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SURFACE WATERS OF MASSACHURETTS.

By C. H. PiercE and H. J. DEan.

INTRODUCTION.
By NatEAN C. GROVER.

The water resources of Massachusetts have at all times played an
important part in the industrial and commercial development of the
Commonwealth. In the settlement and growth of the English colo-
nies the rivers served as the principal lines of communication-and
commerce, as sources of power for small industrial uses in the grinding
of grain to make flour and meal, in the carding of wool and in the
manufacture of lumber, and as the medium for transporting logs
from the forests to the mills. Thus, these valuable resources were
utilized and hundreds of small water-power plants contributed to
the growth of the Massachusetts colonies and to the needs ard welfare
of the colonists who were far removed from the world’s markets of
those times and were therefore largely dependent on local products,
not only for their food, building material, fuel, and clothing, but for
practically everything needed on their farms and in their homes.
Small industrial communities were established and towns grew up
in the vicinity of the developed water powers.

The uses to which the weter powers have been put have changed
with changing commercial conditions and the needs of a growing and
prosperous commonwealth. The heavy forests have disappeared
and only Connecticut and Merrimack rivers still carry logs from the
distant forests in New Hampshire and Verntont. Flour and meal
are now manufactured in relatively large local plants or in the still
larger plants of the West, and the need for the small neighborhood
gristmill has disappeared. The sawmills, gristmills, and wool-
carding mills have been replaced by the machine shop, the paper
mill, the cotton mill, and the variety of manufacturing plants for
which Massachusetts has justly become noted. The small industrial
towns of colonial and early commonwealth times have grown to be
the important manufacturing and commercial centers, of to-day.
Lawrence, Lowell, Holyoke, and scores of smaller cities still depend

. 5
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6 SURFACE WATERS OF MASSACHUSETTS.

on water power as the principal source of energy, although steam
plants have been constructed to supplement the power obtained
from the rivers. The new conditions have also brought forth new
uses. Water is needed in the industries that have been developed
and in the towns and cities that have been built.

With improvements in electric transmission of power it is no
longer necessary to use the power at the place of its generation. The
power developed on Connecticut River near Brattleboro, Vt., and
on Deerfield River in Massachusetts and Vermont is now being
utilized to supplement the steam and water power in mary cities and
towns of the Commonwealth, and many small hydroelectric plants
supply nearby cities and towns with power. The development of
other power sites in Massachusetts and of more distant sites of great
capacity in Maine and New Hampshire for transmission to the
manufacturing cities of Massachusetts has been proposed.

Recent years have seen still another important chang» in the use
of power. The electric light and the electric railroad have revo-
lutionized the lighting of the home and transportation in the cities
and towns. Electric heating and electric cooking in the home-are
still largely in the future. The interest of the people in the power
resources of the State and community, great as it was in colonial
times, is still greater and more intimate to-day. This fact is recog-
nized in the large measure of control of the public utilities exercised
by the Commonwealth and by municipalities. As Diractor Smith
has stated,! “The most notable sign of the times is in the general
acceptance of the principle of public control.” The use of rivers as
sources of public water supplies for cities and towns and the necessity
for conserving the supply and protecting the quality ir order that
the individual may have at all times sufficient potable water bring
forcefully to the attention still another phase of the water resources
that is of immediate interest to all the people.

The construction of a water-supply system for the retropolitan
district including Boston and the near-by cities is reckoned among
the engineering triumphs of modern times. The protection afforded
to the municipal water supplies by the Massachusetts Board of
Health has served as a model for other States.

The various uses of the surface waters have from colonial times
been considered of public benefit and therefore of interest to all the
people. Many uses have been declared to be public uses and placed
under public control, in accordance with the tendency of the present
times. In Jamuary, 1916, the United States Supreme Court rendered
a decision which defined “public use” in the following words:

1 Smith, G. O., The people’s interest in water-power resources: U. S. Geol. Survey Water-Bupply
Paper 400, p. 4, 1916.
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But to gather the streams from waste and to draw from them energy, labor without
brains, and so to save mankind from toil that it can be spared, is to supply-what, next
to intellect, is the very foundation of all our achievements and all our welfare. If
that purpose is not public we should be at a loss to say what is.?

The interest of the people is therefore increasing. Uses rre chang-
ing with demands, the higher uses are gradually supersading the
lower uses in accordance with economic law. As these changes take
place a knowledge of the quantity of water in the streams and of
the variations from season to season and year to year is necessary.

This compilation of available stream-flow data has besn made,
therefore, to satisfy in part this need and to serve as a handy record
“of data now available and as a basis for future studies of thi+ valuable
resource and its uses. The report includes the classic records collected
on the Merrimack at Lowell and Lawrence, on the Conn<cticut at
Holyoke, and on the Cochituate and Sudbury by the Met‘ropolitan
Water and Sewerage Board, as well as records covering shorter peri-
ods. All have been studied in the light of the best available informa-
tion and revised where necessary and possible, and they are presented
for the use of the people of Massachusetts.

COOPERATION.

Under authority conferred by Federal and State legisl~tion, the
Director of the United States Geological Survey and the governor of
the Commonwealth of Massachusetts entered into a cooperative agree-
ment in 1909 for an investigation of the water resources of the State.
This cooperation was renewed in 1911, and again in 1912, when it
was provided that the sum of $3,000 should be set aside for this pur-
pose each year by each of the cooperating parties for a period of five
years. The governors of the Commonwealth have represented Mas-
sachusetts throughout the different periods of cooperatior. Assist-
anice in obtaining stream-flow records has also been rendered by
several power companies. Where the entire record has been fur-
nished by private parties the fact has been acknowledged in connec-
tion with the description of the station.

DIVISION OF WORK.

The investigations were begun under the direction of F. 1. Newell,
chief hydrographer, by N. C. Grover, district hydrographer, and were
supervised from 1904 to 1909 by H. K. Barrows, for a fevr weeks in
1910 by T. W. Norcross, from 1910 to 1914 by C. C. Covert, and
subsequent te 1914 by C. H. Pierce. Many assistants have par-
ticipated in the field work and their names appear in connection
with discharge measurements listed in this report. Tlo ratings,
computations, estimates of flow during winter periods, and special

1U. 8. Supreme Court, No. 200, Jan. 24, 1916, Mt. Vernon-Woodberry Cotton Duck Co. et al. vs.
Alabama Interstate Power Co.
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studies for this report have been made by C. H. Pierce, di~trict engi-
neer, and H. J. Dean, assistant engineer. Hardin Thweatt, junior
engineer, W. A. Elwood, clerk, and G. F. Adams, field assistant,
assisted with the computations. The manuscript was prepared by
H. J. Dean.

TOPOGRAPHY.

By Arreur Krrra.

PRINCIPAL FEATURES.

A bird’s-eye view of Massachusetts would reveal three kalts of high
ground and four of lowland trending southward across the State. In
general each lowland belt is lower than the one next west of it, and
each slopes southward with the streams. Likewise each intervening
belt of high ground descends as a whole toward the south and each
in turn is lower than the belts at the west. The sum of these features
is that the highest part of the State is in the northwest corner and the
lowest is in the southeast.

The State is drained by two great rivers, the Connecticut and the
Merrimack, and by many smaller ones. As a whole the direction of
stream flow in the State is decidedly southward, and no stream
crosses any of the uplands.

Connecticut River enters the State from the north and flows south-
ward directly through it, cutting off its western quarter. The river
flows nearly midway between the borders of its basin, which includes
about one-third of the State. In Massachusetts the river has two
main branches on the west, Deerfield and Westfield rivers, and
two on the east, Millers and Chicopee rivers.

Merrimack River also enters Massachusetts from the north but
within 6 miles turns northeastward and empties into the Atlantic
Ocean near the northeast corner of the State. Nashua and Concord
rivers, its principal tributaries, are nearly as large as the branches of
Connecticut River. They flow northeastward and, witl. the Merri-
mack, are the largest exceptions to the general trend.

The Charles and Ipswich, somewhat smaller rivers, also flow north-
eastward into the sea. Taunton River and its branches I ave general
southerly directions and empty into Narragansett Bay. The area
along the western border of the State is drained by Housatonic River,
which flows southward parallel to the Connecticut; anc by Hoosic
River, which has a general westward course to the Hudson. Quine-
baug and Blackstone rivers drain the south-central marginal part of
the State, the former flowing southward to Long Island Scnnd and the
latter into Narragansett Bay.

There are three main divides between the different river systems of
the State. One runs southward nearly through the State and divides
it roughly into halves. Another, parallel to this, crosses the State 10
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to 15 miles from its west boundary. Between these divides lies the
Connecticut River basin. The third main watershed, which cuts the
eastern’ half of the State into nearly equal parts, has an average
westerly course from’ the sea to the Connecticut Valley. Thiv divide
parts the streams that flow directly into Long Island Sound from those
that enter Connecticut River and those that flow northeastward into
the Atlantic. These watersheds are remnants of the original divides
and are some of the oldest physical features of the State.

Each highland or upland is due to the prevalence in it of rocks that
are hard and resist the wear of streams and weather, and in contrast
each Jowland is due mainly to the presence of rocks that are weak and
yield most readily to the elements. These leveling processes, con-
tinuing through the geologic ages, have carried to the sea the tops of
the great blocks and the folds into which the rocks have been forced
from time to time. Thus the mountains and hills of to-day are but
the roots of those of the geologic past. During numerous epochs the
reduction of the highlands was carried so far that broad tracts were
- worn down nearly to a plain. Later uplifts of the land steepened the
slopes, so that the streams with renewed speed and power cut down
their beds and. broadened their valleys into new plains. Thus each
plain was raised in turn to a plateau, which was then cut down in
whole or in parf to the younger plains., The remnants of the older
plateaus are still to be seen at various levels as high as 2,200 feet.

Plateau surfaces are characteristic of the State; several of them are
plainly seen in each upland, and a similar succession of surfaces
appears in the eastern lowland. They are arranged like giant plat-
forms or stairs climbing toward the west; each step is cut deep into
the mass of the next above, and over great areas no trage is left of the
older steps. The most complete series of the higher surfaces is pre-
served in the western highlands, and that of the lower surfaces in the
eastern lowland.

The deeper rocks of the earth’s crust are crystalline; that is, they are
composed of mineral crystals knit firmly together. The higher rocks
are sedimentary; that is, they are made up of the worn and sorted
particles of the deeper rocks into which the surface has frcm time
to time been worn down. As a class the sedimentary rocks, such as
limestone, shale, or sandstone, are less firm than the deeper crystal-
hne rocks, like granite, gneiss, or schist, and so have been cut down
more deeply. Thus the lowland belts have resulted directly from -
the faster wear on the weak limestones, shales, slates, and sandstones.
The present distribution of these rocks is due largely to the manner
in which they have been folded or broken by the earth’s forces.

Four grand belts of depressed rocks or basins, corresponding
roughly to several areas of sedimentary rocks, were formed, and
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between them were raised three masses or huge arche~ of deep-lying
crystalline and igneous rocks. Although each arch d*ffers from the
other arches and each basin from its fellows, they have this controlling
feature in common—that each arch exposes crystalline rocks that are
harder and older than those of the adjoining basins. whereas each
basin contains sedimentary rocks that are younger and softer than
those of the arches on its flanks. The coastal plain contains only
gravel, sand, and clay, and is the lowest division of the State.

To sum up these facts, each upland belt stands up because it con-
tains relatively hard rocks like granite, gneiss, or schist, and these
were uplifted from the depths of the earth’s crust in rmde, enormous
arches; each lowland belt is worn down on weaker rocks like lime-
stone, shale, or sandstone, which were depressed in deep basins or
sunken blocks of the crust. After the various foldings were com-
pleted the surface was worn down almost to a plain. "hen the whole
region was lifted again and again by hundreds of feet, the streams
began their wear anew, and lower plains were formed between the
remnants of the old ones. Thus the huge overtopping masses of the
ancient folds were worn to the roots, and the series of plains became
the great plateaus of to-day.

Then came the invasion of glaciers from the far North. Beneath
these vast ice sheets the highest mountains in the State were buried,
the rocks were smoothed and ground off, and their fragments were
carried to great distances. In places the valleys were somewhat
deepened; in places they were filled with waste rock. Finally the
great ice mass melted away and left a blanket of bowlders, sand, and
clay called the glacial drift. This filled the valleys, blocked or
diverted the streams, and formed new ridges and hills that are
prominent features in the lowlands. Cape Cod, the most prominent
feature of the New England coast, owes its very existence to the
mass of drift deposited around the end of one lobe of the glacier.
Another lobe produced the high ground and the islands that outline
Buzzards Bay on the southeast. The principal features of Marthas
Vineyard and Nantucket resulted from an earlier and farther advance
of these glacial lobes.

The land rose, when freed of its great load of ice, and the streams
began to cut into their new channels. As the channels deepened,
high parts of the bedrock were uncovered and resisted the wear of
the streams so as to stand above the sands and clays, forming water-
falls and rapids. These were destined to provide tha locations of -
the early mills and thus $o lay the foundations for the manufacturing
eminence of the State.

The latest geologlc episode, the slow sinking of the l“nd hashad a
marked influence on the geography and industries of the State. The
deep river valleys were first submerged and became the great inlets
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of Boston, Buzzards, and Narragansett bays. Lesser valleys formed
deep, rock-bound harbors, as in Gloucester and Salem, or shallow,
sand-rimmed inlets, like Plymouth and Duxbury harbors, or other
important harbors, like Fall River and New Bedford. The beat of
the sea waves on the new coast fast cut away the sand and clay and
spread them offshore into long, slim bars and beaches, which now
nearly inclose and protect deep harbors, like those of Boston, Prov-
incetown, and Newburyport, and scores of shoaler ones, as in Dux-
bury and Chatham. The shallow harbors are very numerous north
of Cape Ann and south of Cohasset. The existence of these numerous
harbors stimulated the early pursuits of fishing, trading, and ship
building and did much to render the State prominent in coamerce.

As the sand bars reached out across the inlets, the latter fast filled
up with swamp and marsh deposits. The greatest of these marshes
extends 23 miles along the coast from Essex, Mass., to Nortl: Hamp-
ton, N. H. ’

The relative rise of the sea level has also increased somevhat the
navigable parts of the rivers. Taunton amd Merrimack rivers are
the largest examples of this increase, but even small strerms like
Charles and Mystic rivers, which are navigable for ocen-going
vessels for a fow miles, are important in their added water front for
commerce. One of the great shipbuilding yards of America i~ 4 miles
from deep water on Weymouth Fore River, a small tidal stream.
Except for the tidal rivers, the only stream in the State that is navig-
able by seagoing vessels is the Merrimack, which is used by small craft
up to Haverhill, 15 miles from its mouth.

A notable part of the water of the State is found in the ponds and
lakes, and few other States are so well supplied. The ponds fill
hollows formed by the glacial drift and range in size from bcdies like
Watuppa Pond, in Fall River, 7.7 miles long, down to tiny ponds
covering less than an acre. They are mest numerous on Cape Cod,
but are abundant in the central upland and the eastern lowland.
Taken as a whole the ponds tend to be longer in a north-south direc- -
tion, in accord with the prevailing trends of the hills and valleys.
Many of these lakes are partly filled and are used as cranberry marshes.
A list of the lakes, ponds, and reservoirs more than 10 acres in area
was published in an appendix to the report of the Massschusetts
State Board of Health for 1873. The total nurber listed was 1,206,
and the aggregate area 93,000 acres. In the gazetteer forming. the
appendix of this report many of the lakes named on the maps are
described. ’

Seven topographic districts have been formed in the State as the
result of the conditions above described. These districts, ramed in
order from west to east, are (1) the Taconic Range, along the western
border of the State; (2) the Housatonic Valley (including th~ Hoosic
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Valley); (3) the Green Mountain highlands (including the Berkshire
Hills); (4) the Connecticut Valley; (5) the central upland; (6) the
eastern lowland; (7) the coastal plain.

TACONIC RANGE.

Only the eastern portion of the Taconic Range comes into the
State, most of it being in New York and Vermont. Its highest sum-
mits are along its eastern margin, and Mount Greylock, 3,505 feet,
the highest peak in Massachusetts, stands in its northern part.
Other high peaks on the range west of Greylock are East Mountain,
2,660 feet, and Berlin Mountain, 2,804 feet. Toward the south the
altitudes are in general less, and Mount Everett, near the southwest
corner of the State, stands at 2,624 feet, nearly 1,000 feet lower than
Mount Greylock. The main watershed of the range in Massachusetts
follows its high eastern part from Greylock to the southwest corner
of the State and divides the Hudson waters from those of Housatonic
and Hoosic rivers.

There are many lesser mountains and ridges in the Taconic Range,
and they are separated by numerous deep lengthwise valleys and by
cross gaps or passes. The summits at the north are more even than
those at the south, but there is throughout the range a noticeable
development of single peaks. The northern ridges have a general
north-south trend and tend to be parallel, but these features are less
marked toward the south. There is more variety in the summit
heights of this range than in those of the other upland districts, but
the high plateaus seen in the Green Mountain highlands are imper-
fectly shown here, especially in the southern part of the range in
Mount Washington. The most prominent feature of the range is
its steep escarpment on the east, where it towers above the Housa-
tonic Valley. Its western parts descend rather steadily and pass
into the lowlands of the Hudson Valley in New York. The general
steepness of the slopes causes a very rapid run-off of the waters.

The part of the Taconic Range in Massachusetts is carved almost
wholly from slates and schists, and to the superior hardness of these
rocks is due its prominence above the limestones of tte Housatonic
Valley. The schists are harder than thé slates and lie at the east,
causing the greater heights of the eastern parts of the range.

The Taconic Range is steep and rugged in Massachusetts, and its
upper parts are poorly adapted to settlement. The passes from
east to west and the deep lengthwise valleys have, however, made
traffic through the range much easier than in the Berkshires. The
early farming communities settled towns in the valleys, and these
sites were confirmed by the later development of manufacturing near
the water powers and railroads.
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HOUSATONIC VALLEY.

East of the Taconic Range lie thé valleys of Housatonic River,
which flows southward to Long Island Sound, and of Hoosic River,
which flows northward and westward to the Hudson. Hoosic River
leaves the State at an altitude of about 570 feet, and Housatonic
River at 650 feet. . The valley at the head of the two rivers is 1,120
feet above the sea, and most of the valley floor lies between 700 and
900 feet. The rivers are in few places much below the valley floors,
but locally, as at Glendale, they pass through narrows and gaps in
ridges. These valleys were worn down along the soft martles and

limestones and followed these beds into all their projections wherever
they were folded into the hard rocks, thus forming deep bays in the
uplands. To this is due the much indented outline of the Housatonic
Valley, so markedly shown near Stockbridge, Pittsfield, and North
Adams. These forking valleys trend about northward or southward:
into the Taconic Range and southeastward into the Berkshires,
following the general courses of the near-by slates and gneisses.
Above the general valley bottom rise scattered ridges or islands of
the harder schist, such as Lenox Mountain, 2,150 feet above the sea,
and Tom Ball Mountain, 1,930 feet.

Most of the older plains have been removed from the valleys, and
the floors on the soft rocks have kept pace with the down wear of the
streams. There are, however, remnants of older and higher surfaces
left in places least exposed to stream eutting, as is well showr around
North Adams at. an altitude- of 1,148 feet, and around Pittsfield,
Lenox, and Stockbridge at 1,050 to 1,100 feet. The Housatonic

- above Pittsfield is near the level of the older surface, but below
Stockbridge it has formed a broader, younger, and lower valley with
flat floors and scattered hills. The Hoosic has cut a narrow valley
several hundred feet below the old plateau. In both yalleys many
minor irregularities were smoothed out by the deposits of s~nd and
gravel that were laid down by the melting glaciers. These deposits
formed extensive plains around Pittsfield and along the Hovwsatonic
below Great Barrington, and at some places produced hills and
small ridges. :
*  Housatonic and Hoosic valleys form a great natural thoroughfare
through the highlands. Farming settlements grew up on their
plains from the earliest times and were later strengthened by the
growth of manufacturing. Mills were located on the water powers
along the eastern border, where the streams emerge upon tho plains
from their canyons in the Green Mountain highlands. The railroads
in later days found these valleys the obvious opening for traf*c north
and south. Where this valley thoroughfare intersects the lines
through the main east-west passes of theshighlands, the flourishing



14 SURFACE WATERS OF MASSACHUSETTS. .

cities of Pittsfield and North Adams have grown. From. this channel
has also spread the tide of summer travel that makes the scenery and
climate of the region so great a natural asset.

GREEN MOUNTAIN HIGHLANDS.

General features.—Rising boldly above Housatonic Valley on the
west and Connecticut Valley on the east are the Greon Mountain
plateaus, a belt of highlands about 25 miles wide, running southward
. across the State. Their northern part contains Hoosac Mountain,
one of the most prominent heights in the State. This range is the
south end of the Green Mountains of Vermont, and the highlands are
the worn-down remnants of the earlier mountains. The western part
of the highlands, in Berkshire County, is called the Bevkshire Hills.

The area is drained mainly southeastward by Deerfield and West-
field rivers, tributaries to the Connecticut, and to a less extent by
Farmington River and small branches of Housatonic and Hoosic
rivers. The western half of the highlands is formed mainly from the
ancient gneisses and granites, and the eastern half from later schists.
The belt of ancient rocks widens greatly toward the soutl'. The high-
lands owe their prominence to the hardness of the rocks heneath them,
and the main divide and the higher mountains are at ths west on the
gneisses, the hardest of all.

These highlands have a distinct plateau aspect. The tops are
broad and rounded and form rather even sky lines, and the streams
have cut deep, narrow valleys or gorges many hundreds of feet below
them. The segments into which the highland is cut have as a whole
a marked southeasterly trend across the belt. The trond is north- .
easterly, however, in a narrow belt near Deerfield River. Just as the
general outline of the highland area follows that of the crystalline
rocks, so the drainage lines and ridges correspond very closely with
the local trends of the rocks. This correspondence is especially
notable in the area of gneisses, whose divisions contrast strongly in
character. Exceptions to this rule are shown by the scl'ist belts east
of Hoosac Mountain and those in the extreme northeastern part of
the highlands, where the ridges and valleys cross the rock belts.

About half the highland area is more than 1,500 feet sbove the sea,
and much of the main watershed is higher than 2,000 feet. The main
divide culminates in Hoosac Mountain, near the Vermont boundary,
in a peak 2,800 feet high, and from this point the high ground falls
away to the south and east. The main divide hugs the west border
of the highlands and is usually within 5 miles of it. Tl summits of
the highlands fall into three groups that are significant, with a vast
number of others without system. Around the margir. of the high-
lands one group stands 1,100 to 1,200 feet above the sea, the next
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from 1,600 %o 1,700 feet, and the highest from 2,050 to 2,200 feet.
There is some evidence of another group at heights adittle lers than
1,400 feet.

As must be the case with any old and high plateau, these ¢'d sur-
faces are so deeply dissected that only remnants are left. These
remnants are naturally to be found on the hardest rocks and noar the
divides, where the streams have the least power. Their summits fall
into systems with sky lines so even that the plateau charscter is
obvious to the eye, although the rivers run in huge trenches from 700
to 1,500 feet below the summit levels. The view of the plateaus and
Deerfield gorge from the town of Florida is very fine.

The form of the highlands was little affected by the great glacial
invasion. Minor irregularities of surface were smoothed out, and
small deposits of gravel and clay were made. The chief result was
the partial blocking of valleys and the consequent formation cf lakes
and ponds, but they are much less numerous here than in other parts
of the State. The lakes have great beauty, and the part taken by
them in the scenery is enbanced by the setting of wooded mountains.
In fact, the scenic beauty of these highlands, with their rugged gorges,
forest slopes, and crystal lakes, is justly famed.

The summits of the plateaus were so much better adapted to
agriculture and travel that the old towns were laid out on the hills.
Later the development of small water powers caused the location of
manufacturing towns in the valleys. This process was emphasized
by the advent of the railroads and their diversion of transportation
and manufacture. These highlands oppose so effective a barrier to
travel that there is in Massachusetts only one natural pass across
them for a railroad. This is where Housatonic River heads against
part of Westfield River at an elevation of 1,470 feet. Deerfield River
cuts a deep gorge almost across the highlands, but its use by a railroad
required a 4}-mile tunnel under Hoosac Mountain. This range was
and still is a formidable obstacle, and its western scarp of 1,070 feet
is the greatest in the State. )

. CONNECTICUT VALLEY.

The Connecticut Valley is roughly triangular and is about 4 miles
" wide at the north boundary of the State, and 20 miles wide at the
south. To the observer on any high summit the valley appeai~ prac-
tically flat in contrast with the highlands walling it on each side. It
is drained entirely by Connecticut River, which flows southvsard in
the center of the valley, with two main tributaries on each side,
Chicopee and Millers rivers on the east and Deerfield and Westfield
rivers on the west. The Connecticut enters the State at 180 feet
above sea level and leaves it 63.5 miles downstream at an altitude of
80 feet, It-hasfew falls, and between them are long stretches of slack
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water suitable for navigation by small boats. Even its*main tribu-
taries, howevey, have high grades and numerous falls on the hard
rocks of the highlands.

The valley is underlain mainly by soft red or brown shale and sand-
stone, interbedded with which are several lava flows. ""he sandstones
and shales have offered little resistance to the wear of the streams, so
that the areas underlain by them were reduced to a low rolling plain.
The sheets of lava or trap, however, have proved verr resistant and
stand up in the long, sharp crescent of the Holyoke Range, with
summits at 1,214 feet in Mount Tom and 1,115 feet in Mount Nor-
wottock, that reach the level of the highlands east and west of the
valley. The low, rolling hills around its margin locally form groups
with heights of 500 to 650 feet and of 300 to 340 fest, but far the
greater part of the valley is below 300 feet.

The shape of the valley follows closely the outline of the soft red
beds, and this was produced mainly by faults along which the sur-
rounding older rocks were raised, leaving the red bed~ at low levels.
At the extreme north end of the valley, near Bernardston, some low
ground is formed by weak slates around the margin of the red beds.

Evidences of lower plain surfaces that were probably developed
have been concealed by the deposit of glacial drift, which is very
thick. The lower inequalities were completely buried in the sand
brought down by the Connecticut and its tributaries. The deltas of
the side streams formed miles of level plain, fine examples of which
are seen around Springfield and Greenfield.” Only here and there
has the river in cutting down through these sand deposits uncovered
the preglacial rock floor. At these places, such as South Hadley,
Turners Falls, and Millers Falls, the hard ledges have caused water-
falls and powers that have attracted factories and settlements around
them. Agriculture and the early settlements depencing on it were
fostered by the fertile soil and the levelness of the valloy, and at later
dates the valley formed a natural avenue for railroad traffic. The
main east-west traffic line through Chicopee and Westfield valleys
intersects the north-south artery of the Connecticut at Springfield
and makes one of the most important cities of the State. The com-
bination of these elements has produced a high concentration of popu-
lation which approaches that in the eastern part of the State.

CENTRAL UPLAND.

General features.—The central upland includes the tigh part of the
State between the Connecticut Valley and the lowl-nd of eastern
Massachusetts. It .crosses the State in a north-sout™ belt 34 miles
wide at the north but narrowed to 20 miles along the Connecticut
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border. Its west border is the Connecticut Valley, and on the east
it is limited along a hearly north-south line through Princeton. It
extends only a short distance into Connecticut, but passes far into
New Hampshire. The western front of this upland rises sharply 700
to 900 feet above the Connecticut Valley. The eastern margin is
nearly as distinct and rises about 600 feet above the eastern Ihwland.

The main divide between the Connecticut and Atlantic crainage
runs about south and is nowhere more than 6 miles from the eastern
border of the upland. On it are situated the highest peaks. Almost
all the area is drained into Connecticut River by its tritutaries,
Quaboag, Ware, Swift, and Millers rivers. The eastern par* of the
upland is drained northeastward through Concord and Nashua rivers
into the Merrimack and southeastward through Blackstone River
into Narragansett Bay. The area along the southern border is drained
by Quinebaug River. The cross divides between the east-west streams
are not symmetrical, each stream lying near the south side of its basin.
Swift River, for instance, heads within 2 miles of the main channel of
Millers River but flows southward for 25 miles into Chicopee River.

The upland consists mainly of high rounded hills and ridges sepa-
rated by narrow valleys, and the evenness of summits characteristic
of the plateau is clearly manifest from any high summit. Atove the
hills stand a few mountains such as Mount Wachusett, 2,022 feet;
Watatic Mountain, 1,847 feet; and Mount Grace, 1,628 feet; all in
the northern part of the upland. In general, the plateau is slightly
lower toward the south, the summits at the north being about 1,200
feet above sea level and those at the south about 1,100 feet. This
corresponds well with the descent of the master stream, the Conr acticut,
in the same direction. There is no general difference of plateau level
from east to west, in spite of the facts that the main streams flow
westward and that the divide is so near the east border of the plateau.

Included in this general upland area, in addition to the principal
plateau, there are a marginal belt of much ‘worn-down plate~u rem-
nants and also numerous large tracts reduced nearly to lower plateau
levels. One group of such summits, about 900 feet in altitnde, ap-

-pears locally to form an obscure plateau along the east margin of the
upland. The upland is due to the hardness of the granites, gneisses,
and schists which underlie most of it, as contrasted with weaker rocks
in the lowlands on each side.

The breadth and roundness of the summits of the upland are like
those of the Berkshire Hills, but the valleys, although narrow like
those of the Berkshires, are not so deep (only 200 to 700 feet), be-
cause the summits are lower, while the master stream is the same for
each upland. Near the border of the Connecticut Valley the canyon-
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like aspect of the stream is, however, as marked as in the Berkshires.
There is a decided southerly trend to the ridges and smsler valleys,
in spite of the fact that the main streams have a general vesterly flow.
This general trend is caused by the wear of the minor d-ainage lines
northward or southward along the belts of weaker rocks. Although
few of the ridges seem particularly long, owing to their blending in
the view with the surrounding ridges of the plateau, mony of them
really extend for considerable distances. The one which runs through
Shutesbury and Pelham near the Connecticut Valley is 29 miles long,
and a large number of others are 8 or 10 miles in length.

Large irregular depressions were cut well across the plateau by
Quinebaug, Quaboag, and Ware rivers, but only the areas close to
the streams were reduced to any plateau level. There is also a major
north-south valley running through Monson, Greenwich, and Orange,
which is crossed by the main rivers and occupied by their tributaries.
Numerous minor north-south valleys extend for long cistances, al-
though each may be occupied by several streams—for instance, the
valley passing through Baldwinsville.

Asin the Berkshire Hills, the early settlements in the central upland
were agricultural, and many hill towns, like Petersham, Templeton,
and Rutland, grew up on the rolling hill country away from the
streams. With the increasing use of water power for manufacturing
and the building of railroads through the valleys, monufacturing
towns arose in them and far outstripped the hill tovms. Millers
River and Chicopee River with its branches, the Ware and Quaboag,
formed the main passageways across the upland and were occupied by
the east-west railroads. The north-south minor valleys, especially
the Orange and Monson valley, were occupied by connecting railroads.

The form of the platean was only slightly modified ty glacial in-
vasion. A. thin sheet of bowlder clay was deposited over the plateau,
and here and there areas were left bare and rocky. Sand deposits
were formed in the valleys and filled some of them to considerable
depths, but the main topographic lines were not obscure.

EASTERN LOWLAND.

General features.—The eastern lowland occupies about half of the
area of the State. It is bounded on the east by the coastal plain
which takes in the peninsula of Cape Cod and a narrow tract along
Massachusetts Bay east of a line running through Onseét, Kingston,
and Scituate. Its western border is a belt of hilly country, from 2 to 4
miles wide, which lies west of Worcester and Fitchburg and forms the
foothills of the central upland.

The larger bodies of high ground or ridges in the eastern lowland
have distinct northeasterly courses, and the same trend is even more
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plainly evident in the major valleys. This direction is in decided
contrast with the southerly trend of the valleys and hills in the western
half of the State. The hills are shorter and have less obvious trends
than those of the upland. Nearly all of them are smooth and rounded
and there are few conspicuous ledges, except in the Blue Hills snd in a
rocky belt running from Waltham to Gloucester. The vallays are
broad and irregular and make up most of the area.

The eastern lowland has one principal divide which separates
streams of very different kinds. This divide runs from Paxton, on
the main central upland divide, east to Boylston, thence Sowtl ~ast to
Wrentham,+at the corner of Rhode Island, and north of east to the sea
at Scituate. North of this divide the larger streams flow north-
eastward to the ocean, and south of it they flow southward intc Narra-
gansett and Buzzards bays. A minor exception to this rule is Black-
stone River, which flows southeastward from Worcester through
Woonsocket into Narragansett Bay. The general watershed above
described follows the belt of high country which stands upon the hard
granitic rocks and is a remnant of one of the oldest divides of tha State.
On it also is situated the most of the high hill country that formrs a belt
from Quincy to Wrentham and is underlain mainly by granite. This
hill belt is paralleled on the south by the broad lowland that stretches
over shales and sandstones northeast from Narragansett Bay nearly
to Massachusetts Bay and by another hill belt that extends on granite
and gneiss northeast from Fall River through Middlebore and nearly
to the sea. These lowland and hill belts are cut off at the ncrtheast
by the morainic hills described under the heading ‘“Coastal plain”
(pp. 22-23). These belts are nearly paralleled on the north by the
hill country that extends northeast from Weston through Selem to
Cape Ann and by the ridge that reaches from Shrewsbury northeast-
ward through Harvard. - The latter is the southeast divide of the
Nashua River basin and is held up by hard gneiss and schist. This
basin, with its extension into Connecticut, is excavated in slates and
alhed rocks and forms one of the oldest valleys known in the State.

Almost without exception the northeastward-flowing streams of the
lowland lie near the southeastern divides of their respective basins.
Nashua River is a striking instance of this lack of symmetry, its main
channel being in few places more than 8 miles from its soutkeastern
divide, although its northwestern branches are from 15 to 25 miles
long. Even the Charles, the most sinuous river in the State, follows
this rule fairly well. Another peculiarity of most-of these rivers, in-
cluding the Charles, Sudbury, Ipswich, and Merrimack rivers, and
Nashua River with its three branches, is that they all flow southeast-
ward in their upper courses and turn sharply northeastward into
their lower courses.
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The summits of the lowland fall into four groups of plateau-like
_surfaces. These are successively lower toward the east, and each

group forms deep bays projecting westward into the higher ones. As
a whole, they are like immense steps or platforms ascending to the
central upland. The highest group forms a north-south belt across
the State next to the upland. It has a fairly uniform width of 6 to 15
miles, and its hilltops range between 540 and 650 feet in altitude.
Far from this group but rising to its level are the Blue Hills of Quincy
and Milton, 500 to 640 feet, and Moose Hill in Sharon, 540 feet.

The next kroup forms a very irregular belt of hills betveen 320 and
380 feet above the sea. These are to be seen mainly around the mar-
gins of the river valleys and in the two hill belts northeast of Wren-
tham and Weston. Next below them is a group of hills between 220
and 260 feet above the sea, which are scattered over much of the State
east of the two higher groups and almost reach the sea in Lynn. On
the hills of this group in Lynn and Waltham there is scarcely any
glacial drift and rock ledges are very numerous. In this feature these
hills are surpassed by no other part of the State except the extension
of the same belt northeastward into the promontory ¢f Cape Ann.
Much of this rocky hill-country is to-day a wilderness, although situ-
ated in one of the most thickly settled districts of the United States.
The summits of the lowest group range between 110 and 160 feet, and
their areas form an irregular network along the coast anc up the river
valleys. Probably half of the area of the lowland southeast of the
Quincy and Wrentham hill belt falls into this group.

In general aspect the eastern lowland is more modified by glacial
action than the more western parts of the State. The commonest
glacial features are the sand plains which fill the valley bottoms and
rim their slopes. The next in abundance are the drumlins or smooth,
rounded hills of bowlder clay with bases resting on the bedrock.
These are scattered over both the valleys and hills, tut are more
numerous on the lower levels of the lowland than elsevhere. They
are usually not more than half a mile long, and their axes run gener-
ally from northwest to southeast, the direction in which the ice
moved.

South of the latitude of the Blue Hills rock outcrops ars very scarce
and there is an almost continuous cover of glacial drift. Bedrock is
exposed more commonly to the north and west of Boston in the hill
belts and higher country, but the valleys are deeply filled with glacial
sand and gravel. The promontories of the bedrock at the ocean in
Cohasset, Manchester, Gloucester, and adjoining towrs form bold
rocky shores, whose picturesque scenery attracts thousends of sum-
mer visitors. North of Cohasset the shore line is followed by num-
erous salt marshes, the largest of which extends from Essex for 16
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miles across the mouths of Ipswich, Parker, and Merrimack rivers
into New Hampshire. '
Other results of glaeial action are the ponds and swamps sc thickly
scattered over the lowland. The ponds lie in all topographic situa-
tions from hills to valleys, though they are most numerou~ in the
valleys. Most of them are held up by dams of glacial drift across
hollews, but many, including the largest, occupy hollows left by
blocks of glacial ice. The largest are Assawompsett Pond, in Lake-
ville, 5.3 miles long, and Watuppa Pond, in Fall River, 7.7 miles long.
The swamps represent shallow ponds that have been filled up by peat
or muck, like the great cedar swamps in West Bridgewater and Hali-
fax, or else stretches of stream valley like those of Neponset end Sud-
bury rivers, where the grade is slight above a barrier of bowlder clay.
The lowland was most completely cut down in the area underlain
by the slates. This comprises the lower Charles and Mystic valleys
and the area of Boston Harbor as far south as Weymouth and Co-
hasset. Boston Harbor really consists of several small river valleys

.

that have been submerged by a sinking of the land since their forma-

tion. This sinking seems to be still in progress, although excedingly
slow, and accounts for the inland growth of the salt marshes. Narra-
gansett Bay had the same origin, and the valleys of the old Taunton
and Blackstone rivers were submerged far inland by the settling of
theland. A further sinking of 100 feet would make half of tte south-
eastern part of the State an archipelago like the coast of Maine. The
same settling of the land has separated the islands from the south
shore and greatly extended Buzzards Bay. This bay occupies the
depression of several small stream valleys bounded on the east by

the moraine of Falmouth and the Elizabeth Islands. This sinking -

of the land has been of great economic importance to the State
through the formation of its deep waterways, such as Bostor, Narra-
gansett, and Buzzards bays, and of the scores of small tidal inlets
and rocky harbors like those of Gloucester and Marblehead.

The waterfalls of the eastern lowland are an indirect result of
glacial action. After the ice melted the streams were here and there
turned aside into new channels by the accumulations of sand and
bowlder clay. As the land rose, when freed of its load of ice, the
rivers began with fresh energy to cut down their channels. In places
they encountered high parts of the buried bedrock; these held up
the streams above them, while the stretches downstream, on the
clays and sands, were readily excavated. Thus came into t sing the
falls and rapids that have meant so much to the manufacturing
industries of the State.

The falls of the Merrimack at Lowell, Lawrence, and Faverhill
were the greatest and the earliest developed. Now this river is one
of the most noted power streams in the world, and with its tribu-
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taries it has more utilized power than any drainage basin of equal
size in America. The early mill settlements, like Lowell and Law- -
rence, have developed into the greatest textile centers of the Western
Hemisphere. This early advantage was increased for Lowell by its
position at the great bend of the Merrimack, which is tho chief outlet
for the traffic of the entire river valley in New Hampshire. -

The power of the several falls of Blackstone River is now highly
developed. It induced the early industries of many towns, such as
Worcester and Blackstone, also Woonsocket and Pawtucket, in Rhode
Island, at the State border. Similar falls determinec the location
of Clinton and Fitchburg on the branches of Nashua River, Medway
and Newton on Charles River, and Milton on Neponset River. Other
large towns, such as Fall River and Taunton, on Teunton River,
took early advantage of the waterfalls.

COASTAL PLAIN.

"The coastal plain of Massachusetts includes Cape Cod, the southern
islands, and a narrow tract along the coast east of a line through
Onset, Kingston, Marshfield, and Scituate. The coastal plain has no
hard rocks at the surface, like the rest of the State, but is underlain
by clays and sands that are deeply covered by glacial deposits.

The most prominent feature of the New England coast is Cape
Cod, which projects from the mainland east of Buzzards Bay, and
roughly has the shape of a man’s bent arm. It incloses the south
end of Massachusetts Bay, and its southwest prong, with the Eliza-~
beth Islands, forms one side of Buzzards Bay. Between its south
shore and the islands of Marthas Vineyard and Nantucket lie the
shoal waters of Nantucket and Vineyard sounds. The Cape and the
shoals around it are the greatest obstruction and menace to shipping
on the Atlantic coast. To obviate this the Cape Cod Canal has re-
cently been dug across the cape east of Bourne, at the head of Buz-
zards Bay. The Cape turns away from the northern shores of Mas-
sachusetts the warm currents from the south and holds back some of
the cold Labrador current, and it thus causes a decided difference in
the climate of the north and south shores.

The drainage of the coastal plain is very irregular. North of Ply-
mouth the plain is crossed by several small streams. From Plymp-
ton the main divide runs southeasterly to the coast just north .of
Bourne. In Bourne it forks, one part going south to I"almouth and
then southwest through the Elizabeth Islands, and the other part
curving in a rude semicircle near the inner side of Caga Cod. Only
one stream north of the divide is as long as 4 miles, and most of the
drainage is southward from the divide. Large tracts draining into
ponds with no surface outlets are very common, owing to the sandy
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subsoil, and are especially abundant on Cape Cod. The lergest of
these ponds, Long Pond, in Harwich, is 24 miles long. T ese un-
drained areas are the spaces occupied by huge masses of i~e while
the drift was being deposited around them from the margins of the
glacier.

The most prominent glacial deposits in the State are seen along
the shores of Massachusetts and Buzzards bays and on Marthas
Vineyard and Nantucket. In these areas there are belts of very
irregular ground, much of which is 200 feet above the sea and con-
tains numerous undrained ponds, irregular valleys, and hunmocky
hills. They are the terminal moraines formed by the duriping of
waste around the margins of two great lobes of the glacier. The
inner semicircular outline of Cape Cod was formed:by one lobe,
and the crescent of the Elizabeth Islands and the east shore of Buz-
zards Bay was formed by the other. These lobes nearly united, and
the material dumped between them forms the high irregular country
as far north as Scituate. - Two similar loops during an eas‘ern and
farther advance of the ice formed the high ground of Marthas Vine-
yard and Nantueket. The higher hills were due to the great accumu-
lations near the ice margins, and the lower ground to the south was
formed by the outward wash of sand and gravel. These high mar-
ginal drift masses, called the moraines, curve broadly as a whole and
form the divides as above described. Large groups of the morainic
hills stand more than 200 feet above sea level between Plymouth and
Barnstable, but from Barnstable to the end of the Cape fer exceed
100 feet. Manomet Hill, in Plymouth, 394 feet, is the highest point
on the moraine and also the highest ground east of the Wrentham
and Quiney hill belt. Marthas Vineyard also includes numerous
hills above 200 feet. Most of the rest of the coastal plain lies below
100 feet. '

DEFINITION OF TERMS.

The volume of water flowing in a stream—the “run-off” or “dis-
"charge’’—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those that represent a rate of flow, asr second-
feet, gallons per minute, miners’ inches, and discharge in seeond-
feet per square mile, and (2) those that represent the actual quantity
of water, as run-off in depth of inches, acre-feet, and millions of
cubic feet. The principal terms used in this report are second-feet,
second-feet per square mile, run-off in inches, and millions of cubic
feet. They may be defined as follows:

“Second-feet”” is an abbreviation for “cubic feet per second.”
A second-foot is the rate of discharge of water flowing in a channel
of rectangular cross-section 1 foot wide and 1 foot deep at an average
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velocity of 1 foot per second. It is generally used as a fundamental
unit from which others are computed by the use of the factors given
in the tables of convenient equivalents (pp. 300-302).

“Second-feet per square mile” is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed unifcrmly both as
regards time and area.

“Run-off (depth in inches)” is the depth to which an area would
be covered if all the water flowing from it in'a giver period were
uniformly distributed on the surface. It is used for comparing
run-off with rainfall, which is usually expressed in depth of inches.

“Millions of cubic feet” is applied to quantities of water stored
in reservoirs, most frequently in connection with studies of flood
control.

The following terms not in common use are here defined:

“Discharge relation,” an abbreviation for the term ‘‘relation of
gage height to discharge.”

“Control,” ‘“controlling section,” and “point of control,” terms
used to designate the section or sections of the stresm below the
gage which determine the discharge relation at the gage. It should
be noted that the control may not be the same section or sections at
all stages.

The “point of zero flow” for a given gaging station is that point
on the gage—the gage height—to which the surface of tho river would
fall if there were no flow.

EXPLANATION OF DATA.

The data presented in this report are in general divided into
periods beginning October 1 and ending September 30 of the fol-
lowing year. At the 1st of January in most parts cf the United
States much of the precipitation in the preceding three months is
stored as ground water, in the form of snow or ice, or in ponds, lakes,
and swamps, and this stored water passes off in the streams during
and after the spring break-up. At the end of September, on the
other hand, the only stored water available for run-off is possibly a
small quantity in the ground; therefore the run-off for the year
beginning October 1 is practically all derived from precipitation
within that year.

The base data collected at gaging stations (Pl. II, B) consist of
records of stage, measurements of discharge, and genersl information
used to supplement the gage heights and discharge, measurements in
determining the daily flow. The records of stage are obtained either
from direct readings on a staff gage or from a water-stage recorder
(PL. I1T) that gives a continuous record of the fluctuations. Measure-
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ments of discharge are made with a current meter (Pl II, A) by the
general methods outlined in standard textbooks on the measurement
of river discharge.

"From the discharge measurements rating tables are preparod that
give the discharge for any stage, and these rating tables, when applied
to the gage heights, give the discharge from which daily, ronthly,
and yearly mean discharge is determined.

The data presented for each gaging station in the area covered by
this report comprise a description of the station, a table giving results
of discharge measurements, a table showing the daily discharge of
the stream, and a table of monthly and yearly discharge and run-off.

If the base data are insufficient to determine the daily discharge,
tables giving daily gage heights and results of discharge measure-
ments are published. \

The description of the station gives, in addition to statements
regarding location and equipment, information in regard to any con-
ditions that may affect the constancy of the discharge relation, cov-
ering such subjects as the occurrence of ice, the use of the strram for
log driving, shifting of channel, and the cause and effect ¢f back-
water; it gives also information as to diversions that decrease the
flow at the gage, artificial regulation, *maximum and minimum
recorded stages, and the accuracy of the records. .

The table of daily discharge gives the discharge in second-feet
corresponding to the mean of the gage heights read each day. At
stations on streams subject to sudden or rapid diurnal fluctuation
the discharge obtained from the rating table and the mesn daily
gage height may not be the true mean discharge for the day. If
such stations are equipped with automatic gages the true mean daily
discharge may be obtained by applying the rating table to gage
height figures at short intervals throughout the day.

In the table of monthly discharge the column headed “Maximum”
gives the mean flow for the day when the mean gage height was
highest. As the gage height is the mean for the day it does not
indicate correctly the stage when the water surface was at crest
height and the corresponding discharge was consequently larger than
given in the maximum column. Likewise, in the column -headed
“Minimum” the quantity given is the mean flow for the dey when
the mean gage height was lowest. The column headed “Mear.”” is the
average flow in cubic feet for each second during the month. On
this average flow computations recorded in the remaining columns,
which are defined on pages 23—24, are based.

The deficiency table presented for some of the gaging stations
shows the number of days in each year on which the mean daily dis-
charge was less than the discharge given in the table. By subtrac-

*
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tion the table gives the number of days each year that the mean
daily discharge was between the discharges given in the table and,
also by subtraction, the number of days that the mean daily dis-
charge was equal to or greater than the discharge given. For con-
venience the theoretical horsepower per foot of fall corresponding to
the discharge is also given in the table. In using the table for studies
of power, allowance should be made for the various losses, the most
important being wheel loss and head loss.

ACCURACY OF FIELD DATA AND COMPUTED RESULTS.

The accuracy of stream-flow data depends primarilv (1) on the
permanency of the discharge relation and (2) on the accuracy of
observation of stage, measurements- of flow, and interpretation of
records.

Footnotes added to the daily discharge tables give information
regarding the probable accuracy of the rating tables used, and an
accuracy column is inserted in the monthly dischargn ta.ble For
the rating tables, “well defined” indicates, in general, that the rating
is probably accurate within 5 per cent; ‘“fairly well defined,” within
10 per cent; “poorly defined” -or “approximate," within 15 to 25
per cent. These notes are very general and are based on the plotting
of the individual measurements with reference to the mean rating
curve.

The letter in the column headed ‘‘ Accuracy’’, in the monthly dis-
charge table; rates the accuracy of the monthly mean and not that
of the estimate of maximum or minimum discharge or the discharge
for any one day. The rating is determined by considering the
accuracy of the rating curve, the probable reliability of the observer,
the number of gage readings per day, the range of the fluctuation in
stage, and local conditions. In this column, A indic~tes that the
mean monthly flow is probably accurate within 5 per cent; B, within
10 per cent; C, within 15 per cent; D, within 25 per cent. Special
conditions are covered by footnotes.

The monthly means for any station may represent w'th high accu-
racy the quantity of water flowing past the gage, but the figures
showing discharge per square mile and depth of run-off in inches
may be subject to gross errors caused by the inclusion of large non-
contributing districts in the measured drainage ares, by lack of
information concerning water diverted for various uses, or by ina-
bility to interpret the effect of artificial regulation of the flow of the
river above the station. “Second-feet per square mile” and “ Run-
off (depth in inches)” are therefore not computed if such errors
appear probable. All figures representing ““second-fest per square
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mile” and “run-off (depth in inches)” previously published by the
Survey should be used with caution because of possible inherent
sources of error not known to the Survey

The table of monthly discharge gives only a general ides. of the
flow at the station and should not be used for other than prel'minary
estimates; the tables of daily discharge allow more detailed studies
of the vanatmn in flow. It should be borne in mind, however, that -
the observations in each succeeding year may be expected_to throw
new light on data previously published.

SPECIAL CONDITIONS AFFECTING HYDROMETRIC
WORK IN MASSACHUSETTS.

" At most of the gaging stations on streams in Massachusetts water-
stage recorders have been found necessary on account of the large
diurnal fluctuations in stage due to the operation of power plants.
The flow of some of the streams is so completely regulated for power
that estimates made from two gage readings a day are sulject to
errors amounting to several hundred per cent. The type of fluc-
tuation occurring in a very completely regulated power stream is
illustrated by the hydrograph of Quaboag River at West Brimfield,
Mass. (fig. 1). Not only is there a large diurnal fluctuation in stage,
but the form of the hydrograph varies at different times, sc that it
would be impossible to apply any coefficient to deduce the mean stage
from two observations a day. Sundays and holidays, when the mills
were not running, are easily noted by the changed appearance of the
hydrograph.

The diurnal fluctuations of a partly regulated stream arve illus-
trated by the liydrographs of Swift River at West Ware,- Mass.
(fig. 2). Although the form of the hydrograph and the amount of
fluctuation may vary with the conditions of operation of the power
plants for ordinary conditions of operation, when the mean dis-
charge of this stream is below 100 second-feet the regulation entirely
changes the natural conditions of flow and would make two obser-
vations a day of little value. For a mean discharge of 200 second-
feet the effect of power regulation is slight, the peaks on the gage-
height hydrograph being nearly submerged. Above 300 second-
feet there appears to be no appreciable effect from power operation.
For this stream the data obtained without the use of a water-stage
recorder would probably be classed as ‘“good’” for about three
months of the year, “fair” for about four months, and deocidedly
‘“poor”’ for the remaining fivé months. Any use of the date. requir-
ing a knowledge of the low-water flow would require-continuous
gage-height records. '
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Other types of fluctuation are illustrated by the hycrographs for
Deerfield River at Charlemont, Mass. (fig. 3), and Westfield River
near Westfield, Mass. (fig. 4). The hydrograph of the Westfield
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F1oURE 1.—Water-stage records of Quaboag River at West Brimfield. Mass.

shows a change in flow from 500 to 17,200 second-feet in 12 hours.
The Westfield is not seriously affected by power regulation, but rep-
resents a class of streams having little natural storage and conse-
quently a rapid run-off. Fluctuations due to rainfall are more
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uncertain than those due to other causes, for the time of their oceur-
rence can not be successfully predicted. The peak of the flond may

3
'— ¥ .
Iy
z 2 (\f\\ _r\vn '\vl\
- : 1\ }
I - N \J \. / {\\‘ —
w
I
w i
4 =
<
U

o ‘

1" 12 13 i4 15 16 17 18 19 20
OCTOBER. 1913 ’
(A)
. 7 K
/\
"\ \
B
6 \
5 \\
\\

i ™\
i
w4 \ﬁ\
z
E - \] -
U]
b \[.\‘ \{V\
I3
w
Q
<
U]

2 .

1

o= A 5 6 7 8 ) 10 1. 12 13

R MARCH, 1914 .
(B)

FIGURE 2.—Water-stage records of Swift River at West Ware, Mass.

be of only a few minutes duration, and therefore missed entirely if
observations are confined to two (or even more than two) olerva-
tions a day.
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A knowledge of the maximum flow and its duration may be all
important in connection with flood prevention.

The water-stage recorders used in collecting the data presented in
this report are of two general types. The instruments of one type
give a continuous graphic record of gage-height changes; those of
the other print in figures every 15 minutes the height of water on
the gage. (See PL IIL.)

As might be expected, the difficulty of determining the flow of
power-regulated streams does not end when the continuous record
of stage is obtained, but calls for special office methods in interpret-
ing the records, for, as the relation of the gage height to discharge
would be represented by a curvilinear function, the sudden changes
in stage require the application of the rating table at short intervals
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FIGURE 3.—Water-stage record of Deerfield River at Charlemont, Mass.

of time. On some of the streams it is necessary to apply the dis-
charge rating in such a manner as to determine the discharge hourly
throughout the year; on others two or four hour pericds are used,
and on streams affected less severely the discharge rating can be
applied to the mean gage height for the 24-hour perind. Various
combinations of time intervals are used according to the stage and
amount of fluctuation, and an effort is made to insure the highest
"degree of accuracy consistent with a rational expenditure of time
and money.

Another feature which complicates the collection of stream-flow
data in Massachusetts is the low temperature during the winter
months and its effect on the regimen of the streams. The gaging
stations are so located that under conditions of open water a given



SPECIAL CONDITIONS AFFECTING HYDROMETRIC WORK. 31

stage of the stream, or gage height, represents a certain Jofinite
quantity of water passing the gage, the relation between tla two
being determined by a series of current-meter measurements taken
at different stages. With the formation of ice this known rolation
ceases and conditions at once become uncertain and unstable. Fairly
accurate determinations of the discharge of streams covered vrith or
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FIGURE 4.—Water-stage record of Westfield River pear Westfield, Mass.

containing ice can, however, be made if several current-meter meas-
urements of discharge are obtained and the gage-height record is
continued.! If conditions of flow are such that two gage-height
observations a day are sufficient, the records may be obtained during
the winter without great difficulty, although at greater expense on
account of the need of more discharge measurements. For automatic-
gage stations, however, considerable difficulty is frequently encoun-
tered in keeping the gage well free ‘from ice. Special constriction

1 Hoyt, W. G., The effects of ice on stream flow: U, 8, Geol, Survey Water-Supply Paper 337, 1013,
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becomes necessary and constant supervision is requirod to insure
proper operation of the instruments. Plate X, B (p.180), shows ice on
Farmington River at New Boston, Mass., March 4, 1914, The pecu-
liar conditions here illustrated were caused by the break-up of a
small tributary that enters a quarter of a mile above tha gage. The
ice from the tributary, which has a steep gradient, piled up on
the gaging section while the ice in the main stream below the gage
was not cairied out. Another peculiar condition is illustrated by
Plate X, A (p. 180), which shows the effect of fluctuations in stage
causing unstable conditions of the ice at the gaging section. The
effects of the fluctuations in flow are also greatly increased dur-
ing the winter period, as may be seen by referring to the hydrograph
of Quaboag River at West Brimfield, Mass., for January, 1914
(fig. 1, B). :

The special methods required to carry on stream gaging work
successfully under the conditions of rapid fluctuation in stage and
in a olimate subject to the rigors of a northern winter are the out-
growth of years of experience by engineers of the Geolorical Survey.

GAGING STATIONS.

The following list comprises the gaging stations maintained in
Massachusetts by the United States Geological Survey and cooper-
ating parties. Two stations outside of Massachusetts are included
in this list by reason of their value in connection with studies of
streams within the State, Tributaries of main streams are indicated
by indention. The date shows the years or parts of ye~rs for which
records are available. '

Housatonic River near Great Barrington, 1913-1915.
Housatonic River at Falls Village, Conn., 1912-1915.
Connecticut River at Orford, N. H., 1900-1915.
Connecticut River at Sunderland, 1904-1915.
Connecticut River at Holyoke, 1880-1899.
Millers River at Wendell Depot, 1909-1913.
Millers River at Erving, 1914-15.

Moss Brook at Wendell Depot, 1909-10.
Deerfield River at Hoosac Tunnel, 1909-1913.
Deerfield River at Shelburne Falls, 1907-1915.
Deerfield River at Charlemont, 1913-1915.
Deerfield River at Deerfield, 1904-1906.
Chicopee River:

Ware River at Ware, 1904-1911.

Ware River at Gibbs Crossing, 1912-1915.

Burnshirt River near Templeton, 1909.

Swift River at West Ware, 1910-1915.

Quaboag River at West Warren, 1904-1907.

Quaboag River at West Brimfiald, 1909-1915.
Westfield River at Knightville, 1909-1915.
Westfield River at Russell, 1904-1906.
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Connecticut River bagin—Continued.
Westfield River near Westfield, 1914-15.
Middle Branch of Westfield River near Goss Heights, 1910-~1915.
West Branch of Westfield River at Chester, 1915.
, Westfield Little River near Westfield, 1905-1915.
Borden Brook near Westfield, 1910-1915.
Farmington River near New Boston, 1913-1915.
Taunton River:
Matfield River at Elmwood, 1909-10.
Satucket River near Elmwood, 1909-10.
Charles River at Waltham, 1903-1905.
Mystic Lake near Medford, 1878-1897.
Merrimack River at Lowell, 1848-1861; 1866-1915.
Merrimack River at Lawrence, 1880-1915.
Nashua River:
South Branch of Nashua River at Clinton, 1896-1915.
Concord River at Lowell, 1901-1915.
Sudbury River at Framingham, 1875-1915.
Lake Cochituate at Cochituate, 1863-1915.

~

HOUSATONIC RIVER BASIN.
GENERAL FEATURES.

Housatonic River rises in Berkshire County, Mass., its head-
waters interlocking with those of Westfield River on the ‘esst, the
Hoosic on the north, and Kinderhook Creek on the west. The
head of the main stream is found near Washington Station, in the -
town of Washington, and its course is northward to Dalton. From
Dalton the river flows southwestward to Pittsfield, where it raceives
a branch from the north and whence its general course is sontherly
to Long Island Sound, which it enters near Stratford, Conn. It is
about 125 miles long and its drainage area comprises 1,930 square
miles. The drainage area above the Massachusetts State line is -
532 square miles, of which 487 square miles is in Massachusetts, 33
square miles in New York, and 12 square miles in Connecticut. The
area above the gaging station near Great Barrington is 280 square
miles and above the station at Falls Village, Conn., 644 square miles,

Some of the headwater streams rise at an altitude exceeding
2,000 feet above sea level. At Pittsfield the elevation is about
1,000 feet. In its lower course the river traverses a wide valley,
much of which is occupied by farms. In most places the bec of the
river is composed of gravel, but in a few it is made up of le-ges of
limestone and granite, which produce falls. The basin is to some
extent forested, especially in the headwater region, but as ¢ whole
it consists largely of farm lands. The basin includes about 15 square
miles of lake and pond surface, and offers some opportuni‘ies for
improvement of storage.

40966°—wsp 415—16—38
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Power has been developed at Housatonic; Great Barrington, and a
number of other places in Massachusetts, but considerable power
remains unutilized on the main river as well as its tributeries.

HOUSATONIC RIVER NEAR GREAT BARRINGTON, MASS.

Locatron.—At a highway bridge about a quarter of a mile northeast of the Van
Deusenville railroad station and 2 miles north of Great Barrington.

DRAINAGE AREA.—280 square miles. ~

REcorDs AvAmaBLE.—May 17, 1913, to September 30, 1915.

Gaee.—Inclined staff on downstream side of left abutment of bridge; vertical high-
water section attached to bridge abutment.

DisCHARGE MEASUREMENTS.—Made from upstream side of bridge or by wading.

CHANNEL AND coNTROL.—Bed composed of sand and gravel; control practically
permanent. '

EXTREMES OF DISCHARGE.—Maximum stage recorded: 7.9 feet, March 29, 1914;
approximate discharge, 5,200 second-feet. Minimum stage: Zerc flow at various
times c¢aused by storage of water above the mills.

WinteR FLow.—Discharge relation not seriously affected by ice. -

REeauraTION —Storage above dam of a paper mill about a mile above station causes
low flow on Sundays and holidays.

Accuracy.—Records based on two gage readings a day and are consid-red fair.

Discharge measurements of Housatonic River mear Great Barrington, Mass., during

1913-1915.
Date. Made by— posge | i, || Date. Made by— e oy
1914.
Apr. 16
17
Aug. 16
Sept. 27

Dee. 17

3.38 | 1,170 1915.
3.27.| 1,130 || Feb. 2
3.12 996 Apr. 9
2.88 837

o Discharge relation affected by ice.

Daily discharge, in second-feet, of Housatonic River near Great Barrington, Mass., for
¢ years ending Sept. 30, 1913-1915.

Day. | May. | June. | July. | Aug. | Sept. Day. May. | June. | July. | Aug. | Sept.
1656 295 165 7 253 35 83
420 240 85 57 275 26 81
336 240 56 65 2'0 147 81
420 150 122 69 20 43 57
375 65 165 81 22 1u2 54
240 65 159 107 20 138 31
375 240 105 7 225 77 54
105 225 159 105 2'0 110 110
205 225 110 87 "5 11 122
420 240 17 97 20 112 83
375 225 35 106 2°0 73 90
335 240 23 105 122 150 35
397 135 83 22 225 112 28
295 225 57 6 195 110 141

225 29 87 iSO 53 165




HOUSATONIC RIVER BASIN,

35

Dmly discharge, in second, feet, of Housatonic River near Great Barrington, M~ss., for
the years ending Sept. 30, 1913-1915—Continued.

Day. Oct. | Nov. | Dec. | Jan. Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1913-14
1 2,060 | 1,260 335 225 83 125
2,560 | 1,190 335 210 122 138
3,460 840 255 195 97 165
2,830 805 255 193 165
2,650 910 295 56 193 195
1,500 | 1,660 275 105 14" 56
1,420 ) 1,500 295 110 130
1,740 | 1,190 255 295 17 195
3,650 | 1,050 275 255 51 150
4,300 840 355 3¢ 166
3,920 735 73 138
2,470 910 335 165 163 195
2,300 |- 1,500 141 180 163 £6
2,060 | 1, 150 225 18) 0
1,820 { 1,420 195 225 14* 165
1,740 | 1,260 195 240 97 195
2,830 770 225 225 117 13%
1, 660 875 225 165 152 195
1,660 640 255 67 18) 122
2,300 640 85 163 32
3,370 640 255 180 193 85
3,100 610 335 225 355 165
2,470 495 355 180 122 138
1, 500 375 210 150 N 162
1,500 195 141 249 162
1,500 445 17 18) 105
1,660 397 % 85 157 48
1, 660 550 130 249 112
1,660 355 48 150 115 125
1,420 210 240 180 22 110
PO 205 |ocnennns 159 107 ... ces
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June, | July. | Aug. | Sept.
115 10 110 159 420 520 375 420 1954 180 159 446
112 125 255 470 980 275 355 195 195 470
185 150 67 295 735 130 295 240 315 295 335
13 150 115 20 315 580 275 397 122 420 3'5 255
9N 115 81 335 580 255 420 110 255 | 1,310 153
136 130 77 87 700 495 375 355 13 420 | 1,170 110
122 22 445 520 420 520 315 141 375 1, 120 355
125 159 162 520 580 420 520 420 22141, 770 240
75 550 580 580 470 335 105 | 4,110 69 315
24) 150! 100 295| 445| 470 397 315 3,310 | 5™ 278
3 107 110 210 375 335 | 1,060 397 81 | 2,060 57 240
51 90 61| 195| 375| 420|2,140| 355 1,420 | 4% 180
32 57 610 3156 445 | 2,060 315 85 | 1,190 35 225
100 132 150 520 3356 375 | 1,740 225 97 980 35| 225
107 165| 135 375| 580 315| 980 | 205| 130| 700| 3% 195
160 cceccens 97 97 162 3835|2470 | 420 770 195] 122| 495) 29 240
49 125 165 205 1,740 . 397 640 195 470 3% 225
11 195] 159 | 420({1,050| 355| 445| 255 115| 206( 470 255
48| 130 651,500 "770 | 385 | 470 275 97| 215| 3% 180
25| 107 631,260 | 700| 315| 610 205 B 52| 2% 240
122 48 g7 | 1,030 397 | 2556 520 255 226 210 275
165 67 165 205 520 376 420 275 130 470 338 520
150 [ 105} o8 520 | 335| 378 | 375| 225| 445| 31 445
110 130 150 495 520 397 335 205 195 470 & 397
2{ 135 17| 4456|8370 355| 355 2551 195| 470 | 550 255
85 37 42018,640 | 420 240 338| 165( 255 610 210
122 122 4456 | 3,190 375 420 285 166 495 5 256
75 90 56 1,190 | 3815| 335| 3356| 180| 205! 445 256
81 11 85| 225 |....... 225| 205| 3| 210| 35| 8% 75
165 100 95 1....... 375 295 165 165 | 255 1% 225
47 {..o...o 105 150 {....... 875 |eoeeeed] 195 |....... 1301 bal.......
135 ~
Nore.—Discharge determined from tingcurvewellddinedbelowl,?OOmond—fnt Discharge

relation affectod by ice Jan. 18 to Feb. 28.191
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Monthly discharge of Housatonic River near Great Barrington, Mass., fo the years ending
Sept. 30, 1913-1915.

[Drainage area, 280 square miles.]
Discharge in second: feet. g.un _ogn
o
Month. Per gncgggon ‘3&“}"
Maximum. [ Minimum.| Mean. | square drainage
mile.
195 1.09 | B.
1.09 1.22 [ B.
LT2R .84 | B.
.310 .36 | B.
. 262 .30 | B.
LO7R 1.12 | B.
1.44 1.61| B.
1.48 1.71 | B.
o 1.05} C.
.99 1.03{ D.
4.04 4.66 | C.
8.18 9.13  C.
3.01 3.47 | B.
837 .93 | B.
.664 771 B,
.52¢ .61} B.
497 .55 | B.
1.96 26.64
.28 .33 | B.
.37 .42 | B.
400 .46 | C.
1.4 1.66 | C.
3.41 3.55 | C.
1.53 1.76 | B.
2.15 2.40 | B. _
1.10 1.27 | B.
240 497 -.56 | B.
4,110 2.70 3.11 | B,
1,340 1.65 1.90 | B,
520 .96 4.07 | B.
The year........ S, 3,640 1 382 1.36 18.48

o Discharge for the month estimated on account of ice.

HOUSATONIC RIVER AT FALLS VILLAGE, CONN.

LocarioN.—About half a mile below the power plant of the Cennecticut Power
Co.; 23 miles north of Gaylordsville.

DRAINAGE AREA.—044 square miles (authority Stone & Webster Erm.ueenng Corpo-
ration).

RECORDS AvatLaABLE.—July 11, 1912, to September 30, 1915. '

Gage.—Temporary staff gages July 11 to October 26, 1912; chain gage 1,500 feet below
the railroad station October 27, 1912, to May 22, 1914; Stevens wa'er-stage recorder
300 feet below chain gage, December 15, 1913, to September 30, 1915; all gage
heights referred to datum of chain gage.

DiscHARGE MEASUREMENTS.—Made by wading at low stages, from ¢ boat at medium

stages, and by means of floats at flood stages.

CHANNEL AND coNTROL.—Channel deep and fairly uniform in cross section; one
channel at all times; control not clearly defined except at low stages, probably
permanent.

ExTREMES OF DISCHARGE.—Maximum stage recorded: 13.3 feet at 4.30 p. m., March
29, 1914; discharge, 8,830 second-feet. Minimum stage recorded: Zero, at various
times durmg the months of October, 1914, to January, 1915, owing to shutting
down of power plant and storage of water.

WinTER FLOW.—Discharge relation not seriously affected by ice.
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ReeuraTioN.—Prior to June, 1914, the flow at low water was regulatéd by power
plants farther upstream; since June, 1914, the plant of the Connecticut Power Co. -
has completely regulated the low-water flow. The plant has a present capamty
of 9,000 kilowatts with a normal head on the wheels of 90 feet.

Accuracy.—Record has been obiained by standard methods of stream-gagiag and is
considered good.

CooreratioN.—Entire record furnished by Connecticut Power Co.

Discharge measurements of Housatonic River ot Falls Village, during years 1912-1914.

Gage | Dis. 3 Gave | Dis-
Date. Made by— mﬁlt_ charge, || Date- Made by— height, | charge.
1912, Feet, | Sec.-ft. 1913. 3
Aug. 7| D.M,Wood........... 60.63 258 || July 8 .60
Bi.... L 1 T .33 155 9 N
6.05 2,630 9 .55
5.51 2,270 || Sept. 20 .46
458 1,830 %
4.02 1,380
3.54) 1,130 1914,
May 21 | Wood and Jony........] 400 1,360
Mar. 17 | Hodsdon and Jony.....| 6.06| 2,620
May 16 | JonyandDowns.......| 2.45 667
a Staff gage.

Daily discharge, in second-feet, of Housatonic River at Folls Village, Conn., for the years
ending Sept. 30, 1912-1915.

Day. July.} Aug. | Sept. |, Day. July. | Aug. | Sept. Day. July. | Aug. | Sept.
‘ i
192 803 430 320 304
224 334 637 304 231 374 250
2066 338 | 545 320 288 | 338 200
224 440 | 392 - 182 255 234
175 266 | 324 214 228 | 370 378
48 324 | 347 228 214 | 206 273
252 262 | 262 329 196 | 307 182
169 262 | 316 374 145 | 206 189
172 388 | 276 256 160 | 276 214
172 284 | 430 242 175 | 245 234
. 270 | 206 |......
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
646 | 845|2,110 (1,770 | 1,660 | 4,410 [-1,420 | 632 208| 118 190
790 | 1,050 | 2,800 | 1,660 | 1,330 | 3,660 | 1,270 | 700 | 196| 133
1,120 | 1,720 | 2,430 | 1,600 | 1,200 | 3,180 | 1,010 | 800 | 328 | 178| 187
790 | 1,960 | 2,740 | 1,320 | 1,320 | 2,880 | ‘860 | 800 | 204 187
775 | 1,000 | 2,800 | 1,200 | 1,260 | 2,720 | 480 |1,250 | 211 | 202 178
710 | 1,990 | 1,960 | 1,600 | 1,020 | 2,660 | 845 | 1,120 us| om
632 11,900 | 2,170 | 1,550 | '825]2,500 | 840 | 1,060 | 175| 190| 175
2,130 | 1,880 | 2,280 | 1,540 | 865 | 2,300 | 700 { 1,080 18| 163
2,800 | 1,540 | 2,450 | 1,480 | 910 | 2,100 | 650 | ‘740! 214 190 187
2,410 | 1,340 | 2,980 | 1,420 { 1,200 | 1,810 | 508 | 624 ] 208{ 214 163
1,820 1 1,230 | 3,020 | 1,480 | 1,790 | 1,670 480 592 217 136 198
1,380 | 1,120 | 2,840 | 1,320 | 1,930 | 3,870 | 440 | 520 | 22¢| 112] 168
1,100 | 1,100 1 2,600 | 1,120 | 1,720 | 4,200 | 6l0| 4721 208{ 142| 168
1,190 | 1,120 | 2)340 1 1,000 | 1,800 [ 4,240 | 628 | 428} 190| 133| 181
1,550 | 1,080 | 2,070 | ‘915 | 3,210 [ 4,080 | 556 | 360] 31| 136 8
1,470 850 | 2,080 940 | 3,900 | 3,420 542 1+ 208 199 115 92
1,300 | 925|2140| 588/3,80|2980 | 619| 199| 175 142
1,170 { 1,100 | 2,300 900 | 3,500 | 2,500 574 178 196 118 166
1,000 | 1,230 | 2,670 655 | 2,730 180 512 184 214 118 168
976 11,530 { 2,720 725 12,390 | 1,740 655 360 202 s 184
050 | 1,580'| 2,650 | 750 | 2,410 | 1,540 | 664 | 725 | 154 168
875 | 1,600 | 2,080 | 1,140 | 2,430 | 1,520 |- 810 400 80 190 178
860 | 1,530 | 2,080 | 1,640 | 2,330 { 1,450 [ ss0| as8| 205| 172| 288
85 | 1,510 | 2,130 | 1,510 | 1,080 | 1,320 | 1,460 | 400{ 24| 188| 207
870 | 1,320 | 2,150 | 1,230 | 10060 { 1,200 | 1j070 | 400 | 214 1e8| 283
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" Daily discharge, in second-feet, o Housatonw River at Falls Village, C~nn., for the years
ending Sept. 80, 1912-1915—Continued.

. Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. [ July. | Aug. | Sept.
. .
1912-13.
100 166] -
139 190
139 15| 214
15| 196 208
148 | 202 72
154 166 [.......
1913-14,
Lo.....i....| 308| 885| 800 600|1,80] 400|4,640|2,710| 606 392| 217 252
880 | 550 | 1,600 | 1,000 | 4,580 | 2,470 | 583 | 396 [ 196
1,000 | 450 | 1,300 | 2,500 | 5,100 332| 364| 20| 252
870 | 400 | 10100 | 2300 | 4,830 | 1,710 | 52| 284 | 217
740 | 350 | 1,000 | 2)100 | 4,320 | 1,860 | 632 | 208| 24| 27
745| 350| 800 |1,900|3,120|3,330| 696| 208| 252| 103
85| 3 800 | 1,600 | 2,750 | 3,430 | 565 353 | 234| 108
1,550 | 350 | 800|1,400 | 2,860 | 3,050 | 583 | 70| 214| 248
1,490 | 350 | 800 | 1,280 | 4,740 | 2630 | 480 | 420| 196 241
300 | 300| 700|1330 5680|2260 | 448| 368| 258 244
1,240 | 300| 700 | 1,240 | 5,640 | 1,700 | 400 | 416 280
900y 250 | 600|1,420 | 5,040 1000 | 408{ 206| 262| 211
1,170 | 200 | 600(1,020 | 4,260 | 2,770 | 440 | 372 28| 1
1,00 200| 600| '975|3,660 (3,160 | 332| 318! 234 220
740 | 200| 600 | 853,300 2,840 | 22| 318| 202| 234
85| 300 600| 8503,280 2600 38| 314f 190 227
300 ( 600 | 2,020 | 3,190 | 2,120 | 300 58] 18
915| 300| 600|280 3,220 |1,640| 416{ 350] 252| 169
700 | 300 | 60025303050 1,530 | 404 308| 248]| 160
725 | 300 | 600 (2120|3050 | 1,460 | 388 266 | 227 | 142
619 | 300 500|1,950 3,80 1,440 234| 22| 28| 163
75| 300 | 450 (1,920 | 4,280 | 1,320 | 404 283 | 300| 172
735 | 300| 450 | 860 |4,140 | 1,100 | 619| 255| 302| 163
870 | 600 | 450 1,000 | 3,600 | 'S35 2u8| 33%2| 187
930 [ 1,200 | 400 | 2,350 | 2,030 | 601 | 262| 238| 346 | 1
835 | 80| 350 1,500|2,000| 75| 227] 28| 300 151
810 | 800 | 400 |4,040 3,350 | 780 | 248| 238] 269| 136
85| 900 400|7,100(3,220| 7s0| 318| 20| 276| 166
900 | 1,000 |....... 852 |3000| 790 22| 224| 336| 163
870 | 1,400 |-220 000 7,390 | 3,100 | 637 | 20| 20| 24| 157
673 | 1,600 |..... | 5,640 |0 .| 480 |....... 24| 266 |..... .-
. 3
151 10360 | 1,640 | 488 | 6s2| 325] 715 664¢| 780
42| 135|1,150 (1320 432| 673 356| 851,210 686
112| 140 | 1,060 [ 1340 | 556 | 740 318| 845[3,220| 614
95| 145|1,340 1,140 632 765| 241 830/3,320| 516
15| 950 | 2320 | 1,040 | 915| 650! 311 | 9102720 500
136 | 2,240 | 1,950 | '920 | 1,000 | 740| 308 1,080 |2,170 | 504
v v ) ) Qe v
¢ ¢ t] ¢ ¢
W m|wl g iiae) ) omembem)
9 | 9 725 | 2,740 7 | 3, ,
106 | 2,000 | 870 | 735|3,120| 610 | 154)2,630 | 1,170 | 448
59| 73| 148|2000| 60| 7302810 534 2341, 5| 444
5000 24| 29| 14515240 | 1,460 2240 | 460 266|158 | 830| 420
'y 2
601 1,620 | 464 255 1,280 460
601 (1,300 | 436| 241| '980)1,020| 478
646 [ 1,230 | 476 | 207| 9601, 538
502 | "900 | 504 356| 835| ‘910| 400
588 (1,070 | 500| 520 1,360] 45| 516
538 | 1,000 | 456 | ‘512 |1,220| e32| 642
538 | "ss0| 700 | 452 |1,400] 1,010 1,020
547 | 85| ®8| 4201230 {1,730 | 1,080
512| 795 668 560 1,080 975
502| 740 | 596| 420 '935[1,450 | 686
642 | 37| 547| a16| 730 (1,440 350
655 614| 276| 1745|1260 | 730
601{ 720| 601 | 350 8501040 583
606| 673| 476| 336 850 | '960 | 48D
730.| 432| 339 850 1,060 456
601 |.......| 356].......] 84| '975|..... ..

Nore.—Gage-hejght record lacking, and discharge estimated Sept. 22, Oct. 7-14, 1912, and July 28-30
1915, Ice reported in river Feb. 1-23g 1913, Jan. 1 to Mar. 8, 1914, and Jan. 1, 1915. s !
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Monthly discharge of Housatonic River at Falls Village, Conn., for the years eding Sept.
30, 1912-1915.

[Drainage area, 644 square miles.]
' i feet.
Discharge in second-feet. . Run-off
(depth in
Month. Per inches on
20 d, )
m. . uare
Maximum. | Minimu Mean. s;;ml i area).
440 145 275 0.427 0.33
803 169 321 .49¢ .57
576 182 316 <491 .55
2,960 91 591 918 1.06
2,800 632 1,180 1.83 2.04
1,990 845 1,410 2.19 2.52
3,020 1,290 2,300 3.57 4.12
1,770 588 1,250 1.94 2.02
8,110 85| 2,70 4190 4.83
4,410 1,050 2, 3.76 4.20
1,970 440 913 1.42 1.64
1,250 178 .838 .93
328 80 193 . 207 34
214 80 167 <244 .28
297 72 181 .281 .31
TH FOaT- oo venenenennreaneainnnennans 8,110 72| 1,150 .79 24.29'
1913-14.
4,510 154 726 1.18 1.30
2,020 538 984 1.53 171
1,550 619 912 1.42 1.64
1,600 200 513 LT <92-
1,800 350 721 1.12 117
8,520 400 2,390 3.7 4,28
5,680 2,750 3,820 5.95 6.64
3,430 480 1,830 2.84 3.27
696 220 407 .637 .7
570 208 306 475 .56
392 190 255 .39¢ .46
252 136 196 . 304 .34
8,520 136 1,090 1.69 22,99
1914-15. e
October..........oo.o.... B eeeineeceeeecanaaas . 169 24 122 L18¢ .22
November.... . 160 29 117 .182 .20
December....... 157 86 131 .208 .23
January........ 2,690 35 1,110 1.72 1.98
February....... 5,850 840 2,030 3.15 3.28
arch.......... 2,760 512 884 1.37 1.58
April........ .. 3,120 432 1,110 1.72 1.92
AY eneennnnnuan 920 356 614 .95¢ 1.10
JUDG.ee e e oo 560 154 3% . 51€ .58
Julyeeeeaennnnnn 4,480 339 1,430 2.22 2.56
August......... 3,320 529 1,320 2.05 2.36
September. .. o. .o oiieiiiiiiiiiaiiiaanns 1,000 350 .03¢ 1.05
ThE FOATcmennnmeeneeiamnaeaannn 5,850 24 810 1.26 17.06




40 ) SURFACE WATERS OF MASSACHUSETTS,

Days of deficiency in discharge of Housatonic River at Falls Village, Cvwn., during the
years ending Sept. 30, 1912-1915.

‘ Theoreti- Days of deficiency in discharge.
Discharge! cal horse-
insec- | power
ond-feet. | per foot | 19135 | 101213 | 1013-14 | 191415

100 14 feeeoeee.. I R 20
150 17.0 37 3 78
200 2.7 13 27 100
250 28.4 m 76 104
300 34.1 120 101 109
350 30.8 60 24 127 119
00 5.4 67 127 145 125
450 511 73 132 161 135
500 56.8 76 135 168 148
800 62.2 80 143 178 177
700 79.5 81 154 199 209
800 | 90.9 82 166 216 230
90 | 102 ... 182 241 950

Lo00 | w4 [oIii 189 259 270

10 N B T T et 255 287 323

2,000 299 304

27500 398 315 -

3,000 347

4000 357 347

5,000 361 357

8,000 362 362

7,000 363 362

£000 364 364

9,000 365 365

e July 11 to Sept. 30, 1912.

NorEe.—Theabove table gives the theoretical horsepower per foot of fall that may be daveloped at different
rates of discharge and shows the number of days on which the discharge and corresponding horsepower
were, respectively, less than the amounts given in the columns for discharge and ho-sepower. In using
this fable allowance should be made for the various losses, the principal ones being tt @ wheel loss, which
may be as large as 20 per cent, and the head loss, which may be as large as 5 per cent.

CONNECTICUT RIVER BASIN.
GENERAL FEATURES.

Connecticut River rises in the Connecticut lakes in northern New
Hampshire and flows southward between New Hampslire and Ver-.
mont and across Massachusetts and Connecticut into Long Island
Sound. It is the largest river in New’ England except the St. John,
is about 345 miles long, and drains an area of 11,300 square miles,
which is distributed as follows:

Square miles
Canada........ - ceeenn PPN ceeeees A 105
New Hampshire..........coooiiiiiiaiaan.. cereanae. Ceeeeanns 3,120
VOrmont. .ococeieee i iiaaaiaiiitaaaaenaann reereceeneaaaan 3,970
Massachusetts. . ... et eeateecanaeeeseacanceaneeaaneacnaana. .. 2,720

The river has many important tributaries, among which are Pas-
sumpsic, Ammonoosuc, Wells, White, Mascoma, Ottaquechee, Sugar,
West, and Ashuelot rivers, which join north of the Massachusetts
line; Millers, Deerfield, Chicopee, and Westfield rivers, which enter
in the State of Massachusetts; and Farmington River, whick enters
near Hartford, Conn. .
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From its headwaters in the Connecticut lakes to Long Island
Sound the Connecticut falls about 1,900 feet. The upper parts of
its basin are rugged, and for the most part forested, and the surface
is broken by undulating ridges which here and there rise to mountain
height. In central and southern New Hampshire and Vermont
the country is hilly and most of the tributary streams have a good
fall, but more of the area is in cultivation. Deerfield and Westfield
rivers, rising in the Berkshires, in Massachusetts, are quick-spilling
streams, with steep slopes and narrow valleys, largely vooded;
Millers and Chicopee rivers, on the east, drain a flatter covntry in
which ponds and reservoirs are numerous. In Connecticut the river
valley is as a rule broad and the country volling, its soil is very
fertile,.and it is an important farming district.

The rocks are in general granite, gneiss, mica slate, ard mica
schists. An exception to this is the red sandstone in the Connecti-
cut Valley extending from New Haven nearly to the northern bound-
ary of Massachusetts. The prevailing surface material ic glacial
drift.

The mean annual precipitation in the Connecticut Valley is about
40 inches, ranging from about 45 inches at Hartford to probably
about 35 inches in the extreme upper portions. In a general way,
there is usually a difference of a month in the time of begirning of
the spring season in thelower portion of theriver and atitsheadwaters,
and this tends to diminish the severity of floods from melting snow
and equalize the spring run-off. The range in winter weather is also
somewhat variable, the lower courses of the river being frequently
subject to several thaws, whereas the upper third of the river usually
remains frozen throughout the winter. Snow accumulates to con-
siderable depths. The river is navigable to Hartford and, by smaller
boats, as far as Holyoke.

The natural facilities for storage on Connecticut River are perhaps
less than on many of the New England rivers, although on Millers,
Deerfield, and Chicopee rivers some storage has been developed.
There are, however, many places in this basin where reservoirs could
be constructed, and there is need of systematic effort in this direction
as the low-water flow on the Connecticut could be much ir‘proved
by utilizing some of these storage sites, especially in the upp~r parts
of the basin. Sunapee Lake, tributary to the Connecticut through
Sugar River, is 6.5 square miles in area and can be drawn down 60
'inches. '

The Connecticut and its tributaries are very important for water
power. On the main river large power plants are in operation at
Wilder, Bellows Falls, Vernon, Turners Falls, and Holyoke, but many
power sites in this basin still remain undeveloped.
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The longest record of flow in the Connecticut basin is that made
at Holyoke, Mass., which extends back to 1880. This record was
interrupted in 1899, but since 1904 the records of tle station at
Sunderland are available. The driest year during tho period cov-
ered by these records was 1882-83, and the wettest 1889-90, the
‘total flow during these two years being about in the ratio of 1 to 2.06.

The drainage areas of the river and of several of its tributaries are
given in the following table:

Drainage areas of Connecticut River and irtbutaries.

River. Locality. Area.
*| Sg. miles.
Connecticut.................. Mouth. . ..o i 11,400
Do...... ... Hartford, Conmn. . ...oovmnimiiiiie i iiicei e e rneraane 10, 600
Do... Holyoke, MaSS e e eeeaeeem e e s am i eane i teeeanenaraann 8,390
Do... -| Sunderland, Mass., at gaging station. . .. 8,000
Do... Orford, N. ﬁ at gaging station - 3,100
Passumpsi Mouth. ...oooivinciniianann.. - 470
White. . coveniieiiiinniiiiifoann. do. . . 740
(- 7P AR do. 440
Ashuelot. ...do. 440
Millers. .. ..do. 3M
Deerfield. ..do. 667
Chicopee. ...do. 721
Westfield. . .......oooooiiiiifoas L s SRR 515

CONNECTICUT RIVER AT ORFORD, N. H.

LocaTioN.—At covered highway bridge between Orford, N. H., and Fairlee, Vt.,
approximately 10 miles downstream (by river) from mouth of Waits River.

DRAINAGE AREA.—3,100! square miles.

RECORDS AVAILABLE.—August 6, 1900, to September 30, 1915.

Gage.—Chain attached to upstream side of bridge and inclined staff on left bank
below bridge.

D1scHARGE MEASUREMENTS.—Open-water measurements made from downstream side
of the bridge or from a cable.

CHANNEL AND coNTROL.—Channel wide and deep with gravelly botiom; control for
low stages slightly shifting.

EXTREMES OF DISCHARGE.—Maximum stage recorded, 1900-1915: ‘“3 4 feet at noon,
March 28, 1913 (see fig. 5, p. 56); approximate discharge, determined from exten-
gion of rating curve, 57,300 second-feet. Minimum discharge for 24 hours: 288
second-feet, September 28, 1908.

WinTER FLow.—Discharge relation seriously affected by ice, usually from December
to March, but the relation remains unusually constant during esch period.

REGULATION.—A special study by means of temporary installation of a water-stage
recorder during September and October, 1914, showed no appreciable effect
from the operation of any power plants above the station.

Accoracy.—Rating curve fairly well defined and estimates during omen-water periods .
considered good.

1 Remeasured since published in previous reports.
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Discharge measurements of Connecticut River at Orford, N. H., during 1900 -1915,

Gage | Dis- — Gags | Dis-
Date. Made by— height. | charge. || Date- Made by- hei~at. | charge.
1900. Feet, Sec.ét. 1907, Foet, | Sec.ft.
Aug. 7 3.60 1,530 {| Feb. 20 | Butterfield and Mention{ # 4.51 1,100
T O T bd.64| 1,000
1901. Sept. 27 5.87 3,710
Apr. 16 17.4 |e 17,000
June 22 6.80 | 4,240 || 1908,
Oct, & 3.47 1,460 Mar 4 b7.11 2,340
Nov. 2 3.67 2.04 439
0 3.53 698
1602, -
Apr. 10 . 11.63
Nov. 22 [..ccid0cieeennnnnnnnan. . 6.80 58.90 | 4,140
4.48| 1,800
4.53| 1,800
57.20 5.18 | 2340
b 6.60 b510| 1,640
56.90 .
b7.40 | 2,980 .
57.45 [ 2,990 || Mar. 29 | T. W. Noreross.........| 15.38] 17,000
57.45| 3,030 [ Aug. 17 | G. M. Brett............. 5.99| 3,280
20.7 |e 24,700
8.25 6, 220 1911
3.26 1,170 {| Apr. 29 | Covert and De Golyer..| 18.75 | 24,100
3.53 | 1,520 || June 22| G. H. Canfleld.......... 4, 2,280
4.55 | 2,150
2.30 768 1912,
2.13 673 || Feb. 21 | G. H., Canfield... b5.28| 1,370
Oct. 22| C. S. De Golyer.. §.31 , 550
b4.15 884 1913.
RRYET] 876 || Mar. 10 | C. 8. De Golyer ........ b552| 1,42
.| v4.08 785 || Apr. 30 | R. S. Barnes..... ....] 1L.65| 10,900
.| 24.20 792 [} Sept. 11 | G. H. Canﬁeld. ceeeenes| 2,47 604
.| 04.03 790
.| 24.03 799 1914.
| 1803 20,90 || Jan. 5 b5.42]| 1,580
4,74 2,350 16 b 4.8 1,190
Feb. 4 v6.44 | 1,040
2 55.22) 1,060
54,07 686 || Nov. 4 4.85} 2,120
| v4.26 766 || Dec. 23 b4.92]1 1,040
.| b4.25 739 24 54.80 1,040
1.9 | 11,500
1.7 | 10,900 15. -
5.62 ,980 || Jan. 15 b5.73 1,410
Feb. 9 .] 6.8 1,6Q0
1 25 513.0 9,190
Feb. 8| T. W. Noreross........ bg.84 2,250 R 22,521 34,500
15 b6.80 | 2,240 || Apr. 28 do 13.70 | 14,100
17 . b6.56 | 2,040 || Sept. 17 4,16 | 1,390
Mar. 14 | Barrows and Norcross..| b 6.08 1,680 17 4.05 1,440
15 | T. W. Norcross......... b5.59 1,490 18 .82 1,330
o Estimated or partly estimated

b Discharge relation affected by ‘ice; gage read to water surface.

Daily discharge, in second-feet, of Connecticut River at Orford, N. H., for the years ending

Sept. 80, 1900-1915.

Day. Aug. | Sept. Day. Aug. | Sept. Day. Aug, | Sept.
190 | 1,000
1,880 | 1,100
600 | 2,030
160 | 2,5%
340 | 2,190
340 | 1,880
340 | 1,600
950 | 1,400
220 | 1,880
160 | 2,350
100
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Datly discharge, in second-feel, of Connecticut River at Orford, N. H., for the years engisng
. . Sept. 80, 1900-1915—Continued. -

Day. Oct. | Nov. | Dec. | Jan. | Feb. [ Mar. | Apr, | May. | Jume. | July. | Aug. | Sept.
2,820 | 10,100 | 3,270 4,170 | 13,200 | 18,500 | 5,660 | 1,740 | 2,030 | 2,610} 2,030
2,700 | 8,020 | 3,270 | 3,350 | 4, 17,800 | 16,600 | 5,780 | 1,400 | 2,030 | 3,470 | 1,950
2,610 | 6, 3,370 | 3,420 | 3,850 | 17,400 | 13, 5,660 | 1,280 2,190 [ 2,970 | 1,950
2,350 | 5,900 | 3,370 | 3,420 | 3,700 | 16,100 | 14,400 | 5,000 | 1,280 2, 2,110| 1,880
2, 5,550 | 3,130 | 3,230 | 3,700 | 14, 3 4.670| 1,160 | 2,520 | 1,880 | 1,880
2,520 | 5,000 | 2,890 3,140 | 3, 13,800 | 18,900 | 4,340 | 1,100 2,190 1,600 | 1,880
2,520 | 4,780 | 2,650 | 3, 3,140 | 12,000 | 16,100 | 4,010 | 1,220 1,950 | 1,600 | 1,740
2,520 | 4,560 | 2, 2,860 | 2,360 | 11,500 | 14,000 | . 4,010 | 1,340 { 1,810 | 1,530 | 1,340
2,610 | 4,230 | 2,600 | 2,830 | 2,860 | 17,600 | 15,500 | 4,120 1,400} 1,530 1,530 |- 1,160
2,970 3,900 ] 2,600 | 2,810 | 2,930 | 24,800 | 15,500 | 4,340 | 1,600 ] 1,400 | 1,530 | 1,100
3,070 3,680 2,600 | 2,790 3,070 { 31,900 | 15,200 | 4,450 | 1,460 | 1,530 { 1,670 | 1,000
3,2710| 3,470 | 2,600} 2,770 | 2, 33,400 | 13,900 | 4,560 | 2,190 2,110 | 2,110 1,
3,070 | 3,680 | 2,580 ] 2,740 | 3,420 | 33,000 | 12,300 | 4,340 ] 4,780 2,520 f 2,110 1,000
2,970 | 5,000 | 2,650 ] 2,710 | 3,930 | 20,300 | 10,700 | 3,470 | 7,740 2,110 | 2,030
|-2,880 | 6,140 2,930} 2, 3, 27,400 | 10,500 | 3,680 | 7,740 | 1,670 | 1,950 950
....... 2,790 | 6,260 | 2,930 | 2,650 | 3,770 | 26,300 | 10,200 | 3,270 | 5,660 | 1,400 860
eer.n. 2,790 | 6,260 | 2,930 | 2,650 | 3,770 | 25,000 | 10,400 | 3,270 | 4,120 | 1,460 | 2,110 770
18....... 2,700 | 5,660 | 2,930 | 2,560 | 3,400 | 22,100 | 8,880 | 3,270 | 3,170 | 2,110 1,810 725
19. 2,700 | 5,330 | 2,930 | 2,460 | 3,146 | 19,500 | 8,160 | 2,880 | 2,790 | 2,970 ] 1,3 770
....... 2,790 | 4,670 | 3,560 | 2,360 | 3,140 | 21,500 | 8, 2,520 | 2,790 2,970 | L,28o| 770
21....... 3,270 | 4,560 | 3,140 | 2,260 | 3,070 | 28,200 | 7,180 | 2,520 3,070 | 2,350 | 1,460 815
2.0, 5,560 | 4,340 | 3,020 3,070 | 33,700 | 6,380 | 2,430 3,370 2,350 | 2,270 770
23....... 5,000 | 4,230 | 2,910 070 | 37,800 | 6,140 1,950 | 6, 2,350 | T,270 725
2., ..., 4,560 | 4,340 | 2,800 40,100 | 5,550 | 2,110 5,660 2,430 | 3,170 630
25l 4,120 | 4,340 | 2,680 39,900 | 5,550 | 2,080 4,670 2,520 | 2,970] 640
%....... 3,470 | 4,120 2,740 37,000 | 5,550 | 1,740 3,470 2,430 | 2,610 680
D SO 3,070 ] 3,900 2,800 32,100 | 5,440 1,600 3,270 3,370 2, 680
28....... 6,140 | 3,790 | 2,860 25,900 5,330\ 1,580 | 2,520 | 4,010 | 430 725
M., 19,700 | 3,680 | 2,930 19,900 | 5,110 { 1,530 | 2,190 | 8,470 | £, 190 725
30....... 4,800 | 3,470 | 3,280 16,100 | 5,110] 1,460| 2,190 | 2,880 ] 1,950 770
8l...... 12,000 |........ 3,350 13,900 |........ 1,460 |...cn.o 2,610 | 2,030 |.......
860 | 1,280 | 1,220 1,160 | 14,600 | 22,500 | 4,780 | 1,810 1,530 | 1,400
860 | 1,340 1,220 1,160 | 13,700 | 22,900 | 4,340 | 1,740 | 1,600 | 1,280
905] 1,530 1,280 1,160 | 13,300 | 21,300 | 4,120 1,740 | 1,600 1,340
905| 1,880 | 1,340 1,160 | 11,200 3,570 | 1, 1,460 | 1,340
905 | 1,810 | 1,340 1,220 | 8,880 | 19,700 | 3,470 | 2, 1,400 | 2,270
1,050 | 1,740 | 1,280 1,400 | 8,160 | 16,800 | 3,470 | 2,270 1,340 | 3,900
1,220 | 1,670 | 1,530 1,400 | 9,470 | 15,700 | 3,790 | 1, 1.160 | 3,790
1,280 [ 2,110 | 1,530 1,470 | 10,400 | 13,300 | 5, 1,670 | 1,050 | 2,970
1,280 | 2,030 | 1,460 3,360 | 14,000 | 11,300 | 6, 1,630 | 905 | 2,700
1,340 | 1,880 1,460 3,670 | 18,900 | 11,300 | 5,780 | 1, 1,000 | 2,350
1,220 1,810 1,530 3,010 | 21,700 | 11,600 | 4,670 | 1,460 | 1.340 | 1,740
1,100 | 1,600 | 1,670 2, 3 14,600 | 3, 1,000 | 1.340 | 1,740
1,000 f 1,530 ) 1,670 2,249 | 18,200 | 13,200 | 3, 1,050 | 1.460 | 1,400
860 | 1,400 | 1,670 2,030 | 14,800 | 10,100 | 2 1,340 | 1.600 | 1,400
905 | 1,280 | 1,700 1, 10,700 | 8,740 | 2,610 | 1,670 | 1.670 | 1,740
905 | 1,340 | 1,700 1,820 | 8,450 | 14,800 | 2,270 | 1,740 | 1.600 | 5,110
950 | 1,400 | 1,700 1,680 | 7,460 | 18,900 | 2,190 | 1,670 | 1.740 | 5,660
1,000 § 1,460 | 1,700 1,750 | 7,740 [ 19,500 | 2,190 | 1,670 | 1.530 § 5,000
1,740 | 1,460 1 1,700 l,gig 7,460 ,600 1 2,110 | 1,160 | 1.460 | 4,450
1,880 1,340 | 1,700 1, 6,640 | 22,900 | 2,110 | 1,100 | 1.600 | 4,010
2,030 | 1,220 1,750 1,540 | 6,640 | 22,300 | 2,030 | 1,000 | 2.350 [ 3,900
1,740{ 1,340 | 2,800 1, 6, 16,800 | 1,830 | 950 | 3,900 | 5,220
1,530 | 1,340 { 2,100 1,890 | 7,320 | 13,000 | 1,670 950 § 4.780 | 5,900
1,600 | 1,400 { 1,960 8,840 | 9,030 | 10,400 | 1,740 815 |4 340 | 4,670
1,740 | 1,340 1,610 8,840 | 11,000 | 8,740 | 1,810 860 |4 120| 4,450
1,950 | 1,280 | 1,340 10,400 | 16,300 | 8,300 ; 1,740 905 | 3 470 | 5,660
1,810 | 1,160 | 1,280 17,200 | 17,800 | 7,600 | 1,810 905 |2 700| 7,460
) 1,100 | 1,220 18,600 | 18,500 { 7,040 | 1,400} 1,100 | 2.350 } 6,518
1, 1,050 | 1,100 21,700 § 21,500 | 6,770 | 1,950 | 1,340 | 2030 | 5,330
1,280 ] 1,160 | 1,040 18,500 | 22,100 | 6,640 | 1,810 | 1,400 | 1.600 | 6,140
8l.......] 1,280 }........] 1,040 15,900 |..... wee] 6,200 )........] 1,460 | 1.280 |.......

~



46 _ SURFACE WATERS OF MASSACHUSETTS,

Doaily discharge, $n second-feet, of Connecticut River at Orford, N. H., for the years endmg
Sept. 30, 1900-1915—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
880 700 580 | 33,200 | 12,600 | 4,450 | 6,510 | 3,680 | 6,640
800 | 00| 580 {31,000 | 12,100 | 4,230 | 7,040 | 5,000 | 5,440
800 700 560 ,400 | 9,620 | 3,680 (10,400 | 7,320 | 4,120
800 600 560 | 15,200 | 10,100 { 3,790 {17,600 | 5,330 | 6,510
800 | 600 | 560 | 11,300 | 12,000 | 4,010 {15,200 | 4,340 | 7,740
800 620 600 § 11,000 | 12,600 4,120 9,920 3,070 | 7,180
800 640 600 { 13,300 | 13,000 | 5,220 | 4,7%0 } 2,610 | 6,140
720 | 660 | 600 | 13,000 | 12,600 | 4,560 | 3,900 | 2,610 | 5,440
770 660 600 | 12,000 | 11,800 [ 4,340 | 3,470 | 3,070 | 4,670
8 680 | 600| 9,770 | 10,100 | 3,680 | 3,270 | 3,370 | 4,010
870 700 600 | 10,200-| 10,700 | 3,270 | 2,970 | 2,610 { 3,270
920| 720| 600 | 12,500 | 10,200 | 2,880 | 2,770 | 2,790 | 2,970
970 730 670 | 13,500 | 8,300 | 3,470 | 2,720 | 2,430 | 3,170

1, 740 800 | 13,300 7,880 5,220f2,7%0 | 2,520 | 3,070
1,070 740 850 | 13,000 | 7,600 | 5,780 ) 2,520 | 2,610 | 2,880
1,000 740 910 | 12,300 6}18() 5,000 | 2,6'0 | 3,370 | 2,610
1, 000 740 | 1,000 | 10,700 ,900 | 4,560 | 2,770 | 6,020 | 2,520
975 | 740|1,100| 9,180 | 7,180 | 3,170 | 2,6'9 | 6,140 | 4,120
975 760 | 1,180 | . 7,740 | 7,040 | 3,270 | 2,6'0 | 5,110 | 9,180
950 | 740 {2,070 | 7, 6,900 | 3,570 | 3,970 | 3, 10, 400
950 | 720 | 3,060 | 11,000 | 6,900 [ 3,370 | 4,0'0 | 3,070 | 10,400
880 | 680 | 3,480 | 14,000 | 6,770 | 3,470 | 3,570 | 2,610 | 9,770
880 3,620 | 15,200 | 6,380 | 3,470 | 2,520 ] 2,350 | 8,020
880 660 | 3,730 | 13,700 | 5,660 | 3,370 | 2,130 | 2,030 | 6,140
840 | 620 | 5,300 | 11,300 | 5,000 | 2,970 | 1,930 | 1,670 | 5,
840 | 600 (19,300 | 9,770 | 4,670 | 2,610 | 1,670 1,460 | 4,560
800 | 600 |24,600 ] 9,620 | 4,120 3,370 | 1,67 | 1,460 | 4,450
800 | 600 (31,900 | 10,500 | 6,510 | 7,180 | 1,600 | 2,100 | 4,010
800 |....... 37,200 | 11,600 | 7,040 | 7,460 | 1,670 | 3,680 , 630
800 |...... .137,200 1 12,600 | 6,140 | 5,900 | 1,530 | 3,370 | 3,470
700 |....... ‘35,400 ........ 4670 ........ 3,470 | 4,450 |.......
Jan. | Feb. | Mar. | Apr. | May. | June. | Jul”. | Aug. | Sept.
5,660 | 8,020 | 2,500 | 5,200 | 7,320 | 14,600 | 4,0°0 | 2,970 | 2,110
6,000 | 6,510 | 2,200 { 5,000 | 8,160 | 11,800 | 4,070 | 2,970 | 1,670
6,500 | 4,310 | 2,100 | 5,000 | 12,000 | 9,180 | 3,790 | 2,970 | 1,
6,000 | 4,000 | 2,100 | 4,000 | 14,600 | 7,320 | 3,370 | 2,110 { 3,570
5,000 | 3,500 | 2,000 | 4, 14,200 | 8,160 | 3,570 | 1,670 | 3,270
td L e > td Ll 3 3 td
4,000 | 3,000 | 2,000 | 4,000 | 13,000 | 8,020 | 3,680 | 1,950 { 2,970
3,000 | 2,500 | 2,000 | 4,000 | 12,600 | 9,320 | 3,370 | 1,530 | 2,43
3,000 | 2,250 | 2,000 | 4,000 | 12,100 | 10,400 | 2,970 | 1,460 | 2,110
2,500 | 2,250 | 2,000 | 4,000 | 10,700 | 11,800 | 2,80 | 1,670 | 1,950
2,500 | 2,250 | 1,800 { 4,000 | 13,500 | 11,200 | 2,430 | 1,670 | 1,950
2,500 { 2,250 | 1,800 | 4,000 | 15,000 | 9,470 | 2,970 | 1,460 | 1,460
2,000 | 2,250 | 1,800 | 3,000 { 14,200 | 7,460 | 2,970 | 1,160 | 1,670
2,000 | 2,250 | 1,800 | 3,000 | 13,200 | 6,770 | 3,070 | 1,400 | 1,740
2,000 | 2,250 | 1,700 | 3,000 | 18,000 | 6,260 | 2,670 | 1,160 { 1,400
2,000 | 2, 1,500 {10,000 | 18,900 | 5,550 | 2,430 | 1,220 | 1,340
- 2,000 | 2,150 | 1,600 29,700 | 17,400 | 5,000 | 2,520 { 1,050 | 1,280
2,000 | 2,050 | 1,600 (30,200 | 19,300 | 4,340 | 2,110 | 1,100 | 1,400
2,000 | 2, 1, 600 |29, 700 | 19,700 |- 3,900 | 1,950 | 1,160 | 1,280
2,000 | 2,500 | 1,600 127,100 | 14,200 | 3,570 | 1,740 | 1,220 | 1,220
2, 2,500 | 1,600 |24,800 | 13,200 | 3,270 | 1,740 | 1,340 | 1,100
'y td i td td <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>