerable
pollution , particularly from the storm overflows of certain Cambridge
sewers and from the discharge of Mullar's tannery. The present
pollution is too great to be cared for by the ordinary processes of self
purification . Conditions become progressively worse as one proceeds
downward to the mouth of Alewife Brook, which at certain times and
stages of the tide and stream flow forms a sort of open sewer in which

offensive putrefaction or septic action takes place.
3. Malaria abounds in the immediate vicinity of the marshes, and is

spreading outward into the better districts of Arlington, Belmont, Cam
bridge and Somerville, moving in particular toward that portion of the
latter town lying to the north -east of the marsh area, and causing a
serious sanitary and economic loss to the community. There can be no
doubt that this disease is spread largely by mosquitoes bred in the pools
of the marshy area and in the clay pits adjoining.
4. Drainage of the marshes might be so conducted as to remove all
offensive features from the district and substitute arable land and clean

Combined with proper treatment of the clay pits and
other isolated pools and ditches, it should abolish the malaria which now
levies so heavy a tax upon the health of the community. Sanitary
water courses.

improvement of the Fresh Pond Marshes seems to us urgently demanded
in the interest of the public health .
( Signed ),

C.-E. A. WINSLOW .

WM. LYMAN UNDERWOOD .
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