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GROUND WATER IN THE NORWALK, SUFFIELD, AND
GLASTONBURY AREAS, CONNECTICUT.

By Harowp S. PaLMER.

INTRODUCTION.
PROBLEMS RELATING TO WATER SUPPLIES IN CONNECTICUT.

The census of 1910 reported the population of Connecticut as
1,114,756. The area of the State is 5,004 square miles. The average
density of population is therefore about 220 to the square mile, but the
distribution of population is markedly uneven. More than 53 per
cent of the inhabitants are gathered into 19 cities, each containing
over 10,000. The cities are rapidly increasing in population, but
parts of the State—about 24 per cent of the towns—are more
sparsely settled to-day than in 1860. To speak broadly, the people
of Connecticut are engaged in two occupations—manufacturing and
mixed agriculture. Manufacturing is increasing at a rapid rate;
agriculture at a slower rate, but with a distinct tendency toward
specialization. The fine scenery of parts of the State has led to the
development of country estates and shore homes.

As the stage of culture in a region rises it is necessary progres-
sively to improve and increase the water supplies. Wild tribes are
satisfied with the waters of springs and streams. Pastoral peoples
need somewhat more water. Agricultural regions must have water
at points where it may be conveniently used ; wells are made, springs
are improved, and surface waters diverted to provide water at the
points of utilization. In some arid regions extensive works are
constructed to supply water for irrigation, as well as for domestic
use and for watering stock. Industrial and mercantile communities,
in which the population is concentrated in cities, demand a great
deal of water, not only for human consumption but also for innum-
erable technical purposes, such as for washing fabrics, for cooling
metals, and for generating steam in boilers.

An annual precipitation of 45 inches gives Connecticut in the
aggregate large supplies of both surface and ground water, but the
precipitation is sometimes deficient through periods of several weeks
or months. Consequently farmers must endure periods of drought,

7



8 GROUND WATER IN NORWALK AND OTHER AREAS, CONN.

manufacturers must provide against fluctuating water power, and
the inhabitants of congested districts must arrange for adequaie
public supplies.  With increase in population and diversification of
interests conflicts have already arisen between water-power users
and domestic consumers, as well as between towns, for the right
to use a particular stream or area. Demands are also being made
by prospective users of the waters for irrigation and drainage. The
quality of water acquires new importance with the effort to improve
the healthfulness of the State and to reclaim the waters now
polluted by factory wastes and sewage. The necessity of obtaining
small but unfailing supplies of potable water for the farm and for
the village home furnishes an additional problem, for the condition
of many private supplies in Connecticut is deplorable.

To meet the present situation and to provide for the future,
State-wide regulations should be adopted. Obviously the first step
in the solution of the Connecticut water problem is to make a com-
prehensive study of both surface and ground waters to obtain
answers to the following questions: How much water is stored in
the gravel and sand and bedrock of the State? How much does
the amount fluctuate with the seasons? What is the quality of the
water ? How may it best be recovered in large and small amounts?
What is the expense of procuring it? How much water may the
streams of the State be relied upon to furnish? To what extent are
the stream waters polluted? How may the pollution be remedied ?
To what use should each stream be devoted? What is the equitable
distribution of ground and surface water among the conflicting
claimants—industries and communities?

WATER-SUPPLY INVESTIGATIONS.

The study of the water resources of Connecticut was begun by
Herbert E. Gregory in 1903 for the United States Geological Sur-
vey. A preliminary report was issued in 1904 A discussion of
the fundamental problems relating to the State as a whole, pub-
lished five years later,” meets in a broad way the requirements of
the scientist and engineer, but it is not designed to furnish data for
use in a quantitative study of ultimate supply and utilization. It
was recognized that conditions in the State are so varied that in
order to obtain data of direct practical value the conditions in each
town and so far as feasible around each farm and each village
should be investigated.

1 Gregory, H. E., [Notes on the wells, springs, and general water resources ¢f] Con-
necticut: U. S. Geol. Survey Water-Supply Paper 102, pp. 127-168; 1904.

2 Gregory, H. E.; and'Ellis, E. E., Underground water resources of Connecticut: U. S.
Geol. Survey Water»Supply Paper 232, 1909,
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INTRODUCTION. ; 9

Realizing the importance of such studies to Connecticut, the State
joined with the Federal Government in order to carry on this work,
In 1911 a cooperative agreement was entered into by the United
States Geological Survey and the Connecticut Geological and Natural
History Survey for the purpose of obtaining information concerning
the quantity and quality of waters available for municipal and
private uses. The investigation was placed in charge of Mr. Gregory
and was to be conducted through a peried of two years or more, the
cost to be shared equally by the parties to the agreement. The work
has consisted ‘in gathering information concerning public water
supplies; measuring the dug wells used in rural districts, and ob-
taining other data in regard to them; obtaining data concerning
drilled wells, driven wells, and springs; collecting and analyzing
samples of water from wells, springs, and brooks; studying the
character and relations of bedrock and surficial deposits with refer-
ence to their influence upon the ground-water supply.

A. J. Ellis spent the field seasons of 1911, 1912, and 1913 on this
work under the cooperative agreement. One report?! has been pub-
lished on 13 towns around Waterbury, and another?® on ten towns
around Hartford, four around Saybrook, three around Salisbury,
and on Stamford, Greenwich, Windham, and Franklin.

A third report, the field work for which was done by G. A. Waring
in 1915, will cover six towns around Meriden and Middletown. A
fourth report, the field work for which was done by H. S. Palmer in
1914 and 1915, will cover 18 towns between Southington and Granby.
A fifth report on four towns in the Pomperaug Valley-is in prepara-
tion by A. J. Ellis.

The accompanying index map (PL I) shows the areas covered by
the several reports. The present report covers three areas—the Nor-
walk area, comprising the towns of Darien, New Canaan, Norwalk,
Ridgefield, Weston, Westport, and Wilton; the Suffield area, com-
prising the towns of East Granby, Enfield, Suffield, and Windsor
Locks; and the Glastonbury area, comprising Glastonbury and Marl-
boro.

SOURCE AND CHARACTER OF DATA.

The principal well data are given in tables appended to the descrip-
tions of the several towns. The depths of the ‘dug wells were
measured with a tape. The information as to depth to rock in wells,
consumption of water, and fluctuations and reliableness of supplies

1Ellis, A, J., Ground water in the Waterbury area, Conn.: U, S, 'Geol. Survey Water-
Supply Paper 397, 1916, .

? Gregory, H. E., and Elis, A. J., Ground water in the Hartford, Stamford, Salisbury,..,
Willimantic, and Saybrook. areas, Conn.: U, 8. Geol. Survey Water-Supply Paper 374,
1916. wiiud 09D



10  GROUND WATER IN NORWALK AND OTHER AREAS, CONN.

is in general based on statements by well owners. The elevations of
wells and springs were taken from the contour maps. The statements
as to yield of drilled wells are based on tests made by the drillers
when the wells were completed and reported by the owners. Informa-
tion concerning the flow of a few springs was obtained by measure-
ment of the overflow, the yield of others was computed from measure-
ments of the velocity and cross section of the streams issuing from
them, and the yield of still others was estimated by the owners. The
kindness of well owners, superintendents of water works, and others
in supplying information has been great. The information thus
obtained is acknowledged with thanks. Free use has been made of
the technical literature dealing with water supplies, and credit is
given for specific facts taken from such sources, but the report con-
tains also material gathered from the reports of previous investiga-
tions, some of which can not well be attributed to any one author.

GEOGRAPHY.

TOPOGRAPHY.

Connecticut comprises three physiographic divisions, as shown in
Plate T—an eastern highland, a western highland, underlain by
resistant crystalline rocks, and an intervening central lowland, which
is underlain by relatively soft sedimentary rocks.

Norwalk crea.—The Norwalk area is in the seaward portion of
the western highland. It rises rather gradually northward from
sea level at the south, and its highest point is Pine Mountain, in the
northern part of Ridgefield, 1,060 feet above the sea. Except near the
shore there is very little level ground, and the region comprises
ridges and valleys running north and south. The ridge crests ap-
proximate in elevation a southward or southeastward sloping plane
and mark an old plateau below which the streams have incised their
valleys. The general southerly trend of the streams is due to the
southerly tilt of the surface.

Suffield area—The Suflield area is in the central lowland, adjoins
Massachusetts, and is crossed by Connecticut River. It is for the
most part a nearly level plain, 120 to 280 feet above sea level, above
which rise elevations of two types—(1) low, rounded hills with
cores of sandstone and cappings of glacial till, and (2) high, long
ridges due to the resistance to erosion of upturned sheets of trap rock.

Glastonbury area—The Glastonbury area is in part in the central
lowland and in part in the eastern highland. The lowland portion
comprises the northwest quarter of the town of Glastonbury and is a
plain similar to the plain of the Suffield area. The highland portion
" comprises most of Glastonbury and all of Marlboro. Tt is in general
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similar to the Norwalk area in topography, but the trend of the
ridges and valleys is less uniform.

CLIMATE.

The outstanding features of the climate of Connecticut are the
high humidity, the usual uniformity of precipitation throughout the
year, and the relatively great length of the winter.! The winters
last five or six months, and spring. summer, and autumn are crowded
into the remainder of the year. Spring is brief, but summer is longer
and well defined and with the exception of short hot waves is very
pleasant. The autumn is delightful, as it has many warm days with
cool nights. The spring comes so quickly that the snow melts rapidly
and sometimes makes strong freshets. The winds are prevailingly
westerly, but in May and June there is a good deal of east wind.

The Weather Bureau maintains no stations within the areas here
treated, but the data given for New Haven nearly represent the con-
ditions in the Norwalk area, those for Hartford the conditions in the
Suffield area, and those for Middletown the conditions in the Glaston-
bury area. It is probable, however, that in parts of the Norwalk and
Glastonbury areas the climate may be a little colder and the rainfall
slightly greater because of greater elevation. Some of the more im-
portant data for the three stations mentioned are given in the follow-
ing table:

Climatic data for New Haven, Hariford, and Middletown, Conn,

{From U. S. Weather Bur, Bull, W., section 105, 1912.]

New Hart- | Middle-
Haven. ford. town.

Temperature (° F.):

Mean annual 48.5 48.7

Maximum.......... ¥ X 98 103

MRl 52, L 8 L e e R s e s vem s e a4 —-20 —15
Precipitation (inches):

Moamananml. ... 8B o . Lota U DR Ko e BBl 2 44,30 49,25

Meoan:annuslsnegwiill. 2. L. o8 Do L Sl s S e ke 8 47.2 51.7
Trosts:

First killing (average date) Oct. 10| Oct. 2
Last killing (average date) . 5 Apr. 28 | Apr. 27
Earliest recorded............. S A 5 Sept. 19 | Sept. 19
fsatpstrecordedo. 8- ot e Lot Sty on L8 0 e sqdle s U May 12 | May 12

|

The precipitation in Connecticut is in general abundant, though
sometimes there occur more or less protracted summer droughts.
The following tables are summaries of longer tables and show the
average, maximum, and minimum monthly precipitation at various
points in or near the areas under consideration.

1 Summaries of climatological data of the United States, by sections: U. S. Dept. Agr.
Weather Bureau Bull. W, section 105, 1912,
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Norwalk, 1892-1913.«

Summary of monthly precipitation at points in Connecticut.

Jan. | Feb. .| May. .| Sept.| Oct. | Nov. | Dec. | Year.
Average........ 3.44 | 3.60 4.09 3.63 {4.03 | 3.56 | 3.84 | 45.89
Maximum 6.48 | 7.08 8.53 7.8719.09| 8.8 | 8.58 | 57.85
Minimum...... 1.64 .49 .07 .98 .68 .95 .92 | 34.88
846-1853, 1868-19
Jan. | Feb . | May. | . |Sept.| Oct. | Nov. | Dec. | Year.
Average. .. | 347 [3.43 3.55 3.68 | 3.85 |-3.64 | 3.33 | 44.30
Maximumni 8.48 | 8.28 9.10 |1 10.88 {13.33 | 8.29 | 9.34 | 56.36
Minimum 1.08 .50 .20 251 .60 .74 .67 | 33.64
Middletown,
Jan. |- Feb. . |May: g.|Sept.{ Oct. | Nov. | Dec. | Year.
Average........ 4,22 [4.33 4.74 3.88 3.671 4.05) 4.26 | 3.90 | 49.25
Maximum 9:24 1-7.56 1 9.49 8.05 2 |11.64 14.51 | 9.50 |11. 18 | 68.77
Minimum 1.45 |° .63 | 1.12 .22 .491 .89 .75 1.20] 37.08

a Goodnough, X H., Rainfall in New England: New England Waterworks Assoc, Jour.,

b U. 8, Dept. Agr. Weather Bureau Bull. W, section 105, 1912,

MEAN. MONTHLY PRECIPITATION, IN INCHES

EN

w

N

JAN. FEB. MAR. APR, MAY JUNE JULY AUG. SEPT, OCT. NOV. DEC

I'rcure 1.—Diagram showing mean monthly precipitation at Norwalk, Conn.,

1892—

Sept., 1915.

1913,

Figures 1, 2, and 3 are graphic representations of the data given in
the above tables.

SURFACE WATERS.

The Norwalk area is drained for the most part by streams 15 to
20 mlles long trlbut‘u'y to Long Island Sound but a little of the

aenk
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northern part is drained by tributaries of Hudson River. The
Suffield area is drained entirely to the Connecticut. The Glaston-

>

(0
s ]

N

MFEAN MONTHLY PRECIPITATION,IN INCHES

JAN. FEB, MAR. APR, MAY JUNEJULY AUG. SEPT. OCT. NOv, DEC.

Fierne 2.—Diagram showing mean monthly precipitation at Hartford, Conn., 1846-1853
and 1868-1908.

bury area is in part drained by westward-flowing streams directly
tributary to Connecticut River and in part by southward-flowing

BN
I

w
AT
GRS

-L-

MEAN MONTHLY PRECIPITATION,IN INCHES
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Ficrrg 3.—Diagram showing mean monthly precipitation at Middletown, Conn., 1858-1902.

streams that enter Salmon River, which joins the Connecticut at
fast Haddam. In the Norwalk area and in the highland portion
of the Glastonbury area there are many lakes and ponds. Some
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of the swamps are former water bodies that have been filled with
sediment.

When water falls, as rain or snow, a part evaporates, another
part enters the ground, and a part flows off in streams. Some of
the ground water eventually returns to the surface in springs, seeps,
and swamps and enters the streams. Some is lost by evaporation, and
by transpiration of trees and other plants. The ratio of run-off
to rainfall varies greatly, as it depends on many factors, including
the rate of precipitation, its distribution throughout the year, the
character and thickness of the soil, steepness of slopes, abundance of
vegetable growth, amount of frost, and character and structure of thie
rocks.
~ The following tables give some idea of the amount and variations
of the run-off in two basins in Connecticut:

Monthly run-off of Pomperaug River ai Bennelis Bridge and precipitation in
Pomperaung drainage basin.”

[Drainage area 89.3 square miles.]

Run-off.
Month e,
onth. ation
: Inches on| Per cent
(inches). | rainage [of precipi-
basin. tation.
1913.
August. 3.19 0.25 6.8
Septemb 3.53 .35 9.9
October . . 9. 66 2.57 26. 6
November 3.05 2.73 89.5
December 2.72 2.24 81.7
1914
FRIIALY o o o - SR e do ol SRR i T o S SR K 2.15 1.33 61.8
February 2.14 .58 27.1
March 5.63 4.32 76.6
April 4.35 2.94 67.5
May 3.19 2.35 73.6
June . 2.83 .63 22.3
July... 5.01 .70 11.8
August. 3. 66 .45 12.3
September . .36 .20 55.6
Octoper .. ..:. s, e
November . A 3.37 .51 14.8
DEEOMDOT . - v .o 0o =ty Ly ) S B nll U gy e R R e | PR o | ARty
e 1915
TADUALY . -2 5ol o 200, Sl VA ST SR WA R S IR N e T e
February
March
April .
May.
June...
July....
August... g
Saptember .. . ..o e AL e SRV BN
Yeat; Oetober; 1913; to'Beptember; 308, . s . Ll it LS Ll Lk
22 months for which the run-off isgiven.........__. CHPNE. S0 RO S

e Data obtained from unpublished report by A. J. Ellis, U. 8. Geol. Survey.
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Precipitation and run-off in Housatonic drainage basin abore Gaylordsville,
Conn., 1901-1993, and 1906-1909.¢

[Drainage area, 1,020 square miles.]

Run-off.
y Precipi- g
Year. (f:;}‘lg‘s’% Inches on| Per cent

drainage |of precipi-
basin. tation.

6. 94 29. 65 52.1
61.43 38,62 62.9
56. 85 29, 65 69.8
46. 31 22.17 47.9
55. 80 29. 47 52.9
40.26 19. 67 48.8
44.75 19.85 4.1

aCompiled from Gregory, H. E., and Ellis, E. E., Underground-water resources cf Connecticut: U. S.
Geol. Survey Water-Supply Paper 232, p. 29, 1909; and from Surface-water supply of the United States,
1907-8, Part I, and 1909, Part 1: U. 8. Geol. Survey Water-Supply Papers 241 and 261.

The Tenth Census report on water power gives figures taken from
various sources concerning the ratio of run-off to precipitation in a
number of drainage basins. The data for four of these basins in
the northeastern United States are summarized in the following
table:

Precipitation and run-off in certwin drainage basins in the northeastern United

States.
Average run-cff (per eent « f
AJ;&{ f gt Annual precipitaticn).
Tagi S precipi-
Basin. (s record : T
quare | coors) taticn q .
miles). S * | (inches). Moan Maxi- Mini-
o i mum. mum.
Connecticut River above Hartford........ 10,234 7 42.7
pudhiry River .. o2 oo gint Tu 78 5 46. 1
West Branch of Croton River 2 20. 37 a49% 50
Croten BIveY. - oo s b oo i 339 13 49.79
aMonths.

The difference in the per cent of run-off from the basin of the West
Branch of Croton River and from the whole Croton drainage basin
is due to the fact that the former is a steep, rocky, thin-soiled, and
relatively untilled region, whereas the latter includes much flat-lying
and cultivated land and therefore absorbs more of the rain.

WOODLANDS.

The woodlands of the Norwalk area occupy avout 38 per cent of
the total area and for the most part comprise deciduous tree species.
The most prominent trees are oak, hickory, chestnut, elm, maple,
beech, and birch, with a few conifers. The woods are more abundant
away from the Sound shore. The three shore towns, Darien, Nor-
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walk, and Westport, are about 25 per cent wooded, and the four in-
land towns, New Canaan, Ridgefield, Weston, and Wilton, are about
45 per cent wooded.

The Suffield area is about 38 per cent wooded, and its most cleared
portions lie along Connecticut River. Many of the stands on the
lowland plains comprise chiefly white and yellow pine and serub oak,
with an undergrowth of sweet fern and “ poverty ” grass. The flora
on the hills is of the deciduous type like that of the Norwalk area.

The Glastonbury area is about 63 per cent wooded and contains
chiefly deciduous trees. There are extensive cleared tracts along
Connecticut River, but the eastern part of the area is nearly all
wooded. The town of Marlboro is about 80 per cent wooded.

In these areas, as throughout other parts of Connecticut, a great
amount of cordwood and a good deal of lumber are produced. The
manner of cutting has heretofore been very wasteful, and few at-
tempts at reforestation have been made. Cut-over lands have been
allowed to grow up with sprout and staddle, and the woodlands have
in consequence deteriorated steadily. In the last decade, however,
there has been some systematic planting of forest trees, and the cut-
ting has been a little less ruthless. The wood crop would be very
profitable were the industry prosecuted in a proper manner, as the
soil is in general very good, and if given a chance will mature most
kinds of trees sufficiently for the market in 20 or 30 years.

POPULATION.

Population of certain towns in Connecticut.

Population.b
Area
5 Inhabit-
i g.l?elf)r a Per cent | 201 per
i 1900 1910 i square
£ mile,
1910.
Norwalk areca:
Darien . = 12.63 3,116 3,946 27 312
New Canaan L 22,86 2,968 3,667 24 160
Norwalk - 22.68 19,932 24,211 21 1,068
Ridgefiel 35.44 2,626 3,118 19
Weston. . - 20.27 840 () 42
\Vestport 19.63 4,017 4,259 6 217
Wilton 28.08 ,598 1,706 7 61
o 17 634 797 17 45
ST GranbhY . . .o ot i RN i 7 5
Enfield. y .............. ; 34.25 6, 699 9,719 45 284
B o e T AR S 43.31 3,521 3,841 9 89
Windsor Locks 8.15 3,062 3,715 21 456
o~ sl sl am| s ow
3T G0 g R e e R e | 54.16 4,
Marlboro. y .................................... 22.97 ! '3 22 302 (4) 13

a Areas measured with planimeter on topographic maps.

b Population figures from Connecticut State chlster and Manual, 1919,
¢ Loss of 1-per eent. s .

d Loss of 6 per cent. ’
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GECOLOGIC HISTORY.

Very little is known of the early geologic history of Connecticut,
for the rocks are very old and have suffered so many changes that
the evidence given by them is almost impossible to interpret. It is
certain that in pre-Cambrian and early Paleozoic time sediments
were deposited. The earliest were sands, muds, and clays, which
became consolidated to form sandstone and shale, but later some
limestone was deposited. No fossils have been found in these rocks,
but they have been referred to the late Cambrian and early Ordovi-
cian by studying the relative positions of the formations and by
tracing them into regions where more evidence is to be had. Sedi-
ments were also deposited during the Carboniferous and very prob-
ably in the intervening periods as well.

Toward the end of the Paleozoic era there were several great
mountain-building disturbances, characterized by compression of
the earth’s crust in an east-west direction and the intrusion of vast
quantities of igneous rock. To the mashing and intrusion is due
the change of the old shales and sandstones to the schist and gneisses
of the Norwalk area and the highland portion of the Glastonbury
area. The change of the Cambrian and Ovdovician limestone to a
coarse marble (Stockbridge dolomite) was brought about by the
same process. The igneous rocks, in large part, were also crushed
and converted to gneisses.

During Triassic time the mountains were deeply eroded and much
of the débris was deposited in a troughlike valley in central Connecti-
cut, making the sedimentary rocks of the Suffield area and the low-
land portion of the Glastonbury area. These rocks are for the most
part red sandstones, shales, and conglomerates, but they include some
dark bituminous shales and green and gray limy shales. In some
places in the red rocks there are footprints of reptiles, both large and
small, and a few of their bones have also been found. The footprints
and bones have been identified as belonging to Triassic reptiles. Re-
mains of fishes are found in places in the bituminous shales and fur-
ther prove the age of these beds to be Triassic.

The deposition of the Triassic sediments was interrupted three
times by the gentle eruption of basaltic lava, which spread out across
the wide valley floor and which now forms the trap ridges between
the Farmington and Connecticut valleys, in part in the Suffield area.
Into the buried sediments were also intruded other masses of basaltic -
lava that formed sills and dikes, such as the sill of Manitick Moun-
tain, in the western part of Suffield. Subsequently (in Jurassic
time?) the flat-lying sedimentary rocks and the intercalated trap
sheets were broken into blocks by a series of faults that in general

154444°—20——2
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cut diagonally across the lowland in a northeasterly direction. Fach
block was rotated so that its southeast margin was depressed and its
northwest margin elevated.

There is no sedimentary record of the interval between the Triassic
period and the glacial epoch, but the ercsion that took place then has
left its mark. During the Cretaceous period the great block moun-
tains formed by the faulting were almost completely worn away. It
is believed by Davis?® and others that during part of Cretaceous time
the sea advanced over Connecticut as far as Hartford, and that the
submerged area was covered with marine sediments. No such marine
beds have been found, however, and the only evidence of such an in-
cursion of the sea is indirect. Most of the streams in this region
flow southward, but parts of the larger ones have southeasterly
courses. This condition could be explained by assuming that when
the postulated Cretaceous beds were raised they were tilted a little
to the southeast and the streams across them took southeastward
courses. The more vigorous streams according to this hypothesis
were able to cut their southeasterly channels into the discordant rock
surface below the Cretaceous deposits, whereas the smaller streams
were turned back to the old channels which existed before the Creta-
ceous sedimentation occurred and which, it is assumed, ran south-
ward.

It was noted by Percival? that the highlands may be regarded as
“ extensive plateaus ” which “ present, when viewed from an elevated
point of their surface, the appearance of a general level, with relling
or undulating outline, over which the view often extends to a very
great distance, interrupted only by isolated summits of ridges, usually
of small extent.” Rice?® has described the phenomenon as follows:

If we should imagine a sheet of pasteboard resting upon the summits of the
highest elevations of Litchfield County and sloping southeastward in an in-
clined plane, that imaginary sheet of pasteboard would rest on mearly all the
summits of both the eastern and western highlands.

Barrell * has shown, however, that the hilltops approximate not
an inclined plane but a stairlike succession of nearly horizontal
planes, each a few hundred feet lower than the next one to the north.
Traces of these terraces are found in many parts of both the eastern
and western highlands of Connecticut, but are not discernible in the
lowlands. Figure 16 (p. 119) is a composite projection of mnorth-
south profiles of hilltops and ridge crests of a part of the Norwalk

1 Davis, W. M., The Triassic formation of Connecticut: U. 8. Geol. Survey Eightcenth
Ann. Rept., pt. 2, p. 165, 1898.

2 Percival, J. G., Report on the geology of Connecticut, p. 477, 1842,

3 Rice, W. N., and Gregery, H. E., Manual of the geology of Connecticut: Connecticut
Geol. and Nat. Hist, Survey Bull. 6, p. 20, 1906.

+ Barrell, Joseph, Piedmont terraces of the northern Appalachians and their origin:
Geol. Soc. America. Bull.,, vol. 24, pp. 688-691, 1913.
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area and shows three more or less well-developed planes determined
by the concordant elevations.

The rocks of this plateau are the roots of mountains that stood
there in late Paleozoic and early Mesozoic time and that were
eventually worn away. KErosion produced a more or less smooth
inclined plane or series of level planes which when uplifted con-
stituted the plateau surface. Since the uplift erosion has decply
trenched the plateau until only a small part of its original surface is
preserved.

During the Pleistocene or glacial epoch the continental ice sheet
that overrode mest of the northern United States covered the whole
of New England. It was of great thickness, and as it moved slowly
southward it remodeled the topography by scraping away the de-
cayed rock accumulated at the surface, by breaking off and grinding
down projecting ledges of rock, and by redepositing the débris. The
major features of the topography were left unchanged, but the de-
tails were greatly altered. In general the relief was decreased. The
soil mantle was replaced by glacial drift of two types—till and
stratified drift. The till, which was deposited directly by the ice, is
of moderate thickness, and its surface is similar to the surface of
the underlying bedrock but somewhat smoother. The stratified drift,
which was deposited by the streams that flowed out from the glacial
ice, filled the larger valleys to a considerable extent, making broad
plains.

During the recent epoch there has been no considerable change in
the topography. Small amounts of alluvium have been deposited
in valleys, some swamps have been filled, and some lakes have been
changed to swamps by being filled with sediment. There has been
slight erosion over the whole region, but the changes are in general
imperceptible save for the terracing of stratified-drift deposits in the
larger valleys.

WATER-BEARING FORMATIONS.

The water-bearing formations of Connecticut may be divided into
two classes—bedrock and glacial drift. The bedrocks are the under-
lying consolidated, firm rocks, such as schist, granite, trap, and sand-
stone, and they are exposed at the surface only as small, scattered
outcrops. The glacial drift comprises the unconsolidated, loose ma-
terials such as sand, clay, and till that occur at the surface in most
of the State and overlie the bedrocks. These materials are by far
the more important source of ground water and are of two chief
varieties—till, also known as “hardpan” or “boulder clay,” and
stratified drift, also known as “ modified drift” or “ glacial outwash.”

On the geologic maps (Pls. II1, V, and VII) are shown the areas
occupied by the two principal types of glacial drift as well as the
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outcrops of bedrock. The Triassic sandstone (including also shale
and conglomerate), the trap rocks, the limestone, and the crystalline
rocks are differentiated by color on the maps, but no attempt was
made to separate the varieties of the crystalline rocks. The rock out-
crops are indicated as small patches, which have roughly the shape
of the actual outerops but most of which are disproportionately large
because of the small scale of the map. Inasmuch as in the field work
it was necessary to follow the roads, many outcrops in the spaces
between roads may have been unmapped.

GLACIAL DRIFT.
TILL.

Till, which is an ice-laid deposit, forms a mantle over the bedrock
-of much of Connecticut. Its thickness is in general from 10 to 40
feet but in places reaches 80 feet. The average thickness of the till
penetrated by 56 drilled wells in the areas under discussion is 24 feet.

The till is composed of a matrix of the pulverized and granulated
fragments of the rocks over which the ice sheet passed and of larger
pieces of the same rocks embedded in the matrix. The principal
minerals are quartz, clay, feldspar, and mica, but small amounts ot
their decomposition products and of other minerals are also found.
There has been but little chemical disintegration and decomposition
of the till, and it has in general a blue-gray color. Near the surface,
however, where the iron-bearing constituents of the matrix have been
weathered, the color is yellow or brown. Where the material is in
large part derived from the red Triassic rocks the till has a red-
brown to red color. The boulders of the till are characterized by
their peculiar subangular shapes with polished and striated facets.
Many of the boulders have facets that are in part concave where
spalls have been flaked off as the boulders were pressed together in
the ice. The boulders are very abundant and are scattered over the
fields and in cut banks. As a rule, a number of different varieties
of rocks are represenfed in any one place.

Some of the till, particularly that part below the weathered zone,
is very tough, as is indicated by the popular term *hardpan” often
applied to it. The toughness is in part due to its having been thor-
oughly compacted by the great weight of the ice sheets, and in part
to the interlocking of the sharp and angular grains. It seems prob-
able that the more soluble constituents of the matrix have to some
extent been dissolved by the ground water and have been redeposited
in such a way as to cement the particles together.

The relative amounts of the different sizes of material are shown in
the following table.! The material treated by mechanical analysis

1 Dorsey, C. W., and Bonsteel, J. A., Soil survey in the Connecticut Valley: U. 8. Dept.
Agr. Div. Soils Field Operations for 1899, p. 131, 1900,
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is the fine earth that remained after the coarse gravel and boulders
had been removed. The first three analyses represent till derived
in large part from Triassic sandstone and shales; the fourth a till
derived from crystalline rocks. The boulders and pebbles mixed
with the fine earth (the matrix) constitute from 5 to 50 per cent or

even more of the total volume.

AMechanical analyses of stony loams (till soils).

Diameter in

millimeters. . 2 S %
Gravel 2-1 2 12.45 5.26 3.05
Coarse sand - . 1-0.5 3.35 11.86 8. 66 3.85
Medium sand 0.5-0.2 8. 60 13.98 18.83 8.22
Fine sand. .. 0.25-0.15 31.25 14.78 21. 00 11.53
Very fine sand.. 0.1-0.05 34.22 17.51 18.83 29.82
Silt. 0. 05-0. 01 4.35 8.20 8.70 21.26
sl R P PR GRS AREE S el 0. 01-0. 005 6.20 8.67 5.30 6.45
Cla, e bn s [ R L G T o L e 3 0. 005-0. 0001 6.57 10. 23 10.87 12.20
Loss by dryingat110°C................. i B A el 1.36 1.04 1.01 1.54
k5% T P B R SR 0 e RS S o e i e 2.03 1.69 .77 2.35

3 Tty Do fectn i resns. T, Cogn ks Do
2 S6an o ot coyafaling rocks 5 rtles outh of Sehioy ikl Mo

The water-bearing capacity of the till is difficult to estimate for
any large area because of its extreme variability. A small sample
may be tested by drying it well, then soaking it in water until it is
saturated, and finally allowing the excess to drain away. A com-
parison of the weight after drying with the final weight will show
how much water has been absorbed. Gregory* made such an experi-
ment on a typical mass of till collected near New Haven, Conn., and
determined that 1 cubic foot could absorb about 3.45 quarts of water.
In other words, the till is able to absorb water to the extent of 11.55
per cent of its total volume. Other samples would undoubtedly
show higher and lower results, but this is probably not far from the
average.

The pores of the till are relatively small, so that water does not
soak into it very rapidly. On the other hand, the pores are very
numerous and are able in the aggregate to hold a good deal of water,
as shown above. The fineness of the pores is a disadvantage in
that it makes absorption slow, but it is at the same time an advantage
in that it retards the loss of water by seepage. The till of Con-
necticut is moré pervious than that of many other glaciated regions,
because the hard, resistant rocks from which it was largely derived
yielded grains of quartz and other siliceous minerals rather than
fine rock flour.

" 1Gregory, . B, and Bllis, B. B, Underground-water sources of Connecticut; U. §.
Geol. Survey Water-Supply Paper 232, p, 139, 1909,
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At many places there are lenses or irregular masses of water-
washed and stratified material within the unsorted and unstratified
till. These were presumably deposited by subglacial streams that
existed but a short time before they were diverted or cut off by the
forward movement of the ice sheet. The lenses are of considerable
value where they happen to be cut by a well, as they in effect increase
the area of till tributary to the well and so augment its supply.
Well diggers often report that at a certain depth they “struck a
spring.” Such reports probably refer to cutting into lenses of this
type.

The till has no striking topographic expression. The plastering
action of the ice sheet by which it was deposited tended to give it a
generally smooth surface. In a very few places there are ridges
or terrace-shaped masses of till built as lateral moraines along the
flanks of tongues of ice that protruded beyond the front of the main
ice sheet. In many places the till was heaped up beneath the ice
sheet to form drumlins, much as sand bars are built in river chan-
nels. The drumlins are gently rounded hills and may or may not
have cores of solid rock.

STRATIFIED DRIFT.

In contrast with the till, which was formed by direct ice action,
is the stratified drift, a water-laid deposit. Stratified drift may
have originated either within, on, under, or in front of the ice
sheet. In Connecticut only subglacial and extraglacial stratified
drift are found, and except for their topographic expression these
two types are very similar.

Stratified drift is composed of the washed and well-sorted, re-
worked constituents of the till together with some débris made by
the weathering and erosion of bedrock. The water that did the
work was for the most part the melted ice from the glacier. Since
glacial time the streams have in places added to the deposits of
stratified drift, but elsewhere and probably to a greater extent they
have eroded and removed parts of those deposits. The distinction
between the glacial stratified drift and the more recent stream allu-
vium is hard to draw, and although the latter is a little less clean
and yields a little less water, the distinetion need not be drawn for
a ground-water study. The mapping and separation of mappable
units within the glacial drift in this report is based in large part
on the capacity of the material for carrying water. A different
basis of mapping might be used in a report made for some other
purpose.

Near the end of the glacial epoch the climate became mild and
vast amounts of ice were melted. The relatively soft till was
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easily eroded and supplied a great abundance of débris. Some
of the streams flowed in sinuous subglacial channels, in which they
made deposits that have now become the long, winding ridges called
eskers. The water in some of the channels beneath the ice was
under hydraulic head, as is shown by the fact that some eskers
cross ridges and gullies regardless of the grades.

Where the débris-laden waters came to the edge of the ice sheet
kames were made. Some of the material was carried beyond the
front of the ice sheet and was laid down as an alluvial deposit in the
valleys. Not all the materials composing the wide outwash plains
have been deposited by running water. There are also beds of finer
material-—clay and silt rather than sand—that were laid down in
lakes and ponds which stood in shallow depressions in front of the
ice.

The stratified drift consists of lenses and beds laid one against
another in a very intricate and irregular way. Some of the lenses
consist of fine sand, others of coarse sand, others of gravel, and still
others of cobbles, but the sands are the most abundant. The material
of each lens is rather uniform in size, but there may be a great
difference between adjacent lenses. In general the finer materials
form more extensive beds than the coarser. Some of the beds of
clay and fine silt, though only an inch or two thick, have a hori-
zontal extent of hundreds of feet. Lenses of gravel may be 2 or 3
feet thick and not extend over 10 feet horizontally.

The sand lenses are composed alimost entirely of quartz grains. In

_the gravel lenses are pebbles of many kinds of rocks. The clay beds
consist of true clay, thin flakes of mica, and minute particles of
quartz and feldspar. All the deposits contain iron, which gives them
brown colors.

The following analyses® show the character of the stratified drift:

Mechanical analyses of stratified drifi.

Diameter in 5

millimeters. e - 3 = i
L ARG E SRS ERe P 2-1 4.98 2.20 0.50 0.00 .80
Coarsesand...c.ccoveuveennn.. v 1-0.5 11.31 7.51 1.51 | Trace, .29
Medinm sand . . L 0.5-0.25 33.41 33. 50 7.96 -2 .40
Fine sand...... 0.25-0.1 | 33.75 32.05 23.27 1. 50 .73
Very fine san 0. 1-0. 05 10.82 13,50 41.82 19.55 5
Silt. . S 0. 05-0. 01 2.09 4,47 9.15 | 33.67 32.57
Fine 0. 01-0. 005 1.03 1.75 6.32 . 54 29,10
Clay... 0. 005-0. 0001 1.65 2.78 4,40 9. 50 25. 65
Losson dryinget $88°C..._ ... .o feociiiinnioos .50 -80 1.92 2,60 2.17
Fossonipnttion.. s s i, B e S e .80 1.30 3.68 4,75 3.53

1. Coearse, sharp sand 2 miles south of Bloomfield.

2. Sandy loam southwest of Windsor.

3. Fine sandy loam halfa mile northeast of South Windsor.

4. Recent flood-plain deposits three-fourths of a mile southeast of Hartford.
5. Brick clay from glaeial lake beds, Suffield.

1 Dorzcy, C. W., and Bonsteel, J. A, op. cit.
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The most striking difference shown by a comparison of this table
with the table of mechanical analyses of till samples (p. 21) is that
" in each sample of stratified drift almost all the material is included
within two or three sizes, whereas in the till there is a wider diversity
of sizes, even exclusive of the boulders, which were taken out before
analysis. ' ,
The topographic form assumed by most of the stratified drift is
that of a sand plain, which may be modified by terraces, by valleys
cut below it, or by kettle holes. In the highlands small bodies of
stratified drift form eskers—long, winding ridges, 10 to 40 feet high,
in some places with narrow crests and in others with flat tops, and
generally with steep flanks. In the lowlands there are kame areas,
which consist of hummocky hillocks and short ridges of stratified
drift irregularly scattered.

CRITERIA FOR DIFFERENTIATION OF TILL AND STRATIFIED DRIFT.

In many places it is difficult to determine whether the mantle rock
is till or stratified drift, and a decision is reached only after weigh-
ing several factors. The presence of distinct stratification is in-
dubitable evidence that the deposit is stratified drift, but in localities
where there are no outcrops or where the outerops do not show dis-
tinct stratification the determination may be uncertain. Till areas
are in general characterized by the presence of numerous large
boulders, which in many places have been used for building stone
fences. These boulders are subangular and faceted and may have
concave surfaces and glacial scratches, which would distinguish them
from the well-rounded boulders found in a few places in very coarse
beds of stratified drift. Moreover, areas of stratified drift have
characteristic topographic features, such as broad plains and ter-
races, with kettle holes, eskers, and kames. Because of its great
porosity the upper part of the stratified drift in many places is dry
much of the time and therefore favors certain types of vegetation
which either get along with little water or are able to send their
roots down very deep. Under such conditions there are likely to be
many white and yellow pines, cedars, and scrub oaks, with an under-
growth of sweet fern and poverty grass. The till has no distinctive
floral characteristics.

OCCURRENCE AND CIRCULATION OF GROUND WATER.

Sonme of the water that falls as rain or melts from snow soaks into
the ground. A surface layer of sand or gravel or a thick mat of leaf
mold or of needles, as in woods, probably affords the most favorable
conditions for high absorption. On steep slopes the rain runs off
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rapidly and relatively little enters the ground. When the ground is
frozen it becomes almost impervious, and absorption is at a minimum.
Heavy rains concentrated in a short time will in general result in
Jess absorption than an equal amount of rain over a longer time.

The amount of water that may be absorbed is very great. With
a rainfall of 48 inches a year, each acre would receive in the course
of a year over 1,300,000 gallons. If one-fourth of this quantity
were to soak inte the ground and be concentrated into a single
spring, that spring would discharge an average of over 2 quarts
a minute throughout .the year.

Water moves through the ground for the most part because of
gravity. The water sinks through the pores of the soil until it
reaches an impervious bed or the ground-water level, and then
it moves laterally. Except in the stratified drift lateral movement
over great distances does not occur in Connecticut, because the
porous soils are cut into small discontinuous areas by the numerous
ledges of bedrock. In large valleys occupied by stratified drift
there is in general an underflow in the direction of the surface
streams. Inasmuch as the porous soil cover over the bedrock is
as a rule not very thick, the direction of movement is for the most
part the same as the slope of the surface of the ground. The rate
at which water moves depends on the amount of water, the steep-
ness of the slopes, and the porosity and pernieability of the water-
bearing materials. Porosity is the ratio of the volume of the crevices
between the grains to the total volume of the substance, and does
not depend on the size of the pores. Permeability is the capacity
of the material to transmit water and depends largely on the size
of the individual pores. ILarge crevices like those of gravels favor
rapid circulation. Some fine clays have as high porosity as the
gravels, but because of the interstitial friction in the minute pores
they are virtually impermeable.

At some depth the pores of the earth are saturated with water.
The rains and melting snows supply water which would saturate the
rock deposits throughout but for the lateral escape of the ground
water. The upper surface of this saturated zone is known as the
water table.

In Connecticut the water table is in general near the surface of
the ground in and after seasons of high precipitation in areas where
the mantle rock is thin or discontinuous and where the surface is
relatively level. High, level terraces are an exception to this rule.
The water table is likely to be particularly high in small deposits that
fill depressions in the surface of the bedrock. Along the edges of
streams, lakes, and swamps the water level is at the surface. Tt is
relatively low in times of drought on steep slopes and in places



26  GROUND WATER IN NORWALK AND OTHER AREAS, CONN.

where the mantle rock is thick. The depth to the water table
fluctnates with the seasons and may be increased by drainage of wet
grounds, by heavy draft on wells, and by transpiration from vege-
tation, as well as by changes in the rates of precipitation and evapor-
ation. The improvements made by man on farms and the engineering
works in cities artificially lower the water table. In Connecticut
the greatest fluctuation is
on steep hillside slopes
from which the water
drains rather readily. In
such situations there is also
rapid though often tempo-
rary replenishment of the
ground water after rains.
: There are in Connecticut
Frourn 4—Diagram showlng the usual relation of no extensive water-bearing
1111;0\3;11;;1; table to the land surface on hills and formations such as the Da-
kota sandstone, which is
used as a source of water supply in much of the Great Plains. The
ground waters in Connecticut are derived from rain or melting snow
near by. In many places water lies at the base of the mantle rock,
where rapid downward movement is prevented by the relatively im-
pervious bedrock. Many wells dug to solid rock and blasted a few
feet into it take advantage of this supply. This water bed also feeds
water into the fissures of the bedrocks.

The till and stratified drift contrast greatly in texture and there-
fore in their ability to hold up the water table. Because of its
greater permeability the stratified drift not only absorbs water more
readily than the till but also loses it more readily. In most regions
the water table is neaver the
ground surface in valleys than on
hills, as shown in figure 4. In
much of Connecticut, however,
where the valleys are filled with
stratified drift and the hills are
covered with till, the reverse con- FicurRe 5.—Diagram showing the relation
dition exists. Because of the  of the water table on till-covered hills
much slower rate at which the  [° M water ;:i;;zdvfi;yolff i
water percolates through the till
the water table is held up nearer the surface on the till-covered
hills than in the valleys of stratified drift, as is diagrammatically
shown in figure 5.

With respect to their capacity for yielding water there is also a
very important difference between the two types of glacial drift. On
account of its high porosity and permeability. the stratified drift in

Till-covered
hitl

Valley filled with
' stratified drift

Bedrock
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many places contains large quantities of water which it will yield
freely to wells and which may be readily replenished when rains
come. The till, on the other hand, contains much less available
water and gives it out at a much slower rate. (See p. 21.) The
stratified drift is the more valuable for obtaining large supplies from
wells for municipal and industrial uses, but the till is likewise of
great value, as it is widely distributed and in general yields enough
water for domestic use to inexpensive dug wells. The till is also the
reservoir which feeds most of the small springs that make gravity
supplies for many farms.

TRIASSIC SEDIMENTARY ROCKS.
DISTRIBUTION.

The mantle rock of the Suffield area is underlain by rocks of
Triassic age. Most of these are sedimentary, but the ridge of Peak
Mountain, in East Granby and Suffield, is in part underlain by trap
rocks. The northwest corner of the town of Glastonbury, in the
Glastonbury area, comprising about 18 square miles, is underlain
by Triassic sedimentary rocks. No rocks of this age occur in the’
Norwalk area. 2 :

LITHOLOGY AND STRATIGRAPHY.

The lowest of the Triassic beds lie unconformably on the up-
turned edges of the crystalline rocks and may be seen in contact with
these rocks at a few points along the western border of the area
they underlie. The boundary against the crystalline rocks on the
cast is believed to be a major fault.

According to Rice and Gregory,' the Triassic sediments

would naturally be characterized in a bread way as red sandsione. The
sandstones, sometimes coarse, sometimes fine, consist mainly of grains of quartz,
feldspar, and mica resulting from the disintegration of the older rocks which
form the walls of the trough in which the sandstones were deposited. The
prevailing red colors of the sandstone are not due to the constituent grains,
but to the cementing material, which contains a large amount of ferric oxide.
# % % ‘While the name sandstone would properly express the prevalent
and typical character of the rock, the material is in some strata so coarse
as to deserve the name of conglomerate and in others so fine as to deserve the
name of shale. In the conglomerates the pebbies may be less than an inch
in diameter, but they are sometimes much coarser. Tn some localities occurs
a rock which has been called “giant conglomerate,” in which some of the
boulders are several feet in diameter. The conglomerates occur chiefly near
the borders of the Triassic areas, and in these it is especially easy to recog-
nize the rocks from the disintegration of which the pebbles have been derived.
In general, it may be said that the pebbles in any particular area are derived

1Rice, W. N,, and Gregory, H. E., Manual of the geology of Connecticut: Connecticut
Geol, and Nat. Hist. Survey Bull. 6, pp. 163165, 1908,



28 GROUND WATER IN NORWALK AND OTHER AREAS, CONN.

from rocks in the immediate vicinity. The conglomerates in the Connecticut
Valley area are obviously derived from the gneisses, schists, and pegmatites,
which are the prevalent rocks of the highlands. * * * The shales, like
the sandstones and conglomerates, are prevailingly red. owing their color
likewise to the presence of ferric oxide. Some strata of shale, however, con-
tain in considerable quantity hydrocarbon compounds derived from the de-
composition of organic matter. These bituminous shales are accordingly
nearly black. In the Connecticut Valley area there are two thin strata of
these bituminous shales, which have been shown, by careful search for out-
crops, to have a very wide extent. The red sediments, however, are dominant.
There is great variation in the material composing the beds and in their strue-
ture, and the changes in the rock are very abrupt. The stratification is un-
even and irregular, and the beds are wedge-shaped or lenslike rather than
unitformly thick over wide extents.

Although the beds were originally horizontal and in continuous masses they
have been tilted to the east 15° or 20° and have been broken into blocks. The
forces which caused the faulting also opened many joints and fissures, along
which there has been little or no movement. These joints are in general par-
allel to the bedding or nearly at right angles to it, though joints are found with
every conceivable inclination. The sandstones and conglomerates have more
abundant and more extensive joints than the shales, for they are rigid and
relatively brittle rather than plastic and tenacious. The joints are rarely more

.than 50 feet apart and in general are found at intervals of 2 to 8 feet. The
joints are more abundaut and wider near the surface than they are in depth.

OCCURRENCE OF GROUXND WATER.

Ground water occurs in the Triassic sedimentary rocks in four
ways—in pores throughout the rocks, along bedding planes, in
joints, and along fault zones. Though originally derived from
rain and snow the water has, for the most part, reached the Triassic
beds by infiltration and percolation from the saturated mantle rock.

Water in pores—The sandstone, shale, and conglomerate consist
of particles of quartz, feldspar, mica, and other less abundant min-
erals and of pebbles of older rocks, all cemented together by fine clay
and films of iron oxide. The spaces between the grains are not com-
pletely filled with the cementing material but are partly open and
may contain water. In the aggregate large quantities of water are
held in this way, but on account of the smallness of the openings the
water is not readily given off. Bare outcrops, as in quarries, are for
the most part dry on the surface, though the interior of the rock
may be moist. In the sandstones and conglomerates the water in the
pores is slowly given off to joints, from which it may be recovered by
means of drilled wells. The shales have pores so very fine that
they yield but little water. In some places the shales are so imper-
vious as to act as restraining beds that concentrate the water in the
pores of the coarser beds.

Water in bedding planes.—There is a tendency for the water
in the pores to be concentrated in and transmitted along the lower
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parts of the coarser beds where they rest on finer and relatively
impervious beds. It is probable that a few of the wells drilled in
Triascic rocks draw their supplies from such horizons.

Water in joints—dJoints are the most important source of water in
the bedrock of Connecticut. They are more abundant and are wider
in the sandstone and conglomerate than in the shale. These extensive
flat crevices are good water bearers because they are large and offer
little capillary resistance to the circulation of water, because they
draw on and make available the supply of water stored in pores,
and because they are of relatively great extent. Most of the drilled
wells and a few dug wells in the Triassic areas draw on the joints.

Water in fault zones—The faults that break the Triassic rocks
of Connecticut into great fault blocks are not single fractures but
rather zones containing many parallel planes along which move-
ment has taken place. Because of the great number of water-bearing
joints in such zones wells drilled along fault lines are likely to yield
very large supplies of water.

TRAP ROCKS.

PISTRIBUTION.

Trap rocks underlie parts of Peak Mountain, in Suffield and East
Granby, and of Manitick Mountain, in Suffield. There is also a
small dike in the eastern part of the town of Westport, in the Nor-
walk area. Their extent is so small that they are not an important
source of water.

LITHOLOGY AND OCCURRENCE OF GROUXND WATER.

The trap rocks are dense, heavy dark-gray to nearly black rocks
and are more or less completely crystalline on a small scale. Like
the sedimentary rocks in which they are inclosed, the traps are cut
by numerous joints, some of which were made by the initial cooling
and shrinkage of the rock and others by the jarring incidental to
faunlting and tilting. The joints are more abundant near the margins
of the masses.

Trap rocks have a twofold bearing on the occurrence of ground
water. The joints may contain water and the sheets may act as im-
pervious layers to restrain the circulation. Trap rocks have a very
low porosity and carry virtually no water in pores, and they contain
no water corresponding to that along bedding planes of sedimentary
rocks. Water circulates through the joints and fault zones in traps
just as in sandstones, but in general less abundantly. Evidence of
such circulation is given by the yellow and brown stains of iron along
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the joints, due to oxidation and hydration of the iron-bearing min-
erals. The immediate source of the water in the trap rock is the
water in the formations with which it is in contact; this water enters
it through the network of interconnecting joints. Because of its
hardness and resistance to erosion the trap forms bold hills with cliffs.
This is a disadvantageous form so far as water storage is concerned,
because of the facility with which water will drain out.

CRYSTALLINE ROCKS.

DISTRIBUTION.,

Crystalline rocks, so named because their constituent mineral pas-
ticles consist of crystals rather than fragments, underlie all of the
Norwalk area except about 9 square miles in Ridgefield, in which
the bedrock is limestone, and all of the Glastonbury area except the
sandstone area in the northwestern part of the town of Glastonbury.
The extent of these rocks is about the same as that of the eastern and
western highlands, because the characteristic typographic features of
the highlands depend in large part on the resistance of these rocks
to erosion.

LITHOLOGY.

The areas under consideration contain three types of crystalline
rocks—schists, gneisses of igneous origin, and gneisses of complex
origin.

Schists—Typical schists are metamorphosed sandstones and shales,
which in turn are consolidated sands and muds. The mountain-
making movements to which this region has been subjected squeezed
and folded the sedimentary rocks. At the same time the great
changes in temperature and pressure metamorphosed the rocks com-
pletely; the quartz sand grains were crushed and strung outf, and
the clayey material was changed to crystalline mica. The mica flakes
were turned roughly parallel to one another and so give the rock a
pronounced cleavage, called schistosity. Though other minerals are
present the quartz and mica are dominant. In the Norwalk area the
Berkshire schist is of this type, and in the Glastonbury area the
Bolton schist.

Gneisses of igneous origin.—In connection with the dynamie meta-
morphism of the region great masses of molten rock were intruded
into the sedimentary beds. They have been metamorphosed like the
schists but to a lesser degree, and the changes are textural rather
than mineralogic. The dark minerals of the igneous rock have
been somewhat segregated and parallelly oriented, so that the rock
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has 4 fair cleavage. The Thomaston granite gneiss® and the Dan-
bury granodiorite gneiss®' of the Norwalk area and the Glaston-
bury' and Maromas granite gneisses of the Glastonbury arca are of
this type.

*neisses of complex origin—The intrusions of ignecus material
were in part massive and gave rise to the gneisses of igneous origin,
as described above, and they were in part in the form of multitudi-
nous thin injections into the schists. Certain parts of the schist have
been so extensively injected that their character is materially altered,
and they have become gneisses of complex origin. The thin intru-
sions for the most part follow the planes of schistose cleavage and
somewhat obscure them, but others cut across them. The Waterbury
gneiss* of the Norwalk area and the Hebron gneiss! of the
Glastonbury area are of this type.

OCCURRENCE AND CIRCULATIOXN OF GROUND WATER,

Water in lamellar spaces—In the schists and to some extent in the
eneisses of complex origin, but not in the granite gneisses, there i3
a little water in the spaces between the mica flakes where they are
bent around quartz grains. Most of the openings are flat, thin, and
not extensive, and they interconnect very imperfectly. 1In the most
thoroughly crumpled schists there are small tubular openings along
the furrows and ridges. The schistose structure aids in promoting
the circulation of ground water chiefly because it gives rise to nu-
merous joints.

Water in joints and along faulis.—The forces that caused metamor-
phism also made many fractures in the rocks. The fractures are
even more numerous in these rocks than in the sandstones, but they
bear water in the same way. Inasmuch as it is virtually impossible
to trace faults in the crystalline rocks they will be counsidered here
only as compound or enlarged joints in which circulation is espe-
cially vigorous.

There are two principal sets of joints, one of which is nearly hori-
zontal and the other nearly vertical. The vertical joints, according
to Ellis,” are from 3 to 7 feet apart where jointing is well developed.
In some sheeted zones 1 to 15 feet wide the joints are spaced at in-
tervals of 3 inches to 2 feet, but in some places they are 100 feet

1 Home of the geologic names used in this report (Thomaston granite gneiss, Danbury
eranodiorite gneiss, Glastonbury granite gneiss, Waterbury gneiss, and Hebron gneiss)
are the provisional names given to the rocks on the preliminary geologic map of Con-
nectient by Gregory and Robinson (Connecticut Geol. and Nat. Hist. Survey Bull. 7,
1907). 'These names are herein used only for reference and may differ from those which
will finally be adopted by the United States Geological Survey in its geologic folios.

2 Gregory, H, K., and Ellis, E. H.,, Underground-water resources of (Connecticut: U. 8.
Geol. Survey Water-Supply Paper 232, p. 65, 1909.
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apart. Though the spacing increases with increasing depth it is on
the average less than 10 feet to a depth of 100 feet. Ellis finds that the
horizontal joints are on the average 1 foot apart for the first 20
feet, between 4 and 7 feet apart for the next 30 feet, and from 6 to
30 feet apart at depths of 50 to 100 feet. The intersecting hori-
zontal and vertical joints form a very complicated system of connect-
ing channels through which water may circulate. Water is supplied
to the network of channels by percolation from the overlying mantle
of soil, and it may be recovered by means of drilled wells,

LIMESTONE.

DISTRIBUTION.

The Stockbridge dolomite underlies about 9 square miles of valley
land in the town of Ridgefield, in the Norwalk area.

LITHOLOGY AND STRATIGRAPHY.

The Stockbridge dolomite 1s a metamorphosed dolomitic limestone,
composed chiefly of calcite and dolomite, and for the most part has
a thoroughly crystalline texture. Some zones, however, have been
but slightly metamorphosed and have still the texture of a typical
limestone. Because of the solubility of the calcite the rock has slight
resistance to erosion and constitutes valley areas. It is one of the few
formations in Connecticut whose age is definitely known, for it has
been traced into regions in Massachusetts where fossils have been
found.

OCCURRENCE OF GROUND WATER.

Water is carried in the Stockbridge dolomite in the same way as
in the schists, gneisses, and sandstones, namely, in joints. The
joints, however, have been in large part widened by the solvent action
of the water flowing through them, so that they are excellent channels
of circulation and should yield abundant supplies of water. It is
to be expected, however, that the waters derived from this forma-
tion will be rather hard. Unlike most dolomitic marbles Stockbridge
dolomite has a very low porosity and carries but little water in pores.

ARTESIAN CONDITIONS.

The word “ artesian ” is derived from the name of the old French
province of Artois, in which wells of this type first became widely
known. Originally the term was applied only to wells from which
water actually flowed, but now it is applied to wells in which the
water rises by hydrostatic pressure above the point at which it



ARTESIAN CONDITIONS. 33

enters the hole. The term is sometimes improperly used for any
deep well of small diameter, regardless of whether the water is
under pressure or not. The question whether an artesian well will
flow or not depends as much on the altitude of the mouth of the well
as it does on the pressure of the water.

The essential conditions for artesian waters are the existence of a
bed of porous or fractured rock through which water may flow, hav-
ing an elevated outcrop where water may soak into it, with relatively
impervious strata above and below to prevent escape of water and
loss of pressure, and a supply of water to the outcrop sufficient to fill
the reservoir.

In Connecticut these conditions may be fulfilled in two principal
ways—where sandstones between shales or sandstones between trap
sheets function as the pervious and impervious strata, or where a
blanket of compact till forms the restraining layer over bedrock that
is pervious by reason of a network of fissures. In general, the rocks

FIGURE 6.—Diagram showing conditions under which artesian waters may exist in the
Triassic sedimentary rocks in Connecticut,

contain so many faults and open joints that the water escapes and
its pressure is dissipated, so that flowing wells are few. Nearly all
the wells are artesian, however, for the water in them rises con-
siderably above the point of entrance.

A few wells pass through beds of relatively impervious shale and
draw water from porous sandstone, as shown in figure 6. The under-
lying restraining member may be either a shale bed, as at A, or the
dense crystalline mass on which the Triassic beds rest, as at B. In
general the beds of the Triassic sedimentary rocks are not of sufficient
lateral extent to form important reservoirs. In a few wells a sheet
of trap rock forms the upper restraining member, as illustrated at
C in figure 6.

The wells that draw water from the network of fissures are much
more numerous than those drawing from the pores of the sandstones
and conglomerates. In some of these rocks there are no connecting
joints that might discharge water below the level of the wells; in

154444°—20——3



34 GROUND WATER IN NORWALK AND OTHER AREAS, CONN.

others the joints are tight enough to offer material resistance to the
escape of water. Other wells draw water from fissured rock that is
overlain by an impervious blanket of till that acts as a restraining
member.

SPRINGS.

A spring, in the broadest sense of the word, is a more or less definite
surtace outlet for the ground water. Springs are formed where the
surtace of the ground is so low that it reaches the water table. A
well is in a sense an artificial spring, for it is made by artificially
depressing the ground surface so that it reaches the water table. The
springs in the areas covered by this report may be grouped uader
three principal heads, as described below.

SEEPAGE SPRINGS.

One method of escape of water from the ground is by slow seepage
in saturated areas on hillsides and along swamps and streams. This
process may go on over a wide space if the formation is of uniform
texture, or it may be concentrated in a small body of more porous
material. To the latter class belong the so-called “boiling springs,”
in which the water enters with sufficient force to keep the sand bot-
tom in gentle motion. In a spring of either class the supply may be
artifieially eoncentrated by the exeavation. of a collecting reservoir.

Seepage springs are very likely to be found in small swales cut
back into a slope. It seems probable that the flow of water is the
primary cause of the execavation of the swales, but that the swales
secondarily tend to concentrate the flow. Areas of diffused seepage
may develop into true springs by such a process.

STRATUM SPRINGS.

Stratum springs are these in whieh an outeropping or only
slightly buried ledge or layer of impervious material interrupts the
flow of ground water and forces it to the surface. Springs of this
type may be made by a ledge of rock underlying saturated soil, by
beds of sedimentary rock of different porosity, or by a bedy of till
underlying stratified drift.

FAULT AND JOINT SPRINGS.

Faults and joints greatly facilitate the circulation of water through
rocks, and where they reach the surface they may supply springs.
Some faults carry a good deal of water under considerable pressure
and are in a sense analogous to artesian wells.

RELATIONS OF WELLS TO SPRINGS.

Wells may be comsidered artificial springs. (See above.) Some
springs that have been improved by excavation to a econsiderable
depth are hard to distinguish from wells that have obtained water
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at moderate depths. In this report the eriterion taken for elassi-
fying such springs is the original condition of the ground. If it
appears to have been a wet or springy spot, the term “spring” is
applied regardless of the depth of excavation. If the surface was
dry in the first place, the term “well” is applied no matter how
shallow the depth at which the water table was found.

RECOVERY OF GROUND WATER.

DUG WELLS.
CONSTRUCTION.

Dug wells are constructed by digging holes in the ground deep
enough to extend below the water table. The excavation is gen-
erally made 8 or 10 feet in diameter, and in it is built a lining of
dry or mortared masonry or brickwork, concrete, vitrified tile, or
planking. As the well is walled up the space outside the lining is
filled. The filling should be of some porous material, such as gravel,
in order to facilitate percolation into the well, but many well diggers
pay little attention to this matter. Most dug wells when completed
are 3 to 5 feet in diameter, though some are much larger, and their
depth may be as much as 50 feet or more. The average depth of the
707 dug wells tabulated in this report is 18.3 feet, and they contain
on an average about 5 feet of water.

LIFFTING DEVICES.

A number of different devices are in use for raising water from
dug wells. All are types or modifications of a simple bucket for
bailing out water, the displacement pump, the impeller pump, or
the siphon. :

Bailing devices—The most primitive method of lifting water 1s
by bailing with a dipper in shallow wells or with a bucket hung from
a rope in deeper wells. In some places the rope is replaced by a light
pole with a snap ring at the end by which the bucket is held. These
devices are not only inconvenient and laborious to use but are un-
sanitary. The “one-bucket rig” comprises in addition to the rope
and bucket a gallows-like frame from which is hung a puliey to
carry the bucket rope. The “two-bucket rig” is similar except
that it has a bucket at each end of the rope, thus eliminating the
necessity of sending down the bueket before drawing water.

In the “sweep rig” the bucket is hung by a repe or slender pole
from the small end of a sweep 15 to 40 feet long. The sweep is
pivoted at a erotch in a convenient tree or over a pole set firmly in
the ground and has at its butt a counterbalance weight.
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In the “wheel and axle rig” the rope from the bucket winds
around a wheel 2 to 4 feet in diameter with a grooved face to keep
the rope from slipping off. The wheel is carried on an axle 4 to 8
inches in diameter suspended above the well. Wound around the
axle is a second rope to which a heavy stone or block of iron is
hung. The greater weight of the stone acting on the axle counter-
balances the lesser weight of the bucket acting on the large wheel.

In the ¢ windlass rig ” the rope from the bucket winds around a
drum 5 or 6 inches in diameter to which a crank is attached. The
windlass is set over the well, and on the drum are flanges to keep
the rope from running off. Many are provided with a ratchet to
prevent the bucket from falling back and with a brake to use in
lowering the bucket. In some the rope is replaced by a chain either
of the ordinary sort or of flat links, by leather straps, or by flat
straps of mild brass.

The “counterbalance rig ” is a modification of the windlass rig
in which the rope instead of winding around a drum passes over a
pulley carried on the crank axle. One end of the rope has a bucket
and the other a weight that more than counterbalances the empty
bucket but is lighter than the full bucket. In some rigs a chain
and suitably notched pulley are used instead of a rope and smooth
pulley.

The rigs described above, as they are generally installed, are
open to objection on sanitary grounds. At far too many wells the
open curbs and inward-sloping surrounding surface allow access
of foreign matter to the water, and moreover there is danger of
pollution from the handling of the bucket and rope. All the devices
are much safer when the curbs are tight and hinged covers are pro-
vided which may be closed except while water is actually being
drawn. It is also advisable to bank up earth around the well curb
or to build a concrete apron around it so that surface water and
drippings will flow away. With some of the rigs it is possible to
avoid transfer of filth from the hands by using an automatic filling
and dumping bucket, an ordinary bucket equipped with a pair of
metal prongs opposite each other on the rim. For a few feet next
to the bucket the rope is replaced by a flat chain which, as it rolls
onto the drum, turns the bucket so that one or the other of the
metal prongs engages a cross rod inside the curb. By further wind-
ing the bucket is tipped and emptied into a spout. With this
arrangement it is unnecessary either to handle the bucket or to open
the curb, which may, therefore, be made tight against foreign matter.

Pumps—Among the principal classes of pumps are displacement
pumps, bucket pumps, impeller pumps, and air lifts. Displacement
pumps are of two principal sorts—pitcher pumps and deep-well
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pumps. Both consist of a cylinder in which a piston moves. At
the bottom of the cylinder and in the piston are valves that open
upward. When the piston is raised by means of the handle and
connecting rod, water rushes into the cylinder from below, and when
the piston is depressed the water rises through its valves. Repe-
tition of the movement raises the water in successive small masses.
In a pitcher pump the working cylinder is at the top of the pipe,
above the ground, and the part of the pump above the piston is
shaped to a spout. * In a deep-well pump the working cylinder is at
some depth and is connected with the delivery pipe by a closed
cap. On top of the delivery pipe is a standard to carry the pump
handle, from which a long rod runs down through the delivery
pipe to the piston. Some deep-well pumps are double acting—that
is, they have extra valves so arranged that water is raised on both

i

Deep well pump with
S ARG cylinder in cellar
Pitcher pum
in kitc%en 4

Ficure 7.—Diagram showing two types of installation of ‘ house pumps.”

the rising and the descending piston stroke instead of only on the
rising stroke. Deep-well pumps are superior to pitcher pumps in
that they are less liable to freezing, need little or no priming, and
can be used in deeper wells by lowering the working cylinder.

A displacement pump may be installed in the house or barn at
some distance from the well, as shown in figure 7. The suction lift
(vertical distance between cylinder and water level) should not be
more than 20 to 25 feet for moderate horizontal distances and still
less if the pump is far from the well. In this report installations of
this kind are called “ house pumps.” Some have a pitcher pump on
the first floor and others have a deep-well pump with the working
cylinder in the cellar and the pump-handle standard on the first
or even the second floor.

Chain pumps are used in many wells in Connecticut and are of two
types—rubber-bucket pumps and metal-bucket pumps. A rubber-
bucket pump is a displacement pump of special type and consists of a
long tube through which is passed an endless chain that has thick
rubber washers on special links at intervals of 6 to 10 feet. At the
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A /
=

4

F1euRE S,—Diagram showing siphon well and domestic waterworks.

top the tube is fastened
to a curbing, across the
top of which is an axle
with erank and
sprocket wheel to take
the chain. When the
crank is turned the
chain is drawa up
through the tube and
the rubbers act as pis-
tons and raise water
which is discharged
through an opening in
the tube near the top.

A metal-bueket
pump, though similar
in external appearance,
is quite different in
principle. A chain,
made eof alternating
plain flat links and
special flat links that
are fitted with small
metal buckets, passes
over a sprocket wheel
turned by a crank.
The buekets are about
2 inches square and 4
inches deep, and each
has a lip so con-
structed that as it
passes over the wheel
it empties the water it
has carried up from
below into a hoepper
connected to a spout.

ATl these pumps are
sanitary it the curb-
ing and platform are
tight enough to prevent
waste water, surface
drainage, and solid for-
eign matter from enter-
ng the well.

In a few places where garden truck is raised the high value of the
crops, espeeially if foreed for early markets, makes the pumping of
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water for irrigation profitable. Wells of large diameter are dug,
but as the sanitary quality of the water is unimportant they need
not be covered nor very carefully walled up. Where the water table
is high and the yield of the well large, as in parts of the plains
underlain by stratified drift, centrifugal pumps driven hy gasoline
engines have been found satisfactory. Inside a closed casing is a
fanlike wheel, which is rotated at high speed and gives the water
enough centrifugal inertia to force it out through a tangential dis-
charge pipe. A partial vacuum is produced at the center of the
pump, and water rushes in through a central side opening. These
pumps have to be primed, but they are little troubled by grit in the
water. If properly designed and of the right size for the task as-
signed them they are very efficient.

Siphon and gravity rigs—Dug wells situated higher than the
points at which the water is to be used may be developed by means of
siphon pipe line provided the water level is not more than 25 feet
below the ground and is above the point of delivery. Tigure 8
illustrates such an installation. In some wells, where the water level
is near the surface and where no hill intervenes between the well
and the point of delivery, and in many springs a direct gravity system
may be used, obviating the necessity of occasionally priming the
siphon. The gravity and siphon rigs are sanitary provided the sur-
roundings of the well or spring are clean: If the pipe is of lead care
should be taken not to use any water that has stood a long time in
the pipe. In some places where the fall from the well is not enough
to carry the water to the first floor of the house the water issallowed
to run continuously into a cistern or tank in the cellar, from which it
is pumped by hand. The overflow of siphon and gravity systems is
in many places used to supply watering troughs.

Rams.—Springs of large yield which lie lower than the point of
utilization may be developed by means of hydraulic rams. A few
exceptional wells also may be developed in this way. The hydraulic
ram is a mechanical device which uses the momentum of a relatively
large volume of water falling a short distance to raise a small volume
of water to a relatively great height. Theoretically 100 gallons fall-
ing 10 feet would have enough energy to raise 10 gallons 100 feet or
1 gallon 1,000 feet, and other quantities and heights in proportion.
However, on account of leakage through the valves and elasticity and
friction in the pipes this condition is not realized. According to
tables given by Bjorling,! when the ratio of lift to fall is 4 to 1 the
ram will 1lift 86 per cent of the theoretical amount; with a ratio of
10 to 1, 53 per cent; and with a ratio of 25 to 1, only 2 per cent.
Bjorling says further that the length of the drive pipe (from spring
to ram) should be 5 to 10 times as great as the fall. The delivery

1 Bjorling, . R.,, Water or hydraulic motors, pp. 264-271, 1804,
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pipe (from the ram to the storage tank) should have an area of cross
section equal to one-fourth or one-third that of the supply or drive
pipe (from the spring or well to the ram). The rapidity of the
beat should be as great as is compatible with perfect and complete
action of the valves and in most rams may be regulated by adjusting
springs or weights on the main valve. The noise made by rams is
considerable and is transmitted along iron pipes but may be reduced
by the use of lead pipe or of a section of rubber hose.

Many people have been disappointed in trying to use rams because
they did not realize their limitations. Rams must of necessity waste
a large portion of the water. Before installing a ram careful meas-
urements should be made of
the flow of the well or spring
during its lowest season, the
/ amount of fall available, the
i amount of lift desired, and the

/ horizontal distance from well
/ to ram. If these data are sup-
plied to the makers they will
be able to recommend the best
model and size of ram. With
4 proper conditions a suitable
ram correctly installed will
furnish a reliable, inexpensive,
2 and permanent supply. It is
customary to have the ram de-
liver the water to a tank or
23 o r - 5 reservoir in an elevated posi-
. P e e sition from which it is dis-
Fioas 3G SlovinE S koery ot gejhlod by peaviby:
Windmalls and air-pressure
tanks—A popular method of supplying water is by the use of a
windmill, pumping jack, pump, and reservoir. Another equipment
used by many people is the air-pressure system. A pump driven by
a gasoline engine or electric motor pumps water into a closed steel
tank containing air. As the water comes in it compresses the air
and gives pressure sufficient to drive the water through the piping
in the house. The pump is fitted with a snifting valve, which takes
in a little air with each stroke to replace that dissolved by the water.
Some of the tanks are equipped with telltales which give a signal
or automatically start the motor when the water leyvel in the tank is
reduced below a set point It is the usual practice to put the tank in
the cellar, but some are in specially constructed pits outside.

Tanks and reservoirs built in the open are apt to allow the water

to become disagreeably warm in summer and to give trouble by freez-

25

RISE OF WATER LEVEL,IN FEET
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ing in winter. The heating in summer is an advantage in irrigation,
as the warm water gives less shock to the plants on which it is put.

YIELDS OF DUG WELLS,

One of the most important questions relative to the recovery of
ground water is the amount available. A study was made of the dug
well of Mr. J. S. Dewey (No. 3, PL. IV) near Granby station in East
Granby. The well was dug in stratified drift to a depth of 24 feet,
is 4 feet in diameter, and rarely has more than 5 feet of water. At
the time the well was visited it had been pumped continuously for
five hours. Mr. Dewey very kindly stopped pumping in order that the
recovery of the well might be observed. At intervals of about 10
minutes measurements were made of the depth from a datum point
on the curb to the water surface. The results are given in the fol-
lowing table:

Rise of level in J. 8. Dewey’s well.

Depth to " &

Time Len%th wa.t%r sur- T(;ta} %‘Se dR'?G
elapsed. | ;.. O, | facefrom | O WAL | CHTE
interval. SR surface. interval.

Minutes. | Minutes. Feet. Feet. Fect.

0 0 26. 47 0 0
10 10 25. 95 .52 .52
22 12 25, 53 .94 .42 )

33 11 25.14 1.33 .39

41 8 24. 94 1.53 .20

50 9 24,77 1.70 17

60 10 24. 62 1.85 15

71 11 24.49 1.98 13

80 9 24.40 2.07 09

91 11 24.30 217 10

160 9 24,23 2.24 07

These data are also graphically expressed in figure 9. As the well
has a diameter of 4 feet, the area of the cross section is 12.6 square
feet, and a rise of 0.01 foot is equivalent to an inflow of 0.126 cubic
foot, or 0.94 gallon. The rate of inflow in any interval may be ex-
pressed by the equation

12X0.94
= Z‘ T
where /=rate of inflow in gallons per minute, Z=the rise of water
level in hundredths of a foot, and f=the length of the interval in
niinutes.

If the curve in figure 9 is extended upward and to the right, it
will become asymptotic to a horizontal line representing a total rise
of about 2.5 feet. It is reasonable to assume that when pumping was
stopped the water had been depressed about 2.5 feet below its original -
level. Then the original level must have been 2.5 feet above the
26.47-foot level, or about 24 feet below the datum. The drawdown

7
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of the water level at any moment may be obtained by subtracting
24 feet from the distance from the datum to the water level at that

;

INFLOW, IN GALLONS PER MINUTE

(2] 1 2 3
DRAWDOWN, IN FEET
Ficore 10.—Graph showing the
relation of inflow to drawdown
in the well of J. S. Dewey.

moment, as was done for the first column
of the following table. The second col-
umn gives the total inflow in gallons for
each of the 10 intervals (=R&<0.94),
and the third column gives the rates of
inflow as obtained by the formula
above. In the fourth column is given
the mean drawdown for each interval,
found by averaging the drawdown at
the start with the drawdown at the end.
In the fifth column are given the ratios
of the rate of inflow to the rate of
drawdown. The average of these is
2.11, which means that reducing the
level in the well by 1 foot increases the
rate of inflow by 2.11 gallons a minute.
The values in the third and fourth col-
umns are plotted against one another
in figure 10. The rather uniform slope
of the line joining these points is ex-

pressive of the relative uniformity of the values found in the fifth

column.

Relation of rate of inflow to drawdown.

Inflow in
.’l‘gtal Raftle of H Meém gallons
inflow inflow rawdown | per minute
Drawdown. for for for for each
interval. interval. | interval. foot of
drawdown.
Gallons per
Feet. Gallons. minute. Feet

2.47 [ A ERT! = RNt M (N ClsE ORI SR 6 e
1.95 48.80 4.88 2.21 2.21
1.53 39.48 3.29 1.74 1.89
1.14 36. 66 3.33 1.34 2.49
.94 18.80 2.35 1.04 2.26
5% 15.98 1.78 .86 2.07
.62 14.10 1.41 .70 2.01
.49 12.22 1L .56 1.98
.40 8.46 .94 .45 2.09
.30 9. 40 .85 .35 2.43
-23 6. 58 7 .27 2.70
«2.21

a Average.

By operating this pump so as to keep the water level down about
1.75 feet below the level it holds normally when not being pumped
an inflow of about 3.5 gallons a minute is obtained. This well could

be made to vield at least 210
a day.

gallons an hour or about 5,000 gallons
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Similar tests made on a well dug in till indieate a capacity of only
320 gallons a day, and other tests on a well blasted into Triassic sand-
stone and drawing its water from fissures in the rock showed a capa-
eity of 216 gallons a day.?

INFILTRATION GALLERIES.

An infiltration gallery is a modification of a dug well and derives
its water in the same way. Turneaure and Russell 2 say of them:
Where ground water ean be reached at moderate depths it is semetimes in-
tereepted by galleries constructed across the line of flow. * * * In form
a gallery may consist of an oepen ditch which leads the water away, or it may
be a closed conduit of masonry, wood. iron, or vitrified clay pipe, provided

5

with numerous smail openings to allow the entrance of water. * * * Gal-
leries are usually constructed in an open trench. They are generally arranged
to lead the water to the pump well, and may be provided with gates so that
‘the water may be shut off from various sections. The cost of galleries is about
the same as that of sewers in similar ground. ¥t rapidly increases with depth,
but up to 20 or 25 feet it is sufficiently low se that the construetion of gallevies
can often be advantageously undertaken. A gallery not only intercepts the
water more completely than wells, but it replaces the suction pipe, it is more
durable than either pipe or wells, and all trouble from pummping air is aveided.

Filter galleries may be so constructed that surface water is flooded
over the ground around and above them and is collected in them
after percolating through the soil. This will remove most of the
suspended matter that makes the raw water unsightly, but unless
frequent bacteriologic examinations are made it should not be
trusted to completely eliminate the germs of disease. Chlorination
or similar treatment might well be added as part of the process.

DRIVEN WELLS.

Driven wells are made by driving pipes into the ground with a
maul or machine resembling a pile driver. The pipe is made up of
enough sections to reach the ground-water level, and may have
either an open end or a closed end.

In closed-end driven wells a drive point slightly larger than the
pipe is used to penetrate the ground. Above the point is a perfo-
rated section through which the water enters. As the pipe is driven
down sections are serewed on to lengthen it. The pipes are in gen-
eral frem three-fourths of an ineh to 3 inches in diameter, and the
sereens from 2 to 4 feet long.

Open-end driven wells are made by driving a plain pipe which
may or may not have a heavy cutting shoe attached to it. The
material inside the pipe is removed by means of a sand pump or

1 Palmer, H. 8., Ground water of the Southington-Granby arvea, Comn.: TU. 8. Geol.
Survey Water-Supply Paper 466 (in press).
2 Turneaure, F. E., and Russell, H. L., Public water supplies, pp. 318-320, 1909.
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water jet. In the jetting method water is forced down a small pipe
inside the drive pipe, and as it rises it carries up the sand, silt, and
smaller pebbles. The pipe is perforated either before driving or by
special tools operated from the inside after driving. In the East
rather small pipes are used, but in the West a special casing 10 or 12
inches in diameter made of sheet metal is often provided.

Several kinds of pumps are used with driven wells. With domestic
driven wells of small bore the usual practice is to screw a pitcher
pump to the top of the pipe. In some of the larger driven wells a
deep-well pump is put down inside the drivepipe, and in others a
specially constructed section of the drivepipe acts as the cylinder.
A centrifugal pump is used in some of the western driven wells of
very large size and heavy yield. :

Driven wells are suited to loose sands and gravels in which caving
would make trouble in digging wells. They are inexpensive and have
the advantage that if they are unsuccesstul the pipe may be withdrawn
and used again in another place. One disadvantage of the smaller
ones is the proneness of the screen to become clogged by an incrusta-
tion of mineral matter or by silt, and another is that grit may be
drawn up with the water and score the working parts of the pump so
that it works poorly. Wells of the large type are the best adapted
for obtaining large supplies from the stratified drift or other sandy
or gravelly deposits. They should be more largely used instead of
the small types of driven wells where large supplies are required.
Driven wells are not suited to till because the presence of boulders
makes driving difficult or impossible and because the yield of the
till is insufficient for a satisfactory supply.

DRILLED WELLS.

Drilled wells are in general deeper than dug or driven wells and in
general obtain their water from cracks or fissures in bedrock. They
are made either by a percussion machine (churn drill) or by an
abrasion machine (core drill). A percussion drill has a long steel
bar with a hardened and sharpened bit at the lower end which is
worked up and down by an engine and pounds its way through the
rock. At intervals the drill is withdrawn for sharpening and the
débris is removed by means of a sand pump. Abrasion machines are
built to revolve a hollow steel cylinder shod with diamonds or with
chilled steel shot, which cut a circular channel surrounding a core.
At intervals the drill is removed and the core broken into sections
and extracted. The portion of the hole above bedrock is cased with
steel or wrought-iron pipe, which should be driven into the bedrock
and firmly set to prevent the entrance of surface water. Drilled wells
in Connecticut range from 4 to 12 inches in diameter, but most of
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them are 6 inches in diameter. The average depth of the 129 drilled
wells tabulated in this report is 213 feet.

Where only moderate amounts of water are needed a pump of the
deep-well type operated by hand or by power is hung in the well.
In some wells where large amounts of water are to be raised from
a great depth use is made of an “air lift.” Compressed air is forced
down an air pipe and delivered near the bottom of a discharge pipe,
and then expands and rises, bringing water with it. The delivery
pipe may be hung inside the well with the air pipe alongside it
(a, fig. 11), or the rock wall and casing may act as the delivery
pipe (b, fig. 11). It is essential that the length of the submerged
portion of the air pipe should be from 30 to 70 per cent of the dis-
tance from the bottom of
the air pipe to the point of ol i i
discharge. In shallower pipe Air ipe. Air
wells t}llje percentage of sub- \ i i %pip c
mergence must be greater
than in deeper wells. The
pressure used ranges from
20 to 100 pounds to the
square inch and is often cal-
culated at one-fifth to one-
quarter of a pound for each
foot of lift. The two great
advantages of the air lift
are that it has no moving r : (%)
parts in the well where ——J(a)
they would be inaccessible
in case of wear by grit in
the water, and that it may Fieure 11.—Diagram showing two types of

air lifts.
be controlled and operated
from a distant air-compressing station. The efficiency, however, is
not very high in many installations.

The success or failure of drilled wells can not be predicted because
of the irregular distribution of the water-bearing fissures, but the
statistical studies of Gregory and Ellis show that drilling at any
point will probably procure a satisfactory supply. Among the 237
wells drilled in crystalline rocks in Connecticut studied by Ellis,!
only 3 wells, or 1.24 per cent, are recorded as obtaining no water. A
supply of 2 gallons a minute is considered abundant for domestic
needs, though insufficient for industrial purposes. Among the 134
wells drilled in erystalline rock whose yield Ellis ascertained “ only

Water- |evel

1 Gregory, H. E., and Ellis, E. E., Underground-water resources of Connecticut:
U. 8. Geol. Survey Water-Supply Paper 323, p. 91, 1909.
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17, about 12.5 per cent, furnish less than 2 gallons a minute.” It is
probably a conservative estimate to state that not less than 90 per
cent of the wells sunk in the crystalline rocks have given supplies
sufficient for the use required. Wells may be unsuccessful not only
as regards quantity but also as regards the quality of the supply.
Along the shore in the Norwalk area are many drilled wells that
have brackish water, which enters through fissures that open also to
the salt water of the Sound. (See p. 69.)

Although wells are reported by Ellis that obtain water at all
depths from 15 to 800 feet, the largest percentage of failures is in
wells over 400 feet deep. This is due to the less number of joints
and their greater tightness in depth. From a consideration of the
greater cost per foot of drilling and of the lesser probabilities of suc-
cess it is concluded that if a well has penetrated 250 feet of rock
without success the best policy is to abandon it and sink in another
locality.

Gregory,' in writing of the wells drilled in sandstone, says that
“of the 194 wells recorded, only 11, or 5.6 per cent, failed to obtain
2 gallons a minute, the minimum amount desired for domestic pur-
poses.” The average yield of 112 of these wells is “ 271 gallons a
minute, the largest being 350 gallons and the smallest two-thirds
gallon.” As with wells drilled in crystalline rocks, so with wells in
sandstone, it is considered * good practice to abandon a well that has
not obtained satisfactory supplies at 250 to 300 feet.”

SPRINGS.

In developing a spring as a source of water supply it is advisable
to make some sort of a substantial collecting basin. No materials
which may rot sheuld be used. Rotting works in two ways to injure
a water supply; it adds objectionable decayed organic matter and it
weakens the walls and allows the entrance of surface water which
may be polluted. No spring should be so arranged that water is
dipped from it, as this process may readily transfer pollution from
tha hands. The reservoir should be covered and a pipe provided to
carry off the flow, as this method not only prevents pollution from
the hands, but also prevents contamination by animals around the
spring. If a spring is used for watering stock a pipe and trough
should be provided.

In order that the water may enter readily the reservoir should be
thoroughly perforated or should be open at the bottom, but it should
have stout, water-tight walls extending a foot or two above and be-
low the surface to prevent entrance of surface wash. Where it is
desired to use the full flow of the spring, the shape of the springy

10p. cit.,, p. 130.
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arvea determines the shape of the reservoir, which will allow of
nearly complete recovery. If only a moderate supply is needed the
reservoir may be of any convenient shape. Small springs may be
developed by setting a length of large pipe of concrete, iron, or
vitrified tile vertically in the ground. Such tile is superior to the
wooden cask or box used at many springs because of its greater
durability and lesser expense in the long run. Whatever the type
of the reservoir it should be provided with 2 cover or roof that
will effectually keep out leaves, sticks, wind-blown dirt, and small
animals.

GROUND WATER FOR PUBLIC SUPPLY.

INTRODUCTION.

The use of ground water for public supplies is a comparatively
recent development in New England. Though most of the people
a century ago used ground water, which was obtained on a small
scale from dug wells and springs, the growing need for large sup-
plies was met in most places by surface water. Since 1880, however,
a number of waterworks which use ground water have been con-
structed in New England, and doubtless more will be built in the
future.

The chief advantages of a properly constructed and properly lo-
cated ground-water supply over a surface supply are uniformly low
and agreeable temperature, sanitary safety, and absence of dis-
agreeable odor, color, or taste. The chief disadvantages are that
the water may be more highly mineralized, the amount available
may be inadequate, and the cost of construction and operation
may be greater. The choice of a source of supply, the method of
development, and adequate provision for extension of the system
with increased consumption are matters in which communities should
procure expert advice.

Most ground-water systems for public supply comprise one or
more batteries of driven wells connected by suction mains to pump-
ing plants which discharge into small reservoirs with distributing
pipes. A few plants use dug wells or infiltration galleries. The
driven wells are similar to those described on pages 543-544, except
that they are in general of greater diameter than doinestic wells.
They are so located that they will draw from as great an area as possi-
ble with the least amount of piping, but with consideration for the
difference in the abundance of the supply throughout the field. If
the direction of the underflow is known, the lines of wells are placed
across it in order that the maximum yield may be intercepted with-
out interference among the wells.
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In selecting sites for wells it is essential to consider the character
of the water-bearing formation. As a rule, only small supplies can
be obtained from the till or from the underlying bedrock, but large
supplies, such as are required for public waterworks, can be de-
veloped in many places from the extensive deposits of sand and
gravel that constitute the stratified drift. These deposits and the
surface features by which they can be recognized are elsewhere de-
scribed. (See pp. 22-24.) The distribution of the stratified drift
in the towns discussed in this report is shown on the maps (Pls. I1I,
IV, and VI).

A number of test wells should be sunk and should be vigorously
pumped in order to determine the water-bearing capacity of the
formation at different points and depths. The pumping should be
as heavy and as long continued as possible, in order that any de-
terioration in the quality or abundance of the water may be detected
and so that as strong yields as possible may be developed. Analyses
of samples collected at intervals and measurements of the yield
should be made. The static level in open wells near the test wellg
should be observed before, during, and after pumping to ascertain
the amount and extent of the drawdown of the water table and its
rate of recovery.

In order to get successful wells with large yields in the stratified
drift, it is necessary to clean the wells out thoroughly and thus to get
rid of the fine sand and to develop around the intake of the well a
reservoir of clean gravel. The wells should be not less than 8
inches in diameter and should have casings extensively perforated
with circular holes one-fourth inch or more in diameter or slits not
less than one-fourth inch wide. The wells should be pumped vig-
orously for a long time, preferably with an air lift, but if an air lift
is not available, by means of a centrifugal pump, in order to get out
the sand. It is desirable in developing a well to pump it at its
maximum ecapacity or at least considerably harder than it will be
pumped when it is put into service. If this is done there will
generally be not much trouble with sand when the wells are in use
and are pumped at the more moderate rate.

The methods of developing wells in incoherent and poorly as-
sorted sand and gravel deposits, such as the stratified drift, are much
better understood in the western part of the United States, where
hundreds of thousands of acres are being irrigated with water
pumped from such wells, than in the East, where there has in general
been less need for large underground supplies. If the methods
described above, which are extensively used with success in the West,
were applied to the stratified drift, wells yielding several hundred
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gallons a minute could no doubt be obtained in many places. If
waterworks can be supplied by one well of large yield or even by a
few such wells the cost ¢f maintaining the wells and the cost of pump-
ing will be less than where there is a large battery of small wells hav-
ing casings with small perforations or screens of fine mesh which
generally become partly clogged and do not admit water freely.

The source of the water may be rainfall on the adjacent region or
underflow from some body of water, or in part from both. Water
from a surface body is greatly improved in quality by passing slowly
through a mass of soil. Water derived chiefly from absorption of
rainfall by the soil has a temperature of 48° to 52° F., which is the
general temperature of the earth below the depth of diurnal varia-
tion. Surface waters are much warmer in summer and colder in
winter, so that a wide range of temperature in the driven-well water
would indicate surface origin.

The experience at many plants at which ground water is pumped
into open reservoirs is that there is likely to be a heavy growth of
algae, even more than where surface waters are thus stored. Roofing
the reservoirs is found to reduce or eliminate the algal growths, for
they thrive only in abundant light. Roofed reservoirs also keep the
temperature more uniform. As roofing is expensive, however, the
usual practice is to have much smaller storage capacity and to de-
pend on the pumps to keep pace with the fluctuations in consump-
tion.

An excessive amount of carbon dioxide, iron, or manganese in
some supplies has been troublesome. Carbon dioxide has made a
good deal of trouble at the plant at Lowell, Mass., and experiments
were made in 1914 to find a remedy.! It was found that spraying
the water under low pressure from small nozzles would aerate it and
thus eliminate the gas. By another set of experiments, conducted
at the same time, for the removal of iron and manganese which had
increased in amount as the draft on the supply increased, the con-
clusion was reached that “the iron and manganese can be successfully
and economically removed by limited aeration, passage through a
coke prefilter not less than 8 feet in depth, operated as a contact bed
at a rate of 76,500,000 gallons per acre daily, and subsequent filtration
through sand at a rate of a million gallons per acre daily.” The rate
of filtration and the details of construction of the filter beds would
be somewhat different with waters of different content of carbon
dioxide, iron, and manganese.

1 Barbour, F. H., Improvement of the water supply of the city of Lowell, a special
report to the municipal council, 1914,

154444°—20——4
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.

TYPICAL: PLANTS.
GREENTFIEED;. MASS.

At Greenfield, Mass., ground-water supply supplements the surface
supply.”  Near Green River a well 40 feet in diameter and 30 feet
deep was made by sinking a eylindrical concrete caisson. The water
level is only 5 feet below the surface, and the earth is loese and
pervious. Pieces of 23-inch pipe were placed in the conerete walls
during construction in order to permit ready entrance of water. The
well is covered by a domed concrete roof. At one time 2,000,000
gallons of water were pumped daily for about two weeks, though
the pumps ave generally run only part time and draw only about
1,200,000 gallons daily.

HYDE PARK, MASS.

The Hyde Park Water Co. formerly had a ground-water supply.
The supply was drawn from 150 driven wells econnected to a eentral
collecting chamber, and the water was pumped through the mains to
a reservoir and standpipe with a combined storage capacity of
2,000,000: gallons. The pumps had a capaeity of 2,500,000 gallens
a day, and there were 32.4 miles of mains, 1,806 service taps, and 178
fire hydrants.* The orviginal equipment, installed in 1885, com-
prised 64 driven wells 2 inches in diameter, from 25 to 38 feet
deep.> The wells were pumped in 1886 at the rate of 1,000,000 gal-
lons a day feor seven days. The water level was depressed from S to
15 feet below the surface—that is, it was lowered 7 feet—but recov-
eved overnight. The pumps were unable to lower the level below 15
teet.

EOWELL, MASS.

Lowell’s first waterworks, built in 1870, comprised a filter gallery
1,300 feet long parallel to and ‘100 feet distant from Merrimack
River, from which water was pumped te- a distributing reservoir.
The supply was about 900,000 gallons a day (1875), and as the daily
consumption became greater a supplementary supply was pumped
direct from the river and passed through a sand filter. Epidemics
of typheid fever in 1890 and 1891 necessitated a better supply.
Test wells were driven at different places near the city, and finally
a contract was awarded te the Cook Well Co. for a 5,000,000-gallon
supply to be obtained by driven wells along River Meadow Brook.
TForty-five 6-inch wells of the open-end type. 47 to 67 feet deep, were

1 Merrill, G. ., The Greenfield waterworks: New England Waterworks Assec. Jour.,
June, 1915, pp. 149-159.

2 Baker, W. N., Manual of American waterworks, 1897.

3 Discussion, in New Iingland Waterworks Assoc. Jour., Sept., 1886.
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sunk by sand pumps, and at first yielded 7,000,000 gallons a day,
but soon fell off to only 2,000,000 gallons. Fifteen 4-inch wells
were added, and increased the yield to 3,000,000 gallons, but the con-
tractors considered it impossible to get 5,000,000 gallons, and aban-
doned the contract. In 1894 the Hydraulic Construction Co., of New
York, sunk by the jetting method 120 open-end 2-inch wells a mile
upstream from the old wells. As the total yield from both well fields
was less than 5,000,000 gallons a day, it was necessary to pump river
water to supply the 7,000,000-gallon daily consumption in 1895. In
July, 1895, B. F. Smith & Co. commenced driving wells in a locality
on Merrimack River, and that company made 169 sueccessful wells 27
to 40 feet deep, situated 150 to 350 feet from the river. The daily
yield from this area, known as the Lower Boulevard Field, was about
4,000,000 gallons.

Excessive corrosion of lead pipes in the city developed in 1899
and the State board of health attributed it to the high content
of carbon dioxide in the water from the Cook wells. Consequently
the Cook field and the field a mile upstream on River Meadow
Brook were abandoned in 1900. Fifty-two wells driven in 1900 and
125 driven in 1901 supply the Upper Boulevard station. The system
was adequate for the demand in 1902 and 1903, but the supply began
to decrease, and from 1904 to 1911 it was found necessary to use
the Cook wells. A deterioration in quality, due to overdraft, was
coincident with the decrease in supply. In 1911 there were added
118 new wells in the Boulevard field, so that there were then 450
wells available in this area, allowing for a few that had been aban-
doned. The addition of these wells counteracted the overdraft and
for several vears the supply was satisfactory.

The wells that have been sunk since 1900 are of the closed-end
type. They are of 2}-inch extra-heavy iren pipe with a bottom see-
tion 38 inches long, in which are bored 180 half-inch holes. A heavy
brass wire wound spirally around the pipe separates it from a brass
sereen with vertical slots, 20 to the inch horizontally and 6 to the
inch vertically. The bottom is serewed into a ecast-iron driving
point 4% inches in diameter that protects the strainer from abrasion.
The wells are driven with a heavy drop hammer. As the forma-
tion into which the wells are driven is of fine grain, the strainers
have to be cleaned at intervals. Each casing is capped at the sur-
face, and a connection with the suction main is made below the cap
through a T. In general, the wells are staggered 12 feet apart on
alternate sides of the suction main and 4 feet distant from it.

That the water comes in large part from the river is shown by
the seasonal range of the temperature from 45° to 65° F., which is
much more pronounced than that of true ground water. The de-
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terioration upon overdraft is premmablv due to the fact that the
water is then retained a shorter time in the earth and consequently
loses less of its impurities.t

NEWBURYPORT, MASS.

At Newburyport, Mass., a flat gravelly or sandy stretch, which
Jooked rather promising as a source of water supply, yielded little
water when test wells were sunk. As there was urgent need of a
water supply a plan was worked out by which water from an impure
source was pumped onto the plain and was recovered by driven wells
after having percolated some distance. The quality of the water is
stated to have been greatly improved by this filtration process.?

NEWTON, MASS.

A filter basin 1,575 feet long by 10 to 88 feet wide at Newton,
Mass., lies parallel to Charles River and intercepts the underflow to
the river. This amounts to an excavation in the bottom of which
are driven wells that collect the water. The system also includes a
number of driven wells on the other side of the river.?

PLAINVILLE, CONN.

In 1909 the Plainville Water Co. decided to install a ground-water
supply for use in summer because of the annoying algal growths
in the surface supply then used. Test wells on a site near annlpmc
River showed an underflow toward the river. Thirty driven wells,
each 3 inches in diameter, were put down in two rows of 15 wells
each at right angles to the direction of underflow. The depths range
from 25 to 30 feet. Tests indicated a capacity of 40 gallons a
minute for each well. The pump has a capacity of 500 gallons a
minute, and if operated 10 or 12 hours a day it provides sufﬁment
water. Despite the heavy draft on the ground water there has been
no permanent reduction of the supply, and though the water level is
depressed by the day’s pumpage it recovers overnight. The water
is excellent, though a little harder than the reservoir water.*

QUALITY OF GROUND WATER.
ANALYSES AND ASSAYS.

The chemical studies made in connection with this report com-
prise 3 complete analyses, 22 partial analyses, and 42 laboratory
assays made by Alfred A. Chambers and C. H. Kidwell in the

1 Thomas, R, J., The Lowell Waterworks and some recent improvements: New England
Waterworks Assoc. Jour., vol. 27, March, 1913.

2 Johnston, W, 8., Ground waters as sources of public water supply: New England
Waterworks Assoc. Jour., vol. 23, pp. 401—434, 1909.

3 Baker, W. N., Manual of American waterworks, p. 53, 1897.

* Palmer, H. S., Ground water in the Southington-Granby area, Conn.: U. S. Geol,
Survey Water-Supply Paper 466 (in press).
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water-resources laboratory of the United States Geological Survey.
These are divided among the three areas as follows: Norwalk area,
14 analyses and 23 assays; Suffield area, 7 analyses and 12 assays;
Glastonbury area, 4 analyses and 7 assays. The quantities are
reported in parts per million.

Constituents determined by analysis—In 22 of the 25 analyses
the following constituents were chemically determined: Silica
(Si10,), iron (Fe), calcium (Ca), magnesium (Mg), carbonate
radicle (CO,), bicarbonate radicle (HCO,), sulphate radicle (SO,),
chloride radicle (Cl), nitrate radicle (NO,), and total dissolved
solids at 180° C. In the three remaining analyses (Ridgefield
Nos. 15 and 16 and Westport No. 89) sodium (Na) and potassium
() were also determined.

In the assays the following constituents were chemically deter-
mined: Iron (Fe), carbonate radicle (CO,), bicarbonate radicle
(HCO,), sulphate radicle (SO,), chloride radicle (Cl), and total
hardness in the conventional terms of CaCO,.

Constituents computed—In the partial analyses the following
quantities were computed: Sodium and potassium taken together
(Na+X), total hardness as CaCO,, scale-forming ingredients, foam-
ing ingredients, and the probability of corrosion in steam boilers. In
three of the analyses, as noted above, sodium and potassium were de-
termined independently by chemical methods instead of by com-
putation.

The computation of sodium and potassium was made by calculat-
ing the sum of the reacting values of the acid radicles (CO,, HCO,,
SO,, Cl, and NO,) and subtracting from it the sum of the reacting
values of caleium and magnesium (Ca and Mg). The reacting
value of a constituent is its capacity to enter into chemical combina-
tion and is equal to the amount of the constituent present multiplied
by its valence and divided by its molecular weight. The excess of the
acid radicles is considered to be equivalent to and in equilibrium with
the sodium and potassium. They were computed on the hypothesis
that only sodium was present, by dividing the difference between the
reacting values of the acids and bases by the reacting value of an
amount of sodium equivalent to one part per million. The result
is reported as if it were sodium and potassium.

Total hardness was computed in the conventional terms of cal-
cium carbonate (CaCO,) by the following formula given by Dole:!

H=2.5 Ca+4.1 Mg

The computations of s, f, and ¢, which represent respectively the
scale-forming ingredients, the foaming ingredients, and the prob-

1 Mendenhall, W. C., Dole, R. B., and Stabler, Herman, Ground water in San Joaquin
Valley, Calif. : U. 8. Geol. Survey Water-Supply Paper 398, p. 45, 1916.
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-ability of corrosion, were made by the following formulas given
by Dole.

s=Sm-}+Cm+2.95 Ca--1.66 Mg

£=2.7 Na

¢=0.0821 Mg—0.0333 CO,—0.0164 HCO,

The symbols Sm and Cm represent suspended matter and colloidal
matter, respectively, and are expressed in parts per million.

In the assays the same quantities were computed except total
hardness which was determined, and in addition the total solids
were computed. In the assays the following formula given by Dole 2
was used to compute the values of the alkalies, sodinm and potassium
(Na+K).

Na=0.83 CO,4-0.41 HCO,+4-0.71 C140.52 SO,—0.5 H

The symbols represent the parts per million of alkali (sodium and
potassium) and the carbonate, bicarbonate, chloride, sulphate, and
total hardness found by the assay.

The total solids were computed by the following approximate
formula given by Dole:3

T. 8. =8i0,4-1.73 C0,1-0.86 FHCO,+1.48 SO,4-1.62 Cl

The symbols represent the parts per million of silica and the car-
bonate, bicarbonate, sulphate, and chloride radicles. In applying
this formula it is necessary to set some arbitrary value for the silica.
Inasmuch ‘as the average silica content of the analyses of ground
waters in this report is 23 parts per million, 25 parts per million, a
convenient round number on the safe side, was taken as the arbitrary
value for silica. The estimate of solids is rough, and enly two signifi-
cant figures are reported.

The factor for scale-forming ingredients, s, was computed aec-
cording to an approximate formula given by Dele.*

s=Cm+|+H

The symbols represent the parts per million of colloidal matter and
of total hardness in terms of CaCO,. Inasmuch as the colloidal
matter is essentially the same as the silica, the above equation has
been used in the equivalent form

s=8i0,+H

The value of silica was taken arbitrarily as 25 parts per millien,
as in the computation of total solids. The unknown but variable
ratio between calcium and magnesium introduces a further error.

1 Idem, p. 65. See also Water-Supply Paper 375, pp. 163-164, 1918,
2.0p. eit., p. 57.

2Idem, p. 81,

4 Idem, p. 66.
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The results are therefore reported to the nearest 10 if above 100 and
to the nearest 5 if below 100. :

The same formula was used for computing foaming ingredients
in the assays as in the analyses. Formulas upon which the classifi-
cation of waters for boiler use as regards their corrosive tendency are
based are different with the assays from those used with the analyses.
(See section on interpretation of analyses, p. 57.)

PROBABLE ACCURACY OF ANALYSES AND ASSAYS.

The analyses in this report were all made according to the meth-
ods outlined in Water-Supply Paper 236,* which gives also a discus-
sion of accuracy of methods and results based on both theoretical and
practical considerations. The subjoined table, taken from this dis-
cussion, gives the limits which have been used for rejecting analytical
data. Acceptance or rejection of analyses in which sodium and po-
tassium (Na-K) are calculated is based on the difference between
the sum of the constituents and the total solids. The sum is com-
puted by adding the amounts of the various constituents, first con-
HCO,

2.03
the sum and total solids greater than the limit set forth in the

above table are generally due to inaccuracy of work or errors of
computation, though the presence of organic matter may cause seri-
ous differences. Combining or reacting values have also been used to
check analyses in which sodium and potassium have been determined.
The percentage difference between the reacting values of the acids
and bases is computed and compared with the proper figure accord-
ing to the total solids in the table. Analyses showing errors greater
than the limits given by the table were rejected or the waters were
reanalyzed.

verting bicarbonate to carbonate =CO,. Differences between

Criteria for rejecting analytical data.

Dissolved solids (parts per million). Maxmfl%g% :]xcess P
| dissglved el of sum of Maximum error
| i over sum of constituentsover | of combining
i 1 pled i e total dissolved values (per
‘ Not less than— Less than— (parts per sohds'g parts cent).
| i million). per million).
| [N e i
‘ ................... 50 | 15 5 15
’ 50 100 | 20 6 7
100 200 | 30 8 5
200 500 40 12 4
500 1,000 , N el SRR ~ 3
1,000 2,000 S g
) i

1 Dole, R. B., The quality of surface waters in the United States, pt. 1, pp. 9-23,
28-39, 1909.
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Assays are approximations which serve to show, by means of a
few determinations rapidly made and by computations based on
these determinations, the general character of a water rather than
the exact amount of each constituent present. It has been shown
that the values of a water for domestic, irrigation, and boiler use may
be determined by such assays with a degree of accuracy which is
sufficient for practical purposes.!

CHEMICAL CHARACTER OF WATER.

The essential points in describing the chemical character of a
water are, first, the concentration or total amount of mineral matter
contained therein and, second, the nature of the chief constituents.
As regards the bases present the most important distinction is that
between calcium and magnesium on the one hand and sodium and
potassium on the other. Calcium and magnesium are members of the
chemical group known as alkali earths and have many similar
properties, so that they are in contrast with sodium and potassium,
which belong to the group of alkali metals and are in turn mutually
closely related. As regards the acid radicles present, distinction is
made between the carbonate, sulphate, and chloride radicles. As
carbonate and bicarbonate are always in chemical equilibrium and
carbonate is the more stable, they are grouped together, and bicar-
bonate is reduced to carbonate by dividing by 2.03. The acid and
basic radicles are not balanced against one another directly but are
first reduced to reacting values by multiplying by the valence and
dividing by the sum of the atomic weights of the constituent atoms.
The reacting values of the several acid and basic radicles are com-
pared and used in applying the following classification: 2

Classification of water by chemical character.

Carbonate (COs)
Sulphate (SOy)

Calcium (Ca) }
Chloride (CI)

Sodium (Na)

The designation “ calcium ” indicates that calcium and magnesium
predominate among the bases, and “ sodium ” indicates that sodium
and potassium predominate. The designation “ carbonate,” “sul-
phate,” or “chloride” shows which acid radicle predominates.
Combination of the two terms classifies the water by type, and the
classification can be abbreviated by the use of symbols—for example,
“Ca-CO,” for a calcium-carbonate water.

1 Mendenhall, W. C., Dole, R. B., and Stabler, Herman, Ground water in San Joaquin
Valley, Calif.: U. 8. Geol. Survey Water-Supply Paper 398, pp. 43-50, 1916.
2 Idem, p. 80. i
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INTERPRETATION OF ANALYSES AND ASSAYS.

In addition to the chemical classification discussed in the preced-
ing section, the analyses and assays have been interpreted as regards
their suitability for boiler and domestic use.

Mineralization and hardness—Waters may be classified accord-
ing to the concentration of dissolved matter in them—that is, the
degree of mineralization—and according to their hardness or soap-
consuming powers. Waters may be considered as low in mineraliza-
tion if they contain less than 150 parts per million of dissolved
solids; moderately mineralized if they contain from 150 to 500 parts
per million; highly mineralized if they contain from 500 to 2,000;
and very highly mineralized if they contain over 2,000 parts per
million.

Hardness in water is due chiefly to the presence of calcium and
magnesium, which unite with soap, forming insoluble compounds
that have no cleansing value. Hardness is measured by the soap-
consuming capacity of a water and can be expressed as an equivalent
of calcium carbonate (CaCO,). It can be computed from the
amounts of calcium and magnesium in the water or can be deter-
mined by actual testing with standard soap solution. Waters that
contain less than 50 parts per million of hardness measured as cal-
cium carbonate may be considered very soft; waters that contain
from 50 to 100 parts, soft; waters that contain 100 to 300 parts, hard;
and waters that contain over 300 parts, very hard.

Quality for boiler use—Three kinds of trouble in the operation of
boilers are due to unfavorable features of the water—the formation
of scale, foaming, and corrosion. Scale is mineral matter deposited
within the boiler as a result of evaporation and heating under pres-
sure. These deposits increase the consumption of fuel, as they are
bad conductors of heat, and they also decrease the cubic capacity of
the boiler. They are a source of expense and a potential cause of
explosions. Scale is formed of the substances in the feed water that
are insoluble or that become so under the usual conditions of boiler
operation. It includes all the suspended matter, the silica, iron,
aluminum, calcium (principally as carbonate and sulphate), and
magnesium (principally as oxide but also as carbonate). Formulas
for the computation of scale-forming ingredients are given on
page 54.

Foaming is the rising of water in the boiler, particularly into the
steam space above the normal water level, and it is intimately con-
nected with priming, which is the passage of water mixed with steam
from the boiler into the engine. Foaming results when anything pre-

iIdem, p. 82.
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vents the free escape of the nascent steam from the water. Tt is be-
lieved to be due principally to sodium and potassium, which remain
in solution after most of the other bases are precipitated as scale and
which increase the surface tension of the water. The increased sur-
face tension tends to prevent the steam bubbles from bursting and
escaping. Other factors undoubtedly affect or cause foaming, but
sodium and potassium are the chief agents. The principal ill effects
of foaming are that the water carried over with the unbroken steam
bubbles may injure the engine, and that it may cause dangerously
violent boiling. Where waters that foam badly are used it is neces-
sary to “blow off ” the water at frequent intervals to get rid of the
rather concentrated sodium and potassium. A formula for comput-
ing the amount of foaming ingredients is given on page 54.

Corrosion, or “ pitting,” is caused chiefly by the solvent action of
free acids on the iron of the boiler. Many acids have this effect, but
the chief ones are those freed by the deposition of hydrates of iron,
aluminum, and especially of magnesium. The acid radicles that
were in equilibrium with these bases may pass into equilibrium with
other bases, thus setting free equivalent quantities of CO, and HCO,;
or they may decompose carbonates and bicarbonates that have been
deposited as scale; or they may combine with the iron of the boiler,
thus causing corrosion; or they may do any two or all three of these.
Even with the most complete analysis this action can be predicted
only as a probability. If the acid thus freed exceeds the amount re-
quired to decompose the carbonates and bicarbonates it corrodes the
iron. The danger from corrosion obviously lies in the thinning and
weakening of the boiler, which may result in explosion. The formula
for the corrosive tendency * used in computations based on the anal-
yses expresses the relation between the reacting values of magnesium
and the radicles involving carbonic acid. If ¢ is positive the water is
corrosive, for this represents an excess of magnesium over carbonate
and bicarbonate. If ¢—0.0499 Ca (the reacting value of the calcium)
is negative the carbonate and bicarbonate taken together can hold
both the caleium and magnesium, and corrosion will not be caused
by the mineral constituents. If ¢—0.0499 C'a is positive the ability of
the carbonate and bicarbonate to hold the calcium and magnesium is
uncertain and corrosion is uncertain. These three conditions may
be represented by the symbols C (corrosive), N (noncorrosive), and
(?) (corrosion uncertain). (For formulas see page 54.)

In working with the assays it is necessary to restate the conditions,
as the amounts of calcium and magnesium are unknown. One-fif-
tieth of the total hardness is equivalent to the reacting value of cal-
cium and magnesium, and H divided by 230 (or 0.004 H) is equiva-

1 Mendenhall, W. C., Dole, R. B.,, and Stabler, Herman, op. cit., p. 65.
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lent to the reacting value of magnesium on the assumption that
(Ca=6 Mg, a ratio which gives magnesium its smallest probable
value relative to calcium. The reacting values of carbonate and bi-
carbonate are represented, respectively, by 0.033 CO, and 0.016
HCO,, each coefficient being the ratio of the valence of the radicle
to its molecular weight. The following propositions result: .
" If 0.033 CO,+0.016 HCO,>0.02 H, then the mineral matter will
not cause corrosion.

- If 0.033 CO,+0.016 HCO,<0.004 H, then the water is corrosive.

If 0.033 CO,-1-0.016 HCO,<0.02 H but>0.004 H, then corrosion is
uncertain.

Seale formation, foaming, and corrosion are the principal criteria
in rating waters for boiler use, but their evaluation is a matter of
personal experience and judgment. The committee on water service
of the American Railway Engineering and Maintenance of Way As-
sociation has offered two classifications by which waters in their raw
state may be approximately rated, but, as their report states, “ it is
difficult to define by analysis sharply the line between good and bad
water for steam-making purposes.” Their tables, which are given
below with the amounts recalculated in terms of parts per million,
were used in rating the waters for this report. In every case the less
favorable of the two ratings was given.

Ratings of water for boiler wuse according to incrusting and corroding ingre-
dients and to foaming ingredients.®

Incrusting nn(}‘ggrodin;: ingredi- Foaming ingredicnts.
Parts por million. Parts per miilion.
| | Classification,b Classification.c
More | Notmore| More |Not more
than— | than— than— | than—
.......... ' 90 | Good. 150 | Good.
90 200 | Fair. 150 250 | Fair
200 430 | Poor. 250 400 | Bad.
25N S C S Bad. i) ) BSILAC e Very bad.
|

eMendenhall, W. C., Dole, R. B., and Stabler, Herman, Ground water in San Joaquin Valley, Calif.:
U.S. Geol. Survey Water-Supply Paper 3908, p. 67, 1916.

b Am. Railway Eng. and Maintenance of Way Assoc. Proe., vol. 5, p. 595, 1904.

cIdem, vol. 9, p. 134, 1908,

Quality of water for domestic use—Waters whose hardness does
not exceed 200 parts per million and which are sufficiently low in
mineral matter to be palatable are satisfactory for drinking and
cooking. Although waters high in hardening constituents can be
used for drinking they are unsatisfactory for cooking and launder-
ing. Hardness exceeding 1,500 parts per million makes water unde-
sirable for cooking, and water much softer than that consumes
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excessive quantities of soap in washing. Approximately 200 parts
per million of carbonate, 250 parts of chloride, and 300 parts of sul-
phate can be detected by taste. Considerably higher amounts of
these constituents can be tolerated by a human-being, but more than
300 parts per million of carbonate, 1,500 parts of chloride, or 2,000
parts of sulphate is apparently intolerable to most people. How-
ever, local conditions and individual preference largely determine
the significance of the terms “good ” or “bad” as applied to the
mineral quality of water for domestic use.

CONTAMINATION.

Water supplies may become contaminated in various ways, chiefly
by industrial and manufacturing wastes, by the washing in of sur-
face drainage, or by sewage. The objectionable materials derived
from industrial wastes are largely chemical; those derived from sur-
face wash or sewage are organic, the germs of disease. As industrial
wastes do not frequently pollute ground-water supplies, they are
passed over briefly in this report. Sea water causes serious trouble
in parts of the Norwalk area but need not be considered except in
a strip along the shore of Long Island Sound. Sewage is a very
serious danger and is of various sorts, including animal excreta,
human excreta, and kitchen wastes. It is only through a nearly
criminal neglect of the elementary principles of hygiene and sanita-
tion that these substances ever get into water supplies. Wells should
never be constructed where there is any possibility of underflow
from barnyards, latrines, or kitchen drains. No spring that is thus
wrongly situated should be used. No barnyard, pigpen, latrine, or
kitchen drain should be built in a situation where it might pollute a
well or spring. No rule can be laid down as to the direction of flow
of the underground water, though it is in general the same as the
direction of slope of the surface of the ground. Similarly no rule
can be given as to what may be considered a safe distance between a
well or spring and a source of pollution. To be safe this distance
should always be made as great as possible.

The excreta of all animals, especially of human beings, contain
considerable amounts of chloride that has been taken into the body
in the form of sodium chloride (common salt) and discharged in the
same condition. The human excreta are richer in chloride because
human beings are able to obtain more salt. Chloride is a normal
constituent of all waters in Connecticut and is derived in part from
the sea by the agency of the wind, which carries inland small amounts
of salt-laden spray. There is, then, for every point a “normal”
amount of chloride, the amount that is normally carried there by
the wind. Along the shore of Long Island Sound it is rather large,
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but inland it is small. The amount of chloride in normal waters of
Connecticut has been determined for different parts of the State
and shown on maps® indicating the normal distribution of chloride
by means of isochlors, or lines defining areas within which the
waters in their natural state contain certain definite amounts of
chloride. In the Suffield area the normal chloride is about 1.5 parts
per million, and in the Glastonbury area about 2 parts. In the in-
land portion (Ridgefield) of the Norwalk area the normal chloride
is from 2 to 2.5 parts per million, but along the shore it is much
greater. This wind-blown salt is almost the only normal source of
chloride for waters derived from the crystalline rocks, the till, or
the stratified drift, though it is possible that some of the sandstone
waters have dissolved small amounts of salt that was included in
the sediments during their deposition. Chloride may be readily and
accurately determined by the chemist. Any water which has an un-
due amount of chloride should be looked on with suspicion and
should not be used in its raw state unless frequent bacteriologic ex-
amination shows it to be indubitably safe. Many of the cases of
typhoid fever that have occurred in the State have been traced to
water supplies contaminated by human excreta.

Nitrates may also be considered as indicators of contamination by
sewage, for nitrogen exists in all excreta as nitrates or in forms
readily convertible to nitrates through oxidation. Waters that
contain more than 6 or 7 parts per million of nitrate should be
looked on with suspicion and subjected to bacteriologic examination.
A content of more than 12 parts per million of nitrate usually
indicates gross contamination. Waters in which the total min-
eral content is unusually high may be approved though the nitrate
is a little high, whereas in waters with a low total mineral con-
tent less nitrate is allowable. In general waters that are high in
both nitrate and chloride indicate contamination by human ex-
creta, whereas waters that are high in nitrate but contain only a
normal amount of chloride indicate contamination by live stock.
Although waters that contain less than 6 parts per million of chlo-
ride are probably free from animal contamination, waters that have
unusually little or no nitrate should be treated with suspicion, for
sewage often contains denitrifying bacteria which destroy the
nitrates and convert them to nitrites and perhaps to free nitrogen
and ammonia. Because of the comparatively unstable character of
the nitrogen in the nitrates, the nitrate content is a far less reliable
indicator of pollution than chloride, which is chemically very stable.

1 Smith, H. E., Connecticut State Board of Health Rept. for 1902, pp. 227-242,
Gregory, H. E., and Ellis, E. E., Underground-water resources of Connecticut: U. S.
Geol. Survey Water-Supply Paper 232, p. 168, 1909.
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It is possible in general to locate the source of excessive chloride
or nitrate by inspection of the surroundings of the well or spring
from which the sample for analysis was obtained. In fact, it is
often possible on simple examination of the premises to predict that
analysis will show excessive chloride or nitrate.

In addition to making safe the location of a well, or spring by
seeing to it that no potential source of pollution is near, precautions
should be taken to prevent the entrance of surface wash. The
ground around dug wells should be filled in and tamped enough to
make rain water and drippings flow away from them and not back
into them. An excellent protection is a concrete apron several feet
wide on all sides of the well and sloping away from it. Cattle
should be kept away from wells and springs by a fence, and they
should be watered at a trough some distance away. Drilled wells
should have the iron casing set firmly into the bedrock to prevent
the entrance of shallow ground water, and the casing should extend
a foot above the ground to keep out surface wash. A little extra
care, labor. and expense in the protection of a water supply will be
well repaid by the feeling of safety gained, if not by the saving of
cdloctors’ bills and perhaps even of life.

TABULATIONS.

The results of the analyses and assays and the computations based
on them are tabulated for each town ineluded in this report.

Tables of analyses and assays comparing the waters from the vari-
ous water-bearing formations are given on page 64. Within each
table the data have been grouped according to the geologic for-
mation from which the waters were obtained, and the average
amounts of each constituent are reported, together with the number
of analyses or assays used in obtaining the average. Figure 12 is a
graphic representation of the table comparing the groups of analyses.
The analyses of dolomite water and beach-sand water are not plotted
except as they are involved in the general average of the 25 analyses.

With the possible exception of the analyses of waters from strati-
fied drift and till, the number of analyses available is too small to
represent adequately the average composition of waters from the
various water-bearing formations. As it is inadvisable to draw
generalizations from these data regarding the quality of water by
formations, the graph (see fig. 12) and tables of averages are pre-
sented with that understanding and are not intended to be inter-
preted as conclusive.

The presence of carbonate in waters is dependent upon the con-
dition of its chemical equilibrium with bicarbonate. As the
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equilibrium is a variable, separate averages of carbonate and bicar-
bonate are often difficult of interpretation. Thus it will be noticed
in the table of averages of analyses that some of the waters con-
tained no carbonate at the time of analysis, although it is possible
that under certain conditions carbonate might be present in them.
As a basis for more careful comparison of the waters it would be
advisable to convert the bicarbonate into carbonate by dividing the
figure for bicarbonate by 2.03.

Averages of groups of analyses of waters from the water-bearing formations of
the Norwalk, Suffield, and Glastonbury areas, Connecticut.

[Parts per million except as otherwise stated.]
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a Only analysis availal‘)le from this formation.

Averages of groups of assays of waters from the various water-bearing forma-
tions of the Norwealk, Suffield, and Glastonbury areas, Connecticut.

|Parts per million except as otherwise stated.]
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TEMPERATURE OF GROUND WATER.

The temperature of ground water depends on and tends to become
the same as that of the material through which it circulates. A layer
a few inches thick at the top of the ground varies greatly in tempera-
ture every 24 hours, owing to the heating effect of the sun in the day-
time and the radiation of heat at night. This phenomenon is particu-
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larly noticeable early in the spring, when the ground freezes hard at
night but thaws and becomes soft and muddy during the day. At a
moderate depth these diurnal variations become negligible and only
seasonal fluctuations of temperature occur. These seasonal flue-
tuations of temperature correspond to the freezing of the ground
to a depth of several feet in the fall and the spring thawing of
this ground, which has remained frozen through the winter.
At a still greater depth there are not even seasonal fluctuations and
the temperature is uniform the year around. The depth of this zone
of no seasonal fluctuation of temperature is believed to be 50 or 60
feet. TIts temperature tends to be the same as the mean annual
temperature of the locality, and water which circulates through it
tends to have the same temperature as the mean annual temperature.
In the southern part of the Norwalk area the normal ground-water
temperature is probably about 49.5° F., the mean annual temperature
at New Haven, a place of similar situation.! In the northern part
of the Norwalk area the normal ground-water temperature is per-
haps 1° lower because of the greater elevation and the greater
distance from the ameliorating influence of Long Island Sound.
In the Suffield area the normal ground-water temperature is probably
about 48.5°, the mean annual temperature at Hartford. This will
also hold for the northern or lowland part of the Glastonbury area,
but in the southern or highland part the normal ground-water
temperature will be half a degree or a degree lower. In the region
of no seasonal fluctuation of temperature there is a rather uniform
increase of temperature with increasing depth, due to the internal
heat of the earth. This amounts to 1° F. for every 50 to 100 feet
increase in depth, so that deep drilled wells usually get slightly
warmer water.

Springs and wells whose waters have traveled a considerable
distance in the zone of no seasonal fluctuation should have this
temperature uniformly the year around. If the circulation has been
in large part in the zone of seasonal fluctuation the water will be
warmer in summer than in winter. Tt seems probable that springs
on north slopes, where the heating effect of the sun is at a minimum,
would be a little cooler than normal, and springs on south slopes,
where insolation is at a maximum, would be a little warmer than
normal. Because of this factor and because of the increase of
temperature in depth, the actual temperature of the water is of less
importance in determining whether water has circulated near the
surface or at considerable depth than the uniformity of the tempera-
ture the year around. »

1 Summaries of climatological data by sections: TL 8. Weather Bureau Bull. 2, pt. 2,
sec. 105, p. 11, 1905.
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DETAILED DESCRIPTIONS OF TOWNS.
DARIEN.

AREA, POPULATION, AND INDUSTRIES.

Darien is on the southern border of Fairfield County, between
Stamford and Norwalk. Long Island Sound forms the south
boundary and Noroton River the west boundary. The east boundary
in part follows Fivemile River. The area of the town is about 13
square miles, of which 3 square miles, or about 25 per cent of the
whole area, is wooded.

The territory was taken from Stamford and made a separate town
in 1820. In 1910 the population was 3,946, an increase of 830 in the
decade from 1900. The mean density of population is 312 to the
square mile. The following table gives the population at each cen-
sus and the per cent of change during the preceding decade:

Population of Darien.”

1
| Popula- | Per ceni

Popula- | Per cent |
]: tion. | change.
|

= tion. | change. Year.

1,808 | 316
1,949 | + &
2,276 } +17
3,116 | 537
3,946 | +27

e Connecticut Register and Manual, 1915, p. 653.

There has been growth in every decade except that from 1830 to
1840. In the following decade, 1840 to 1850, there was an unusually
large growth, due presumably to the opening of the New York &
New Haven Railroad in 1849. During the last two decades there has
been a relatively great increase in the population which is dependent
in large part on the proximity of New York City. A number of
extensive and beautiful residential estates have been established in
Darien, and it is probable that this sort of development will con-
tinue. The growth for the next few decades will probably be mod-
erate and steady. Darien and Noroton are the principal settlements.
Both have stations on the main line of the New York, New Haven &
Hartford Railroad. A trolley line connects Stamford and Norwalk
and runs through Darien. Post offices are maintained at Darien,
Noroton, and Noroton Heights, and the outlying districts are served
by rural delivery. The Boston Post Road, one of the State trunk-
line highways, runs east and west near the south boundary of the
town. About 4 miles of its length is in Darien, and it connects all
the shore towns between Bridgeport and New York. In addition,
there are about 60 miles of road worked by the town and a number
of miles of semipublic roads privately maintained. The town roads
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A. ESTUARY IN DARIEN, CONN.

B, SECTION OF STRATIFIED DRIFT, DARIEN, CONN.
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are excellent and are constructed in part of macadam and in part of
gravel.

The principal industries of Darien are agriculture and oyster
farming. The residential estates directly and indirectly furnish
employment to many of the inhabitants.

SURFACE FEATURES.

Darien, although it lies near sea level, must be included in the
western highlands of Connecticut because of the character of its
bedrock and the topography developed thereon. The strongly ridged
and furrowed surface of erosion has been depressed and in part
submerged. Small estuaries alternate with peninsulas and make a
very irregular shore line. The maximum elevation, about 260 feet
above sea level, is found on several ridges near the north boundary.

A long cycle of erosion had reduced this region to a plain. Sub-
sequently this plain was uplifted and dissected, forming ridges and
elongated hills that trend about north and south. The hills were
somewhat worn down and the valleys partly filled with débris. In
a strip of country about a mile wide along the shore there are many
small knobs of solid rock which rise above the water level of the
bays and above the salt marshes. It is believed that since its
glaciation the region has been depressed relative to sea level, that the
bays and estuaries are drowned valleys, and that the peninsulas are
partly submerged ridges. Plate VIII, 4, a view in the southeastern
part of the town, shows an estuary bordered by salt marshes above
which rise small, wooded, rocky hills.

The eastern part of the town is drained by Fivemile River and
the western by Noroton River. The central part of the town is
drained by Stony Brook and a second unnamed brook. These streams
rise just beyond the north boundary of the town and are about 5
miles long. There are also a few short brooks in the south part of the
town that drain dirvectly into the Sound.

WATER-BEARING FORMATIONS,

Schist and gneiss—Three bedrock formations have been recog-
nized in Darien '—Becket granite gneiss, Danbury granodiorite
gneiss, and Thomaston granite gneiss.

The Becket granite gneiss, which underlies a small area along the
north portion of the Fivemile Brook boundary, is of complex origin—
that is, it is a schist, into which a great deal of igneous material has
been injected, thus altering its character. The rock consists of ill-

1 Gregory, H. E., and Robinson, I. H., Preliminary geological map of Connecticut: Con-
necticut Geol. and Nat. Hist, Survey Bull. 7, 1907.
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defined alternating bands of gray schist and sheets of granitic and
hornblendic material.

The Thomaston granite gneiss is the bedrock in a small area in
the northwest corner of the town and a larger area around and south
of Noroton. Originally it was granite composed essentially of
quartz, feldspar, and mica with minor quantities of accessory
minerals. Subsequent mashing has given it a moderately pro-
nounced gneissic texture expressed by dark bands that are relatively
rich in black mica. The degree to which this texture is developed
varies from place to place.

The Danbury granodiorite gneiss is similar to the Thomaston
granite gneiss except that it has hornblende in addition to quartz,
feldspar, and mica. Its gneissic character is in general less pro-
nounced but is everywhere clearly distinguishable. This formation
underlies most of Darien.

The water-bearing properties of the three bedrocks are so much
alike that they may be considered together. Interstitial water is
almost if not entirely absent. A number of elongated openings,
fissures, and joint cracks exist in-these rocks. Water which has
fallen as rain and snow and been absorbed by the unconsolidated
mantle rock may be transmitted ultimately to the intricate: net-
work of intersecting fissures in the bedrock. Wells drilled into the
rock are apt to intersect one or more such water-bearing crevices
and to obtain moderate supplies. In general the fissures are more
abundant in the higher zones of the bedrock than farther down. It
is therefore better policy to abandon a well that is unsuccessful in
the first 300 feet and to try in a new place, rather than to drill
deeper. This is shown by the following table compiled from the
data on drilled wells given on page 74. The wells have been grouped
according to depth, and the ratio of the yield (in gallons per
minute) to the depth computed. The number of gallons per minute
obtained for each foot drilled is in general less in the deeper groups
than in the shallower groups.

Relation of yield of drilled cells to depth.

Depth of wells (feet) . .-« ooomoeeenn. 0-99. | 100-199. | 200-299. 300-399. | 400-4%9. = ona
| i
" 1
o G SRS el e 7 8 3| 3| 5 4
02l AEDtR. oo o eeneiiniennnnnnns feet . . 520 1,008 694 | 1,027 | 2,145 3,468
Totalyield. ... ...gallons per minute..| 42.5 39 14.5 | 2.5 94 ' 32.5
Average yield... .. A T R LT Ghs s 6 5 5 { 8 19 7
Yield per foot of drilling. .-----..... do.... 080 .036 021 L0231 o4 ! .009
| | ¥

The depths of 40 drilled wells in Darien were ascertained. They
range from 65 to 1,465 feet and average 266 feet. The yields of 30 of
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these wells average 8 gallons a minute. A few of them yielded no
water, and the greatest yield was 50 gallons a minute.

No general statement can be made as to the direction and extent
of the water-bearing fissures inthe town. Systems of fissures, or a set
of two or three systems, are developed locally. Onesystem is roughly
horizontal and is cut by one or two steeply inclined fissure systems.
One of the inclined systems tends to dominate the other. It is said
that on the east side of Long Neck Point there is more probability
of obtaining salt water in deep wells than on the west side. A pos-
sible explanation of this condition is suggested in fignre 13. A
system of strong fissures striking north and dipping west would be
likely to carry sea water into wells near the east shore, for the
fissure cut by such wells crops out under the waters of the Sound.
The fissures cut by drilled
wells on the west side of
the peninsula would be
fissures that crop out
above sea level. The out-
crops of bedrock on Long
Neck Point are so few

that the direction of the
fissure systems could not L /
be ascertained.

Tt is impossible to make Ficure 18.—IHypothetical section of Long Neck
a general statement as to bkt s
how near the shore a well may be drilled with certainty of avoiding
pollution by sea water, because of the great irregularity of the fissure
systems. However, it seems inadvisable to drill within 500 feet of
the shore, or on a small island.

7ill—Overlying the consolidated bedrock in Darien are found
three types of mantle rock—till, stratified drift, and the muds of the
salt marshes, the last of which, however, are not an available source
of water supply.

Till is the material formed by the plowing and scraping action
of the great ice sheet that overrode the region in glacial time. It
consists of a thoroughly mixed mass of débris of all kinds of material
in fragments which range in size from the finest of rock-flour par-
ticles to boulders weighing tons. It comprises a matrix of sand, silt,
and rock flour in which are embedded pebbles, cobbles, and boulders.
Between the smaller particles are minute interstices that are capable
of absorbing rain water, of storing it, and of giving it out slowly
to wells and springs. Wells dug in till, unless unfavorably situated,
will yield small but fairly reliable supplies of water, Forty-three
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such wells were measured at Darien in September, 1916. Data ve-
garding the depths found are given in the following table:

Summary of wells dug in till in Darien.

Total | Depth io| Depth of

depth. water, water.

l Fect. Feet. Feet.
NUSERIRINI - -l o e i i e i e et s < o A e o o A e S 55.0 35.0 20.6
Minimum . | 6.7 3.1 o
Average... 19.6 13.3 6.4

Twenty-six of the wells were said to be unfailing, and eight were
said to fail. The reliability of the remaining nine wells was not as-
certained.

Stratified drift.—Along Norwalk River and Fivemile River and
in other valley bottoms till is absent and stratified drift constitutes
the mantle rock. This drift is a water-laid deposit formed for the
most part by the reworking of the materials of the till. The dif-
ferent sizes have been sorted from one another and laid in dis-
tinct beds and lenses. Because of the elimination to a great extent
of fine particles from the spaces between the larger ones, this type
of deposit is more porous than till. Tt not only can contain more
water, but because of the greater size of the passages it will transmit
water more readily. This greater porosity makes it a better source
of water than till, except where the body of stratified drift is in a
bad topographic situation frorm which the water may readily seep
away. The wells of the Tokeneke Water Co. and two domestic wells
(Nos. 28 and 29) in Darien are dug in stratified drift. One spring,
No. 72 (see map, Pl. II), is at the foot of a terrace scarp and at
the inner edge of the flood plain of Fivemile River. This spring was
yielding about a gallon a minute in September and had a tempera-
ture of 51° F.

QUALITY OF GROUND WATER,

The accompanying table gives the results of two analyses and two
assays of samples of ground waters collected in the town of Darien.
The waters are low in mineral content, are very soft, and are suit-
able for boiler use. In so far as may be determined by chemical
investigation of the mineral content of these waters they are accept-
able for domestic use. No. 16 and the composite sample, No. 71
and 71A, are calcium-carbonate in type. Nos. 49 and 54 are sodium-
carbonate waters.
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Chemical composition end - classification of ground wwaters in Darien.®

[Parts per million. Collected Dee. 9, 1916; analyzed by Alfred A. Chambers and C. H. Kidwell.
Numbers of analyses and assays correspond with those used on Pl I1.]

i
Analyses.b | Assays.c
|
i_h SN —_—
16 [ 71,71 | 449 ) 54
|
Per i e i l -
Silica (Si02) 33 - AR ST | ol i
Iron (Fe)....... .40 | .11 0.41 | 0.26
Calcium (Ca)................. 0.6 | s S TR
Magnesium (Mg)............... 4.5 Qi ks it ‘ __________
Sodium and petassium (Na-K)e 9.1 | p 15 11
Carbonate radicle (CO3)........ 5.3 | .0 ek .0
Bicarbonate radicle (HCO3).. .. 51 ! 38 ! 30 27
Sulphate radicle (SO . ... .. 59 | TR 8.0
Chloride radicle (CD. . ....... 3.6 | 0.6 | 4.2 4.2
Nitrate radicle (NO3). . ...... .43 | Fi ) s ol [
Total dissolved solids at 180° C 987 1 90 i eD- | --e@7
Totalhardnessas CaCOs....... €42 €38 | 2 i 14
Scale-forming constituentse... et 69 55" | 50 40
Foaming eonstituentse. .. ... ..o 25 ; 30 40 | 30
Chamien] Ghanaetar oo oo T Sn i e S Lt Tl i IR S Ca-COz | Ca-CO3 | Na-CO3 | Na-COs
Probability of corrosion/...... (?) (?) N | N
Quality for boileruse. ....... e Good Good. |  Good. Good.
Quality for domestle se. . ... .. ii.ie e it rten bt e nnn Good. vood. | Geod. Good.
| | |

aFor location and other descriptive information see %>p. 72-74.

b For methods used in analyses and accuraey of results see pp. 52-60.
cApﬁ)roximations;f or methods used in assays and reliabitity of results sce pp. 52-60.
dCollected December 7, 1916,

€ Computed.

/Based on computed quantity; (?)=corrosion uncertain; N=mnoncorrosive.

PUBLIC WATER SUPPLIES.

Two companies supply the residents of Darien with water. The
Noroton Water Co. has been supplying Darien, Noroton, and Noro-
ton Heights in Darien and a few customers in Glenbrook in Stam-
ford since 1911. It buys its water by meter from the Stamford
Water Co. and distributes it by gravity under a pressure of 55 to
65 pounds to the square inch through 15.6 miles of main pipe to
96 hydrants and 406 metered service taps.! The 2,500 people that
are supplied consume an average of 194,000 gallons a day. Mr.
Harold H. Mead, the superintendent, stated in 1916 that the winter
consumption is only two-thirds as great as the summer consumption.
The company owns two reservoir sites, one in North Stamford and
one in New Canaan, which will eventually be used.

The Tokeneke Water Co. is a subsidiary of the Tokeneke Cor-
poration which has made an extensive land development in the
southeast corner of the town. Service was begun in December,
1909. At present water from two large dug wells in stratified drift
is pumped to a steel standpipe of 46,500 gallons capacity. and is
distributed by gravity through 8.5 miles of mains to 16 hydrants

1 Connecticut Public Utilities Commission Rept., 1917.
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and 81 service taps. The pressure is from 40 to 60 pounds to the
square inch. There are two single-acting triplex Gould pumps of
64-inch bore and 8-inch stroke, driven by upright single-cylinder
@asoline engines. The capacity of each pump is said by Mr. Charles
F. Barker, the superintendent, to be 150 gallons a minute. A small
single-acting triplex Gould pump, of 3}-inch bore and 4-inch stroke,
that has a capacity of 25 gallons a minute and is driven by an electric
motor, is used as an auxiliary.

The site of the wells was originally a terrace, but in excavating
gravel for road building it has been cut down nearly to the level of
the flood plain. Plate VIII, B, shows the fact of the remaining
portion of the terrace and the character of the stratified drift at
this point. Plate IX, 4, shows the pumping plant and the roofs
of the wells. At the left is well No. 2 (No. 71A on the map, PL. IT),
which is 32 feet in diameter and 13 feet deep, at the center is the
pump house, and at the right is well No. 1 (No. 71 on the map),
which is 15 feet in diameter and 10 feet deep. According to Mr.
Barker, if pumping is done at the rate of 150 gallons a minute and
water is taken from both wells the drawdown, or depression of the
water level, is about 2 feet. If well No. 1 is pumped alone the
water is depressed to the suction limit in 3 or 4 hours. If well No. 2
is pumped alone the drawdown is about 2% feet, but the water in
well No. 1, 100 feet away, is lowered about 6 inches. Mr. Barker
estimates the.daily consumption in the summer months to be 60,000
to 70,000 gallons a day, but only a third as much in winter.

RECORDS OF WELLS,

Wells dug in till in Darien.

2 »
ge a ra el
No.on Topographic|-2 2 S |=2g|B8® :
PLTL Ovmer: sttuation. S22 = |55 (24 Rig. e
s3El = |3 | 88
= S = = (bl }
Feet. | Feet. ]’
21.8| 3.2 | Wi mdlcss rig....| Nonfailing.
1616 TGO d8 S sl ! Do.
10.21 8.4 . _. d .......... Do.
10.1 | 16.1 | Chain pump Do.
e 1173 9 g TR |
6.2 9.9 Wludlass rig and
house pump
14.1 | 4.4 | Chain pump. Fails.
13.9] 7.0 5 Nonfailing.
14.7}1 3.2 Do.
9.3 8.3 Do.
9.5 5.6 Do.
14.2 | 3.4 Wmd]ass rig and Do.
house pump.
12.81 2.0 Deep—wellpump Do.
15.8 | 4.9 | Chain pump....| Abandoned.
10.2 | 10.3 | House pump....| Nonfailing.
15.2.4 1.8 | Norig. . _.iv...2 Do.
8.7 | 5.5} Chain pump..... Do.
16.1 | 2.9 | Windlassrig....| Do.
25 ) G T A T o, S Do.
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A. PLANT OF THE TOKENEKE WATER CO., DARIEN, CONN.

B. STRATIFIED DRIFT PLAIN, EAST GRANBY, CONN.
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Wells dug in till in

DARIEN.

Daricn—Continued.

73

2g - e 3
EE R g
No.on Topographic[2 2 :| & | <& |3T#& : it
PLIL Owner, situation. |5 83| = |28 |£= Rig. g
Tall & oF | & =
= IS = A+
Feet.| Feet.| Feet.| Fect
26 | J.C. Uhrlaub...... Hilltop....| 180 [ 35.0]20.0 | 15.0 (a) Nonfailing.
P R R R R e Slope......| 85117.814.3 | 3.5 | Windlassrig.. Do.
Plateau....| 165 | 30.6 | 16.8 | 13.8 |..... Ao et o ..| Fails.
160 | 27.5 | 13.4 | 14.1 | Chain pump. . ..| Nonfailing.
80 13.9| 87| 5.2 | Windlassrig..
70 1.12.2 | 11.1 | 1.1 | Two-bucket ng i Do.
30 | 16.4 | 11.3 | 5.1 | Windlassrig.. Do.
90| 6.7} 3.1] 8.6 Housepump....
140 | 23.5 | 15.7 | 7.8 Chain pump. e Do.
115 | 14.4 | 13.0 o T EE T e I R . Fails.
65| 11.4| 80| 3.4 House pump..... Fails. For assay
see p. 71,
50 80 | 18.5| 12.3 | 6.2 | Chain pump.
51 4013205} . 8021 (9.8 - (s 1 L 1 Nonfailing.
53 10| 9.0| 4.5| 4.5 | One-bucket rig..|
54 | James Kenealy....| Slope...... 111 10.5| 7.6 | 2.9 | Chain pump. ... Nonfailing; fresh
| | water though
| only 125 feet
| from well No.
53. For assay
see p, 71.
60 | James A. Trow- | Ridge...... 561 06 Gy 35.0 1 2000 o st L ieE S Fails.
bndge
20.0 5 Do.(b)
20.0 % 2 Do.(¢)
20.1 2 .| Nonfaillng.
8.2 2l | Do.
13.3 |--3.0 Do.(d)
12,7 283 |
U R R do. i
7.2 1.3 | House pump_ o I
a Well is 20 feet in diameter. Pumped by electricity to tank.
b Well is 300 feet east of well No
¢ Wellis 150 feet south of well No 60
@ Well is in a basin between two rock ledges.
Wells dug in stratified drift in Darien.
Eleva-
A Depth
.| tion Depth
No.on Topographic, - | Total of
PLII. Owner situation. al;g; € | depth. W;ger water Rig. Remarks.
* linwell.
level.
Feet, | Feet, | Feet. | Feet,
25 25.0 93.2 1.8 | House pump..
20 23.9 19.3 406 laeasedos it Nonfailing.
15 10.0 6.5 3.5 a) Nonfailing.
For analysis
see p. 71.b
15 13.0 L.0 5.0 (e) Do.

a Well is 15 feet in diameter; will yield 150 gallons a minute.
b Sample collected for ana]ysxs is composite of Nos. 71 and 71A.

¢ Well is 32 feet in diameter; will yield 150 gallons a minute.

well and well No. 71, which is 200 feét farther south.

There is some interference between this
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Drilled wells in Daricn.

| i
Eleva- s
. Yield
. .| tion 1 | Depth| Depth! 1. 3
Ng.on Topographic ~ | Total Diam-| per T
PLII. Owner. situation, als)g;e depth. rotcok. w:tl(t)er. eter, ?llé'él- Remarks.
level. A
Fect. | Fect, | Feet, | Feet, |Inches.| Galls.
15 | Col. Edgerton...... Slope -..... 5 RS TG oot S WS P o IS
16 | W. C. Humbert... |..... 80 -2l e 1151 125 43 3 (] 5 | Water from
gneiss. For
analysxs see
P 71
18 | Ernest Barthol.....|..... 40 .. oi2 110 6 2
20 | Sarah F. Leeson. e R 105 6 15
21 | F. M. Smith.... e AR s 95 6 3
23 | W. R.S. Bates. =Pl el 45 [} 3
..... 90 e---..Slight.
.......... 30 8 26
120 6| (o)
........ 140 8 26 | (D).
AOA T A0t T e 00 e 140 8 50 | (o).
...... 50 T2 M) S
- T 1 T e e 2
b T T SRR TR T 0 e PR (4)
10 CodeT s (e)
15 ARSI % | Slightly brack-
ish.
47 | John H, Shipway...|.....do..... 11 S s St PR N e O K
- 48 | Eliza Birdsell... j )
52 | Fred Wecke..
55 | Wm., Ziegler, jr.
G SRR e
56A |.....do.g..
56B |.....do.h.. Water salty.
Loy o A d Do.
58 | John Cort.....
59 | H. C. Fleltman. |
61 | Mrs. H. P 6 (21
6LA 1. . (A, 6 ().
GiB ..o do.. 6 (k).
BIC Foe s 0. 6 h.
63 | A.B. Noxon... 6
64 | Henry Brencher 6
65 Calolme E. Perry 200 gt 6
68 | L. J. Mead...... dia D s 6 3
69 | Miss Yada DPean =l foiols dosraa: 60 | 103 2 15 6 5
70 | Dr. J. F. Pentecost.|..... 40 .- 40| 410 5 ] R 8 | (m).
73 | C. D. Albrecht...... 65 128 20 18 6 2
74 | Mrs, S, C. Petty. 50 963 5 10 6 20
78 | Fred H. Rowan.. 15| 327 9 10 6 3%

a Abundant.

o got futrther description see U, 8. Geol. Survey Water-Supply Paper 232, p. 90, 1909,

< Op. ci

@ Water potable though slightly brackish.

e Salt water, altfmugh 500 feet {rom shore, b

7 Four drilled wells on this island. Two were drilled to between 75 and 100 feet deef) where the drills
were blocked by slanting fissures. The other wells 2re about 200 {feet deep and yield salty water.,

¢ Wellis 150 teet west of well No. 56.

h Wellis 300 feet northwest of well No. 56.

¢ Drilledin 1902; yielded 10 gallons a minute of fair water at first. The yield soon dropped to 4} galions
aminute, and in four years to 3} gallons a minute; 175 feet from shore.

J Drilled in 1904; 150 feet southwest of well No. 61 and 125 feet from shore. Water is salty.

k Yielded 18 gallons a minute at a depth of360 feet at first, but after four months it failed, Deepening
t0 460 feet gave a yield of 1 or 2 gallons, Seventy-five pounds of 70 per cent dynamite was exploded at the
bottom of the well, but with no effect. A second shot of 50 pounds rought a yield of 10 gallons a minute.
This water was fresh at first, but later became brackish. Wel is 220 feet south of well No. 61.

1 Well is 175 feet from shore and 100 feet south of well No.

m Well yields 1} gallons a minute at depth of 75 feet; 5 to 6 at depth of 150 feet; 7% at depth of 200{eet;
and 8 to 10 at full depth of 410 feet,

NEW CANAAN.
AREA, POPULATION, AND INDUSTRIES.

New Canaan, in Fairfield County, Conn., is one of the second tier
of towns north of Long Island Sound. To the north is part of
Westchester County, N. Y., on the west is the north part of Stam-
ford, on the south is qulen, on the southeast Norwalk, and on the

g —
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east Wilton. Silvermine Brook forms part of the eastern boundary
and Rippowam River part of the western boundary. The total area
ot the town is 23 square miles, of which 11 square miles, or 45 per
cent, is wooded. The woods are for the most part in the valleys
and on the steep slopes, whereas the broad hilltops and ridge crests
are cleared.

The territory which now constitutes New Canaan was taken from
Stamford and Norwalk in 1801 and incorporated as a separate town.
The population in 1910 was 3,667, an increase of 701 from 1900. The
borough of New Canaan had about 1,672 inhabitants. The density
of population of the town as a whole was 160 to the square mile.
The following table shows the population at each census and the per-
centage of change in the decade preceding:

Population of New Canaan, 1810-1910.¢

Popula- | Percent l > Popula- | Per cent

Year, tion. |of change. Year. tion. | ofchangs.
|

2,479 —10

2,673 +7

2,701 +1

2,968 +10

3,667 +24
|

a Connecticut Register and Manual, 1919, p. 639.

There has been growth in every decade except that from 1860 to
1870, when there was a decrease for which no explanation is appar-
ent. The large increase from 1830 to 1850 may be due in part to
the opening of the New York & New Haven Railroad in 1849. The
increase from 1890 to 1910 is presumably the result of the develop-
ment of this region as a commuting residential district tributary
to New York City. It is prooable that this growth will continue,
especially if a proposed railroad from Greenwich through the north
part of Stamford and New Canaan to Ridgefield and Danbury is
constructed. At all events such a possibility must be borne in mind
in planning future development and utilization of the ground and
surface water resources of the region.

The only built-up settlement in New Canaan is the borough of
New Canaan, incorporated in 1889. There is about 70 miles of road
in the town, which is in general well kept up, and there is a good
deal of tar-bound macadam. New Canaan is reached by the electri-
fied New Canaan branch of the New York, New Haven & Hartford
Railroad, which joins the main line at Stamford. Stages run be-
tween New Canaan and Norwalk. There is a post office at the
borough, and rural-delivery routes serve the outlying parts of the
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town. The principal industries are agriculture, the raising of nurs-
ery stock, and the manufacture of shirts and overalls and of wire
goods.

SURFACE FEATURES,

New Canaan lies on an upland which is dissected by valleys 150
to 200 feet deep that lead south-southwestward. The interstream
spaces ave broad ridges with gently rolling crests and steep flanks.
The profile in figure 14 is drawn across the town a little north of the
borough and shows the broad plateau cut by the shallow valley of
Fivemile River, and bounded by the deeper valleys of Rippowam.
and Silvermine River. IFormerly the surface was nearly level, but it
has been tilted to the south-southeast. This tilting has established
the general south-southeast courses of the rivers. Tributaries of
Rippowam River drain about 5 square miles in the northwest corner
of the town and the headwaters of Noroton River 7 square miles in
the southwest corner. A north-south strip 1 to 1} miles wide through

i 5 5 Frverrule Silvermene =
; Rippowarn River il River
500 /
OW_L/‘\—”\_LE
SW. 1 2 0 1 MILE NE.

lVertic'al scéle twice the horizontal
Fieore 14.—Profile across New Canaan (4-4’ on Pls. II and III), showing undulating
plateau and the valleys cut below it.

the middle of the town is tributary to Fivemile River, which rises
within the town limits. A similar strip along the east boundary is
drained by Silvermine River. Near the head of Fivemile River is
the reservoir of the New Canaan Water Co., and on Silvermine is
the Grupe reservoir of the first taxing district of the city of Norwalk.

The lowest points in New Canaan are those where Noroton and
Fivemile rivers cross the boundary about 115 feet above sea level, in
the southwest and southeast corners of the town. The highest point
is near the middle of the north boundary and is 620 feet above sea
level. There is thus a range of elevation of about 500 feet.

WATER-BEARING FORMATIONS,

Schist and gneiss.—The bedrocks which underlie New Canaan
have been identified as belonging to four formations.! Underlying
an area of 2 square miles in the northwest corner of the town is the
Berkshire schist. It is a medium to dark gray well-banded schist.
composed essentially of black mica and quartz with some garnet,
feldspar, and other accessory minerals. The small mica scales have

2 Gregory, H. E., and Robinson, H. H., Preliminary geological map of Connecticut:
Connecticut Geol. and Nat. Hist. Survey Bull. 7, 1907,
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in large part been segregated and turned parallel to one another, so
that they form dark bands that alternate with quartz bands and give
the rock its fissile, schistose character. There are many thin veins
of white and pink granitic material injected along and across the
cleavage planes.

The bedrock of a circular area a mile in diameter in the north
part of the borough and of an area half as large in the southeast
corner of the town is the Danbury granodiorite gneiss. This gneiss
is a moderately coarse igneous.rock composed essentially of feldspar
and quartz with black mica or hornblende or both. In this region
there is a tendency for certain of the feldspar crystals to be larger
than others and thus to give the rock a porphyritic character. Horn-
blende is more abundant than elsewhere in the formation. Since its
original consolidation from a state of igneous fusion, the rock has
undergone metamorphism and has been changed to a gneiss. The
gneissic texture is similar to the schistose texture of the Berkshire
schist in character but is far less well developed. There is less mica,
-and the hornblende is less cleavable, so that the rock splits into
thicker slabs and with more difficulty.

An area of about a square mile in the southeast corner of the
town is underlain by the Becket granite gneiss. According to
Gregory,! it was probably originally a
granite which has been injected at different times and subjected to intense
metamorphism while yet deeply buried within the earth. On this hypothesis
the more granitoid phases are most like the original rock, and the schistose
phases are most metamorphosed. The hornblendic and granitic beds were
intruded before or during the chief metamorphic movement, and owe their
_position and alinement to the forces that produced the main foliation. Veins
of quartz and pegmatite were intruded after most of the metamorphism had
taken place, and certain intrusions indicate even a later stage of igneous
activity.

That it is of igneous origin, however, is not certain, for the evi-
dence of its original character has been largely destroyed by meta-
morphism.

By far the greater part of the town is underlain by the Thomas-
ton granite gneiss. It is a true granite in that the dominant min-
erals are quartz, feldspar, and black mica, but like the other rocks
of the region a gneissic texture has been imposed on it by meta-
morphism, as is shown by the bands rich in dark mica which alter-
nate with bands rich in light quartz and feldspar. In some places
phenocrysts of feldspar, which give the rock a porphyritic character,
are developed. The rock is light gray in general, but some parts
have a pinkish tinge.

i Rice, W. N,, and Gregory, H., E., Manual of the geology of Connecticut: Connecticut
Geol. and Nat. Ilist. Survey Bull. G, p. 65, 1906,
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The capacities of these four rock types for carrying water are
about the same and may be discussed together. DBecause of their
low porosity there is no appreciable amount of interstitial water.
The schists are probably a little more porous than the gneisses be-
cause of the presence of thin flat openings between the flakes of
mica, but even this is inconsequential. The crustal disturbances to
which this region has been repeatedly subjected have produced many
joints and fissures which constitute an intricately interconnecting
network of narrow but extensive channels. Other joints are due to
shrinkage during the initial consolidation of the rock. When rain
falls on the ground a portion of it is absorbed and slowly percolates
downward. Most of this water, when it reaches the bedrock surface,
will move approximately horizontally, but some will find its way
into the joint system. In the upper zones of the bedrock the fissures
are far more abundant than at greater depths, where they tend to be
closed by the weight of the overlying rock. The water in the joint
system may be recovered by drilled wells. It is highly probable
that at any specific point one or more water-bearing fissures will
be intersected before drilling beyond 250 to 300 feet. If none is cut
it is better to try again in a new place than to drill deeper, for it is
far less probable that a fissure will be cut between 300 and 600 feet
in the old place. The depth of the drilled wells in New Canaan
for which data were obtained averages 173 feet and ranges from
86 to 300 feet. The yield of 14 wells averages 23 gallons a minute
and ranges from 2 to 70 gallons. A few dug wells blasted down
into rock also draw water from fissures, but they are not satisfactory
in general. The fissures very near the surface of bedrock are very
apt to fail in drought, but the blasted cavity is of some value in that
it acts as a reservoir and stores some water.

741l —Everywhere in New Canaan, except in parts of the valley
floors and where ledges of rock outerop, the bedrock is ecovered by
a mantle of till. The depth to bedrock in 13 of the drilled wells
tabulated below averages 37 feet and ranges from 7 to 79 feet. These
figures give some idea of the thickness of the till mantle. The till
or boulder clay, or “hardpan” as it is locally called, is of glacial
origin. The continental glacier which overrode this region from
north to south plowed up and scraped away the soft rock and resid-
ual soil and even removed some of the deeper unweathered rock.
Projecting ledges and knobs of rock were torn away. The rock
surface was smoothed, grooved, and polished by rock fragments em-
bedded in the ice, and they in turn crushed, beveled, and polished
one another. The resulting material, a heterogeneous mixture of
pieces of rocks of many kinds and of all sizes from the very small
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particles of rock flour up to boulders weighing several tons, was
plastered over the glaciated surface. Deposition was particularly
concentrated in depressions and against the slopes of ledges and
sharp ridges.

The intimate mixing of particles that vary greatly in size makes
the product low in porosity. There are no openings within the peb-
bles and boulders that could hold water, and the spaces between
themr are filled with smaller particles. Moreover, the presence of
fine material means that the spaces that do exist are very small.
However, there is a very appreciable pore space, and a_considerable
amount of rain water is absorbed and held. On account of the
small size of the pores the water is transmitted very slowly, but
wells dug in till will obtain supplies that are as a rule fairly reliable.
Sixty-five such wells were visited in September and October, 1916,
in New Canaan. The measurements made of the wells are tabulated
on pages 81-82. The following table summarizes the data:

Summary of wells dug in till in New Canaan.

ot | pen | Do
depth. |towater.] " oy
|
y Feet. Fect. Feet.
DRI .+ -4t 5 i Vb o BT o e ncaial T A g & T TR it el 40.5 2.5 23.8.
NN o e e et O sl S s Pt v ok BT mimi Y, AT T & men i 7.8 5.2 0.5
SRR b St S o s e e e T W e o e 3 A i N l 19.6 14.4 5.2

The reliability of 51 of these wells was ascertained ; 33 were said
to be nonfailing and 18 to fail. The springs in the table on page
83, with the exception of No. 56, are in till.

Stratified drift—Stratified drift, which may replace till as the
mantle rock, is found in New Canaan only in parts of the valley
floors. The map (Pl. III) shows the areas of stratified drift along
Rippowam, Fivemile, and Silvermine rivers. This type of de-
posit has been formed by the action of running water as is shown
by the well-washed, sorted, and stratified character of the material.
The source of the material is in large part till, but a little of it has
undoubtedly been derived directly from the bedrock. The agent
has been for the most part the streams that now occupy the valleys.
In other parts of the State large volumes of melt water, derived
from the receding glacier, built up extensive deposits of stratified
drift. However, the questions of the precise source of the material
and of the particular transporting agency are not essential to a
consideration of the deposits as a source of ground water. The
important facts ave its character and distribution. It is char-
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acterized by sorting into distinct beds within which the particles
are of relatively uniform size. Diffenent beds and even adjacent
beds are of very dissimilar coarseness. The absence of small
particles from the interstices of the larger ones makes a very
porous deposit capable of holding and rapidly transmitting a
large amount of water, so stratified drift is an excellent source of
ground water. Where the slopes are relatively steep the movement
of water through stratified drift may be so rapid that wells in it
may fail in dry seasons. No wells in stratified drift were visited
in New Canaan. Spring 56 (see map, PL II, and table, p. 83) is
in stratified drift.
QUALITY OF GROUND WATER.

The subjoined table gives the results of two analyses and three
assays of samples of ground water collected in the town of New
Canaan. The waters are low in mineral content except No. 68,
which is moderately mineralized. Nos. 11, 18, and 62 are very soft;
No. 35 is soft; and No. 68 is hard in comparison with other waters
of this area, though it is not hard as rated by general standards.
In so far as mineral content may determine it, these waters are
good for domestic use. All are good for boiler use except No. 68,
which is rather high in scale-forming ingredients and is therefore
rated as fair. The waters are calcium-carbonate in type except
Nos. 11 and 62, which are sodium-carbonate waters.

Chemical composition and classification of ground waters in New Canaan.@

[Parts per million; collected Dec. 9, 1916; analyzed by Alfred A. Chambers and C. H. Kidwell. Numbers
of analyses and assays correspond to those used on Pl II.]

Analyses. b Assays. ¢
11 35 18 | 62 68
Silica (Si05). 23 2 '
Iron (Fe) ... .34 .18
Calcium (Ca) .. 6.7 14
Magnesium (Mg 2.9 4.7
Sodium and pota: ik | 15
Carbonate radicle (CO3) .......... .0 .0

Bicarbonate radicle (HCO3) .............. 2l 24 68
Sulphate radicle (SOs) =

Chloride radicle (CI) .... 4.6 {95

Nitrate radicle (NO3) % 12 I e PR e e
Total dissolved solids at 180° C............. o 85 122

Total hardness as CaCO3 ........cocoveunn.nn siafo @29 @54

Scale-forming constituentsd ................ o 48 78

Foaming constituents @ . ........coooeivmiaviaiannn. 30 40

Chenplgalehamaeter:. /. . icoueiaeiaineaiidesaeinnn f 3 Ca—CO3 | Ca—CO3
Probability of corrosion ¢ 2 ? N )

Quality for hoilerusa: . .. .. .iceoemeonns = s Good. Good.

Quality for domestic Use . . ...c.coieucuiaienaaanaas 5 Good. Good.

a For location and other descriptive information see pp. 81-83.

b For methods used in analyses and accuracy of results see pp. 52-60.

;(épproxirgations; for methods used in assays and reliability of results see pages 52-60.
“omputed.

¢ Based on computed quantity; (?)=corrosion uncertain; N=noncorrosive.
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PUBLIC WATER SUPPLY.

The New Canaan Water Co. has supplied residents of the village
with water since 1895. The company has a reservoir of 70,000,000
gallons capacity on Fivemile River formed by a core-wall dam about
45 feet high and 400 feet long. The water is distributed from the
reservoir by gravity through 94 miles of main pipe, 52 hydrants, and
512 service taps. The pressure in the village is about 50 pounds to
the square inch. About 2,000 people are supplied, and consume
about 250,000 gallons a day on the average. The water is filtered,
and occasional analyses are made.?

If the demands on the system increase very greatly they will be
met only with great difficulty, for most of the drainage basins in
the region are already in use or their use has been planned for.
Good supplies conld probably be developed in the deposits of strati-
fied drift along Fivemile River.

RECORDS OF WELLS AND SPRINGS.
Wells dug in till in New Canaan.

No IEt!e\'a- i De}f)th
¢ oot ton ep 0
on Owner. Topographic| ,3,,v, |Total |75 oter Rig. Remarks. .
> s 5 g e
Pl situation. o depth. Wetori i
II. v well.
Feet. | Feet. | Feet. g
L e e 23.4 | 18.3 5.1 | Windlass rig. ...| Nonfailing.
. e e R A 14.3¢ 12.7 1.6 One-bucket ng : Do.
............. % 15. 113251 3.0 | Sweeprig....... Do.
Ell. worth Waters.|. 26.9 | 19.9 7.0 | House pump.... Do.
18.6 | 13.6 5.0 | Two-bucket rlg Fails. Blasted
and house into rock.
22.11 19.8 2.3 R
16.4 | 12.5 3.9 .| Fails,
17.6 7.61 10.0 .| Nonfailing.
17.8 1 13.9 3.9 .i Fails. For anal-
ysis see p. 80.
P25 WAt 10.1 b d0% e o
21.2 7.7 | 13.5 | House pump....| Nonfailing.
16.6 8.7 7.9 | Drain pump....
14.9 | 14.4 0.5 | Windlassrig....| Fails.
10.9 8.9 2.0 | Two-bucketrig.. Do.
12.5 9.3 3.2 | Windlassrig....| TFails. Rock bot=
tom.
17.2 | 14.0 3.2 | Two-bucketrig..| Fails.
14.8 | 10.6 4.2 | Sweep rig....... Do.
13.6 | 12.5 1.1 | One-bucket rig..
25.1| 17.1 8.0 | Two-bucket rig | Fails.e
and house
pump.
. e M TS e H0ssidtes 28.8 ( 27.0 1.8 | Windlass rig. ...| Nonfailing.
do 410 | 381.1 29.5 ; B8 pegh (o LA Fails.
430 | 15.8| 11.3 4.5 | Two-bucketrig.. Nonfailing.
250 | 19.2| 17.0 2.21....0 {3 { IR S e Fails.
260 | 15.8 | 12.4 3.4 | Windlass rig.... Do.
260 | 13.9| 10.6 8:8 Frusi s
370 { 20.7 | 13.4 7.3 | Sweep rig and | Nonfailing.
house pump.
340 | 21.9| 16.7 5§ s de.t ... Fails. For anale
ysis see p. 80.
365 ] 25.9] 19.0 6.9 | Chain pump.... Nonfailing.
10.1 6.8 3.3 | House pump.... Do.
300 | 156.9| 11.4 4.5 S pileg R Fails.
285 | 29.0 5.2 23.8 B s e i Nonfailing.
365 | 10.8 6.2 4.6 \de]ass rig.
315 | 20.4 | 17.7 0 L TR [y s SRS Do.

a Well is 15 feet in ledge. Cost about $300 to deepen it 8 feet.
1 Rept. Connecticut Public Utilities Commission, 1917.

154444°—20—6
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Wells dug n 18l in New Canaen—Continued.
3o Eleva- ki 2 Delgth
¥ s tlon o o ep G
on Topographic ~ .| Total - (M -+
Pl Owner. situation. als)gg © depth. ng:er o ;’Itler Rig.
il level. well.
Feet. | Feet. | Feet. | TFect.
Blope . inne 320 | 40.5| 24.3] 16.2 | Windlassrig....
Plateaun....] 325 24.9] 16.2 8.7 | Two-bucket rig..
SIaDo. Joec 210 | 15.9| 13.2 2.7 | Windlassrig....
..... d0ss0e <t » 10 |0 1655 18,5 8.0 | Two-bucketrig..
..... do.....] 150] 23.3| 22.0 1.3 | Two-bucket rig
and house
pump.
400 27.41 14.0| 13.4%....c e 1l
345 | 10.3 7.4 2.9 | Two-bucket rig..
280 8.3 5.9 2.4 | Chain pump....
270 | 16.8| 12.5 4.3 | Windlassrig....
2151 27.04 17.3 9.7 | Two-bucket rig. it
2550 131 1 10. 3 2.8 | Chain pump..
240 | 23.51 14.7 8.8 | Two-bucket ug
200 15.6 1 13.4 2o Youric (s [ T e
2490 7.8 5.9 1.9 | Windiassrig....
175 | 25.5| 20.0 5.5 | Two-bucketrig..
205 | 25.1| 20.5 4.6 | Windlassrig....
180 | 16.0 9.5 6.5 | One-bucket rig..
180 | 28.2 | 21.4 6.8 | Two-bucket rig
and house
pump.
190 24.3 10.9 4.61..... 1< o phRESMP e s
230 29.5] 10.8] 10.8 | Wi mdlass TS
1851 22.01 20.7 e e e RIS |
200 | 13.9| 11..6 2.3 1 Twt o—bueketug .
260 | 21.2| 16.8 4.4 | Counterbalan c-
ing and air-
px essure  sys-
70 200 | 16.9| 15.2 e Wmdlfms rig.
71 190 | 21.0 18.8 A A T o T
73 do 1801 12.2 9.4 AL e BLo |
74 1 Hilltop...221 8001-2.11 17.8 4,3 | Windlassrig....
75 [Eope.. .o 320{ 18.1] 1il1.2 6.4 | Two-bucket rig
| | and house
pump.
76 | Stephen Hoyt's | Swale...... 320 | 20.0 6.0 13.0 (a)
Sons Co. |
260 | 10.4 Rl 2.7 | Sweep rig.......
2301 25.6 | 23.2 2.4 | Windlasstig... ’
3104 20.0 | 15.1 4.9 | Two-bucketrig.. i
|

CONN.

Remarks.

Nonfailing.
Do.
Do.
Do.
Do.

Nonfailing.
Do.
Do.
Do.

Do.

Do.
Fails.
Nonfailing.

Nonfaiting. For
assey see p. 80,

De.

Nonfailing. Reck

bottom.

| Nonfailing.

Do.

@ Pumped by 2 steam-driven pump. If8,000 gallons are pumped the levelis depressed about 5 feet, but

it regains its former position in about six hours.

an hour, or 20 to 25 gallons a minute.

The inflow is therefore equivalent to about 1,300 gallons

Drilled wells in New Canaan.
| ‘ El
| | Zle- e
o | 3 Yield
No. | ET ;| vation Depih| Depth| 1); :
| Do 1 q&)ogrf_xpluc o | Total b iam- per Nomatis
I’?.nl | R situation. al;g;e depth. rcf{'(.!x:. w;?er. eter. 13;(131- 2
| level.
|
Feet. | Feet, | Feet. | Feet. |Inches.| Galls
5 Chapelle .............. Platean. . P e O N T R
9 . W. Wakeman Slope...... ¢ R S W | SRy LA R
11A F.C Ly IS Ao, 485 | 162 38 23 6 7
13 | George E. Kruger. o RO 505 | 105 10 15 6 8
18 D, H. Hamilton. ... e (s VT 525 | 199% 7 7 8 32 | Water from
gneiss. For
[ assay see
p. 80.
57 Gieorge Brown........ 170, ) BB Loeeouss TPt T SRR
Jacobs & Woll. 170 | 205
h4 i sil bviamebinln s i i1 B (S——
68 | Peter B. Chick 290 | 121 79 20 6 | 15 De.
72 | John B. Miller._....._| 205! 86 36 {ecenn-. 8 1
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Drilled avells in New Canaap—Continued,

| |

Tle- | I )
s | Yield
No. . vation Depth/Depthiy.
Topographie| 3 - Total Diam- per o
P?.HII. Owner. situation. aIS’CQL depth. = Otfk wg(t)er. eter. | min- Remarks.
Tval ‘ ute.
|
. | Inches.| Galls.
(a) 4 6 18 .
(@) 6 40
(ag 6 70
g ol
& .
(2) > 6 2
(@) | Mrs.L.D. Ue\andex g RN
(a) | L. P.Child. 6 15
fe). 1 B. Fisherestate. ... Ridee. ooo il b ' I307 Joiaann o ntnvns o s ns]ars sbas
(a) Gray Bros.. 6 15
(b) | Mrs. A. M, Bralog, . |eon . o e C o diehrnsae PRI iyl s 40
ol ety LRIl ;1 ¢ AR SR S R SRR R R A l

a Not plotted on map. Dam from Gregory, H. E. I ndergrm nd-water resources cf Connecticut: U. S.
Geol, Survey Water-Supp]l) Paper 232, p. 82, 1909.

b Not plotted on map . 88.

¢ Not plotted on map. I)ata "from Gregory, H. E., Contributions to the hydrology of eastern United
States; Connecticut: U. 8. Geol. Survey V\ater-ﬁupply Paper 102, p. 128, 1504.

Springs in New Canaai.

| Eleva- )
No. : : : Yield
Tepographiz tion Temper- i SRRy T
on Owner. | ¥, > 4 3 per Remarks.
Pl I1. situation. seaabl?vgl ature. e .
Feel. ~F, Gallons.
15 | J. Busslinger........ Slope............. B0 e s mp e e eencue] PUmMped fo Rouse.
24 | Townfarm.....c..cofesc-s T e BT 430 51 2
< 290 | 54 b .
275 49 ! Air-pressure system.
180 51 15+
70 54 3
NORWALK.

AREA, POPULATION, AND INDUSTRIES.

Norwalk, in Fairfield County, is on Long Island Sound, 32 miles
west of New Haven, 40 miles east of New York, and 20 miles south
of Danbury. Norwalk River, which rises in Ridgefield, flows through
the middle of the town. Fivemile River in part follows the west
boundary and in part lies half a mile east of it. The area of the part
of the town on the mainland is about 23 square miles, of which about 6
square miles or 25 per cent is wooded. The woodlands are most
abundant in the west and north parts of the town. The offshore
islands aggregate an area of a third of a square mile.

The territory of Norwalk was purchased from the Indians and 2
town was incorporated in 1651. The original town included more ter-
ritory, but from time to time parts have been separated to make new
towns. In 1801 New Canaan was made of territory taken in part
from Norwalk and in part from Stamford. In 1802 Wilton was
taken from Norwalk, and in 1835 part of Norwalk was combined with
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parts of Fairfield and Weston to form Westport. The city of South
Norwalk was incorporated in 1870 and the city of Norwalk in 1893,
Since then they have been combined and made into one city coter-
minous with the town but divided into five taxing districts. The first
district was formerly the city of Norwalk, the second district was
formerly the city of South Norwalk, and the third district was
formerly the fire district of East Norwalk. The fourth district com-
prises these three districts, and the fifth district comprises the out-
lying parts of the town.

The population in 1910 was 24,211, an increase of 4,279 over the
1900 population. The population is concentrated in the city, but if
distributed over the whole town would average about 1,070 to the
square mile. In 1910 there were 6,954 people in Norwalk and 8,968
in South Norwalk. The following table gives the population at each
census since 1756 and the percentage of change in each census period:

Population of Norwallk, 1756 to 1910.°

Popula- | Per cent

Popula- | Per cent
tion. change.

tion. change. Year.

Year.

e Connecticut Register and Manual, 1919, p. 640.

o For a period of 18 years.

; A\Eg;"v?ﬁfirisgs(ﬁ:t%g%rgéed separately but wasincluded with Stamford and Greenwich at this census.

¢ For a period of 20 years.

There has been growth in each period except that from 1774 to
1782. In the decade from 1830 to 1840 there was enough increase
to a little more than offset the loss of population by the cession of
part of Westport in 1835. In 1849 the New York & New Haven
Railroad was opened, and in 1852 the Danbury & Norwalk Railroad.
In the two decades from 1850 to 1870 Norwalk nearly trebled in popu-
lation as manufactures became well established. The population
continued to increase steadily and doubled between 1870 and 1910.
It is to be expected that the growth will continue.

In addition to Norwalk, South Norwalk, and East Norwalk, which
are built up without break, there are four small settlements in the
town. Rowayton, in the southwest corner of the town, is in large
part a summer settlement. West Norwalk is on Fivemile Brook just
south of the New Canaan town line. Winnipauk is a small manu-
facturing village on Norwalk River 11 miles north of Norwalk.
Cranberry is a little settlement near the northeast corner of the town.
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The main line of the New York, New Haven & Hartford Railroad
crosses the town near the shore of Long Island Sound and has sta-
tions at Rowayton, South Norwalk, and East Norwalk., The Dan-
bury branch, connecting South Norwalk with Danbury, has stations
also at Norwalk and Winnipauk. Trolleys connect South Norwalk
with Darien and Stamford by way of Rowayton; East Norwalk,
Saugatuck, Westport, and Bridgeport; Roton Point; Gregory Point;
and Norwalk and Winnipauk. A trunk-line State highway con-
nects with points east and west along the shore, and another follows
Norwalk River to Ridgefield and to Danbury. There is automobile-
stage service to New Canaan from Norwalk. Post offices are main-
tained at Norwalk, South Norwalk, and Rowayton, with carrier
service in Norwalk, South Norwalk, and East Norwalk. The out-
lying districts are served by rural delivery.

The principal industries of Norwalk are the manufacture of cor-
sets, shirts, silks, paper and paper goods, brass, rugs, hats, hardware
and machinery, boots and shoes, woolen goods, lace, automobile tires,
motor trucks, engines, stoves, and stone and earthen ware; ship-
building; oyster fishing; and agriculture in the outlying districts.

SURFACE FEATURES.

Norwalk is in that portion of the western highlands of Connecticut
that lies along the shore of Long Island Sound. The inland portion
of the province is a plateau sloping gently to the south-southeast,
underlain by intensely folded, crushed, and injected rocks. The
plateau has been deeply trenched by streams so that, although the
hills and ridges rise to concordant altitudes, the topography is
rugged. At the seaward margin these features persist but in a re-
duced degree. Formerly the land stood higher relative to sea level
and Norwalk was well inland, and under such conditions it developed
the topographic features characteristic of the present inland. Subse-
quent depressing of the land has drowned the Norwalk coast. Arms
of the sea extend up the valleys making bays of the shorter ones and
an estuary of the valley of Norwalk River. The ridges between
these drowned valleys are now peninsulas. In the heads of the bays
and estuaries the water has but little motion, and deposits of mud
have been made. These are the salt marshes that form so prominent
a feature of the topography of the Connecticut shore. The greatest
elevation in the town, 840 feet above sea level, is on the divide be-
tween Silvermine and Norwalk rivers at the Wilton town line.

Fivemile River and Norwalk River are through-flowing streams
which with their tributaries drain the west and central parts of the
town. On Silvermine River, which enters Norwalk River a little
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below Winnipauk, and on Norwalk River there are several small
water powers developed. The northeast corner of the town is drained
by the headwaters of Stony Brook which crosses into Westport and
joins Saugatuck River. There are a few short brooks which drain
parts of the shore zone and flow through salt marshes into the Sound.

WATER-BEARING FORMATIONS,

Schist and gneiss—There are three bedrock formations in Nor-
walk *—the Danbury granodiorite gneiss, which underlies a strip 2
miles long west of Ifivemile River; the Becket granite gneiss, under-
lying the rest of the elevated territory west of Norwalk River; and
the Thomaston granite gneiss, underlying the south margin of the
town and most of the part east of Norwalk River. There is also an
area of Becket granite gneiss half a mile wide and extending a mile
along the middle of the Westport boundary.

The Becket granite gneiss underlies much of western Connecticut,
and is composed of feldspar, quartz, and black mica which are con-
centrated in contrasting light and dark layers. These give the rock
the banded and cleavable character typical of gneisses. There is
some doubt as to whether this rock was originally an igneous or
sedimentary rock. The minerals are those defining the granite family
of igneous rocks, but certain phases are so highly quartzose as to
suggest sandstone. It is possible that a very minor part of the rock is
of sedimentary origin but that an extreme amount of igneous material
has been added so as to give it a dominantly igneous character. It
is a resistant rock and forms a high ridge between Fivemile River
and Norwalk River. This ridge is bounded on the west by a valley
cut in large part in Danbury granodiorite gneiss, and on the south
and east by a lower area of the Thomaston granite gneiss.

The essential constituents of the Danbury granodiorite gneiss are
quartz, feldspar, and mica or hornblende or both. Where the mica is
the chief dark mineral the rock approaches a true granite in com-
position, but where hornblende is dominant it becomes a granodiorite.
The granodiorite seems to be the variety found most commonly in
the southern part of Fairfield County, according to Gregory.? Cer-
tain of the feldspar crystals tend to be much larger than the other
crystals, so the rock has a porphyritic texture on which mashing has
superposed a gneissoid texture.

The only essential differences between the Thomaston granite
gneiss and the Danbury granodiorite gneiss are that the former con-
tains little or no hornblende and the porphyritic texture is less

1Gregory, H. E., and Robinson, H. H., Preliminary geological map of Connecticut:
Connecticut Geol. and Nat. Hist. Survey Bull. 7, 1907.

2 Gregory, H. E., and Rice, W. N., Manual of the geology of Connecticut: Connecticut
Geol. and Nat. Hist. Survey Bull. 6, p. 108, 1906.
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prominent. Both are probably younger than the Becket granite
gneiss, for they have been altered less by metamorphism.

The capacities of the three types of bedrock for carrying water are
substantially the same. Igneous rocks have only negligible amounts
of pore space. Moreover, the effect of dynamic metamorphism is to
rednce the porosity still more. Therefore we expect to find and
actually do find no appreciable amounts of interstitial water in these
rocks. It is possible that the minute flat openings between mica
flakes in the more schistose phases may contain a little water, but
these openings are so small and circulation is so retarded by friction
that no valuable supply of water can be obtained from them. Open-
ings of another kind do exist in these rocks and are capable of taking
in, transmitting, and again giving out some ground water. These
are the rather extensive joints and fissures formed in part by shrink-
age of the rock and in part by the mechanical forces which have acted
on the rocks. They form a very complicated network of intercon-
necting fissures better developed near the surface of the bedrock than
in depth. The base of the overlying mantle of unconsolidated rock
is saturated in most places with water. This water, derived pri-
marily by absorption of rain, works its way through and fills the
network of fissures and may be recovered by means of drilled wells.
Detailed data concerning a number of such wells in Norwalk are
given in the table on page 94. The following table summarizes these
data:

Summary of drilled wells in Noriwcalk.

Total
depth.

Depth to
rock.

Depth to
water.

Yield in
gallons
per

minute.

Tcet.

Ti{ll.—There are two types of mantle rock in Norwalk from which
water is obtained—till and stratified drift. In addition there are the
deposits of the salt marshes and beach sands, which would give only
salt water. Well No. 95 (see map, Pl II) is of this type.

The till, which is also called boulder clay and “ hardpan,” overlies
the bedrock of the more elevated portions of the town. The name
“hardpan” is descriptive of the physical properties which make it
difficult to excavate. The till consists of an intimate and thoroughly
heterogeneous mixture of glacial débris, which includes fragments of
all conceivable sizes and shapes derived from all the varieties of rock
overridden by the ice. Boulders, cobbles, and pebbles torn and
scraped off the ledges were carried along by the ice sheet. They were
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rubbed against one another and polished, grooved, and broken.
Eventually they were embedded in a matrix composed in part of
their minute fragments, in part of scrapings from the bedrock, and
in part of the soil which had covered the region in preglacial time.
The weight of the overlying ice sheet helped to compact the deposit.
There are, however, many minute pores in the till, and it is capable
of absorbing considerable amounts of rain water, which percolates
downward until it reaches the surface of the bedrock. Then part
of it may enter the joints of the rock, and part of it may move more
or less horizontally along the rock surface. Water may be recovered
from the till by means of dug wells into which it will slowly seep.
The most abundant supplies are found in a zone a few feet thick
just above the bedrock or in lenses of partly washed material which
is more porous. Sixty-nine wells dug in till were visited in Norwalk
early in October, 1916. Two were found to be dry, and 13 more were
said to fail. The dependability of 10 could not be ascertained, but
the remaining 44 were said to be nonfailing. The data collected con-
cerning these wells are given in detail in the table on pages 92-93, and
are summarized in the following table:

Summary of wells dug in till in Norwalk.

Total |Dspthto| Depth of
depth. water. water.

Feet. Feet, Feet.
Maximum 40.1 29.9 13.8
LT Y R G L = e 8.4 5.3 .9
ARee pE el s S s e S O e M o el oE Sk 19.4 15.0 4.2

Stratified drift—Deposits of stratified drift are found in the val-
leys of the streams of Norwalk and are shown on the map (Pl II).
Most of the deposits are narrow, but in the valley of Norwalk River
below Winnipauk and in the valley connecting Cranberry and Nor-
walk there are wider areas. At the seaward margin these deposits
blend into the salt-marsh deposits. For the most part they are
stream deposits, but some of the more southerly stretches may be
beach sands and gravels. Whether of marine or fluviatile origin,
these deposits differ from the till described above in that they are
well washed and sorted and are laid in separate beds.. The elimina-
tion of smaller particles from the chinks between the larger ones
makes stratified drift highly porous, so that it absorbs and transmits
more water. Unless unfavorably situated, as, for example, near the
edge of a terrace, wells in stratified drift vield good supplies of
water, Measurements of 24 such wells in Norwalk were made and
are given in the table on page 93. The reliability of 19 of these
wells was ascertained. Only two were said to fail. The data con-
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cerning the depths of these wells are summarized in the following
table:

Nuwnmeary of wells dug in stratified drift in Norwalk.

Total |Depth to| Depth of
depth. | water. | water.

Feet. Feet. Feet.
WY * ) e e s e T e B e ST S S 29.0 26.6 4.0
ini i Tl 5.3 1.0
18.8 16.4 2.4

QUALITY OF GROUND WATER.

The subjoined table gives the results of two analyses and three
assays of samples of ground water collected in Norwalk in December,
1916. All are low in mineral content except No. 47A, which is moder-
ately mineralized. Nos. 47 and 47A are soft waters, and the other
three are very soft. All are acceptable for domestic use so far as
their mineral content and chemical character are concerned. No.
47TA will give a little trouble with formation of scale if used in
boilers, but the rest are classed as good for boiler use. No. 47 is from
a well drilled into gneiss and situated very close to the dug well
in till from which No. 47TA was obtained. A comparison of the two
analyses will show that because of the minute character of the par-
ticles composing the till, greater opportunity is given for the ground
water to take mineral matter into solution. The waters are sodium
carbonate in type except No. 47, which is a calcium-carbonate water.

Chemical composition and classification of ground waters in Norwalk.®

[Parts per million; collected Dee. 9, 1916; analyzed by Alfred A, Chambers and C. I1. Kidwell. Numbers
of analyses and assays correspond to those used on P1, I1.}

Analyses.? ! Assays.c

gid fl 47A 36 €3 04
Silica (8102) e nennennnnns e R A L e  CRE e S5 0% RTINSO e -
BUORTIRG 5 Ll s o ERt S i e o e .90 | .70 | Trace. Trace. 0.11
(00 T L0L ) e S i S e B e L AR bl S |l e S T SR e B
Manesiam (Mo, (oo 5 s L e i dheme s g 3.7 3 R L e e e S R
Sodium and potassium (Na+K)e. 7.3 25 .8 11 22
Carbonate radicle (COs). . 0 c > 0
Bicarbonate radicle ( HCO: 44 127 21 41 61
Sulphateradicle (SO4) 29 15 8.0 8.0 11
Chlorideradicle(Cl).. 5.1 22 5.0 6.1 17
Nitrateradicle(NOs). Trace. e e nos ' e DM (R R S
Totaldissolved solids L 01 180 €63 €82 €120
Potalhardness 88 CaC08 . v occoneinaorcancnvenaannnns €58 €98 17 28 42
Scale-forming constituentse. ........... ... ... 4 110 40 55 65
EoamigeonatnenliS oy L oavvsr innoessatne nussiias 20 68 20 30 60
Chemicalcharacter. .ceoeeececeaeacecraceacanancacnns Ca-CO3 | Na-CO;3 | Na-CO3 | Na-CO; | Na-CO;
Proimhiliby otoorrosionsiod ) dunl St oG, (?) N N N N
QUualty 10T DOHOL T80 oo o 55m - immmoim w e Saitle o2 e 1o Good. Fair. Good. Good. Good.
Quality for domestie use: < -5 .oy vaciicacacaiianaton Good. Good. rood Good. Good.

a For location and other descriptive information see pp. 92-94.

t For methods used in analyses and accuracy of results see pp. 52-60.

¢ Approximations; for methods used in assays and reliability of results see pp. 52-60.
a CoIYectcd Dee. 1, 1916.

¢ Computed. A : .

/ Based on computed quantity; (?)=corrosion uncertain, N=noncorrosive.
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PUBLIC WATER SUPPLIES.

Separate waterworks are maintained by Norwalk and South
Norwalk. The Norwalk system, operated by the incorporated first
taxing district, was started in 1872. There are three storage
reservoirs on Silvermine River, and a distributing reservoir of
4,500.000 gallons capacity in the city at an elevation of 197 feet
above sea level. The lowest of the storage reservoirs, known as the
Grupe reservoir, is in the northeast corner of the town of New
Canaan. It is formed by a stone dam 250 feet long and 28 feet
high, which stores 62,000,000 gallons. Its elevation is 297 fee
above sea level. The Brown reservoir, a quarter of a mile north
of the New York State line, has a capacity of 201,006,000 gallons.
The dam is of the core-wall type, 1,300 feet long, 43 feet high, and
has a spillway elevation of 420 feet above sea level. The Scoti
reservoir, 1} miles north of the State line, with its spillway 500 feet
above sea level, has a capacity of 58,000,000 gallons. The dam of
this reservoir is 150 feet long and 25 feet high and is built of stone.
The water is distributed by gravity through 44 miles of mains to
229 hydrants and 2,250 service taps. The pressure is from 60 to 80
pounds to the square inch. The comsumption is said by the com-
missioners to average 2,500,000 gallons a day. It is said that weir
measurement, the records of which have been lost, indicated an
average discharge of 10,000,000 gallons a day for Silvermine River.
The area of the tributary drainage basin is about 10 square miles.
The water is treated in a liquid chlorine purification plant at the
Grupe reservoir.’

The South Norwalk waterworks,® which also serve East Nor-
walk, are operated by the second taxing district of the city. Con-
struction was begun in 1875, and later in that year service was
commenced. About 189 mains were laid across the river to Fast
Norwalk. There are at present four reservoirs and a fifth is
planned. All are in the town of Wilton.

Silvermine reservoir (No. 1) is on a small tributary of Silvermine
River, near the southwest corner of Wilton. The overflow is at an
elevation of 223 feet above sea level. It has an avea of 9 acres and a
capacity of 12,000,000 gallons. This reservoir is no longer in use
except in emergencies, as it is below the level of the filtration plant.
A mile farther up the same stream is the dam of the Wilton reser-
voir (No. 2) with its spillway 266 feet above sea level. This reservoir
has an area of 135 acres and a capacity of 500,000,000 gallons and is

1Qral communication from commissioners.
2 Second Taxing District of the City of Norwalk Sixth Ann. Rept., 1919,
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the largest of the system. Near its lower end it is crossed by a gravel
causeway which effects a partial filtration of the water. A short
distance above the Wilton reservoir is the Huckleberry reservoir
(No. 3). It has an area of 29 acres and a capacity of 162,904,000
gallons, and its spillway is 827 feet above sea level.

On a stream flowing through North Wilton and about midway
- between North Wilton and Wilton is the North Wilton reservoir
(No. 4). It covers only 3 acres and has a capacity of only
2,000,000 gallons. This reservoir is used merely to divert water to
the Wilton reservoir to which it is connected by a large pipe line.
Its spillway is 302 feet above sea level. A fifth reservoir is planned
on this stream. It will have a capacity of 800,000,000 gallons, an
area of 110 acres, and a spillway elevation of 400 feet above sea level.

Just below the Wilton reservoir is a double sand filtration plant
built to eliminate objectionable odor-producing and taste-producing
organisms. The primary filter consists of five roofed concrete com-
partments, each covering about 11,000 square feet. At the bottom
ave lateral lines of 10-inch split vitrified tile tributary to a large
central effluent channel. The underdrains are covered with 18 inches
of graded gravel, above which is 3 feet 9 inches of sand with an
effective size of 0.35 to 0.88 millimeter. Before entering the primary
filters the water is aerated by running it through a steel box 9 feet
3 inches long by 6 feet 6 inches wide and 4 feet deep, in the bottom
of which are 6,836 holes three-sixteenths of an inch in diameter. In
a drop of about 3} feet the streams of water twist and break and the
water becomes thoroughly aerated.

From the primary filter the water passes through Venturi meters,
one for each bed, which record the rate of filtration. The water is
then run through a secondary aeration box and a secondary filter.
The construction of these is the same as in the primary set, except
that there is only one filter bed. The primary filtration effectually
eliminates the organic matter, and the secondary filtration the objec-
tionable mineral matter (iron and manganese). The daily average
of the primary filters was 2,540,233 gallons for the year ending May
1, 1919. The beds were run 18 days on the average between clean-
ings, but the time varied with the season of the year from 9 to 51
days. The secondary filter was run at a rate about four times as
high and with a longer interval between cleanings.

The water is distributed by gravity through 49 miles of main
pipe to 266 hydrants and 2,874 house taps. The domestic consump-
tion is about 130 gallons per capita per day, but this is increased by
the consumption in factories, hotels, and other establishments to
about 190 gallons a day. This consumption is excessive, and the
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water used by the 14,000 consumers could by metering be made to
suffice for 20,000 people. The projected reservoir, the site and rights
for which have already been procured, will provide water enough for

a population of 60,000.

RECORDS OF WELLS,

Wells dug in till in Norwall.

Ele- Depth
No. Topo-  jvation | p 5 | Depth| of
on Owner. graphic |above | . 40 to |water Rig. Remarks.
PLIL situation. | sea Pl water.| in
level. well.
Feet. | Feet. | Feet. | Feet.
Plain......| 140| 27.8| 25.8 2.0 | Windlassrig...... Nonfailing.
Slope....<.| 120 27.1] 25.7 1.4 | Two-bucket rig... B2
Plateau.... 125| 28.1( 26.9 1.2 | Windlassrig......
Slope......; 120| 18.4) 15,1 3.3 | Chain pump. ..... Do.
i Kmnoll.. 1751 28.1| 24.4 3.7 | Windlass rig...... Do.
i Slope. . .... 190 | 15.7 9.6 6.1 Aitr-pressure Sys- Do.
| em.
Bl orr s L do... 145 | 24.4| 18.0 6.4 | Windlassrig...... Do.
Dotedrn ot s SR Plateau... 205 11.5 8.9 2.6 | Windlass rig and Do.
| house pump.
LR SRR R Slope......| 255| 16.0| 14.3 1.7 | Windlassrig......
PIRIEAG e i do. . 230 |".26.0:1:.17.0 8.0 | Chain pump and Do.
electric pump.
230 | 18.0| 15.2 2.8 | Windlassrig......
240 | 30.0 | 27.0 3.0 | Deep-well pump Do.
and hot-air en-
gine.
225 | 24.7| 19.6 5.1 | Windlassrig.....- Fails.
147} b 13,6 0.9 | Two-bucket rig. . . Do.
175 | 25.1 | 19, 6.0 | Windlass rig...... Do.
100 s 8 IS Dry. |.onel0 o acs it 0us Fails. Rock
bottom.
125 | 16.8 | 14.4 2.4 | Two-bucket rig.. .| Nonfailing.
110 | 11.9 9.9 2.0 Sweep rig.....-... Do.
120 | 17.9 | 16.5 1.4 ..| Fails.
195 | 14.0 8.0 6.0 ..| Nonfailing,
170 | 10.9 9.2 Ld Do.
120 19.3 10.6 8.7 5
145 17.9| 12.9 5.0 ;
17 12.8 9.8 3.0 s
210 | 19.0| 13.3 Boq oo (o U i
165 | 19.1 | 18.1 1.0 | Windlassrig A
95| 17.4| 15.6 1.8 | Two-bucket rig.. . 0.
1251 18.5| 15.8 & ST (1 1y S e = Do.
150 | 18.9| 12.9 8.0 |-soc i P ...| Nonfailing.
175 | 40.1| 29.9! 10.2| Gasoline engine. .. Do.
150 | 14.3 | 10.8 3.5 | Two-bucket Tig Do.
and house pump.
180 | 20.7| 17.6 3.1 | Two-bucket rig. . . Fz;ilst. Rock; 5
eet.
170 | 12.7 | 10.0 2.7 | Chain pump......| Fails. Rock
bottom.
105 | 17.7 | 16.0 1.7 | Two-bucket rig | Nonfailing.
and house pump.
15| 20.1}| 14.6 5.5 | Chain pump..-..-
140 | 20.1; 13.9 6.2 | Two-bucket rig.. . Do.
85| 28.3}| 26.1 2.2 | Chain pump...... Fails. For
analysis sec
Pp.89.
571 J8 o [ 1 G e 3.9 | Two-bucket rig.. .| Nonfailing.
110 | 18.8| 14.5 [ O 8 PEP i AR g A
195 19.4| 18.3 1.1 | Chain pump. . Fails.
165| 14.8| 10.2 4.6 | House pump Nonfailing.
160 | 14.2 ! 11.9 2.3 | Sweeping Do.
house pump.
220 | 24.3| 17.6 6.7 | Two-bucket rig Do.
and house pump.
200 31.7| 28.8 2.9 | Two-bucket rig.. . Do.
A5 | BEBLS ol asinds Deep-well pump..| Fails.
L e a2 T SIS ) e SRl e Nonfailing.
1500 12,1 8.8 3.3 1 Sweeprig......... Do.
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Wells dug in till in Norwallk—Continued.

93

Ele- Depth
No. Topo-  |vation | p iy | Depth| of
on Owner. graphic |above dev th to water Rig. Remarks.
PLII situation. | ses PV water.| in
level. well.
Fect. | Feet, | Feet. | Feet.
125 | 15.1| 12.7 2.4 | (‘haxn pump ...... Nonfailing.
115 | 15.7| 14.3 2 5 ST R 0.
120 | 11.5 9.1 2.4 Swee gl 0.
210 | 15.5| 10.1 5.4 | Wi ind lass rig
65 19.5 13.8 o R T g R AR Do.
105 | 24.1 | 16.1 8.0 | Two- huckd Do.
and house pump.
100 | 18.9| 16.1 2.8 | Two-bucket rig.. Do.
65 11 16.0 Lo MRS A0 e S Fails.
40 | 18.4| 15.8 2.6 | Windlassrig......
651 21.6| 23.7 3.8 | Two-bucket rig.. .
90 | 10.8 5.3 5.5 | House pump...... Nonfailing.
60| 23.01 18.3 4.7 | Two-bucket rig.. . Do.
70 8.4 6.0 24N OIS, . lell Fails.
55 9.8 e 2.1 | Two-bucket ri Do.
82| 18.7| 15.0 3.7 [ausvn H0sasve Do.
20 9.5 5.4 4.1 | Chain pum p i Nonfailing.
a0y 75| 22.0| 14.5 7.5 | Two-bucket ng. e
g Hllltop. S 40 | 3.7 17.9 ! 13.8 | Windmill - Do.
95 Pl ..o PR e MPNETE . SR e e S R O Never = used;
water salty.
66 Slope. . .... 40| 10.3 6.8 3.5 | Chain pump...... Nonfailing.
i S SRR T R do:.:.. 8| 17.6| 11.5 6.1 | Two-bucket rig. Do.
O s s Pl e s e e do., .. 75| 14.6| 13.5 1.1 | Windlassrig......
101 Platean....| 130| 19.6| 13.3 6.3 | Two-bucket rig.. . Do.
103 | LU T e Dt s S e B e Tt R & e S R
Wells dug in stratified drift in Norwallk.
T satio Depth| of |
} opo-  [vation epth| o
?}10 i Owner. graphic |above (;r;ofé‘ﬁ to | water Rig. Remarks.
e situation. | sea |““PYwater.| in
level. well.
Feel. | Feet. | Feet, | Feet.
23 115 | 11.0 8.2 2.8 | Windlassrig...
24 90 | 22.3| 19.4 2.9 do $
30 751 22.31 19.1 3.2 Nonfailing.
32 90| 20.8] 18.6 2.2 Do.
34 60| 27.4| 25.4 2.0 Do.
35 50| 15.3| 13.6 3 I8 Do.
36 | Miss M. A. Mc- | Plain...... 70| 20.7| 18.2 2.5 Fails. For assay,
hy. see p. 89.
) 50| 27.3; 25.0 D T T 0 o
48 |. 35| 10.5 6.7 3.8 | Chain pump....| Nonfailing.
56 130 | 21.81 19.1 2.7 | Windlass rig Do.
63 | Clover Manufac- |..... U0 o5 125 | 22 18 et N S S Nonfailing; will
turing Co yield 50 gallons
a minute. For
assay see p. 89.
120 | 12.8 | 11.8 1.0 Fails.
110 | 16.9{ 157 1.2 Nonfailing.
25] 11.6}| 10.0 1.6 Do.
701 22.0( 19.3 2.7 Do.
70 21.0| 19.4 1.6 1. Do.
751 22.1- |- 18:2 3.9{. Do.
60| 15.7| 13.9 1.8 Do.
50 7.7 5.3 2.4
301 29.0| 26.6 2.4 Do.
i e 25| 24.3| 21.5 2820 - Do.
.|-Slope:..... 25} 20:91 BT 3.2 Wmdlass rlg 15 Do.
91 Terrace. . 10 8.4 6.8 1.6 | House pump..., Nonfailing; fresh
water. Foras-
say see p. 89.
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Drilled awwells in Norwalk.

|Eleva- '

Depth b
Topo- § h s |Yield
No. on raphic | _HOR | mota1 (Pepth| to 1 Di- |7, s 5
PLIL. Owner. i at:g; ®ldepth.| Jgk w:iz;er ame- il Yemarks.
tion. level T * | ute.
Feet. | Feet. | Feet. | Feer. | In. | Gals.
6 Faét‘rgors of the Holy | Slope...|..--.-- 136 12 10 6 20 | At college building.
ost.
BARC B0 e gl o RS LS SR I | -] 20 20 6 5 | At farmhouse.
46 | N g‘rwaik Iron Works | Valley.. 5 260 80 6 S ‘Water hard,
47 | 7J.R.Connor.....--.--| Slope... 85 197 B0 2 6 4 | Water from gneiss.
For analysis see
p. 89.
49 | Samuel R. Weed..... i day o 60 45
S0 FEHEhe0l. . oot e SRR R 40 168
59 [ HL A, Beath.. - - -wioms e S T R i
70 | Meeker’s Union | Valley . 4 107 |.
Foundry Co.
81 dTowm farm. .. «ooxoen Slope...| 110 152 40 L5 P e
831 L8, James” Homes. .. o} 50.. -] TR0 --lash i il S TR S
97 | Mrs. R. L. Luckey ...| Ridge.- 30 188 25 20 6 3
100 | Manresi Institute....- Island.. 8 b RS Gl et 20 | Water salty.e
102 | South Norwalk | Plain... 5 258 i DR S Large
Oyster Farms Co.
()1 Jos. Burnglood oL lu.L Valley .|......- 2875 10 6 25 | Water salty.

a For analysis see U. S. Geol. Survey Water-Supply Paper 102, p. 142, 1904.
b Not plotted on map. Data from U. S. Geol. Survey Water-Supply Paper 232, p. 82, 1509.

RIDGEFIELD.
AREA, POPULATION, AND INDUSTRIES.

Ridgefield, a town typical of the western highlands of Connecticut,
is near the middle of the west boundary of Fairfield County. Dan-
bury adjoins it on the north and Norwalk is 15 miles south on Loung
Island Sound. To the west is part of Westchester County, N. Y.
The town has an area of 35} square miles. There are several exten-
sive stretches of woodland and many small wood lots. These woods
are uniformly distributed over the town on the hills and steeper
slopes and aggregate 14 square miles or 40 per cent of the total
area. The valleys are for the most part cleared.

Ridgefield was incorporated in 1709, and in 1901 the village was
made a borough. There have been no additions to or cessions of the
original territory. In 1910 the population was 3,118, an inerease of
492 over the 1900 population. The density of population averages
88 to the square mile. The following table shows the population at
each census and the per cent change in the preceding interval:

Population of Ridgefield, 1756—1910.¢

Popula- | Per eent Popula- | Per cent

- |

Year tion. change. : tion. | ehange.
1,995 .o 2,474 7
1,708 153 2,937 ~10
1,697 -1 2,213 -1
1,947 +15 1,919 —13
2,025 + 4| 2,028 + 6
2,103 + 4| 2,235 +10
2,301 4+ 9 2,626 +17
2,305 0 | 3,118 +19

a Connecticut Register and Manual, 1919, p. 640.
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There was in general a moderate growth up to 1840, a marked de-
crease from 1840 to 1870, and a rapid growth from 1870 to the
present time. The decrease was due to the general emigration from
the agricultural districts of New England but may have been ac-
centuated by the distance of the town from the first railroads. The
subsequent growth is the result of the completion of the railroad in
1870 and of the development of the region as a district of country
residences. This development will probably continue and will be
greatly stimulated if a projected railroad to connect with the main
line of the New York, New Haven & Hartford Railroad at Green-
wich is eventually constructed.

The principal settlement is the centrally located borough of Ridge-
field. There is also a small settlement, Titicus, a mile northwest of
the borough. Branchville is in part in the southeast corner of Ridge-
field but spreads over into Redding and Wilton. Ridgebury is a
small village in the north part of the town. There is a post office at
Ridgefield and rural-delivery service to the outlying sections. There
is also a post office at Branchville in Redding. The Danbury branch
of the New York, New Haven & Hartford Railroad, opened in 1852,
runs north and south along the east boundary and has stations at
Branchville and Sanford. The Ridgefield branch, a little less than
4 miles long, connects Ridgefield and Branchville, and has stations
at Florida and Cooper. An automobile stage line connects Ridgefield
with Danbury.

The principal industry of Ridgefield is agriculture, and dairy
products for the New York market form a specialty. The quarrying
and grinding of feldspar and quartz have been carried on intermit-
tently. Formerly there was also some manufacturing of cabinet
work, shoes, hats, and tinware, but these industries died out about
1850 with the general change of industrial conditions.

SURFACE FEATURES,

The characteristic features of the western highlands of Connecti-
cut are better developed in Ridgefield than elsewhere in the Norwalk
area, because it is the most remote from the Sound. In the south
part of the town the broad, flat-topped hills are approximately 800
feet above sea level. Farther north the hilltops are approximately
1,000 feet, but in the extreme north part of the town the hills are
somewhat lower. The valleys between the hills are cut to different
depths. It seems probable that this region was once eroded to a
nearly flat surface. Subsequent uplift of the region rejuvenated
the streams so that valleys have been cut below the old erosion sur-
faces. The valley north of Round Mountain and the valley of
Titicus River, which join just north of the village of Ridgefield,
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and their southwestward continuation are underlain by limestone,
which is relatively soluble, so that these zones have been deeply
eroded. These valleys are characterized by wide and nearly level
floors above which rise steep walls with many bare outcropping
ledges. The other valleys have only narrow valley floors. The
valley south of Round Pond is also of the
broad-floored type and is underlain by lime-
stone. Figure 15 shows a profile across Ridge-
field drawn along a line bearing northeast
which is indicated on the maps (Pls. IT and
IIT) by the line €’. Tt shows the two lime-
stone valleys cut below the upland areas of
oneiss.

The highest point in Ridgefield is Pine
Mountain, the crest of which is 1,060 feet above
sea level, and the lowest point is where Norwalk
River crosses the south boundary at an eleva-
tion of 330 feet.

Mamanasco Lake occupies a depression on
the flank of the valley of Titicus River at the
foot of the north slope of Scott Ridge. Some-
what similar depressions are to be found else-

NE.

Pine Mtn
1060 ft.
=i

1MILE

Round Mtn
900 ft
P

‘§g | where in the limestone area but have been filled
g4 in. Most of the filling was probably done in

late glacial times by débris carried by the great
volumes of melt water from the glacier. Wells
sunk by the Ridgefield Water Supply Co. in
the swamp south of Round Pond gave the fol-
lowing section: Alluvium, 40 to 60 feet; clay,
10 feet; sand and gravel, 230 to 250 feet. This
section may indicate that the melt water washed
in 250 feet of sand, after which the supply of
sediment decreased, and the basin became a
lake, in the bottom of which 10 feet of clay was
deposited. Finally 40 to 60 feet of alluvium

Vertical scale twice the horizontal

Mamarnasco
Lake
577 ft
F16GurE 15.—Profile across Ridgefield (section ¢’ on Pls. II and III).

Scott Ridge
980 ft

}f has been carried in and the lake filled up.
R LS The clay layer must extend under all or nearly
o all of the swamp, as it effectually prevents any

- -
g @ entrance of water into the sands below it.
Ridgefield occupies parts of six drainage basins. An area of about
half a square mile in the northwest corner is drained by a small
brook tributary to Still River which flows northward and enters
Housatonic River near New Milford. The run-off of about 8 square
miles in the northeast part of the town reaches Saugatuck River. Ten
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square miles in the east-central and southeast parts of Ridgefield ure
included in the headwaters of Norwalk River. The headwaters of
Silvermine River drain about 3 square miles in the southwest part of
the town, and just north is an area of 2 square miles tributary to Mill
River, which enters Long Island Sound at Stamford. Three square
miles at the middle of the western margin of Ridgefield is drained
by Waccabuc River, which flows into Cross River and so to Croton
River and the Hudson. The west-central and northwest parts of the
town are drained by Titicus River, which also is tributary to Croton
and Hudson rivers. The borough of Ridgefield, then, includes parts
of the basins of Housatonic, Saugatuck, Norwalk, Silvermine, Mill,
and Hudson rivers.

WATER-BEARING FORMATIONS.

Bedrock—Four varieties of bedrock have been recognized in
Ridgefield.? About 18 square miles in the north part of the town
is underlain by the Becket granite gneiss. The original character of
this rock is not certain, but it is probably essentially a metamorphic
rock of igneous origin. It is a banded gray rock, composed of layers
rich in biotite which alternate with layers rich in the lighter-colored
quartz and feldspar. The segregation is due to the flowage under
intense metamorphism and realinement of the grains under pressure.
This structure is more developed in some places than in others, and
there makes the rock readily cleavable.

The bedrock of an area of 2 square miles in the southeast corner
of the town is the Danbury granodiorite gneiss. It is a gray rock
composed substantially of quartz, feldspar, and hornblende. Other
minerals are present in minor amounts, and in some phases biotite
(black mica) replaces more or less completely the hornblende. In
one phase of the rock certain of the feldspar crystals are much larger
than the other mineral grains and give the rock a porphyritic texture.
The rock is massive but has a distinet gneissoid texture formed by
the flowage concomitant with mashing during regional meta-
morphism.

Underlying an area of 7 square miles in the southwestern part of
Ridgefield, and including most of the borough, is the Thomaston
granite gneiss. It is similar to the Danbury granodiorite gneiss
except that hornblende is nowhere prominent, and the porphyritic
texture is absent.

The features of the Becket, Danbury, and Thomaston gneisses that
relate to their carrying water are similar, and may be discussed

1 Gregory, H. E., and Robinson, . H., Preliminary geological map of Connecticut:
Connecticut Geol. and Nat, Hist. Bull. 7, 1907.

154444°—20——7
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together. A little water may be contained in the minute openings be-
tween the mineral grains, but its amount is negligible. These rocks
have been subjected to great and vieclent crustal movements which
have opened fissures that in general form parallel systems whose
directions depend on the direction in which the stresses acted. One
system is horizontal or only slightly inclined, and is cut by one or
more systems of steeply inclined or nearly vertical fissures. The
rock is thus cut into polygonal blocks by the intersecting fissures and
joints. Some rain water finds its way through the mantle of over-
lying unconsolidated material into the intricate network of joints
and crevices. Wells drilled into these rocks ave apt to intersect,
within a reasonable depth, one or more of these water-bearing fis-
sures and thus obtain a moderate to abundant supply of water.
Data on five such wells are given in the table on page 103.

The Stockbridge dolomite underlies several valleys half a mile
to a mile wide that aggregate 9 square miles in avea. This rock is
a light gray magnesian limestone and is no doubt of marine origin.
Muech of the rock has been metamorphosed to a medium-grained, well-
crystallized marble. The caleite and dolomite, of which the rock
is essentially composed, yield under metamorphism and recrystallize
as roughly equidimensional grains that are unlike the elongated
minerals formed from sandstones, shales, or igneous rocks. The
resulting texture is more massive. The marble is relatively soluble,
so that solution channels are very apt to be made by water circu-
lating along joint planes and bedding planes. Water gets into stuch
channels by percolation from the overlying soil and may in many
places be recovered by drilled wells. Fhe well of Mr. S, 1. Pierpont
and the well at the Town Farm are of this type. Interstitial water
plays only a minor part in marbles.

. Till—Overlying the bedrock of Ridgefield is till, except where
it is replaced by stratified drift or where ledges crop out. When the
glacier overrode New England in the ice age it scraped up the
mantle of decayed rock over the fresh, unweathered rock below. It
also broke off and ground away a good deal of the firm bedrock.
These materials were carried along by the ice sheet in its southerly
movement and were eventually deposited as till in part in de-
pressions and in part over the flat surfaces of the bedrock. The till
is an intimate and heterogeneous mixture of all this débris. Pebbles
and cobbles and even large boulders are embedded in a matrix of the
finer materials—sand, silt, clay, and rock flour. The till is very
compact because of the great weight of the overlying ice sheet which
pressed it down. Part of the water that falls as rain soaks into the
ground and percolates downward through it until an impervious
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zone is reached or a zone of pervious material completely saturated.
Some of the water will get into fissures in the underlying bedrock,
some of it will move laterally and eventually be returned to the sur-
face in springs or swamps at a lower elevation, and some may be
withdrawn by wells. There are in some places bodies of partly
washed and stratified materials in the till, and these greatly further
the circulation of water. Wells dug in till will furnish moderate
supplies of water that slowly percolates into them. Such a supply
is fairly dependable in times of drought unless the well is unfavor-
ably situated, as on a steep slope from which the water may drain
away. Wells that intersect rather more porous lenses in the till
or that reach the waterbed or saturated zone just above the bedrock
are apt to yield the most abundant supplies. During the later part
of November, 1916, measurements were made of 57 wells dug in till
in Ridgefield. At that time 8 were dry, 13 more were said by the
owners to fail, and 82 were said to be nonfailing. The data collected
are given in detail in the table on page 102 and are summarized in
the following table. The wells that were dry have been neglected
in computing the depth to water and the depths of water in the wells.

Summary of wells dug in till in Ridgefield.

Total |[Depth to D‘e‘?,’:gérof
depth. water. il
¥ Feet Ieet. Feet.
I o o Ny i s i i e A N A i PR T 33.0 29.9 12.3
o e S s R S R T O iy = e R S, 9.3 5.9 .4
$ i el A p R U RN 8 a7 ] Wil Y L R L I D . 18.8 14.7 3.5

Stratified drift—Stratified drift is the mantle rock of a con-
ciderable part of the valleys of Ridgefield that are underlain by the
Stockbridge dolomite, and of parts of the valley of Norwalk River.
It is a well-washed and sorted stratified deposit formed in large part
from till by the action of running water. It is an older alluvium
and on the map (Pl TIII) it is not differentiated from recent al-
luvium. The only differences are, first, that stratified drift was laid
down at the end of the glacial epoch by the streams of melt water
that issued from the ice sheet, whereas alluvium is more recent and
is still being laid down, and, second, that stratified drift is apt to be
but is not necessarily the coarser. Owing to the sorting action of the
water the interstices between the larger particles are not filled by
smaller particles as in till, so that the porosity is greater. Moreover,
the pores individually are larger and present less frictional resistance
to the circulation of water. Wells in stratified drift get water in the
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same way as wells in till but with greater abundance. Seven ‘such
wells were measured in Ridgefield. Two were said to fail, and three to
be nonfailing, but the reliability of the other two could not be ascer-
tained. The data collected concerning these wells are given in de-
tail in the table on page 103 and are summarized in the following
table:

Summary of wells dug in stratified drift in Ridgefield.

Total | Depth to | PRI Of

depth. water. | ;o well

Fect. Fect. Feet.
7S peh i T A e RIS I Rl B e e el o R B 15.9 13.3 5.5
L Tt R R S T SR S R s R S e e I S | 14.0 Bl r {7)

T e e et R e S R R (e | 14.4 11.8

QUALITY OF GROUND WATER.

The following table gives the results of two analyses and four
assays of samples of ground water collected in the town of Ridge-
field. The waters are moderately mineralized except Nos. 15, 72,
and T4, which have a low mineral content. Nos. 72 and 74 are very
soft, in contrast with No. 15, which is a soft water, and Nos. 16, 48,
and 57, which are hard waters. The reason for this contrast is
presumably that wells Nos. 72 and 74 lie in situations where the
glacier brought no débris derived from the Stockbridge dolomite,
whereas the till around the other wells contains a considerable pro-
portion of the relatively soluble dolomitic material. A comparison
of analysis No. 15, which represents a sample from a well drilled into
the dolomite, with analysis No. 16, which represents a sample from
a near-by shallow well dug into the till, also suggests that -the
ground-up dolomitic material is especially susceptible to solution
and tends to make highly mineralized waters. The solid, firm dolo-
mite, on the other hand, is less easily dissolved, by reason of its
mechanical condition and therefore yields less highly mineralized
waters.

The waters represented by analyses Nos. 15, 72, and 74 are good
for domestic purposes so far as may be judged from their mineral
content, but the other waters are rated as fair because of their hard-
ness. Nos. 15, 72, and T4 are also acceptable for boiler use, but the
other waters are rated as poor because of excessive amounts of scale-
forming ingredients. All are calcium-carbonate in type except the
very soft waters, Nos. 72 and 74, which are sodium-carbonate waters.
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Chemical composition and classification of ground iwaters in Ridgefield.®

[Parts per million ; analyzed by Alfred A. Chambers and C. H. Kidwell. Numbers of
analyses and assays correspond to those used on Pl, II.]

|
| Analyses.b Assays. ¢

|

| a1 a16 eds e57 e72 74

|
‘31hca(quz)..............................! 17
Iron (Fe)....... == .14
Caleiom (C8)...cc.ccecccennn- oy 18
Magnesium (Mg).----c..c...... 4.6
TR B ) T ot S S S s = SR 11 o
Potassium (K)..-o....catee.-s 6.9 . } - %
Carbonateradicle (CO3)........ 0 7.0 T2 4.8 0 .0
Bicarbonateradicle (HCO3).. i 230 251 334 62 34
Sulphate radicle (SOy). 14 22 i1 27 6.0 9.0
Chloride radicle (Cl)... 6.2 6.8 3.6 14 2.2 3.2
Nitrate radicle (NO3).. .08 K3 TSR ST SN B
Total d ssolved solids a 114 253 7280 7380 791 773
Total hardness as CaCOs..... 164 7212 244 285 33 22
Scale-forming constituents /.. e 78 210 270 310 6 45
Foaming constituents f ................... 49 49 ()] 60 40 30
Chenyieal ChAraOer. . . . L usp oo Puial i ot Ca-CO3 | Ca-CO3 | Ca-CO3 | Ca-CO;3 | Na-CO3 | Na-CO3
Probability of corrosion & ..... = ? (€3] ?) ) N N
Quality for boiler use............ e Good. Poor. Poor. Poor. Good. Good.
Quality for domestic use................... Good. Fair. Fair. Fair. Good. Good.

a For location and other descriptive information see 1pp 102-103.
b For methods used in analyses and accuracy of results see pp. 52-60.
¢ Approximations; for methods used in assays and reliability of results see pp. 52-60.
d Collected Nov, 28, 1916.
eCollected Dec. 8, 1916.
7 Computed.
¢ Less than 10 parts per million,
~ Based on computed quantity; (?)=corrosion uncertain, N=noncorrosive.

PUBLIC WATER SUPPLY.

The Ridgefield Water Supply Co. has been serving its customers in
and around the borough since 1900. Water was first obtained from
five driven wells in a swamp a mile south-southwest of Round
Pond. These wells were 60 feet deep; two were 6 inches and three
were 3 inches in diameter. They drew moderate amounts of water
from gravel, but the water was under very slight head and had to
be lifted 50 feet. Subsequently three wells were sunk at the same
place to depths of about 300 feet. They went through 40 to 50 feet
of alluvium, 10 feet or so of clay, and finally through more than 200
feet of sand. No water was obtained below the clay and only
moderate amounts above it.

At present all the wells are abandoned and water is pumped from
Round Pond to a steel standpipe of 188,000 gallons capacity located
on a ridge 1} miles south-southeast of the pond. There are two
triplex single-acting pumps, 10 by 10 inches, driven by two 35-horse-
power electric motors and working against a pressure of 75 pounds
to the square inch. The water is distributed by gravity from the
standpipe through 11 miles of mains to 70 hydrants and 383 service
taps, of which 311 are metered. The pressure ranges from 75 to 90
pounds per square inch. The 2,500 people served consume on the
average about 148,000 gallons a day. Round Pond is presumably
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fed by subaqueous springs.” The water in the pond has heretofore

been abundant, and a much larger quantity could be furnished.
RECORDS OF WELLS AND SPRINGS.

Wells dug in till in Ridgeficld.

Ele- | I
No. Topogra- | & Depth! Depth el
on Pl Owner. phi(rt) situa- %on dTOtfg to | of. Rig. Remarks.
1I. tion,  [FOVE| P water. lwater,
level. | ’
Feet. | Feet. t Feet |
9.4{ 5.9 | 3.5 Chain pump.-....| Nonfailing.
18.5 1 14.2 | 4.3 | Chain pump and | Do.
house pump.
7.7 | 5.0 | Chain pump._ Do.
4.1 16 d Do.
4.8 | 6. Do
3.8 5. |
Deep-well pump..! Fails.
Windlass rig. . Do.

For
analysis ss¢ .
101.

oy ok DD 013 ok Y o
GREEREBREE
BOWRN NSO

24.61923.5 | 1.1 = Do.
25.7 1244 | 1.3 ..| Fails.
13.5] 1.3} 2.3 |
6.6 | 13.91 2.7 .} Nonfaiiing.
23.3 | 19.8 | 3.5 .| Nonfailing. Rock
bottom.
21,2 | 19.0 f 2.2 Do.
25.7 | 24.4 1.3
24.6 | 16.0 | 8.6 Do.
21.0 | 19.6 | 1.4 | Two-bucketrig....| Fails.
22.0 {21.7 ] 0.3 | Windlassrig...... Fails. Rock bot-
tom.
24.0120.561 3.5(..... Ui [ Tt R el Nonfailing.
10.1| 9.6 | 0.5 | Chain pump.. .| Fails.
19.9 | 17.4 | 2.5 | Two-bucket rig....| Nonfailing.
13.5112.0 | 1.5 | Chainpump......| Fails
17.0 | 16.6 | 0.4 | Two-bucket rig.... Do.
9.3] 6.0 3.3| Windlassrig......| Nonfailing.
16.4| 8.9 7.5 | Chain pump.. Fails.
20.8 | 15.0 | 5.8 d -
1.64 9.7| L9 .{ Nonfailing.
1491140 0.9 Fails.
18 3 15 Nonfailing.
80.6 |1 29.9 | 0.7 Fails. .
33.0120.8| 3.2 Nonfailing. For
assay see p.101.
17.14.15.5§ 1.6 Fails.
14.8112.4 | 2.4 Do.
93| 7.01 2.3 .| Nonfailing.
25.2119.41 5.8 A Fails.
Lawrason Riggs.. 18.9 | 13.3 | 5.6 Nonfailing.
The Bailey Inn...| ] 19.711L.71 8.0 Do.
9.6| 80| 1.6 Sweep rig and{ Nonfailing.
house pump. Abandoned.
25.6 | 13,3 | 12.3 | Chain pump...... Nonfailing. For
¢ | _assay see p. 101,
14.4 | 10.3 | 4.1 | House pump...... | Nonfailing. Rock
| bottom.
20.8 | 12.5 | 8.3 | Two-bucket rig....! Do.
25.9123.51 2.41%..... d
20.5 | 13.6 B.O9e d Do.
16.6 | 13.3 | 3.3 | Wheelandaxlerig. Do.
25.6 | 15.5 | 10.1 | Wheeland axlerig Do,
and house pump.
15.0 | 13.6 | 1.4 | Two-bucketrig.... Do.
17.31 14.9{ 2.61..... AR el
18.2 1 12.9 | 5.3 | Chain pump...... Nonfailing.
14.0112.9 | 1.1 | Windlassrig Do.
13.24 10,6 4 2,61 Noxig ... -
13.2] 12.1 | 1.1 | Chain pump
14.6 1 12.7 | 1.9 | Sweep rig and | Nonfailing. For
house pump. assay see p. 101.
P e e P Slope.......| 450 | 2.9 | 24.5 | 0.4 | Wheeland axlerig.

1 Rept. Connecticut Public Utilities Commission, 1917,
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Wells dug in stratified drift in Ridgefield.

Eleva-|
. | tion Depth| Depth
Iil,‘i’ﬁn Owner. nggt)‘?g{:igguc above é[;(’ta} to of Rig. Remarks.
ik y ; 1senI PUL wrater.| water.
evel.

Feet. | Feet. | Feet. | Feet.

21 575 | 14.4| 13.0 1.4 | Two-bucket rig. . ..| Fails.
37 |. 640 | 14.8 | 13.1 1.7 | Windlassrig....... Do.
38 650 | 14.2| 13.3 0.9 | Two-bucket rig. . ..
46 470 | 18 3 15 @ Nonfailing.
69 = 4551 15.9.] v11.8 4,1 | Chain pump.......
.| Plain, £y 445 | 13.2 Tt 5.5 | Windlassrig...... | Do.
74 | Seth Beers..| Slope.......| 330 14.0| 11.6 2.4 | Two-bucketrig..... | Nonfailing. For

| assayseep. 101,

a This well was originally a spring and was improved by means of a drive pipe. Yields 1,500 gallons
an hour or 25 gallons a minute.

Drilled wells in Ridgeficld.

g ;1 B &
= AN e B g
& Topo- |83 | F | &8 | B . |
~ Owner. g;"_aph_\c E2| & | 2 |88| 8 | 22| Kindofrock. Remarks.
a E 1.tu3.- oa = = pe = =
S tion., sun g = | g8 g | =
S et 6 O S e e
z =) B AR A [SEEEe
Feet.| Feet.| Fect.| Feet.| Im. | Gals.
1 { Ben Nichols.......| Slope....| 590 | 105 9 13 6 15| Gneiss........ Bored well. |
14 | Ridgefield School.|...do..... 720.] 200 s anidais vian 81 (a) |aa {5 s Do.
15 | S. L. Pierpont....|...do..... 560 | 389% 0 8 6 30 | Limestone....| Bored well
For analysis
see p. 101.b
18 | Townfarm........ T docvest L T e B SRUCETEE BRS p, f il Te 20 1% 5.2 \Vate(li very
hard.
28 | Ridgefield Water | Plain....|] 530 | 300 | 300+4|......[...... 0 () Abandoned.
Supply Co.
40 | A. B. Hepburn....| Plateau.| 800 | 537 40 25 8 50 | Granitegneiss. (@)
41 | Mrs. Wm. Jenner.|...do..... 800 | 551 40 25 8 - 1 RARY dasss (d)
53 | Lawrason Riggs..|...do.....| 720 | 630 0] (e) 8| @) |-..-. donls
(f)| Connecticut Con- |..........fuceu.n 4 B (el TR N e e A L
struetion Co.

 Abundant,

b A number of zones of dark limestone were found in the light-colored limestone. Iach of these beds
yielded some water.

¢ Three wells, each about 300 feet deep, were attem&)ted. The section encountered was in general 40
to 60 feet of alluvium, 10 feet of clay, and the rest sand. No water was found beneath the clay.

d These wells, Nos. 40 and 41, probably draw their water from the same fissure as pumping in one draws
down the level of the water in the other.

¢ The water stands at from 130 to 250 feet below the surface and varies with the seasons.

7 Not recorded on map. Data from U, 8. Geol. Survey Water-Supply Paper 102, p. 128, 1904, said to
flow with head of 2 feet. .

Springs in Ridgefield.

No. . |Elevation| -
Topographic Tempera-| Yield per 45
lei I Owner. situation. se?ablg‘{'gl ture. minute. Remarks.
Gallons.

¢ 3 3 MAE CRASES PRSIt R Skt Slope...... 3 | Piped to horse trough.
o P P AR Swale...... 2 | Supplies four houses.
IR hiy s i ..| Brookside..
(o) L Ry Bryan:. .. ..ouf . Lol 5 | Water from granite.
(&) 3 Chas Holly. . o s ulasabdlelat s A R ‘Water from granite.?

a Not shown on map. Data from U. S. Geol. Survey Water-Supply Paper 102, p. 150, 1964,
bFor analysis see U. S, Geol. Survey Water-Supply Paper 102, p. 154, 1904,
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WESTON.
AREA, POPULATION, AND INDUSTRIES.

Weston is an agricultural town situated in the western highlands
near the center of Fairfield County, Conn., and in the second tier of
towns north of Long Island Sound. The town is roughly rectan-
gular in shape, 33 by 6 miles in dimensions, and has an area of a
little over 20 square miles. About 11 square miles, or 55 per cent,
of the total area is wooded. Most of the woodland is in small
patches, but in the northeastern part of the town there is one nearly
continuous area of woods covering about 8 square miles.

The territory of Weston was taken from the town of Fairfield in
1787 and incorporated as a separate town. In 1910 Weston had 831
inhabitants, and the density of the population is 42 to the square
mile. The following table shows the fluctuation of population since
the organization of the town, and the per cent of change of each
census period.

Population of Weston, 1790-1910.¢

Popula- | Per cent L Popula- | Per cent
Year. tion. | change. Mear, | tion. change.
|

Vo R e ol 1,117 + 6
, 680 +9 1,054 — 6
2,618 -2 918 —13
2,767 +6 772 —16
2,997 +8 840 +-9
6L o lieass 831 -1
I SRR e

a Connecticut Register and Manual, 1919, p. 641.

The decrease in the decade from 1830 to 1840 was due to the ces-
sion of territory to form part of Westport, and the further decrease
in the following decade was due to the separation and incorporation
of the whole of Easton. Barring these two irregularities, the popu-
lation has shown only slight gains or losses. In the last 50 years
the losses have preponderated, probably owing to the general shift
of people from the agricultural portions of New England to manu-
facturing towns and to western farming regions. It is probable
that when Wilton and Westport have been more fully developed as
country-residence districts dependent on New York, Weston will fol-
low a like course of evolution. This development may begin in 10
or 15 years, and a considerable gain in population may be shown
for some time. The population will probably never be large as long
as the present lack of transportation facilities continues. At present
there are four small villages in the town—Weston, in the valley of
the West Branch of Saugatuck River near the west boundary;
Northfield, on the hill a mile east of Weston; Lyon Plain, stretched
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- out along 2 miles of the valley of Saugatuck River near the south
boundary ; and Valley Forge, near the northeast corner and also on
Saugatuck River. There are about 70 miles of roads in the town.
Railroad connection is made at Wilton and Georgetown on the Dan-
bury branch of the New York, New Haven & Hartford Railroad.
Mail is carried by rural delivery from Westport.

SURFACE FEATURES.

The western highland of Connecticut, of which Weston is a part,
is the product of two cycles of erosion. In the first cycle, which was
nearly complete, the region was reduced to a nearly flat plain.” In
the second cycle, caused by uplift and tilting of the plain, rather deep
and narrow valleys have been cut below the old erosion surface. The
valleys of Saugatuck River and its West Branch and of Aspetuck
River are of this type. The flat-topped hills, which in the south part
of the town are 340 to 380 feet above sea level and in the north part
500 to 600 feet above sea level, are remnants of the plain that was
eroded in the first cycle. These topographic features are the prod-
ucts of erosion, but the flat flood plains along Saugatuck River at
Lyon Plain and above Valley Forge and along West Branch north
of Weston village are depositional features.

The greatest elevation in Weston is 620 feet above sea level and is
found at two points on the north boundary. The least elevation is
where Saugatuck River crosses the Westport town line at 45 feet
above sea level. With the exception of a small area’in the northwest
part of the town that is tributary to Norwalk River, all of Weston
belongs in the drainage basin of Saugatuck River. A strip three-
quarters of a mile wide along the east border is drained by Aspetuck
River, which joins Saugatuck River half a mile below the Westport
boundary. A strip 2 miles wide in the west part of Weston which
comprises 74 square miles is drained by the West Branch of Sauga-
tuck River, which flows into its master stream just below Aspetuck
River. The main branch of Saugatuck River drains a strip 1 to 2
miles wide through the center of the town, which has an area of 10}
square miles. A number of brooks, including Kettle and Beaver
brooks, enter the Saugatuck from the west, but only a few from the
east.

WATER-BEARING FORMATIONS.

Gneiss and schist—Most of the bedrock of Weston is a gneiss of
igneous origin. In the northeast corner there is some Berkshire
schist, but it is of negligible extent. Waterbury gneiss underlies a
strip half a mile wide along the divide between Saugatuck River and
the Aspetuck. This rock is a light to medium gray schist into
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which igneous intrusions have been made in great profusion. There
are thin bands of the schist separated and cut by intruded sheets and
dikelets of igneous material. The Thomaston granite gneiss under-
lies a strip half a mile wide south of Aspetuck village along Aspe-
tuck River, and also most of the area west of Saugatuck River. It is
a medium-grained granite and a typical one in that it is composed
essentially of quartz, feldspar, and black mica, with small amounts
of other minerals. Metamorphism has given it a gneissic texture
that is marked by the concentration and parallel orientation of the
mica flakes in certain planes. The Danbury granodiorite gneiss
underlies part of the valley of the West Branch of Saugatuck River
and a small area west of Aspetuck River and north of the village of
Aspetuck. It is similar to the Thomaston granite gneiss except
that hornblende rather extensively replaces the mica.

All the bedrock of Weston carries water in the same way.
The rocks are very compact, and no interstitial water is to be obtained
from them. However, they are traversed by intricate networks of
fissures that cut and connect with one another. These fissures are
far more abundant in the upper 200 feet than below. It is to be
expected that wells drilled 200 or 300 feet into rock will cut one or
more fissures and obtain fair supplies of water that has percolated
down from the overlying mantle of earth. No such wells have been
made in Weston as far as the present investigation shows.

77ill—The bedrock of Weston is everywhere covered with till ex-
cept in small areas where the bedrock outcrops in ledges, and along
some of the streains where there are deposits of stratified drift. Till
is a dense, compact deposit composed of the débris scraped up, ground,
and transported by the glacier. Rock flour, clay, silt, and sand form
a matrix in which are embedded pebbles, cobbles, and boulders.
In general there is no systematic arrangement of the material, and it
is perfectly heterogeneous. In some places there are lenses from
which the finer particles have been washed away, increasing the po-
rosity of the residue. Water that has fallen as rain or melted from
snow in part soaks into the ground and tends to saturate it by filling
all the pores. There also is a tendency, particularly on steep slopes,
for the water to seep away, leaving the upper part of the till dry. In
general wells dug in the till to a reasonable depth will yield moderate
supplies that will fail only rarely. Those wells that intersect porous
lenses in the till are apt to be the more satisfactory. Unfortunately
there is no way of detecting the presence of such lenses except by
actual excavation. During October, 1917, 33 wells dug in till were
measured in Weston. One was found to be dry, 11 more were said to
fail, and 18 to be nonfailing; the reliability of the remaining wells
could not be ascertained. The data collected are given in detail in the
table on pages 108-109 and are summarized in the following table:
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Summary of wells dug in till in Weston.

107

Depth

Total Depth

depth. |[towater. ;}rfx‘r\%tl(ir
Feet. Feet. Feet.

Maximum 28.7 23.8 8.¢

Minimum 8.9 6.2 ]

AR PERPOCN e o o e et dan s ph s o 7.7 14.4 3.¢

Stratified drift.—The aveas of stratified drift in Weston are shown
on the map (Pl II). These water-laid deposits are composed of the
reworked and sorted constituents of the till and are to be considered
as the products of the stream in whose valley they lie. The particles

composing the till have been sorted out.

The boulders and bigger

stones have been left in place, but the sand and still finer grains have

been carried away.

Most of the finest materials, the clay and silt,

have been carried out to sea, but the others have been deposited at
points where the current was slow. The larger pebbles and cobbles
were deposited with less slowing of the current than were the smaller
ones. Inasmuch as the velocity varied not only from place to place
but also from time to time at any one place, lenses and beds of differ-
ent-sized material were laid one on another in very irregular succes-
sion. Stratified drift earries water in the same manner as till, but
because of the elimination of the smaller particles it has a greater
of pore space and the pores are larger. The ground-
water circulation is therefore much more rapid, and stratified drift
more abundant supplies. Six such wells were visited in
Weston. Five of them are said to be nonfailing and only one to fail.-
The data collected are given in detail in the table on page 109 and are
summarized in the following table:

percentage

wells yield

Summary of wells dug in stratified drift in Weston.

Depth to

Total f Depih of
p 2 | water
depth. W a.Lgr. | et
Fect. ! Feet. " | Feet.
Maximum...... aalp!| Loy 3.0
Minimum.. 15.6 13.7 0.3
Average 25.1 ‘ 23.4 1.7

QUALITY OF GROUND WATER.

The subjoined table gives the results of two analyses and four
assays of samples of ground water collected in the town of Weston.
The waters are all low in mineral content, very soft, good for use in
boilers, and, so far as may be determined by their mineral content,

acceptable for domestic use.

All are sodium-carbonate in type.

Y
i
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Chenvical composition and classification of ground waters in Weston.®

[Parts per million.

bers of analyses and assays correspond to these used on Pl. I1.]

Collected Dec. 8, 1916; analyzed by Alfred A. Chambers and C. H. Kidwell. Num-

Analyses.b Assays.c
18 } 27 22 30 34 38
B (B O e e 17 o s e D e e PRt AR
Iron (Fe). . ... Trace .18 0.14 0.10 Trace Trace
Calcium (Ca)...... 6.6 R 5 PR i e o S s e SR e W AR
Magnesium (Mg) 2.0 1o S IR R G R R | R
Sodium and potassium (Na+K)d 9.8 14 9 9 10
Carbonate radicle (CO3)................... .0 . .0 .0 .0 .0
Bicarbonate radicle (HCO3)............... 28 30 38 29 34 32
Sulphate radicle (SO4). ...oooooooiiiaas 15 6.6 6.0 6.0 6.0 7.0
Chilorideradicle (Cl)........ o 0l il 2.3 12 2.6 3.4 3.0 2.8
Nitrate radicle (NO3) .o eeeoioiiiiainnnnnns 5.0 2] e S R R e Y A £ I8 S
Total dissolved solidsat180°C............. 75 67 a7l d64 d 68 d 67
Total hardness as ©aCOs. . ....ccocoooianan a25 a18 18 16 20 18
Scale-forming constituentsd. ... ........ 40 40 45 40 4r 45
Foaming constituentsd. ... . ... ........ 26 38 30 20 20 30
Chemical character. . Na-COj3 | Na-COj3 | Na-CO;3 | Na-CO3 | Na~-€CO3 | Nar-CO3
Probability of corros (7 N N N N N
Quality for boiler use. Good Good. Good Good Good Good
Quality for domestic us Good Good. Good Good Good Good.
aFor location and other descriptive information see pp. 108-109.
bFor methods used in analyses and accuracy of results see pp. 52-60.
¢ Approximations; for methods used in assays and reliability of resulls see pp. 52-60.
dComputed.
¢ Based on computed quantity; (?)=corrosion uncertain, N=noncorrcsive.
RECORDS OF WELLS AND SPRINGS.
Only one spring (No. 11, PL. II) was visited in Weston. It is on
a hillside and its water is piped by gravity to the house below.
Wells dug in till in Weston.
| Etl_ev a- e Delf)th}
No. on| Topographic| 8101 | motg) | Depth| o0 2 o
P1IL | Owner. Sttation: alsaé); © \depth. e ;&r. warger Rig. Remarks.
| level. well.
| Feet. | Feet. | Feet. | Feet.
| 360 | 89| 6.9| 2.0| Chainpump....| Fails.
| 300 | 22.5| 21.8 iy Bk T [ MR Do.
! 340 | 22.6| 18,9 3.7 | Windlassrig. ...| Nenfailing.
370 ] 24.8 |vonen.s Dry. | Two-bucket Fails.
425 15.3 | 14.4 0.9 Do.
3101 22.5| 21.7 0.8 = Do.
315 | 16.6 | 14.8 1.8 .| Nonfailing.
270 | 11.7 9.0 2.7 Do.
330 | 11.6 7.4 4.2 |. Do.
400 | 10.9 6.2 4.7 Fails.
380 | 28.2| 23.2 5.0 g Do.
425 21.5| 18.4 3.1 | Chain pump.... Do.
425 | 13.7| 1.2 2.5 | Sweeprig.......
350 | 15.6 | 15.3 0.3 | Two bucket rig.. Do.
250 | 13.8 | 12.0| 1.8|..... Hor o Nonfailing.
18 | Lafayette Beers|..... do.. 215 | 1.5 7.9 3.6 | Sweeprig....... Nonfailing.
Fo{o?gnalysis see
p. 108.
&L Al S i [ e 315 | 11.6 9.7 1.9 | Windlassrig. ...| Fails.
20 | F. W. Hawly..|..... do.... 155 | 16.3 | 14.6 1.7 | House pumpand| Nonfailing.
two-bucketrig.
B A e L Swale...... 295 | 11.8 .7 B 0 IR do:le s Do.
22 | Mary L. Fanton| Plain.. 190 | 17.2 | 14.9 2.3 | Two-bucket rig.| Nonfailing. For
assay see p. 108.
P o R e Knoll...... 300 | 18.4 | 15.1 3.3 | House pump and| Nonfailing.
windlass rig.
B a1 Blope .| 420 21.0 | 16.4 4.6 | Windlass and Do.
| counterbal-
ance rig.
Hilltop....: 360 | 28.7| 23.8 .| Fails.
| Slope.......| 315| 17.7| 12.3 Nonfailing.
For analysis see
p. 108.
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Wells dug in till in Weston—Continued.
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E : E#eva- EA De}f)th
No. on| it [Topographic| 1O | Tota] | D¢PLR| O ; "
PN | Dwmer. shtustion, PUOTEl iy L0 L e, Remarls.
i level. well.
‘ Feet. | Feet. | Feet. | Feet.
! 325 | 21.0}| 16.7 4.3 | Two-bucketrig..
315 | 2L.J| 17.7 | 3.3 | Wheel and axle | Nonfailing.
rig.
190 | 17,5 | 16.3 1.2 | Two-bucketrig..! Fails. Foras-
say see p. 108.
280 | 20.8 | 12.8 8.0 7 I SR Nonfailing. K
100 | 16.4 ] 12.8 3.6 | Deep-wellpump | Nonfailing. For
and housepump, _assay see p. 108,
225 | 15,41 12.6 2.8 | One-bucketrig..! Nonfailing.
230 | 14.5| 10.3 4.2 | Two-bucket rig.. Do.
110 | 24.8| 23.8 1.0 | Windlass rig.... Do.
Wells dug in stratified drift in Weston.
F%lieva- ST Der}th
No. on < Topographic| o1 | motq |DePth) o ;
PLIL | Owner. situation. agg:e depth. W‘(t),(t)el‘. W?Itler Rig. Remarks.
level. well
Feet, | Feet. | Feet. | Feet.
Slope.... .« 180 ) 15.6 | 13.7 1.9 | Two-bucketrig.| Nonfailing.
..| Plain.. 180 | 81.0 | 30.7 .3 | Windlassrig. ..| Fails.
.| Slope.. 80 | 2,817 | 25.8 2.9 | Two-bucketrig. | Nonfailing.
..... 0, 95| 33.7| 30.7 R e R [ N Do.
Plain.. 130 | 21.5| 20.1 LA .00 .| Nonfailing. For
assay see p. 108.
39 : ....................... do...... 125 20.3 | 19.6 .7 | Windlass rig. . .| Nonfailing.
WESTPORT.

AREA, POPULATION, AND INDUSTRIES.

Westport is one of the shore towns of Connecticut, and is near the
middle of the Long Island Sound boundary of Fairfield County, just
east of Norwalk and midway between Bridgeport and Stamford.
The area of the town is about 20 square miles. Most of Westport is
cleared, but there are patches of woodland here and there which ag-
gregate 4 square miles or a fifth of the total area of the town. The
territory was taken from Fairfield, Norwalk, and Weston and in-
corporated as a separate town in 1835. In 1910 the population was
4,259, an increase of 242 over the population of 1900. There are about
217 inhabitants to the square mile. The following table shows
the population at each census since the town was founded and also
the percentage of change during the preceding decade:

Population of Westport, 1840-1910.%

Per cent l Popula-

- | Popula- Per cent
Year | “tion. | change. | Year. tion. | change.
| ‘ | '
1840 s TR e e SOl R I 3,477 +3
2 651 Ya7'| 3715 17
3,293 o4 | 4,017 48
3,361 + 2 i 4,259 \ +6

@ Connecticut Register and Manual, 1919, p. 641.
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For the first 35 years there was a rapid growth, which was due
in part to the opening of the New York & New Haven Railroad
in 1849, and in part to the establishment of manufactures of cotton
and Jeather. Since then there has been a steady though moderate
erowth. Westport is now primarily a district of country residences
belonging to New York people. It is probable that because of the
nearness of New York City and the excellent transportation faecili-
ties the pepulation of Westport will continue to grow.

Westport is the principal settlement and is at the head of the
estuary of Saugatuck River. Nearer the mouth is the village of
Saugatuck. A third settlement, Greens Farms, is on the Sound near
the southeast corner of the town. There are about 70 miles of high-
ways in the town. About 5 miles of the Boston Post Road, one of
the State trunk-line highways, lies within the area. There are also
3 or 4 miles of roads built with State aid. The grades are in gen-
eral moderate, and the road surfaces are well kept. There is troliey
connection from Westport village along the Boston Post Road to
Bridgeport and Stamford, and along the west shore of Saugatuck
River to Saugatuck, and thence eastward to Compo Beach. The
main line of the New York, New Haven & Hartford Railroad runs
east and west across the town half a mile to a mile from the Sound
shore. Tt has a station at Saugatuck known as “ Westport and
Saugatuck ” and also a station at Greens Farms. There are post
offices at Westport, Saugatuck, and Greens Farms, and rural de-
livery from Westport to the outlying districts.

The principal industries of Westport are agriculture and the
manufacture of cotton twine, buttons, embalming fluid, undertaker’s
supplies, mattresses and cushions, hatter’s leather, and starch.

SURFACE FEATURES.

The features characteristic of the western highlands of Connecti-
cut are found in Westport in a form modified by nearness to the sea.
The hills and ridges show a distinet north-south alinement. The
hills a mile or so back from the shore are 100 to 180 feet high.
The hills farther inland are higher, and the greatest elevation in
the town is on a ridge in the northeast corner, which has its crest
240 feet above sea level. The valleys in general trend southward.
The valley of Saugatuck River is at least 200 feet deep at Westport
village. The rock walls rise 120 feet above the water level, and
soundings for abutments for a new bridge showed that in places
the rock floor is at least 80 feet below sea level. These facts show
that the coast formerly stood higher than it does now and that it
has been depressed. In this way the valley of the Saugatuck has
been drowned and made an estuary. Mud Brook wvalley, though
smaller, has had a similar history, and Sherwood Pond is its estuary.
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Most of Westport is drained by Saugatuck River, which enters
the town near the northwest corner. Half a mile south of the Wes-
ton town line it is joined by Aspetuck River, which flows parallel to
the north boundary. Several other tributaries, including its West
Branch, Stony Brook, and Deadman Brook, enter Saugatuck River.
Sasco Brook, Mud Brook, and two other unnamed short brooks drain
the southeastern part of the town and discharge directly into Long
Island Sound.

WATER-BEARING FORMATIONS,

(?neiss—The following bedrock formations have been recognized
in Westport :* The Thomaston granite gneiss, the Danbury granodio-
rite gneiss, and the Waterbury gneiss.

ATl of the area west of Saugatuck River and a strip east of the
river 2 miles wide along the shore and 1 mile wide at the north
boundary, an area a quarter to half a mile wide extending along Sasco
Brook for 2 miles above its mouth, and a little area in the northeast
corner of the town are underlain by the Thomaston granite gneiss.
These areas aggregate over 13 square miles. The Thomaston is a
typical granite gneiss composed of medium coarse grains of feld-
spar quartz, flakes of black mica, and minor accessory minerals. The
mica is more or less perfectly segregated in narrow bands. The
mica flakes are roughly parallel to one another and give the rock its
cleavable character. This rock is in general light gray in color, but
some phases of it are pink.

The Danbury granodiorite gneiss is similar to the Thomaston
granite gneiss except that the black mineral is in large part horn-
blende instead of mica. This formation underlies about 3} square
miles in a strip a mile and a quarter wide and including Prospect
Hill. From Prospect Hill the band runs west and north-northwest
to the Wilton town line.

The bedrock of the remainder of the town (3 square miles) is the
Waterbury gneiss. One patch, half a mile wide at its north end
and a mile and a half wide along the Sound, extends northward 2
miles from Greens Farms. A second small patch lies near the north
part of the east boundary. Originally this rock was a series of sand-
stones and shales but was converted by metamorphism to a schist.
Contemporaneously with or subsequently to the metamorphism there

" was injected into it a great deal of igneous material. Most of these
intrusions are thin granitic sheets that follow the schistose layers or
cross them here and there like dikes. About three-quarters of a
mile west of Sasco Brook on the Boston post road there is a trap
dike about 60 feet wide, which outcrops on both sides of the high-
way and may be traced a little way beyond.

! Gregory, II. E., and Robinson, H. H., Preliminary geoclogical map of Connecticut:
Connecticut Geol. and Nat. Hist. Survey Bull. 7, 1907.
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All the bedrock formations of Westport carry water in the same
way and in equal abundance. There are no porous zones of conse-
quence, and there is no interstitial water. Water may be recovered in
moderate amounts by means of drilled wells, a good many of which
have been made in Westport. The water is carried in part in joints
formed by the original cooling and shrinkage of the rock, and in
part in fissures formed by the compressive stresses to which the
rock has been subjected. The ground water of the overlying soil
mantle is derived from rain water by absorption and is in part
discharged into the maze of intercommunicating joints and fissures
in the bedrock. The probability is that a drill hole sunk at any point
will cut one or more of these water-bearing fissures within a rather
short distance and obtain a satisfactory supply of water. Statisties of
a number of such wells in Westport are given in the table on page 117.

7'{l1.—The mantle rock of the higher portions of Westport, com-
prising three-fifths of the total area, is till—a dense deposit com-
posed of rock flour, clay, silt, and sand, which form a matrix in
which are embedded pebbles and boulders. The distribution of the
larger fragments is entirely fortuitous. The till was made by the
abrading action of the glacier, which moved over the region in a
southerly direction. The mantle of residual soil or decayed rock
formed in preglacial time and some of the fresh, unweathered rock
below were scraped away and carried along by the ice. The load
of débris was in part carried to the southern edge of the ice sheet,
but most of it was plastered like a blanket over the glaciated rock
surface. The weight of the ice sheet tended to pack the till, so that
the grains interlock and make a dense, tough material. There are
many minute interstices that are capable of absorbing part of the
rain that falls. The water first soaks downward through the till until
it is deflected horizontally, and then it moves along until it is
naturally discharged again at the surface in springs or swamps. The
water may also be artificially recovered by digging wells in the till.
Late in October and early in November, 1916, 49 such wells were
visited in Westport. Of these wells 25 are said by the owners to be
nonfailing and 13 are said to fail. The reliability of the other 11
wells could not be ascertained. The data collected concerning these
wells are tabulated in detail on pages 115-116 and are summarized in
the following table:

Summary of wells dug in till in Westport.

Depth of

Total | Depth to| 2Pt
oton | Water in

depth, water. e

z Feel. Feet. Feet.
IEBNRIIIEOL L o o« o sanins s s nminie o eibinmnaleein e s s s e nsusd B et e e S A 31.9 2.8 11.4
L T T o ee SRR R e s TR SR S s e SO L O e 10.0 6.9 .6
I SO R S e s e S e e S SRR e R 18.1 14.7 3.4
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Stratified drift—The low-lying portions of Westport, aggregating
two-fifths of the total area, are covered with stratified drift, which
includes all materials that have been sorted and deposited in beds
and lenses, in each of which the sand or gravel is of essentially
uniform size.

The stratified drift of the broad valley east of Saugatuck River
in the northwestern part of the town and that west of Sasco Brook
seem probably to be of glaciofluviatile origin. When the glacier
receded from this region many streams of melt water flowed from it
and carried heavy loads of débris, which were deposited in front of
the glacier. These deposits may, however, be later deposits analo-
gous to the alluvium of the flood plains of the present streams. The
principal reason for supposing them to be glacial outwash is that
they extend 40 or 50 feet above the present stream level. In a zone
a mile or so wide along the shore of Long Island Sound are deposits
of stratified drift which may be of marine origin and analogous to
the present sands and gravels of the beaches.

In the present discussion the origin of these deposits is of less
importance than their character and distribution. The map (Pl I1II)
shows the areas of stratified drift. The stratified drift is formed
in large part by the reworking of the till. The porosity in terms of
the percentage of the whole volume not occupied by sand or other
grains is greater than in till, and the individual pores are larger,
so that the circulation of ground water is greatly stimulated. Wells
dug in stratified drift are likely to yield more abundant supplies
than wells dug in till. Fourteen such wells were visited in West-
port and of these eight were said to be nonfailing. The data col-
lected are given in detail in the table on pages 116-117 and are sum-
marized in the following table:

Summary of wells in stratified drift in Westport.

Depth of
water in
well.

Total | Depth to
depth. | water.

Feet. Feet. Feet.
lﬁaximum .................................. et I S SRR T o SRS 27.8 26.4 3.9
FAIDUIN o < 1o = = = lom A n Sa s okl d b m s S50 Sinle a8 Mo a8 = b S ele wim e Rt e S w3 ke e ST 8.5 6.4 1.0
AVEIAZC o a - m v mn s em et e 17.1 15.0 2.1

QUALITY OF GROUND WATER.

The accompanying table gives the results of two analyses and
four assays of samples of ground water collected in the town of
Westport. Nos. 24, 52, and 56 are very soft and low in mineral
content; the rest are soft and only moderately mineralized. In so
far as chemical analysis may be used as a criterion the waters are
acceptable for domestic use. No. 24, however, is so high in nitrate

154444°—20——S8
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that a sanitary inspection would be warranted. Nos. 49 and 55 are a
little high in scale-forming ingredients and are therefore rated as
fair for use in boilers, but the rest are probably good for boiler use.

Nos. 24, 89, and 56 are sodium-carbonate waters, Nos. 49 and 52
are calcium-carbonate in type, and No. 55 is a calcium-chloride
water.

Sample 39 was collected from a well dug into sandy soil a few
hundred feet from the shore at Compo Beach. It is probable that
the relatively high chloride content, 30 parts per million, is due to
the proximity to salt water and frequent blowing over of salt spray,
and not to pollution by either salt water or sewage. The low value
of the nitrates and the cleanly surroundings of the well indicate
that the water is not polluted by sewage. Sea water contains about
3.3 per cent of dissolved matter, of which about 55 per cent is
chloride. This is equivalent to 1.815 per cent, or 18,150 parts per
million. A mixture of one part of sea water with about 600 parts
of pure water would contain about 36 parts per million of chloride.
Therefore it seems more reasonable to ascribe the high chloride in
this well to salt spray blown onto the surrounding soil and leached
out than to infiltration of sea water.

Chemical composition and classification of ground waters in Westpert.a

[Parts per million; collected Dec. 8, 1916; analyzed by Alired A. Chambers and C. H. Kidwell. Numbers
of malyses and assays correspond to those used on PI. I1.]

Analyses.b Assays.c¢

24 39 9 | 55 6

Siliea (8i0,) L Sy TN & RS S S A
Iron (Fe).. ey
Caleium (Ca) s
RSP s g L s P g e RPN e
BodTam (N R e o v wamins siriise s mats o e n
Potassii (B oos oo 2o canoassnmmsmscnonss
Carbonate radicle (CO3)..cceacacanennain..
Bicarbonate radicle (HLO;;) AT el AR
Sulphate radicle (804 . comnoocioioaains
Chloride radicle (Cl) ..........
Nitrate radicle (NOa ..... -
Total dissolved solids at 18
Total hardness as CaCOs. -
Scale-forming constituents
Foaming constituentse...

Chemical chaplel. o on i ror - tanmnaenaa
Probability of corrosion f . 2
Quality for boiler use......
Quality for domestic use

a For location and other descrlptl\ e information see pp. 115-117.

b For methods used in anal gaes and accuracy ol results see pp. 52-60.

¢ Approximations,; for methods used in assays and reliability of results see pp. 52-60.
d Collected Dec. 9, 1916,

e Computed.

/ Based on computed quantity; (?)=-corrosion uncertain, N=noncorrosive.

PUBLIC WATER SUPPLIES.

The Westport Water Co. has been supplying water since 1892,
The source of supply at present consists of two wells (Nos. 66 and 67,
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Pl. II) dug in the stratified drift of the flood plain of Saugatuck
River a little north of the village. Water is pumped from these
wells by two Gould triplex, single-acting pumps with 8 by 10 inch
cylinders, driven at 40 revolutions a minute by electric motors.
There is also an auxiliary direct-acting Blake steam pump. The
water is delivered to a 240,000-gallon steel standpipe on a hill half a
mile north of the village. From the standpipe the water runs by
gravity through 20.2 miles of main to 81 hydrants and 544 serviee
taps, of which 870 are metered. The normal pressure is 60 to 65
pounds to the square inch, but by pumping direct into the mains it
may be increased to 90 pounds for fire service. Of the 3,400 people
in the area served, about 8,200 are supplied and consume about
240,000 gallons a day. According to Mr. ¥. B. Hubbell, the superin-
tendent of the company, the wells are dug in moderately coarse
gravel. The “old” well (No. 66) on the east side of the Saugatuck
is rectangular, 20 feet wide and 40 feet long, and 10 or 11 feet deep.
It usually contains 6 or 7 feet of water. The “new ™ well (No. 67)
is on the west side of the Saugatuck and is connected with the pump-
ing plant by a suction main a quarter of a mile long.  This well is
circular, 30 feet in diameter, and about the same depth as the older
well. The wells will vield together about 50,000 gallons an hour.?
Both wells are roofed to keep out wind-blown foreign matter and the
water is effectually filtered in percolating through the sand and
gravel of the flood plain. The water is of good quality and is of suf-
ficient abundance to care for a slowly growing population. At all
events the flood plain of Saugatuck River can be made to yield much
more water by the construction of additional wells,

RECORDS OF WELLS.

Wells dug in till in Westpori.

|
Ele- !
Depth
No. Topo- gg;l Total Depth| of I
on Owner. graphic above denth | 1O % wate Rig. Remarks.
PLEIT. situation. sen, ~ehwater.| in i
level. well |
|
.| Fect. | Feet. | Feel. |
: 1% PRI R e S 23.9 | 12.5 | 11.4 | Two-bucket rig....
i R AP IS R G Ky 18.6 116.0] 2.6 | Two-hucket rig
and house pump.
8 16.0 | 14.6 | 1.4 | Two-bucket rig....| Nonfailing.
9 10.8 § 8.3 2.5
10 23.0]21.4| 1.6 Fails.
11 20.5]19.21 1.3 Do.
i 43 15.9]| 9.7] 6.2 | X
¥'. 1.. Chureh.... 20.4 | 16.6 | 3.8 ! Fails; abandoned.
19.7 1 16.8 | 2.9 | Windlass rig....... Nonfailing. .
25.5 | 18.4 | 7.1 | Two-bucket rig....| Nonfailing. Rock
bottom.
15.2 1 13.2 | 2 -1 Fails.
23.0|21.21 1.
29.5 | 24.1{ 5. Nonfailing.
17.5 | 14.6 h Abandoned.

1 Connecticut Public Utilities Commission Rept., 1917.
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Wells dug in till in Westport—Continued.

Ele-
Depth
No. Topo- | & \motar |Depth| of
on Owner. graphic | pocolqein| to |water Rig. Remarks.
P1IL situation, [*00V¢|“P Nwater.|  in
level. well.
Feet. | Feet. | Feet. | Feet.
90 | 24.0 | 19.8 | 4.2 | Windlassrig...... Nonfailing.
175 | 16.4 | 14.9 | 1.5 | Two-bucket rig | Nonfailing. Rock
and house pump. bottom.
951113 ]| 9.0 | 2.3 | Two-bucket rig.... Do.
115 [ 18.4 | 16.9 | 1.5 | Two-bucket rig Do.
and air-pressure
. system.
2l S R T A b B 120 [ 17.5 | 13.5 | 4.0 | Two-bucket rig Do.
__andhousepump.
29 |. 190 | 18.9 | 17.3 | 1.6 |'T'wo-bucket rig....
30 |. 1205113, 611 6001 6. Y [evsentl@esoacnsss - Do.
31 1. 100 | 24.5 | 23.2 | 1.3 | House pump Fails.
32 {. 105 | 17.9 1 17.0 | 0.9 | Chain pump. Do.
33 |. 95| 14.1 | 12.0 | 2.1 | Two-bucketr!
35 |. 60 14.8 | 12.5| 2.3 Nonfailing.
36 1. 45118.3 110.3 | 8.0 0.
40 |. 80} 18.4|16.0 | 2.4 Fails.
41 55126.0(20.8| 6.8
42 20| 12.6 | 11.9| 0.7 Do.
45 30(381.9]21.2]|10.7 Nonfailing. Rock
10 feet.
46 ..| Plateau....| 140 19.0 ! 15.2 | 3.8 | Two-bucket rig....| Nonfailing.
AR o it s Slope....... 130 | 27.6 | 24.8 | 2.8 | Windlass rig and Do.
house pump.
7 e SR g ...do........| 165 ] 12.110.4| 1.7 | Chain pump and Do.
house pump.
75114.1110.6 | 3.5 | Sweep rig......... Fails,
65| 12.9| 9. 3.3 | Two-bucket rig....| Nonfailing
35 10 10.1 |- (9 j s do .. Fails.
451 16.1 | 13.8 | 2.3 | Chain pu 0.
35]10.0| 8.0 2.0/.....do... ....| Nonfailing. For
assay see p. 114,
30 10.5| 9.9 0.6 | Two-bucket rig.... Fatils. Rock bot-
om.
45|11.0}| 9.7| 1.3 | Chain pump......| Fails.
30| 19.8 | 17.6 | 2.2 | Windlassrig......| Nonfailing.
35| 14.8 | 12.5 | 2.3 | Two-bucket rig.... Do.
35120.0 | 14.8 | 5.2 | Two-bucket rig
and house
pump.
Bt e e e R do. .| 10]11.1} 9.2 | 1.9 | Chain pumé) ...... Do.
[T ARG S Bl e 130 | 15.4 | 14.4 | 1.0 | Two-bucket rig Do.
and house
pump.
(i) D e T, Plain.......| 125 |16.4 | 14.6 | 11.4 | Windlassrig...... Do.
Wells dug in stratified drift in Westport.
| l
| Etl'e- ik Do;}th\
No. on| | Topographic;VAUOR | motay | DePtR) 0 :
Owner. fows : above to | water Rig. Remarks.
PL IL | situation. | 0" | depth.| oot | Vi
| level. well.
! e ! iy
| Feet, | Feet. | Feet. | Feet.
| 135 | 185 16.9 1.6 | Two-bucket rig..
A 130 27.8 1 26.4 e 5 RO 1 RORS L
! 160 | 22.5| 20.7 R e da.cc0 less
55| 18.9 | '16.2 2y | Tl e et el Bt e
751 18.6 | 12.0 1.6 | Windlassrigand | Nonfailing.
house pump.
15| 10.1 6.4 B (. Ve a oo B 5 Sesrolig Do.
20wt IR0 st s slliunaio S e 2 (a)
551 1.6 | 10.6 1.0 | Two-bucket rig..| Nonfailing. For
analysis see
p. 114,
34 25 1-11.6 %7 A (i [ SRR SO Nonfailing.
37 25| 23.3| 22.1 1.2 | Windlassrig.. .. Do.

_ @ Three attempts to make driven wells have been made on this bar. A litile fresh water was obtained
in each at 12 to 14 feet, but below this only salt water was found.
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Wells dug in stratified drift in Westport—Continued.

Etl'e- A Depfth
No. on "Topographic| Y3HOD| mgt,) | Depthi o .
Owner. < 2 above A to | water Rig. Remarks.
PL 11. situation. sea |depih. water.| . in
level. well.

Feet. | Fect. | Feet. | Feet.

38 ..| Slope...... 254 21.9| 20.0 1.9 | Two-bucket rig.| Nonfailing.
39 | Merritt Gault..| Plain...... 10 8.5 6.5 P e o e e Nonfailing. For
analysis sce

p. 114.a

49 | John Barlow...| Slope...... 851 11.7 8.7 3.0 | Two-bucket rig .| Nonfailing. For
assay see p. 114,
52 | B.F.Bulkley,jr| Terrace.... 25| 25.6 | 21.3 4,3 | Windlass and | Nonfailing.
counterbal- Never less than
ance rig. 14 inches of
water, Rock
bottom. For
assay see p. 114,

05425 0scnunies Sl Slope....... 45| 13.1 | 10.9 2.2 | Chain pump....| Nonfailing. For
assay see p. 114.
66 \\'test;():ort War | Plain e calion oo 11.0 4.0 7.0 ) Nonfailing.
er Co.

O s 0 et L L doRs i 1171 S AL R ®)

@ The water from this well is quite potable, though slightly salty. Satisfactory supplies are obtained
by wells 8 feet deep on the plain around this well. Deeper wells yield salty water.
b Further information on these wells is given in the discussion of public water supplies on p. 114-115 o

Drilled wells in Westport.

Ele- Depth . i 2c
No. on A, Topographic X%tolgg Total D(%gth of Dia- Y;)(;lrd I‘(;?d
L, EL situation. lf,ev%] depth. | . iza&gﬁ. IELer. ) - te | rodk,
Feet. | Feet. Feet. Feet. | Inches, |Gallons.
13| P. L, Chygreh. .. _.... Plateau.... . 00 9
43 | Lawrence Donahue.....| Slope......
44 [SGearte @i oL il el
61 | Childe Child or E. T. | Slope......
Bedford.
(a) | Atlantic Starch Works..| Valley..... Gneiss
(a; Dr, Graham Hammond.|............. Schist.
| (a AW Emith oL IR Hilltop..... Do.

a Data from Gregory, H. E., and Ellis, E. E., Underground water resources of Connecticut: U. S. Geol,
Survey Water-Supply i’aper 232, 1909.

WILTON.
AREA, POPULATION, AND INDUSTRIES,

Wilton lies a little southwest of the center of Fairfield County, and
on the west touches New York State. Norwalk and Ridgefield lie
respectively to the south and north. The area of the town is 28
square miles. There are woods scattered over the town, but espe-
cially along the west and north margins. They have an aggregate
area of a little over 12 square miles or 45 per cent of the whole area
of the town.

The first settlement in Wilton was made from Norwalk about 1701,
and in 1726 it had become large enough to be organized as Wilton
Parish. In 1802 the territory was incorporated as a separate town.
The population in 1910 was 1,706, an increase of 108 over the pre-
vious census return. There are about 60 inhabitants to the square



118 GROUND WATER IN NORWALK AND OTHER AREAS, CONN.

mile. The following table shows the changes in population since
1810:
Population of Wilton, 1819 to 1910.%

|
- Popula- | Percent | - Popula- | Per cont
A tion, change. | Asar, tion. change.
H
1,728 ’ .......... SRS O s e S 1,994 —10
1,818 | A8 e, TS o T B 1,864 e
2,097 g O S e e s s e 1,722 —8
2,033 o IEEOan o T DI U e 1,598 oy
2,066 | E P IOTORT sl R R S 1,706 S
2,208 | +7

o Connecticut Register and Manual, 1915, p. 656.

There was in general a fair growth until 1860, followed by a con-
siderable diminution until 1900. The last decade has shown a slight
increase. Since 1890 there have been fewer people in Wilton than
there were in 1810. As in many other portions of New England,
the loss of population in the middie and later parts of the nineteenth
century is to be ascribed to the greater attractions of other regions.
Some of the emigrants went to the manufacturing towns near by,
and others went to the richer and more easily tilled farming regions
in the West. During the last decade a number of country residences
have been built in Wilton. With the development of good roads and
of the automobile Wilton has become quite accessible, and its scenie
value is being realized and developed. It is probable that this
growth will continue for some time, but it seems improbable that
there will be any large settlements in the near future.

The principal settlements are Wilton and Cannondale on Norwalk
River. Partsof Georgetown and Branchville spread over into Wilton.
North Wilton and Bald Hill Street northwest of Wilton, and Hurl-
butt Street to the east are small villages. The Norwalk and Danbury
turnpike follows the valley of Norwalk River through Wilton.
This 8-mile piece of road and a piece 5 miles long from Wilton
through North Wilton and Bald Hill Street to the Ridgefield town
line are State trunk-line roads. The town keeps in repair about 60
miles of dirt road. The Danbury branch of the New York, New
Haven & Hartford Railroad, which joins the main line at South
Norwalk, also follows Norwalk River through the town. It has
stations at South Wilton, Wilton, Cannondale, Georgetown, and
Branchville. There are post offices at Wilton, (annondale, and
Georgetown, and rural-delivery routes have been established over
all the town. Agriculture is the principal industry.

SURFACE FEATURES.

The topography of Wilton is rugged and diversified. Between the
valleys are ridges and elongated hills which trend north and south.
In the northern part of the town the crests have elevations of 620
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to 660 feet above sea level. Separated from this highland by a zone
about 2 miles wide for which ne general statement of elevation can
be made is the southern part of the town, in which the hilltops range
from 360 to 400 feet above sea level. The set of projected hill pro-
files in figure 16 shows how these two groups of hills have a steplike
relation to each other. The sections bear about north-northwest.
These hilltops are believed to be fragments of an old plain or stepped

s

N.
s £
Sea level. W—W\E
I Y ¥ 2 MILES
V‘enical scale about. 22 times the horizontal

Fievre 16.—Projected north-south profile across Wilton showing terraced charaecter of
the plateau.

plain which has been uplifted and had valleys cut in it. Norwalk
River is the master stream and has the deepest valley. A comparison
of figure 17, which is an east—west profile across Wilton on the line
B-B’, on the maps (Pls. II and III), with the composite north-south
profile of figure 16 will bring out these points. The lowest point in
Wilton is where Norwalk River erosses the south boundary at an ele-
ation of 110 feet above sea level, and the greatest elevation, 700 feet,
is near the west end of the north boundary.

A strip of country 2 to 4 miles wide through the middle of the
town is drained by Nerwalk River and its tributaries. On one
tributary, between Wilton and

,

North Wilton, is the North = B

B o i S Hill Dorwaziovey
Wilton reservoir of the South g Pl g P e il
Norwalk waterworks, The  oiseaswr N e

s . e ek Sw e Q imite  NE

west margin Of “ ilton 1s in Vertical scale about 2/ times the harizontal
the dramage basin of Silver- Fi6UurE 17.—Profile across Wilton (section
mine River, and includes three B-B’ on Pls. Il and I1II) showing dissec-

5 tion of the terraced plateau.
of the reservoirs of the South

Norwalk supply. The south part of the east border is drained by
the West Branch of Saugatuck River.

WATER-BEARING FORMATIONS. -

Gneiss and sehist.—TFour varieties of bedrock have been recognized
in Wilton.! The Becket granite gneiss, which underlies a strip half
a mile wide along the south boundary, is a .schist into which have
been injected many thin dikes and sheets of igneous rock, chiefly
granitic. The injected material is so abundant that it gives the
rock its dominant eharacter.

1 Gregory, H. E., and Robinsen, . Ti., Preliminary geological map of Connecticut :
Connecticut Geol, and Nat. Hist. Survey Buli. 7, 1907.
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The Berkshire schist, which underlies the valley of Norwalk River
north of Hovey Hill, is a gray mica schist, composed essentially of
quartz and mica. It has been extensively injected by granite intru-
sions but not to the same degree as the Becket granite gneiss, which
in places it closely resembles. The injected material has feldspar in
addition to quartz and mica so that it is more massive than the lam-
inated schists. There has been some development of red garnet and
of staurolite in the limy parts of the schist.

The bedrock of Hovey Hill and Sturgis Ridge is the Thomaston
granite gneiss, as is also that of a strip a mile wide extending west
from Chestnut Hill across Belden Hill to the west boundary and
thence north to Ridgefield. This granite gneiss is a light-gray or
pinkish-gray medium coarse grained rock, composed essentially of
feldspar, quartz, and black mica—the minerals that characterize a
granite. There are also small amounts of accessory minerals. Meta-
morphism has produced gneissoid structure in the rock. Foliation
planes, marked by concentration and parallel orientation of mica
flakes, have been made. These foliation planes give the rock its
banded appearance and its tendency to cleave along certain planes.
Locally this rock is so strongly metamorphosed as to resemble the
Becket gneiss.

The middle part of the town, including Wilton, Comstock Knoll,
Turner Ridge, North Wilton, and a strip northwest into Ridgefield
is underlain by Danbury granodiorite. This rock is similar to the
Thomaston granite gneiss except that the mica is in large part
replaced by hornblende.

The water-bearing properties of these four types of bedrock are
alike and may be discussed together. These rocks have very little.
porosity, and no interstitial water is to be expected. The spaces
between the grains are so minute that they can contain but little
water, and their narrowness tends to increase friction and so retard
circulation. The mechanical stresses to which the rocks have been
subjected have made many openings in them. These openings may
be recognized as intersecting systems of joints and fissures. In gen-
eral one set is horizontal or slightly inclined and is cut by one, two,
or more vertical or steeply inclined sets of crevices. Their mutual
intersection forms a ramifying and interconnecting network of
channels through which water may circulate. Water from the satu-
rated base of the overlying soil finds its way and circulates through
the network of fissures and may be recovered by means of drilled
wells. The data available concerning such wells in Wilton are given
in the table on page 124.

7'ill.—Till forms the mantle rock of most of Wilton. It is the
product of direct glacial action and consists of the débris plucked and
scraped up by the ice. The fragments have been carried along in the
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ice, rubbed against one another and against the rock bed on which the
ice moved, and thus worn and polished and eventually deposited in a
heterogeneous mass. Pebbles, cobbles, and boulders are embedded in
a dense matrix of the finely ground rock. The whole mass is a very
tough material, in part because of the compacting and pressing by
the weight of the overlying ice and in part because the angular grains
interlock. This interlocking also tends to reduce the porosity of the
till, for the smaller particles are fitted into the interstices of the
larger ones. There is, however, much pore space, for the till absorbs,
stores, and transmits large amounts of water. Wells dugs into till
will in general procure supplies of water sufficient for domestic and
farm needs. During late October and early November, 1916, 46 such
wells were visited in Wilton. Two were dry at the time, 10 more
were said to fail, and 25 to be nonfailing. The reliability of the
remaining 9 could not be ascertained. The data obtained are tabu-
lated in detail on pages 122-123 and are summarize in the following
table:

Summary of wells dug in till in Wilton.

Depth of
Total |Depth to B
water in
depth. water. Wolls 1
Feet. Feet. Feet.
Maximum... 34.1 30.9 8.7
Minimum. .. 70 4.2 -4
17.0 13.6 3.1

Stratified drift—There are narrow areas of stratified drift along
parts of the valley of Norwalk River, and also in two broader val-
leys, one near Bald Hill Street and one near Chestnut Hjll. The
distribution of these areas is shown on the map (Pl ITI). Streams
which have eroded the till have sorted and washed the constituents
and redeposited them in the lowlands. The principal difference be-
tween the two deposits is that the individual beds of the stratified
drift contain only grains that have a narrow range of variation of
size. The smaller grains have been removed, so that the interstices
of the larger ones are open, and therefore the stratified drift is far
more porous and a better water bearer than the till. Wells in the
stratified drift are aptto give more abundantsupplies than wellsin till.
Data were obtained concerning two driven and eight dug wells in
stratified drift in Wilton. All are said to be nonfailing. The data
collected are tabulated in detail on page 123 and are summarized in
the following table:

Sunumnary of wells in stiratified drift in Wilton.

Depth of
Total | Depth to 5
depth. | water. Wif:]r].m
Fect. Feet. | Feet.
Maximum.... 21.3 19.8 | 5.0
Minimum.... 9.7 8.0 | 1.5
Average 15.4 | 13.3 | 2.5
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QUALITY OF GROUND WATER.

The following table gives the results of two analyses and three
assays of samples of ground water collected in the town of Wilton.
The waters are all low in mineral content and are soft except Nos.
56 and 46A, which are very soft. All are suitable for use in boilers
and so far as may be judged from their chemical composition are
acceptable for domestic use. Nos. 29 and 43 are calecium-carbonate
in type, and the rest sodium-carbonate.

Chemical composition and classification of ground waters in Wilton."

[Parts per million; collected Dec. 8, 1916; analyzed by Alfred A. Chambers and C. . Kidwell. Numbersof
analyses and assays corvespond to those used on PL. IL]

Analyses.b Assays.c
42 56 29 43 154

Sl GOe) - o0 i e Sl e et b7 ¢

Iron (Fe)..... .38

Calcium (Ca)... 13

Magnesinm (Mg).:.cecavoransan 4.9

Sodium and potassium (Na+K)d. 16

Carbonate radicle (COg). .. ..... .

Bicarbonate radicle (HCO3) 58

Sulphate radicle (SO4).. .. 16

Chloride radiele (C1).. 16

Nitrate radicle (NO3)... 1.9

Total disselved solids at 180° C. 124

Totalhardness as CaCOs...... d 53

Seale-forming constituentsd. . o
Foaming constituentsd.. ... ... iiii...

Chemical character. . .oc oo oo iiiaaaaaaaaaann Na-C Ca—COz | Na-COg3
Probability of corrosion e. 3 (?) ? (?) N

Quality for beiler use.... Good. Good.
Quality for domestic use. Good. Good.

a For location and other descnptu'e information see 1pp 122-124.

b For methods used in analysis and accuracy of results see pp. 52-60.

i Approxxmatmns for methods used in assays and reliability of results see pp. 52-60.
d Computed.

¢ Based on computed quantity; (?)=corresion uneertain, N=mnoncorrosive.

RECORDS OF WELLS.

Wells dug in till in Wilton.

} Ele- Depth
No. ‘ Topo-  |vation| 4. ;| Depth of
on | Owner. graphic |above to | water Rig. Remarks.
graph depth :
FEL situation. sea i water | in
| level. well.
Feet. | Feet. | Feet. | Feet.
G(r:o. W. God-~ ... 325 10.2 Ay 2.1 | Bweep rig. - iaaas Nonfailing.
rey.
400 | 15.1 .0 1.1 | Chain pump. Fails.
590 9.9 .0 .9 | Sweep rig.. Deo.
595 | 1.7 .4 3.3 | Two-bucket .
600 | 12.6 &) 3.6 | Sweeprig. ... Nonfailing. Tiled.
550 | 25.5 .2 5.3 c Nonfailing.
575 | 28.1 .6 6.% | Two-bucket 0.
530 | 13.7 | 11L.0 y- il o B0 ivo e Do.
530 | 23.8 i 8.7 | Chain pump
465 | 10.9 7.6 3.3 | Sweep rig..
480 | 34.1] 30.9 3.2 | Two-buck Do.
610 | 17.1| 16.5 .6 Swee ng 4 Feils.
605 | 17.0| 14.5 2.5 | Tw i .| Fails. Rock, 8
eet.
520 | 12.4 | 10.4 2.0 Nonfailing.
610 | 21.0| 16.2 4.8 .| Fails.
Hilltop 560 | 15.8 | 14.0 1.8 Nonfailing.
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Wells dug in till in Wilton—Continued.
Ele- | Depth
No. Topo- |vation Total Depth| of
on Owner. aphic  |above depth.| t0 -|water iz Remarks,
PLIL situation. | sea P water.| in
level well.
Fecet. | Fect. | Feet.
8.5 5.6 2.9 | Sweep rig.........
15.5 | 11.9 3.6 | Chain pump. .....| Nonfailing.«
20.0| 19.6 -4 | Two-bucket rig ‘
Edv 19.1 | 18.4 .7 | Norig Rock, 6
Olmstead eet.
~do. 460 | 12.3 | 10.0 2.3 | Windlass rig and Non[ailing.
gravity system.
40! 21.0} 17.0 4.0 | Two - bucket rig Do.
] and house pump.
330 7.0 4.2 2.8 | House pump...... Do.
340 | 18.5| 17.5 1.0} NoTig............| Faills®
245{ 16.5| 13.2 3.3 | Two-bucket rl;z .| Nonfailing. For
assay see p. 122,
2801 11.4 9.9 1.5 | Chain pump......| Nonfailing.¢
275 | 13.2 6.2 791 06 LE At Do.c
3751 18.9{ 14.7 4.2 | Two-bucket rig.. Do.
3701 18.21 14.0 4.2 | Sweep rig and” Do.
house pump.
360§ 2.6 18.2 3.4 Two-bucket Gig. o
365 | 12.3 8.3 2.0 s dn - e Nonfailing.
290 | 13.6 8.1 551 W mdlass and pul-
ey rig.
2101 15.1§ 18.5 1.6 | Two-bucket rig. . - Do.
280 19.1 8.5 5 AR do Faiis.
260 | 22.7| 21.0 10§ e o Nonfailin;:.
280 | 12.2 9.8 2.4 Wmdla«xuz Fails. Rock bot-
Hl.
445 o TRRBNT BE B Fab RS s Skl Nonfailing. Rock,
| 4 feet.
315 £2.3 Two-bucket rig.
360 | 31.6 | Windlass rig. ..... Fafils. Rock, 22
| eet.
275 | 18.0 | 13.4| 4.6 | One-bucket rig....
265 | 15.4 | 11.8 3.6 d Noniailing.
290 14.6 10.9 3.4 Do.
225 14.0 9.3 4.7 Do.
260 | 15.5 12,7 2.8 Do.
235 { 21.1 8.1 3.0 ig .
| 285 8.9 6.1 2.8 | Windiass rlg Do.
i 355 25.5 | ..oe.o Dry. | Chain pump. Tails.
i |
@ In a depression filled with till between two rock ledges
b Rock bottom well, on slope above well No. 27, and 150 Teet distant
¢ Well No. 30 southwest of house; No. 30A, northeast.
Wells dug in stratified drift in Wilton.
| \
a Eleva- [Depth |
D Lo i Depth| of |
No.on Lo graphie 101 | el (DO g : .
P11, Owner. situa- al;(e);e depth. wzta?er weia,:tlcr Rig. Remarks.
ton. | jevel. well. |
Fect. | Feel. | Feet. | Feet. 1
T A A Slope. 180 | 21.3 | 19.8 1.5 I Windlass rig | Nonifailing.
| and house
pump.
42 | Martin Harbs. ... Plain 205 9.7 8.0 1.7  Deen-well pump.| Nonfailing. For
| analysis sce p.
43 | New York, New 122,
Haven & Hart-
ford B. R_..c.-4....3 do.. 180 | 12 e ot | Pitcher pump...| Nonfailing. Driv-
} en well. For
assay seep. 122.
D0 B abatal sl e s, (el do. 1951 18.0 | 16.5 1.5 | Chain pump..... Nonfailing.
180 | 15.9 | 14.0 1.9 | Two-bucket rig. D
1751 18.5| 17.0 D e do.
175 18 13 5 | Pitcher pump.A \Zonfaih’ . Drive
| en well. For
assayseep. 122,
Pk o S Plain.....| 18] 11.5| 9.0] 25| Twobucket rig.| Nonfailing.
54 1. d 165| 1.2 9.5 1.7‘ ..... T Do.
56 | Miss . 8. Willing.|..... do.._.. 1351 17.8 | 13.0 & SR o A R Ntmfailing. For
| analysis see p.
i 122.
|




124 GROUND WATER IN NORWALK AND OTHER AREAS, CONN.

Drilled wells in Wilton.

o Topes, et s Total | Depth | Depth | Yield
PUTI Owner. i) above | 4O to | towater| B per
i e sea D! rock. | in well. * | minute.

Inches. | Galions.

Middlebrook. .
38 | Freeman......
61 | Egbert Lilly........
62 | Henry Finch.......
63 | T'. M. Comstock. .

63A5 . .. gobeos i
64 | J. E. Kayser..

EAST GRANBY.
AREA, POPULATION, AND INDUSTRIES.

East Granby is a farming town in the north-central part of Hart-
ford County and lies about 15 miles north of the city of Hartford.
The town has an area of about 18 square miles, of which nearly 8
square miles, or 43 per cent, is woodland. The woods are well dis-
tributed but are for the most part restricted to the hills.

The territory of East Granby was taken from Granby and Wind-
sor Locks in 1858 and incorporated as a separate town. The popu-
lation in 1910 was 797, an increase of 113, or 17 per cent, over the
population in 1900. The following table shows the population at
each census from 1860 to 1910, together with the per cent of change
in the decade:

Population of Bast Granby, 1860-1910.

j Popu- [Per cent

| Popu- | Per cent
lation. | change.

Year. lation. | change.

Year.

R Jeog s Sk el o LRl 661 —12
853 Aiatilyanger it SSE Tt e TR e T 684 ey
754 S R T R R 797 +17

a Connecticut Register and Manual, 1919, p. 638.

There has been no uniform trend of change of population, but it
has fluctuated in both directions. During the last decade there has
been a considerable development of the culture of leaf tobacco for
cigar wrappers and binders, and this probably accounts for the
notable increase in population. Because of its inferior transportation
facilities the town will probably remain a farming district, and will
grow only moderately in the future. The present density of popula-
tion is 45 inhabitants to the square mile.

The principal settlement is East Granby, in the eastern part of the

_town, where there are stores and a post office. There is a smaller
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village at Granby Station and part of Tariffville extends into East
Granby. Spoonville is a small settlement on Farmington River in
the southeast corner of the town. There are about 32 miles of roads
in the town, which are for the most part excellent, though the roads
in the easternmost part are very sandy. The road from Tariffville to
Granby Station and the road from Tariffville through East Granby
to West Suffield are of excellent macadam. The Central New Eng-
land Railway runs past the south boundary of East Granby and has
a station at Tariffville. A branch runs north from Tariffville to
Springfield and has a station at East Granby. The Northampton
division (Canal Road) of the New York, New Haven & Hartford
Railroad follows the west boundary and has a station at Granby
Station and a flag station at Floydville, a mile south.

SURFACE FEATURES AND GEOLOGIC STRUCTURE.

East Granby comprises a nearly level sand plain, 160 to 200 feet
above sea level, above which rise a large till-covered hill and sev-
eral smaller ones. The stream valleys are cut into this plain. The
lowest point in the town is where Farmington River passes the
southeast corner, about 100 feet above sea level, and the highest point
is the crest of Peak Mountain, 665 feet above sea level. The total
relief is thus about 565 feet.

The sand plain is separated into two parts by the large till-cov-
ered trap ridge. It was formed by the deposition of vast amounts of
débris washed out from the glacier as it receded from this region
and so constitutes an outwash plain. The boundary of the stratified
drift lies in general 200 to 240 feet above sea level. Above this
height the mantle rock is till, the direct product of glaciation.

The stratified drift forms a very loose, sandy soil, and its upper
portion becomes very dry in times of drought, although there may be
an abundance of water at some depth. The ecologic conditions are pe-
culiar, and the soil has a characteristic flora in which scrub oak,
pines, sweet fern, and a yellowish grass, locally known as “ poverty
grass,” are prominent. This soil, however, is well adapted to the
needs of tobacco. Its looseness makes the maintenance of good roads
extremely difficult. Plate IX, B (p. 72), which is a view of the sand
plain half a mile northwest of Tariffville, shows the very sandy road
and the characteristic flora. In the middle distance is the corner of a
“tent ” used for raising shade-grown tobacco.

The ridge that separates the two sand plains owes its topographic
prominence to the sheets of trap rock that underlie it. Most of East
Granby is underlain by red sandstones and shales deposited during
the Triassic period as sands and clays and subsequently indurated.
The process of deposition was interrupted on three occasions by the
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quiet voleanic extrusion of basic lava which spread out in broad
sheets and eventually solidified as trap rock. South of Tariffville
there are three trap sheets, of which the middle is the thickest (400
to 500 feet) and is therefore known as the “ Main ” sheet. Below it
and separated from it by 300 to 1,000 feet of sandstone and shale is -
the “ Anterior ” trap sheet, which has a maximum thickness of 250
feet, and is so named because it outcrops on the front or face side of
the cliff formed by the “ Main ” sheet. Above the “ Main ” sheet and
separated from it by 1,000 to 1,200 feet of sandstone and shale is the
“ Posterior ” trap sheet, 100 to 150 feet thick. The “ Anterior ” sheet
thins out north of Tariffville and outcrops only in a few places.

At some time subsequent to their consolidation the sedimentary
rocks and the associated trap rocks were broken into great blocks and
tilted 15° or 20° E. Davis?® has recognized and mapped one prin-
cipal fault that bears about northeast and several minor faults that
bear north or a little west of north. The ridge of Peak Mountain

Bt it ! 2 miLes
Vertical scale twice the horizontal
EXPLANATION

=

Stratified drift Sandstone
and till

Figure 18.—Geologic section across East Granby and Suffield (section /7-D" on PL V).

stands up because of the thick, resistant “ Main” trap sheet that
forms a bold westward-facing eliff. The ridge is broken by a gap
about 200 feet deep where it is crossed by the Tariffville-Springfield
Railroad. This gap is due to the major fault, which offsets a little
the portions of the trap sheet to the northwest and southeast. The
gorge of Farmington River at Tariffville was formed by deep:
erosion of a fault zone along which there was similar offsetting.
This fault zone bears a little west of north. The block on the east
was raised and moved southward so that the offset of the north
part of the ridge relative to the south part was to the east. Plate
X, A4, shows the offset to the east or left of the nearer or north part
of the ridge as seen from a point a mile north of Tariffville. The
minor faults produce offsets on a smaller scale but of similar char-
acter. A section across East Granby and Saffield along the line
D-D’ on the map (Pl V) is shown in figure 18, and the relation of
the ridges and the plain to the underlying formation is there
illustrated. :

1Davis, W. M., The Triassic formation cf Connecticut: U. 8. Geol. Survey Eighteenth
Ann, Rept., pt. 2, pl. 19, 1897,
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4. OFFSET TRAP RIDGES NEAR TARIFFVILLE, CONN.

B. FLOWING WELL DRILLED IN SANDSTONE, EAST GRANBY, CONN.
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The part of East Granby west of Peak Mountain and its southerly
prolongation is drained by a branch of Salmon Brook, which joins
Farmington River near Tariffville. In the southern part east of
the ridge is a small area drained by short streams which empty
directly into the Farmington. Most of the area east of the ridge,
however, is drained by rather long northward-flowing streams that
are tributary to Stony Brook (in Suffield), which empties into
Connecticut River.

WATER-BEARING FORMATIONS.

Red sandstone.—Most of East Granby is underlain by red sand-
stone and shale of Triassic age. The beds have been tilted 15° or 20°
E., and the rocks have been broken by the jarring, so that they are
now traversed by many joints and large fractures. These openings
form systems which tend to be either parallel or at right angles
to the bedding. Water that has found its way into them from the
overlying unconsolidated till or stratified drift may be recovered by
means of drilled wells. The average depth of the 11 wells of this
type that were visited in Suffield is 211 feet, and their average yield
is 20 gallons a minute.

In much of the area a thick deposit of stratified drift mantles
the sandstone. In places the stratified drift is as much as 100 feet
thick, as shown by Mr. George Batytes’s well (No. 5, P1. IV), which
went through 100 feet of sand, silt, and gravel before reaching the
bedrock. In such places abundant supplies would probably be
obtained in the stratified drift without drilling into the bedrock.

The drilled well of Mr. I. H, Griffin (No. 33, PL. IV) is one of
the few flowing wells in the State. It is probable that this well has
cut one of a series of interconnecting fissures that are sealed in some-
way. The well is on the east slope of a low ridge, and considerable
head is developed in the higher part of the ridge. The sealing
below the well or to the east may be either due to the pinching out
and narrowing of the fissures or to a blanket of impervious over-
lying till. The till on the hilltop must be pervious, else water could
not enter the fissures. A view of the mouth of this well, showing
its normal flow of 1§ gallons a minute, is given in Plate X, B.

T'rap rock.~The trap sheets, which underlie narrow zones running
north and south through East Granby, carry water in the same way
as the sandstones and shales but rather less abundantly. Their
topographic form is disadvantageous, as the bold cliffs allow the
water to drain away rather readily. Mr. George E. Bidwell’s well
(No. 12, PL. TV), for example, is 150 feet deep, but the water stands
75 feet below the mouth. In the other drilled wells in Suffield
the average depth to water is only 22 feet, for there is little oppor-
tunity for escape of water from them.
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7%l—Till forms a mantle over the higher portion of East
Granby except for the areas where bedrock actually outcrops and
the talus slopes below the trap cliffs. The principal till area includes
Peak Mountain and its prolongation southward and a lower westward
extension, but there are also two small till-covered ridges in the
northeast corner of the town. The till is composed of all the rock
débris plowed up and scraped along by the glacier. It was deposited
as a blanket 20 to 30 feet thick in general and comprises a matrix of
fine rock flour, clay, silt, and sand in which are embedded pebbles,
cobbles, and boulders of great and small size. Because of the pack-
ing of the smaller particles into the interstices between the larger
the till has only a moderate amount of pore space and the pores,
moreover, are small. The deposit, then, is one of low porosity and
low permeability. Nevertheless it has considerable value as a water-
bearing formation and is able to store and slowly transmit moderate
amounts of water. Wells dug in till are likely to obtain fairly
reliable and fairly abundant supplies of water. Six such wells were
visited in East Granby, and of these three were said to be nonfailing,
but the dependability of the remaining three was not ascertained.
The following table summarizes the measurements made on these
wells :

Summary of wells dug in till in Bast Granby.

’ Depth
| Total ’ Depth oD
depth. ito water. 2;“$gﬁf
| |
Feet. | Feet. | Feet.
Maximum... 2.9 | 20.5 | 18.6
Minimum. .. 7.0 | 3.0 | 3.2
Average 18.4 f 10.3 L 8.1

Stratified drift—The deposits of stratified drift, of which the
origin and distribution in East Granby have been discussed above,
is a far more efficient water-bearing formation than the till. Tt is
composed in the main of the materials of the till reworked by run-
ning water. The grains have been sorted out according to size and
deposited in different beds. The finer particles have been removed
from the interstices of the coarser, so that there is not only a greater
percentage of pore space, but the individual pores are larger and
connect more freely. Large amounts of water may be recovered
from the stratified drift by means of dug or driven wells. Mr. J. S.
Dewey’s well (No. 3, PL. TV) was made the subject of a rough
pumping test (see p. 41) which showed a yield of at least 5 gallons
a minute. Measurements were made of 20 wells dug in stratified
drift in East Granby in July and August, 1916. Of these 17 were
said to be nonfailing and 2 were said to fail, but the reliability of the



EAST GRANBY. 129

other well was not ascertained. The data concerning the depths of
these wells is summarized in the following table:

Summary of wells dug in stratified drift in East Granby.

— ]
| Depth
Total Depth |
Depth. | to water. ‘ (ijflvgfgﬁr
et
. Fect. Feet. | Feet.
Maximum...... S e S A S L, R e W e L AR SRR 32.2 29.4 | 12.1
Minimum. .. 5.4 3.1 1.5
= ST i R SRR e R S A e R R R T e D 17.1 13.0 4.1

QUALITY OF GROUND WATER.

The results of two analyses and three assays of water collected
in East Granby are given in the following table. The waters are
all soft except No. 5, which is very soft, and No. 33, which is hard
in comparison with other waters of this area. All the waters are low
in mineral content except No. 33, which is moderately mineralized.
All are classified as good for domestic use, but the large quantity of
nitrate in No. 3 may be an evidence of contamination. No. 5 is
classified as good for use in boilers, but the rest are classed as fair
because they contain considerable amounts of scale-forming constitu-
ents. The waters are calcium-carbonate in type except No. 8, in
which chloride is the dominant acid radicle.

Chemical composition and classification of ground waters in Hast Granby.e

[Parts per million. Analyzed by Alfred A. Chambers and C. H. Kidwell. Numbers of analyses and
assays correspond to those used on P1. IV.]

|
Analyses.b | Assays.c

a3 e5 €8 726 733
Silica %Slo'z) ................... B S ] 13 7 JE: (e de i, I RSN s )
Iron ( si 1.4 .68 Trace 0.47 0.08
Calcinm (Ca) S 27 S A Mg e
Magnesinm (M) . .coovo=:-c/isve 2.9 o e NG R SRR PR X
Sodium and g 5.5 7.0 5 7 4
Carbonate radicle (C ......... . i .0 - 12
Bicarbonate radicle (HCO:) 45 45 36 104 105
Sulphate radicle (SO4). ... 23 12 12 8.0 35
Chloride radicle (C1)... 2 i1 3.4 27 4.8 2.0
Nitrate radicle (NOs)........ 19 (- R S DT e
Total dissolved solids at 180° C 150 k88 9120 9130 9190
Total hardness as CaCOs....... 80 €46 70 87 137
Scale-forming constituents ¢.. < 98 64 95 110 160
Hoaanyin g ConSTUSBIST. . i s {500 e vnntoeahiesnnbabbsos 15 19 10 20 10
Chenitont eharaelel .. ou . en oot St ot s peames Ca-CO3 | Ca-CO3 Ca-Cl | Ca-CO;3 | Ca-CO3
Probability of corrosion ¢ . (?). ? }g?) (N é?)
Quality for boiler use.... ; Fair. Good. alr. air. alr,
Quality for domesticuse......ccoccaenoiiaoiiaiiaanes Good. Good. Good. Good Good.

a For location and other descriptive information see
b For methods used in analyses and accuracy of resu

I

D. 130-131.
ts see pp. 52-60.

¢ Approximations; for methods used in assays and reliability of results see pp. 52-60.

@ Coliected Mar. 19, 1918.

e Collected Nov. 18, 1916,

7 Collected Dec. 6, 1916.

g Computed. .

& Total solids by summation.

i Based on computed quantity; (?)=corrosion uncertain.

154444°—20——9
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RECORDS OF WELLS AND SPRINGS.

Only one spring was visited in East Granby. It is plotted on the
map as No. 27 and is situated at the foot of a terrace scarp. The
yield is large, and the water is pumped to a house.

Wells dug in till in East Granby.

Eleva-~ Depth
Topo- Depth
No.on tion | Total to .
Owner. graphic f Rig. Remarks.
PLIV. above | depth. | water
situation. Tovel th Wwell: water.
Feet. | Feet. | Feet. | Feet.
10 Slope...-.. 270 14.8 11.6 3.2 | Windlass rig and | Unfailing.
house pump.
13 | J, W, Bidwell...|..... 00 It 278 25.8 13.7 12.1 | Chain pump. ..... Do.
15 Plall. .. oo 185 9.8 6.0 SRR (PR rpe R
23 Ridge ...... 245 27.9 20.5 7.4 | Windlassrig......
24 .| Slope...... 240 i 3 4 House pump ...... Do.
25 Terrace. ... 250 25.4 6.8 18.6 | Windlassrig.
Wells dug in stratified drift in East Granby.
Eleva-
: Depth
Topo- tion Depth
Iglo.I(‘),n Owner. graphic |above (;I(;Otﬁ to %Ll‘_”i’; Rig. Remarks.
B situation. | sea |“®P¥1-|water.| \oF 1
level o
. Feet.| Feel.| Feet. | Feet.
i R Terrace. . 0 10 155 1.5 | House pump...... Nonfailing.
2. e & [ N 195 | 24.0| 215 2.5 | Deep-well pump..| Nonfailing. In
rock 2 feet.
3| J. 8. Dewey.. Slope....| 200 | 24.9| 21.8 3.7 (a) Nonfailing. For
| analysis see
] p. 129.
8 |Peter Bradley...| Plain....|] 150 5.4 3.1 2.3 | Windlassrig...... Nonfailing. For
| assay see p. 129.
Qb T e Slope....] 150 | 13.8 8.5 5.3 | Chain pump...... Fails.
1 S B B R st Blain. . 170 | 12.4 8.9 3.5 [ e - e s Nonfailing.
S0 S R e SR Slope. L 195 | 24.0| 20.1 3.9 | Windlassrig. . e
i b7 I PR, B e o do... 1951 14.6 | 11.5 3.1 | Chain pump. .{ Abandoned.b
B8k add s vn dam Ridge_ it 285 159960 . T3 8.9 { Windmill. ... .| Nonfailing.
113 1 oA P e (A Plain....| 195 7.0 4.7 2.3 | Chain pump. % Do.
QO L et e Swale. ... 200 | 14.7 6.4 8B ais . p do < Do.
] 1 S Slope....[ 190 | 18.0 | 14.0 4.0 | Deep-well pump. L Do.
At Ridge.... 210 | 14.8] 13.1 1.7 | Two-bucket rig... Do.
ol e P R S Plain....| 205 | 32.8| 29.4 b SR Hon)s i Nonfailing. Tem-
Nl . perature, 55° F.
29 | Griffin-New- |..... do... 195 8.7 6.4 2.3 | Windlass rig and | Nonfailing.
berger To- house pump.
bacco Co. )
25 P SRR B B Slope....| 180 | 17.3 | 12.6 &l - O o o vonse Fails.
SR s L Plain. . .; 185 | 22.0 9.9 | 12.1 | Windlassrig. ..... Nonfailing.
32 | H. Russell. .. .]..... do...| 160 | 11.1 s 3.4 | Sweeprig......... Do.
7 T T A ERRRE (s o Pt 195 | 16.6 | 14.3 2.3 | Deep-well pump .. Do.
Sy o S T B i B do... 185 | 17.4] 14.6 2.8 | Two-bucket rig.. . Do.

a Pumping test made on this well. (See p. 41.)
b Formerly this well did not fail. The recent construction of a railroad cut 10 feet north and 10 feet
lower has interfered with its supply.
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Drilled wells in Hast Granby.

) P ]
5 2 3 R =
2 2 : L =l
@ o s | B -
2y Topo- — = - . g
~ Owner. grophic | 82 | & | o |82 | 8 | 5 | Kindofrock. | Remarks.
g situation.| 8.8 | < R 2
fa| 3 | B |82 8 | =
S f9] 8 e LB & | B
Z = = A (A [=] 2l
Inch-| Gal-
Feet. | Fect. | Feet. | Feet. | es. |lons.
41 7.8. Dewey....... Slope...| 210 | 402 37 30 6 10 | Sandstone. . .. (a)
5 | George Batytes...| Terrace ., 190 | 118} 100 |...... 6 R RS RO s Lo For anallgsis
see p. 129.
6 | Connecticut To-| Plain...| 170 | 360 |...... 8= 1. 1500 +30 |..... {c s el e b
bacco Corp.
7 | William Landroth.| Terrace .| 160 | 110 0 1...... 6 T e [ £ MR, (?)
A e g s I Slope...| 445 B e v D TraD. drsenie] WAER VT Y
hard.
12 | Geo. E. Bidwell...|...do....| 385 | 150 {...... 75 6 1 e do. P
26 | L. H. Seymour...|...do....| 215 | 152 10 S 6 19 | Trap and sand-| For assay see
| stone. p. 129.¢
33| 1. H.Griffin._ ... @0l - 180 | A2F L il ol 6 | (d) | Sandstone....| For assay see
p. 129.

a Water enough for drilling at 40 feet; gain of only 2 gallons a minute from 200 to 400 foot depth.
b Drilled through 10 feet of sand, 4 or 5 feet of gravel, 45 feet of ““blue clay,”” and 2 feet of “trap rock,”
and the rest in sandstone.
! Ich Drilled through 10 feet of soil and 10 feet of trap rock and rest in sandstone. Windmill and gravity
ank, ¢
d Well flows with a head of about 3 feet and with the outlet depressed 18 inches; it flows 1} gallons
a minute. Can pump 50 gallons & minute.

ENFIELD.
AREA, POPULATION, AND INDUSTRIES.

Enfield is a manufacturing and farming town in the northeast
corner of Hartford County. It is bounded on the north by Massa-
chusetts, on the east by Somers, in Tolland County, and on the west
by Connecticut River. The town covers about 34 square miles, of
which 13 square miles, or about 40 per cent, is wooded. A strip 1%
miles wide along the Connecticut is in the main cleared, but wood-
lands are uniformly distributed throughout the rest of the town.
Thompsonville, on Connecticut River, 1} miles south of the Massa-
chusetts boundary, is the principal settlement. The village of Enfield
is strung out for 1 miles along Enfield Street, which follows the
crest of the ridge south from Thompsonville. Hazardville and Sci-
tico are small settlements in the eastern part of the town. There are
post offices and stores at all the places. The town has about 75 miles
of road, exclusive of the streets of Thompsonville and including 7%
miles of the State trunk-line road from Hartford to Springfield. The
Hartford division of the New York, New Haven & Hartford Rail-
road follows the west boundary and has stations at Thompsonville
and Enfield Bridge. The Springfield division of the same company
runs north and south through the eastern part of the town and has
stations at Scitico and Shaker Station. The East Side line of the
Hartford & Springfield Street Railway Co. runs through Enfield
and Thompsonville, and the Somers branch leaves the main line a
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little south of Thompsonville and runs through Hazardville and
Scitico to Somerville and Somers.

Enfield was named and granted by Massachusetts in 1683 and
annexed to Connecticut in 1749. Since then there has been no change
in its extent or organization. In 1910 the population was 9,719, an
increase of 3,020 over the population of 1900. The density is 284 in-
habitants to the square mile, but most of the population is concen-
trated in Thompsonville, and most of the area is much more sparsely
populated. The following table shows the changes in population
since 1756:

Population of Enfield, 1756 to 1910.%

Popula- | Per cent = Popula- | Per cent
Year tion. |, change. e tion. | change.
2,648 +24
4,460 +68
4,997 +12
6,322 +27
6,755 o7
7,199 +57
6, 699 -7
9,719 +43

a Connecticut Register and Manual, 1919, p. 638.

There has been in general an increase in each census period. The
manufacture of carpets was begun at Thompsonville about 1830 and
the manufacture of gunpowder at Hazardville a few years later.
The growth in population has been dependent in large part upon
the prosperity of these industries. The decrease of population from
1890 to 1900 was probably due to the abandonment of the powder
factory at Hazardville.- Thompsonville may continue to grow stead-
ily, but no great increase is to be expected in the rest of the town.

The principal industries of Enfield are the manufacture of carpets
and undertakers’ supplies and agriculture, which is confined chiefly
to the raising of wrapper and binder tobacco.

SURFACE FEATURES AND GEOLOGIC STRUCTURE.

Most of Enfield lies on a sand plain, 120 feet above sea level at
the south boundary and 200 feet at the north. Along the east bound-
ary till-covered slopes rise to a maximum elevation of 400 feet
above sea level. The plain is bounded on the west in part by a ridge
140 to 180 feet high, the west slope of which extends inland to the
river and in others flattens to a terrace 60 to 80 feet above sea level.
The river is about 25 feet above sea level at the southeast corner of
the town. The total range in elevation is about 375 feet.

The bedrock of Enfield comprises the red sandstones, shales, and
conglomerate of the upper part of the Triassic. They were origi-
nally deposited as sands, clays, and gravels, but became cemented
and consolidated. Subsequently they were broken into great blocks
and tilted 15° or 20° E. Their history since has been solely one
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of erosion. Prior to the glacial epoch the Connecticut had a channel
east of the Enfield Street ridge, as is indicated by the well of Mr.
Richard Smyth (No. 31, PL. IV). This well is 418 feet deep, but
reached bedrock only at a depth of 236 feet. As the mouth of the
well is about 120 feet above sea level, the bedrock at this point is
over 100 feet below sea level. The most probable explanation of
these facts is that formerly the land stood about 150 feet higher
than now, and that Connecticut River cut a channel which passed
this point. During the later part of the glacial epoch, as the ice
sheet was receding from this region, many streams of melt water
issued from its front carrying much débris, which was deposited in
the main in the broad central valley of Connecticut River, forming
broad outwash plains. These deposits filled and blocked the old
channel and diverted the river into its present course. The youth
of this new channel from Thompsonviile to Windsor Locks is shown
by two facts—that the stream is not yet worn to grade and still has
many small rapids and riffles, and that the banks are in large part
low, fresh cliffs of sandstone. Moreover, there are no flood plains
in this narrow portion of the valley as there are in the broader por-
tions to the north and south.

The outwash plain is in general well preserved, but Scantic River
has cut in it a valley 80 to 100 feet deep and a quarter to three-
quarters of a mile wide. The floor of this valley is flat and in part
swampy. 4

The till-covered slopes along the east boundary owe their eleva-
tion to the resistance of the underlying sandstone. The boundary be-
tween the till of the slopes and the stratified drift of the plain is
about 200 feet above sea level.

The southeastern part of Enfield is drained by Scantic River and
its tributaries. The Scantic enters the town from the east near
Scitico and flows west to Hazardville, and then turns south into
East Windsor. The southwestern part of Enfield is drained by
short brooks that empty into Connecticut River. Grape Brook and
Freshwater Brook drain the northern half of the town. In com-
parison with towns in which 'till is the dominant surface material,
there are few brooks in Enfield, because the water that falls as rain
soaks readily into the porous soil, becomes part of the ground-water
body, and reaches the main streams by percolation through the
ground rather than by flowing in surface streams.

WATER-BEARING FORMATIONS.

Red sandstone—Red sandstone and associated red shales and con-
giomerates form the bedrock of Enfield. They crop out in a number
of places along Connecticut River and on the ridge just east of the
river, and there are a few outcrops on the till-covered slopes along
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the east boundary of the town. These rocks are cut by numerous
joints and fissures formed by the jarring and crushing incident to
their tilting. There are probably zones in the sandstone that are
somewhat porous, but they do not constitute an important source of
ground water. The joints and fractures form a maze of intercon-
necting channels into which water works its way from the saturated
basal portions of the overlying mantle rock. This water may be
recovered by means of drilled wells. A drill hole at any point will
probably cut one or more fissures and procure a satisfactory supply
of water. Data were obtained concerning 13 such wells in Enfield
and are summarized in the following table.

Summary of drilled wells in Enfield.

Total |Depth to| Depth to [Yield per

depth. rock. water. | minute.

Feet. Feet. Feet. Gallons.
VAT o S e s D e s e 0 L T e TN o et UL 487 236 90 170
e O R U SC CARAE ABRE B RSN U i e WL 38 25 8 22
A OO, o L o e o Tl R T e e mrtate Bt i O 179 55 27 52

The drilled well of Dr. Vail (No. 14, P1. IV) has a depth of 487
feet, of which 450 feet is in rock. The well yields 50 gallons a
minute, but the water stands 90 feet below the surface. This is
presumably because the well is situated near the crest of a ridge
from which the water drains with considerable facility.

7"46l—The slopes in the eastern part of Enfield are covered with a
mantle of till, which is, in general, 20 to 30 feet thick. It is a dense
mixture of glacial débris and consists of a well-compacted matrix
of fine rock flour, clay, silt, and sand, in which larger fragments
are embedded. It is able to absorb and transmit moderate amounts
of water that falls on it as rain and yields fairly abundant and
dependable supplies of water to wells dug in it. Three such wells
were visited in Enfield and all are said never to fail.

Stratified drift.—The bedrock of Enfield, except the hills in the
eastern part, is covered by stratified drift. The evidence of the
drilled wells in the town is that the thickness of the stratified drift
ranges from 25 to 2386 feet, the average being 55 feet. Inasmuch as
one of these wells was sunk through an unusually great thickness of
stratified drift, this average may be too great. Probably a bet-
ter estimate would be 35 or 40 feet. In Thompsonville and on the
Enfield Street ridge there is only a thin mantle. In excavations at
various points there was only 3 or 4 feet of stratified drift, and
below it there was either till or red sandstone. (See Pl XI, B.)
The stratified drift is of aqueous origin and comprises the well-
washed, reworked constituents of the till, together with minor
amounts of débris formed by the erosion of firm rocks. For the
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most part it consists of clean sand, such as is shown in Plate XTI,
A, which is a view of a sand pit in the northern part of Thomp-
sonville belonging to O. H. Pease. The sandy portions of the
stratified drift and the less abundant gravels were deposited by
streams that issued from the front of the glacier during its reces-
sion. The climate at the end of the glacial epoch was such that
great volumes of ice were melted and gave rise to vigorous streams.
In the lower lying portions of Connecticut, and especially in the
valleys of Connecticut and Farmington rivers, these streams depos-
ited extensive plains known as outwash plains. During part of the
time there were lakes in front or south of the ice front, and in them
very fine grained silt and clay were deposited. These clays are the
raw material for the brick industry of the Connecticut Valley, and
have been worked in Thompsonville. They yield no significant
amount of water, but may be of importance in restricting and con-
centrating the flow of ground water in other more porous horizons.

The sands and gravels of the stratified drift are excellent bearers
of ground water, as they are not only highly porous but also very
permeable. The effect of the washing has been to leave in each bed
only grains of a size, and this results in high porosity. The grains
themselves are relatively coarse, s¢ that the interstices between them
are large and they transmit water readily. The absorption of rain
water and its transmission are the same in manner as in the till,
but on a more vigorous scale, so that much more water may be recov-
ered. Plate XI, B, shows about 5 feet of stratified drift overly-
ing about 7 feet of till in an excavation for a building in Thomp-
sonville. The sand and gravel are quite dry, because the water has
drained from their coarse pores, whereas the till is still moist, be-
cause its fine pores have retained much of their water. The light
band at the top of the till is quite as moist as the dark part below.
Its lighter color is due not to dryness but to the fact that it was
exposed to weathering and oxidation before it was covered over by
the stratified drift.

Measurements were made of 48 wells dug in stratified drift in
Enfield in August, 1916. The reliability of all but 10 was ascer-
tained ; 34 were said never to fail and 4 were said to fail. The data
concerning the depths of these wells are summarized in the follow-
ing table:

Summary of wells dug in stratified drift in Enfield.

Total |Depth to|Depth of

water in
depth. water. ol

Feet. Feet. Feet.
27.3 24. 6.
7.3 3. 113
14.3 9. 5.

Dbt
—
OB
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Wherever the ground surface has been cut low enough, as for
example along streams, the water table is reached, and springs or
seeps are found. Along the steep slope that bounds the flood plain of
Scantic River there are numerous such springs, some of which have
large yields.

QUALITY OF GROUND WATER.

The subjoined table gives the results of two analyses and four
assays of samples of ground waters collected in the town of Enfield.
The waters are low in mineral content except Nos. 31 and 29, which
are moderately mineralized. Nos. 30 and 52 are very soft waters,
Nos. 1 and 53 are soft waters, and Nos. 31 and 29 are hard waters
for this area. All are classified as good so far as their chemical
character may affect their suitability for domestic use. Nos. 31, 1,
and 29 are classified as fair for boiler use because there is in each a
considerable amount of scale-forming ingredients. The rest are so
low in scale-forming and foaming ingredients that they are consid-
ered good for boiler use, although the probability of corrosion is un-
certain and will be determined by actual operating conditions.

Chemical composition and classification of ground waters in Enfield.®

[Parts per million. Collected November 17, 1916 ; analyzed by Alfred A. Chambers and
C. H. Kidwell. Numbers of analyses and assays correspond to those used on Pl. 1V.]

Analyses.b Assays.c

30 31 3 29 52 53
BRHEREDIOR). . . oo o e B s 17 - A TR TR R i A R
Iron (¥e)........... .04 .09 0.11 | Trace Trace. 0.20
Calcium (Ca)........ 9.7 . SN PSRRI PR S SR e SR
Magnesium (Mg) 2.6 4 RO IO R e S
Sodium and potassium (Na+K)é . ....... 13 30 Trace. 42 7 13
Carbonate radicle (CO3) .- .coceceieaanan.. .0 4.8 .0 0 <0 .0
Bicarbonate radicle (HCOs).......cooon... 40 98 22 105 35 49
Sulphateradiele (804). . ..co-coviaiiaiense 17 128 29 36 7.0 27
Phleridorsdiele (CD). o il a0 L danit 3.9 3.8 19 78 3.6 11
ittt radiclo(NGe): i o 2i vt b mstbns vk Pracente e st s E L el B
Totaldissolved solidsat 180°C. . 94 303 2120 d 300 a7l a120
Total hardness as CaCO03. . ...c.cocueannn.. a35 d163 86 151 28 58
Scale-forming constituentsd............... 50 190 110 180 55 85
Foaming constituents d................... 35 81 (e) 110 20 40
Chemical character. . ...| Na-CO3 | Ca-SO4 | Ca-SO4 Ca-Cl | Ca-CO3 | Ca-COgs
Probability of corrosi . ? 2 ) @) N (§9)]
Quality for boiler use... e Good. Fair. Fair. Fair. Good. Good.
Quality for domesticuse...........c..o... Good. Good. Good. Good. Good. Good.

a Forlocation and other descriptive information see pp. 137-139

b For methods used in analyses and accuracy of results see pp. 52-60.

¢ Approximations; for methods used in assays and reliability of results see pp. 52-60.
@ Computed.

¢ Less than 10 parts per million.

7 Based on computed quantity; (?)=corrosion uncertain, N=noncorrosive.

PUBLIC WATER SUPPLIES.

Water has been supplied to the residents of Thompsonville and
to a few in Suffield, on the west bank of Connecticut River, by the
Thompsonville Water Co. since 1885, Water is obtained from
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springs in the valley of Grape Brook in the northern part of the
town and is run into two reserveirs of 1,000,000 and 8,000,000 gal-
lons capacity, respectively. Steam-driven reciprocating pumps, with
a capacity of 2,000,000 gallons a day, deliver the water to an elevated
tank with a capacity of 500,000 gallons on the ridge at the north end
of Enfield Street. The water is distributed by gravity under a
pressure of about 70 pounds to the square inch, through 34 miles
of main pipe to 163 fire hydrants and 1,386 service taps. The
average daily consumption by the 9,300 people served is about
423,000 gallons.! Mr. Walter P. Schwabe, the manager, says that
the introduction of meters has reduced the consumption at least 25
per cent. It is planned to replace the present pumping equipment
with an electrically driven centrifugal pump with a capacity of
1,000 gallons a minute. The consumption now is almost as great
as the yield of the springs. As Enfield is relatively low and level
it will very probably be necessary to develop a ground-water supply,
which could readily be done by means of batteries of wells driven
across one of the brook valleys in the northern part of the town.
Since 1892 the Hazardville Water Co. has served residents of
Hazardville and Scitico. Water is obtained from springs near Haz-
ardville and from a well 8 inches in diameter drilled in the sand-
stone. A cylinder pump, 48 by 6 inches, at a depth of 150 feet in
the well is driven by a steam engine and delivers 10,000 gallons an
hour to two elevated tanks which have a capacity of 30,000 and
50,000 gallons. From them the water is distributed by gravity
under a pressure of 25 to 40 pounds to the square inch through 4
miles of main pipe to 18 fire hydrants and 222 service taps. There
are 154 customers in Hazardville and 36 in Scitico, and the average
daily consumption by the 1,100 people supplied is 35,600 gallons.!

RECORDS OF WELLS AND SPRINGS.

Wells dug in till in Enfield.

. | Elevation Depth |Depth of
No. en/Topographie Shove Total %o ralenin Ri
i g. Remarks.
PLIV.| situation. sea lovel, depth. Wator. woll.
Feet, Feet. Feet. Feet.

5t Plalnl...... 205 15. i S e e s Nonfailing.

8 | Hill. S\ 260 18.2 8.2 30. L Notia !, . oo Nonfailing. Abandoned.

[ 18 (RPN T R 260 23.8 11.4 12.3 | Chain pump. .| Nonfailing.

1 Rept. Connecticut I’ublic Utilities Commission, 1917.
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Wells dug in stratified @arift in Enfield.

- Y
” °§ | € | |8
> Topo- [0 .| & |48 |95 b
9% Owner. graphic |25 T | 2 s Rig. Remarks.
IV, situation. o2 5 g S 2 g
2] = [A A
Feet. | Feet.| Feet.| Feet.
1| C. E. Pease...... Plain.......| 95! 18.4] 15.8| 2.6 | Windlassrig....... Nonfailing. For
assay see p. 136,
2 105 | 13.5| 88| 4.7 | Chain pump....... Nonfailing.
3 1251 10.2| 6.3] 3.9 |....: doss st Do.
4 Slope.......| 160 | 11.2| 58| 5.4
5| H. W. Neelans. .| Plain.......| 190 | 12.8]| 7.7 | 5.1
6 | Edw. C. Bacon..| Terrace. 160 | 13.1] 10.9 | 2.2
9 160 | 12.4| 8.9| 3.5
10 145 11.8| 87| 3.1 -
165 | 18,5 | 11.1 [ 7.4 | Chain pump....... Do.
165 | 13.4| 9.2| 4.2 | Chain pump and Do.
house pump.
165 | 13.0 | 8.4 4.6 | One-bucket rig....| Fails.
180 1 27.3 1 20.1| 7.2 | Wheel and axle | Nonfailing.
rig.
150 | 21.0 | 9.1 11.9 Cha%n pump. ...... Do.
145 | 21.7 | 11.7 | 10.0 | Windlassrig.. Do.
120 | 28.3 } 7.1 16.2 Nonfailing. Aban-
doned.
145 | 13.2| 5.7 7.5 .| Nonfailing.
145 | 17.6 | 9.6 | 8.0 Nonfailing. Aban-
doned.
110 | 10.6 | 6.8 | 3.8
145|151 | 6.9| 82 Nonfailing.
105 | 22.9| 85| 14.4 S
145|146 | 7.2 | 7.4 Nonfailing. Aban-
doned.
100 | 10.7 | 7.1 | 3.6 | House pump...... Nonfailing.
145 | 12.1| 7.0| 5.1 | Chain pump.. Do.
1451 16.2| 8.8} 7.4]....- - [ S, Do.
13 e 0 3l IR M i 8 AP (4 B 1 O e s
20| R. E. Parson....|....- do......| 150 | 13.6 | 8.0 5.6 | Housepump...... Nonfailing. For
assay see p. 136.
30 | M. W. Punne...|..... G0 vas . 140 | 8.2} 4.9 3.3 | Chain pump.......| Nonfailing. For
. analysisseep.136.
140 | 15.9 | 13.7 | 2.2 | Windlassrig....... Nounfailing.
145 | 11.3 | 8.2| 3.1 | Chain pump Do.
135 9.0| 6.7| 2.3 Do.
13019 TP e T b A taei
1351 2.0 1.6 LA} do. ol Do.
130 | 11.4| 7.1 | 4.3 Do.
130 | 11.5| 7.9| 3.6 Do.
125 | 10.1 40| 6.1
115 16.5| 12.0| 4.5 Do.
125 | 7.3| 45| 2.8
120 9.8 5.2 4.6 Do.
125 | 11.9| 6.4| 5.5
105 | 12.0 | 7.4 | 4.6 |. Do.
165 | 24.3 | 19.0| 5.3
185 | 16.0 | 82| 7.8
175 | 14.8 | 9.1 | 5.7 | House pum Do.
175 | 15.9 | 12,0 | 3.9 | Chain pump.......| Fails. gﬁor assay
see p. 136.
160 | 26.4 | 24.5 | 1.9 | Windlass..........| Fails.
135 | 11.2 | 5.3| 5.9 | Gravity system...| Nonfailing.
95| 81| 4.7| 3.4| Chain pump....... Do.
190 | 11.8| 9.5| 2.3 | Windlassrig.......




SUFFIELD.,

Drilled wells in Enfield.

139

Ha | =) od -
T 28 Bl= g = g
opo- |+ - - | E=] < = 5
II\,IIO'IO\’} Owner. g I?l_xic gjg'ss 5 = ’§ 2 o g :.” Kl:;‘c‘iof Remarks.
i situation. 2.&; g bl T b § g 5 |s g
= = | R ]Q 8 |~
Feet. | Feet. Feet.!Feet In. | Gals.

7 | R. E. Davidson.| Plain.._| 165 | 100 36 25 | Sandstone. TeF;nperature 50°
8| F. W, Olmsted. |...do. 165 | 147 | 40| 14 22 |...do...... y :
14 Dx;.[ fIl‘homton Ridge 185 | 487 37 L B R, b s dos. s Plll_tflllpﬁd by air

ail. ift.
31 | Richard Smith.| Plain. 125 | 418 | 236 40 6 40 ]o2.005 . 00 For analysis see
G T U R % G0 185 38 34 28 Bt 7 1 Y R e p. 136.a
48 HazagivilleWa- SN . ) 185 | 257 25 16 8 1- 279 | .@050.01
ter Co.
59 FHP%, Pierce. ... |...do. 135 82 38 20 6 361080 - o
60 | Samuel Neelon. .| Slope 100 70 44 20 8 4B e
61 | Olm Olmsted...|...do. 90 | 144 28 24 6 60.{--~do.. ...
62 | David Golden...|...do. 10| 112| 69| 27| 6| 45|...do.
63 | JosephRostek...| Plain 145 | 276 30| 20| 6 GAlcadnn. ol
64 | H. E. Holbrook.| Slope 1907 A20 4 18 | 6 R N,
69 | Fred Farber....|...do 95 75 51| 26 ‘ 6 88 ol
| |

41(1 ?nl;r 1 quart a minute at 380 feet, 18 gallons & minute at 400 feet, and full flow of 40 gallons a minute a
8 feet.

Springs in Enfield.

;. |Elevation :
No.on Topographic Temper- | Yield per e
PL1V. Owner. situation. a}igxglsea ature. minut%. Remarlks.
Feet, o, Gallons.
Gyl RN TS Swale......... 80 D) 1o e s Pumped to tanks.
62| B. B Peorry.. . iu : SR 155 50 Large... Pumped by water wheel to tank.
Formerly supplied village of
Scitico.  Wafer from strafified
drift. For assay see p. 136,
55 Foot of terrace. 140 50 1
o7 .| Foot ofslope. . 80 G634 Sl
65 By brook. .... 145 50 100(?)
SUFFIELD.

AREA, POPULATION, AND INDUSTRIES.

|

Suffield is a large farming town near the middle of the north
boundary of Hartford County, and is bounded on the north by
Massachusetts and on the east by Connecticut River. The town has
an area of 43 square miles, of which 13 square miles, or 30 per cent,

is wooded.

The woodlands are in small or moderate-sized patches

that are well distributed, though they are a little more abundant on

the hills in the western part of the town. There are 60 miles of

road in the town, including 5 miles of the Hartford-Springfield
trunk line and 5 miles of road that is in part maintained by the

State.

The West Side trolley line of the Hartford & Springfield
Street Railway Co. runs through Suffield. A branch of the Hartford
division of the New York, New Haven & Hartford Railroad joins
the main line at Windsor Locks.
Central New England Railway crosses the town from north to south

The Springfield branch of the
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and has stations at West Suffield and Sheldon Street. The North-
ampton division (Canal Road) of the New York, New Haven &
Hartford Railroad runs across. the west corner of Suffield, and its
station at Congamond is used by the residents of that part of the
town.

The principal settlement is Suffield, a village spread out along 2
miles of the main highway between Hartford and Springfield. West
Suffield is a smaller village that lies 8 miles to the west. There are
stores, hotels, and a post office at each of these places.

Suffield was incorporated by Massachusetts in 1674 and was an-
nexed to Connecticut in 1749. Since then there has been no change
in its organization or territorial extent. In 1910 the population was
3,841, an increase of 320, or 9 per cent, over the population of 1900,
and equivalent to a density of population of 89 inhabitants to the
square mile. The following table shows the changes in population
since the annexation to Connecticut:

Population of Sufield, 1756—-1910.%

{
Popula- | Per cent

Popula- | Per cent
tion. change.

Year. tion. change.

14880 e 2,669 S
2,017 40 2,962 11
2301 14 > 260 10
2, 467 7 3,277 1
2,686 5 3,925 =9
630 0 3,169 Lo
2,681 0 3,521 11

690 0 3,841 9

a Connecticut Register and Manual, 1919, p. 641.

During most of the nineteenth century the population changed
very little, but the last two censuses show some increase, due, pre-
sumably, to the culture of leaf tobacco for cigar wrappers and
binders and to the establishment of manufactures of cigars, which
are the principal industries of the town.

SURFACE FEATURES AITD GEOLOGIC STRUCTURE.

Most of Suffield has a gently undulating surface, interrupted by
two high trap ridges and by rather broad valleys. The plain char-
acter is best developed in the northwest corner of the town, where it
has an elevation of 240 to 280 feet above sea level, and along the south
boundary, where it ranges from 120 to 160 feet in elevation. The
eastern edge of the plain slopes gently eastward for about a mile
but pitches sharply down to Connecticut River, making low cliffs in
places. The northward extension of the trap ridges of Peak Moun-
tain has its highest point a mile north of the East Granby town line,
where it is 660 feet above sea level. As Connecticut River at the
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southeast corner of the town is only about 20 feet above sea level, the
area has a range in elevation of 640 feet.

During the Triassic period central Connecticut was a great valley
in which a thick series of sediments, sands, silt, clay, and gravel was
deposited. These sediments were hardened and cemented to form
the red sandstone, shale, and conglomerate that crop out at many
places. The process of deposition was interrupted three times by
the quiet pouring out over the valley floor of lava that on solidifying
became the trap sills characteristic of the region. The relation of
these sheets and the sandstones with which they are intercalated is
shown in the following table, which is quoted from Davis:*

Section of the Triassic of Connecticut.

Feet.
BOper Sandstonest.c.oo s o 3, 500
HEoRterionr T traip selee it Te o o e e s T L 100-150
Posterior shales and shaly sandstones_______________ 1, 200
F\SET R TV S R o o o AR o ST e TR el W A W R el 1 LB 400-500
Anterior shales and shaly sandstones______________ 300-1, 000
Anterior hrapashettiom e oot 2 co s g vt 0-250
Lower. sandstones s - .o T e el STt 5, 000-6, 500

In the present discussion the name “ sandstone” is frequently used

to mean all the Triassic sedimentary rocks, whether shale, conglom-

- erate, limestone, or true sandstone. In places there are trap sheets

and dikes that were forced into the sediments after they had been
deposited.

Subsequent to their consolidation these rocks were broken into
great fault blocks and tilted to the east. Erosion has cut away the
softer sediments and left the trap sheets exposed so that they form
prominent hills and ridges. The ridge of which Peak Mountain is
a part is underlain by and owes its topographic prominence to the
extrusive trap sheets. Manitick Mountain in the west part of Suffield
is similarly dependent on one of the trap masses intruded into the
sediments after their deposition. .

Just before the advance of the great ice sheet in the glacial epoch
this territory was somewhat more rugged than it now is. There
were the two trap ridges and six or seven ridges formed by resistant
zones in the sandstone, all running north and south. The position of
the sandstone ridges is roughly the same as the north-south strips of
till shown on the geologic map (P1. V). The ice sheet as it moved
over these hills broke and ground off the projecting points and wore
away the whole surface more or less. The resulting débris, which is
called till, was plastered rather uniformly over the whole region, but
especially in the depressions, thus reducing the ruggedness of the

1 Davis, W. M., The Triassic formation of Connecticut: U. 8. Geol. Survey Eighteenth
Ann. Rept., pt. 2, pp. 28 and 29, 1898,
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‘topography. This process was still further continued by the deposi-

tion of stratified drift in the valleys by ice-borne streams. These
streams carried much sediment derived in part from the ice and in
part from reworking of the till. As these streams were slowed up
a little beyond the front of the glacier they dropped their loads and
so built up the stratified drift plains that form much of the floor of
the valley of central Connecticut. The till-covered sandstone hills
were in part buried so that now only their tops show. In some a
large part of the bulk is above the stratified drift, as, for example,
the hill on which the village of Suffield is situated and which extends
north to Buck Hill, but of others, such as those south of West Suf-
field, only a little protrudes. It is quite possible that some till-cov-
ered hills are completely buried and may eventually be exposed if
erosion removes the stratified drift. West of Peak Mountain the
elevation of the boundary between the stratified drift and the till
ranges from 240 to 280 feet above sea level, and on the east from
100 to 220 feet, being lowest near Connecticut River. The greater
height west of Peak Mountain is presumably due to the fact that this
ridge dammed the streams from the glacier and so raised the level
to which they worked. Along Connecticut River, between Thomp-
sonville and King Island, are rather large areas of till, which were
probably formerly covered by stratified drift, but have been exposed
by erosion. This portion of the Connecticut flows in a relatively new
channel, and erosion along and near it has been great. The relation
of the topography to the different rocks is shown in the section (fig.
18, p. 126), the position of which is indicated by the line /-’ on the
maps (Pls. IV and V).

Some of the part of Suffield west of Peak Mountain ridge drains
to Salmon Brook in Granby and so is tributary to Farmington River,
and some of it drains to Congamond Pond and is tributary to West-
field River. Most of the town, however, is drained by Stony Brook,
which joins Connecticut River near the southeast corner of the town.
About 6 square miles is drained by short brooks that empty directly
into the Connecticut.

WATER-BEARING FORMATIONS.

Trap rock.~—The trap rocks of Suffield do not constitute an impor-
tant source of ground water. They do contain some water in joints
and fissures, but the hardness of the rock makes its recovery difficult
and expensive. . Moreover, the resistance of the trap to erosion leaves
it in unfavorable topographic forms, so that much of the water
drains away and many of the fissures are dry.

Sandstone.—Considerable amounts of water are recovered by means
of wells drilled in the red sandstone in Suffield. The unconsolidated
soil above it absorbs a good deal of rain and snow water and trans-
mits it in part to the joints and fissures made in the bedrock by the
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crushing and jostling incident to tilting and faulting. The fissures
tend to form systems of parallel fissures, which are in general roughly
parallel to the bedding planes or at right angles to them. The rocks,
then, are cut by an intricate network of interconnecting fissures from
which water may be recovered by drilled wells. Seme of the coarser
sandstone beds may contain water in the interstices between the
grains, but this is not an important source of supply. It is highly
probable that a hole drilled at any point will cut one or more water-
bearing fissures within a reasonable distance and so obtain a satisfac-
tory supply. Twenty-six such wells were visited in Suffield in
August, 1916. The data collected concerning them are summarized
in the following table:

Summary of drilled wells in Sufield.

Total | Depth to Depth to| Yield

| > water | per
fendn A in well. | minute.

‘ Feet. | Feet, Feet. Gallons.

AP o0 i s e <o 0 G i AR I ST s SRS g e o) 288 | 100 9 135
TR M BT L i b TR O i 63 | 1 0 6
RAIONEEI | S0 Slen B ictlon ol Ml S < e S b e A N ME R { 161 | 44 25 39

7'ill—About 13 square miles or 30 per cent of the total area of
Suffield is mantled with till. There are a few large patches and a
number of small ones. Their distribution has been discussed above
and is also shown on the geologic map (P1. V). The till was depos-
dted by the plastering action of the glacier and consists of all the
débris of the ice, the smaller particles forming a matrix in which
the larger are embedded. As the whole mass is tightly packed and
the smaller particles are fitted into the chinks between the larger, the
total porosity and the size of the individual pores are small. A fair
proportion of the rain that falls on the till is absorbed and slowly
transmitted. Wells dug in till are in general satisfactory, espe-
cially if they are so deep as to penetrate the saturated zone just over
the bedrock, or if they happen to cut one of the masses of partly
washed and sorted material that exist in some places in the till.
Measurements were made of 35 wells dug in till in Suffield. The
dependability of 27 of these wells was ascertained; 19 were said to
never fail and 8 were said to fail. The data collected concerning the
depths of these 35 wells are summarized in the following table:

Summary of wells dug in till in Sufjield.

Depth of

Total |Depth to

depth. | water. t;’flvm)tﬁr
Feet. Feet. Feet.

1AL i W el Nt e BT Lt JO e ST e S PR e D Cn 46.8 30.9 15.9

G ERELTTIY T e R e el SR e e i SR e e e SR T 4.4 2.6

FS T e P i e SR e R 22.3 12.9 9.4
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Stratified drift—The mantle rock of the lower parts of Suffield
is stratified drift, which is composed of the reworked material of
the till plus some débris derived from the erosion of the bedrock.
Streams issuing from the glacier during its recession had high
velocities and bore much débris, but they were soon slowed up and
forced to deposit much of their load. Thus beds and lenses of sand
and gravel were deposited near the glacier, whereas the finer and
lighter débris was carried farther away and ultimately deposited as
clay and silt. By this process the débris was sorted into beds in
each of which the grains are of uniform size, and the finer grains
were eliminated from the interstices between the larger. The strati-
fied drift is therefore not only high in porosity but has relatively
large and open pores. For these two reasons it is an excellent
water-bearing formation except where it has an unfavorable topo-
graphic form, as on terraces from which water may drain readily.
Measurements were made of 44 wells dug in stratified drift. Of
these wells 23 were said to never fail and 17 were said to fail; the
reliability of the remaining 4 was not ascertained. The information
collected concerning the depths of the 44 wells is summarized in the
following table:

Summary of wells dug in stratified drift in Suffield.

Total |Depth to| Depth of
depth. water. | ;o well
Feet. Feet. Feet.
L5 g b Ul e e e M ST VI - B R RO o EO L R A e S 34 27 16.€
IMERBHERY. o) os ot ot e E s e s el e e s 8.3 5.2 T
o R R T B I I R R L SN B | 17.8 11.9 5.9

QUALITY OF GROUND WATER.

The accompanying table gives the results of two analyses and
four assays of samples of ground water collected in the town of
Suffield. These waters ave moderately mineralized except No. 35,
which is low in mineral content, and No. 99, which is high. No. 35
is a very soft water; No. 32 is soft; Nos. 86, 93, and 97 are hard for
this section of the country; and No. 99 is very hard. Nos. 36 and 99
are considered to be poor for use in boilers because they contain ex-
cessive amounts of scale-forming ingredients. Nos. 93 and 97 con-
tain rather less scale-forming ingredients and would probably be
fair for boiler use. Nos. 32 and 35 are good for boiler use. So
far as their mineral character is concerned, all the waters are ac-
ceptable for domestic use except No. 99, which is very hard, Nos.
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93, 97, and 99 are calcium-carbonate in type; Nos. 32 and 35 are
sodium-carbonate ; and No. 36 is a calcium-sulphate water.

.
Chemical composition and classification of ground waters in Sufield.®

[Parts per million. Collected Dec. 6,1916; analyzed by Alfred A. Chambers and C. H. Kidwell. Numbers
of analyses and assays correspond to those used on P1. IV.]

Analyses.b Assays.c
32 36 35 g3 97 99

e sy S TR IO 21 SRR ey e T el B e e
o (e T e o 14 .19 R 9.08 0.20 0.07
Calcium (C a) .......... 15 L WORES I | AL P R 5 it
Magnesium (Mg) ................. 6.6 B oo LT el Ml ol . T e
Sodium and potassium (Na+K) @ 42 26 12 36 25 41
Carbonaie radicle (CO3)........ 9.3 .0 .0 0 0
Bicarbonate radicle (HbO ) 90 102 27 196 196 404
Sulphate radicle (SO;). . 17 176 3.0 23 23 45
Chloride radicle (C1). .. .. 45 5.0 512 46 19 55
Nitrate radicle (NO3z). . .... .05 0,5 RNt e Rt et | B a1 1 L S
Total dissolved solids at 180 191 391 a6l d 300 @ 260 d 530
Total hardness as CaCOs3. a65 d 232 1 178 162 375
Seale-forming constituents d 76 250 35 200 190 | 400
Foaming constituents d. ... 119 70 30 100 7 | 110
Chemical charaeter............... .| Na-CO3 | Ca-804 | Na-CO3 | Ca-CO3 | Ca-COs3 ‘ Ca-CO3
Probability of corrosione._...... N ?) N €3] @) | )
Quality for boileruse. .. ....... = Good. Poor. Good. Fair. Fair. | Poor.
Quality for domesticuse. ................. Good. Fair. Good. Good. Good. ‘ Bad.

a For location and other descriptive information see {)p 146-148.

b For methods used in analyses and accuracy of results see pp. 52-60.

¢ Approximations; for methods used in assays and rehability of results see pp. 52-60.
4 Computed.

e Based on computed quantity; N=mnoncorrosive, (?)=corrosion unceitain,

PUBLIC WATER SUPPLIES.

The residents of Suffield village and its environs are served by
the Northern Connecticut Light & Power Co., and a few on the
west bank-of Connecticut River opposite Thompsonville are served
by the Thompsonville Water Co. See p. 136.)

The Northern Connecticut Light & Power Co., which began the
distribution of water in 1895 under another name, has two drilled
wells (Nos. 108 and 108A, PL. IV) in the northeast part of the town
from which water is drawn by electrically driven pumps with their
working cylinders about 220 feet below the surface. Water is de-
livered to a steel standpipe that has a capacity of 300,000 gallons
on a hill a mile north of the village, from which it is distributed
under a pressure of 45 to 50 pounds to the square inch through 13
miles of main to 34 fire hydrants and 301 service taps. There are
326 customers in Suffield and 12 in Agawam, Mass.,* and the average
daily consumption by the 2,560 people served is about 52,000 gallons.
The maximum consumption comes during the tobacco-planting
season and is estimated by Mr. W. P. Schwabe, the superintendent,
at about 140,000 gallons a day.

1 Connecticut Public Utilities Commission Rept._, 1917,
154444°—20——10
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RECORDS OF WELLS AND SPRINGS.

Two springs were visited in Suffield (Nos. 49 and 79, Pl. IV).
Spring No. 49 is piped by gravity about 200 feet to the house and is
said never to fail. Spring No. 79 was improved by setting a barrel
in it. The lower head was left in the barrel but was perforated by
a number of §-inch holes.

Wells dug in till in Sufield.

Etleva- pEns Depth|
: i Pt of
No.on Topographic “8830 Total etl()) water Ri ¢
¢ % a ) 2. Remarks.
PLAV. Owner. situation. Sen depth, water.| in
level. well.
Feet. | Feet. | Feet.
12.6 8.2 4.4 | Chain pump....| Nonfailing,
26.5| 23.9 P8 SRR goinesiid e Fz%ilst. Rock, 16
eet.
17.4 | 11.1 613,140 do...........| Nonfailing,
20 16 4 Deep-well pump | Fails.
18.2 9.2 9.0 | Chain pump.-.--
21.8 0.4 | 11.41..... (o 1 BRSRgE T
26.0 10.6 15.4 Nonfailing.
21.4 14.4 7.0
23.6 | 10.6| 13.0 .| Fails.
pos 12.4 9.0 3.4 Nonfailing.
22.2 | 11.6 | 10.6
27.5 14.7 12.8 Fails.
21.0 8.4 | 12.6 | Chain pump.... Do.
9.2 6.0 S50 do...........| Nonfailing.
21.4 7.5 13.9 Do.
22.8 | 16.3 6.5 Do.
9.6 4.4 5.2 | Windlassrigand Do.
house pump.
21.0 | 14.7 6.3 | Windlassrig.... Do.
26.7 1 13.4 | 13.3 | Chain pump.... Do.
16.51 13.2 3.3 | Windlassrig....
24,11 13.3] 10.8|..... ) b Pt A Ce
22,3 10:1] 12.27....- 6 1 Y Do.
26.8| 13.9 | 12.9 | Windlass and | Fails.
pulley rig.
46.8 | 30.9| 15.9 | Windlassrig....| Nonfailing.
27.3| 15.1| 12.2 | Windlass and Do.
X pulley rig.
15.5 8.8 6.7 | House pump.... Do. .
29.6 | 16.6 | 13.0 | Two-bucketrig..] Nonfailing.
Rock bottom.
1871 15.0| 3.7 | Windlassrig....} Nonfailing.
Wil 8.8 09:9 1. .. 7o [ AR Nonfailing.
Rock bottom.
For assay see
p. 145
24.5| 14.1 1047 .- 5 [ A
20.4 6.8 | 13.6 | Chain pump....[ Nonfailing. For
assay seep. 145.
36.2 | 29.1 7.1 | Two-bucketrig..
T2 4.5 2.7 | Chain pump....| Nonfailing.
25.6 9.9 | 157 do..- .| Fails.
16.4 9.4 7.0 Do.
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Wells dug in stratified drift in Suffield.
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Eleva- Bl De;f)th
.| tion ep! )
No.on Topographic Total = ke
Owner. H h above to | water Rig. Remarks.
PLIV. situation. g depth. senter ] iR
level. well.
Feet. | Feet. | Feet. | Feet.
245 | 11.2 7.4 3.8 | Air-pressure sys- | Nonfailing.
teom.
250 1 20.5 | 14.9 5.6 | Windlass rig.......| Fails.
250 8.3 5.7 2.6 |.Chain pump ..... Nonfailing.
250 | 10.2 8.0 2.2 do. .| Fails.
285 1 20.6 | 16.6 4.0 .| Nonfailing.
245 | 16.5 9.5 7.0 Do.
210 9.8 1.2 2.6 5 Do.
220 | 19.0| 17.1 1.9 .| Fails. Rock3feet.
215 | 12.3 5.2 7.1 | Sweeprig... Fails.
220 | 12.9 9.1 3.8 | Chainpump. p
195 | 19.6 | 15.4 4.2 | Windlassrig.......| Nonfailing.
150 | 13.5 | *6.7 6.8 | Chain pump and | Nonfailing. For
house pump. analysis see p.145,
170 | 34.0 | 27.0 7.0 | Deep-well pump..| Nonfailing.
130 | 16.7 8.3 8.4 | Chain pump...... Nonfailing. For
assay see p. 145.
140 | 13.7 8.0 5.7 | Windlass rig.......| Nonfailing.
245 | 10.9 7.7 3.2 do , D
185 19.9 14.5 5.4
175 18.1 13.5 4.6 = Fal]S
190 | 16.5 4152 5.3 5 Do.
175 | 20.4 | 16.8 3.6 ...| Nonfailing.
175 | 19.1 | 14.4 4.7 .| Abandoned.
185 | 10.5 6.5 4.0 ..| Nonfailing.
185 | 20.6 | 15.5 5.1 .| Fails.
155 | 23.0| 18.4 9.6 Do.
185 | 26.8 | 10.2| 16.6 | Chain pump...... Nonfailing.
180 | 12.9 sgal 5.8 d Do.
g 175 | 15.3 7.9 7.4 ..| Fails.
145 | 2141} 19.7 1.7 o
135 | 15.1 | 11.0 4.1 Do.
126 | 14.7 8.4 6.3 Do.
125 15.4 10.8 4.6 3 Do.
1757 19.9 5.9 0. . ladol. ... i .| Nonfailing.
110 | 24.7 | 13.6 | 11.1 Wlndlass rig Fails.
115 | 15.1 6.8 8.3 | Chain pump...... Do.
125 | 21.5 | 12.6 8.9 | Windlass rig....... Do.
135 | 19.4 | 10.7 8.7 | Chain pump .| Nonfailing.
145 | 20.0| 16.0 ATQYT s [ [ Do.
110 | 19.4 11.9 q:D7 £ (oo Do.
125 | 28.7 | 25.7 3.0 | Windlass rig Fails.
130 '20.9°] "18.2 7.7 | Chain pump : Do.
120 | 25.6| 18.1 0554, .. -4 Lo NP Nonfailing. Rock
10 feet. Water
from sandstone.
For assay see
p. 145,
e B e e (R s 115 R 106, 6.1 Nonfailing.
00 in. 120 15.9 112 4.7 § Do.
d 85 10.4 6.0 4.4
Driven wells in Sufield.
Elevation
No.on Topographic|
Owner. above Depth. Remarks.
Y situation. Sealavels
Feeg. Feet.
B O e ke el ke o S Plain...... 215 30 | Windmill rig.
- e M PRSI € i, S SR 0. ones d 190 20 | 8feet to water level.




148 GROUND WATER IN NORWALK AND OTHER AREAS, CONN.

Drilled wells in Suffield.

Eleva- Depth| Denth Yield
Topo- tion ept. ep ey &

‘K,IO'IO‘]} Owner. graphic |above go?hl to to Diam-| per Remarks.
Bl LV situation.| sea |9®PY:l rock. | water.| €t€T- | TN~
level. nhe:

Feet. | Feet. | Feet. | Feet. |Inches.| Golls.

l-Sehoel el Ll Plain....F 260 |51245: ©Loos 0 18 [ IRSTA
13 | Chas. H. King. i 2 225 il -l IS 6 7%
17 | John Nobel.. 190 | 105 5 20 6 25
s 18 LR 245 63 33 20 6 16
23 | A. L. Jackson.. 230 | 183 53 30 6 <0
25| A. H. Wood... 210 | 143 36 16 6 43
26 | George Hastings.. 0L S0 s 2 12 6 45
27 | Samuel Barr... 205 | 102 50 3 [} 50
30 | L. A. King.... 195 | 204 100 18 6 $0
31 | Samuel Graham. 205 | 178 70+ 13 6 75
34 | — — Tomlinson ik 160 | 203 60 45 6 15
36 | W. H. Peckham..... Hill-.. - 160 | 202% 88l c i 6 20 | Water from sand-

stone. For anal-
ysis see p. 145,

42 | Wm. Dakin... 150 | 1143 1 VL e 11
48 | Holcomb Bros 270 90+ 9+ 40 6 6
58 | N. L. Miller. 180} 2288 | i 19 6 35
99 L P, D, Xilly.. 185 123 40 18 6 23
60 | Wever..... 180 | 154 8010 <o 8| 100 | Water flows from
casing.
13 73 e ) N do. .. 10| 10 20 8 6 40
64 | John Wolchak....... Slope... 145 86 B8] ey 0
Bsh e A S Plain ... 145 1250 o s T e Ly ) e
84 | Geo. A. Peckham....| Slope....| 145 | 165 90 13 6 20
94 | Hugh Bickerstaff....|...do. ... 160 | 131 32 24 6 24
101 | John Yunitis........ wdes s 145 | 115 25 10 6 23
102 |.. .- ot il S Terrace .| 110 | 150 35 26 6 53
108 | Northern Connecti- | Hill..... 185 | 236 60 90 6 67 | (a)
%ut Light & Power .
0.
108A |..... doorinlcinrots l...do....| 185 | 236 60 g | 8| 13

a Further description under heading of “ Pub.ic water supplies.”
WINDSOR LOCKS.

AREA, POPULATION, AND INDUSTRIES.

Windsor Locks is a small manufacturing and agricultural town
on the west bank of Connecticut River about 7 miles south of the
Massachusetts boundary and 10 miles north of the city of Hartford.
The area is about 8 square miles, of which about 5 square miles is
wooded. The woodlands, which are in the main restricted to the
western part of the town, are dominated by scrub oaks and yellow
pines and have a typical underbrush of sweet fern and a yellowish
grass, known locally as “ poverty grass.” There are about 30 miles
of roads and streets in the town, including 3 miles of the State trunk-
line highway between Hartford and Springfield. The roads in the
west part of the town are very poor, as the soil is a loose sand.

Windsor Locks, the only settlement, is on the Hartford division
of the New York, New Haven & Hartford Railroad and also on the
West Side trolley line of the Hartford & Springfield Street Railway
Co. There are hotels, a post office, and numerous stores and fac-
tories. Windsor Locks owes its prosperity to the power developed
from the Enfield Canal, which ends in the southern part of the vil-
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lage. Construction of the canal was begun in 1827, and the canal
was opened to navigation in 1829.* The canal is about 51 miles
long and the lifts aggregate about 30 feet. It is estimated that in
1880 between 1,800 and 1,900 horsepower was developed, but that
there is available at least 15,000 horsepower.?

Windsor Locks was taken from Windsor in 1854 and incorporated
as a separate town. Previous to this it had been a prosperous manu-
facturing place, the first factory having been built about 1830. In
1910 the population was 3,715, an increase of 653 over the popu-
lation in 1900. The population is mostly concentrated in the village,
and the west part of the town is very sparsely settled. At each
census sinece its incorporation the town has shown a substantial in-
crease in population, and it is to be expected that this growth will
continue. The following table shows the gains in population to-
gether with the per cent of change for each census period:

Population of Windsor Locks, 1870-1910.a

" Popula- | Per cent i - Popula- | Per cent
Year. tion. | change. Year. tion. | change.

LoV SR R SRR e S 2:481 | cac o 900 S0 T v e s 3,062 +11
2,332

1890 S ++1§ 19200 e 3,715 +21
........................... ;

a Connecticut Register and Manual, 1919, p. 641.

The principal industries of Windsor Locks are manufacturing of
paper, cotton warp, machinery, underwear, and tinsel novelties, and
agriculture, in which tobacco is the chief crop.

SURFACE FEATURES.

The surface of Windsor Locks is for the most part a sand plain
ranging in elevation from 120 to 160 feet above sea level. Near the
west end of the north boundary a low till-covered hill rises above the
sand plain to an elevation of 180 feet above sea level. A strip a mile
wide along the east boundary slopes gradually to Connecticut River
but is trenched by several rather deep valleys tributary to the Con-
necticut. There are similar valleys tributary to Farmington River
along the southwest boundary of the town.

During preglacial time Connecticut River had a broad valley,
which included the territory of Windsor Locks and in which were a
number of hills. - During the invasion of the ice the valley was deep-
ened somewhat and a mantle of till was laid over much of the bed-

1 Stiles, H. R., History and genealogies of ancient Windsor, p. 507, 1892,
2 Porter, Dwight, Tenth Census report on water power of the United States, pt. 1,
pp. 217-219, 1885.
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rock. As the ice was receding the numerous streams derived from
the melting ice filled the valley with a thick mantle of stratified
drift, which now forms the sand plain. Some of the hills were high
enough to escape burial by the stratified dvift, and the low hill in the
northwestern part of the town is of this type. Records of drilled
wells in East Windsor and in Windsor, tabulated by Ellis,' show
that the thickness of the stratified drift is 70 to 168 feet in some
places.

During postglacial time Connecticut River and Farmington River
have cut valleys about a mile wide and 80 to 120 feet deep in the
stratified drift. Narrower and shallower valleys have been cut by
their tributaries.

Short tributaries of Connecticut and Farmington rivers drain
Windsor Locks. In the northern and western parts of the town there
are extensive areas with no streams of sufficient size to be shown on
the maps (Pls. IV and V). Evidently the water derived from the
rain and snow that fall on these areas, except the part that evaporates,
is entirely absorbed and becomes part of the ground-water body.
Along the stream valleys cut in the stratified drift are numerous large
springs, such as those that feed the reservoir of the Windsor Locks
Water Co. The high porosity and dryness of the surface soil is
further shown by the xerophytic character of the flora.

WATER-BEARING FORMATIONS.

7'41l—The only till area in Windsor Locks is one of a few acres on
a low hill on the Suffield boundary, but no wells were found there.
The occurrence of water in the till is the same as in the till of the
adjacent towns. (See p. 143.)

Stratified drift—Stratified drift comprises all the débris washed
out from the ice sheet as it melted back, together with eroded por-
tions of the till and of the bedrock. There are beds and lenses of
clay, silt, sand, and gravel, which lie on one another and interfinger
in a very intricate way. Within each bed or lens the grains are of
very uniform size and most of them are well rounded. As a conse-
quence the total pore space is great, and beds are high in permeabil-
ity. Rain is readily absorbed, and the water sinks downward until
it reaches a zone of saturation. Wells dug or driven deep enough to
penetrate the saturated zone are likely to obtain abundant and de-
pendable supplies of water. Fourteen such wells were visited in
Windsor Locks in July and August, 1916. Ten were said to be non-

1 Gregory, H. E., and Ellis, A. J., Ground water in the Hartford, Stamford, Salisbury,
Willimantic, and Saybrook areas, Conn.: U. S. Geol. Survey Water-Supply Paper 374,
pp. 86, 90, 1916.
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failing and three were said to fail. The reliability of the other one
was not ascertained. The data collected concerning the depths of
these wells are summarized in the following table:

Summary of wells in Windsor Locks.

Depth of
Total Depth s
< water in
dépth. | to water. swells.

i Feet. Feet. Feet.
Maximum 41.8 39.3 8.8
Minumum.. 6.6 3.8 2.5
. A B GRS RS BN S Sl T bl O i bee e U R 19.6 15.2 4.3

QUALITY OF GROUND WATER,

The accompanying table gives the results of one analysis and one
assay of samples of ground water collected in Windsor Locks. No.
6 is low in total mineral content; No. 13 is moderately mineralized.
Both are soft. So far as their mineral character is concerned, the
waters are acceptable for domestic use, although the high nitrate in
No. 6 may indicate pollution. No. 6 is considered good for boiler

use, but on account of the large amount of scale-forming ingredients
in No. 13 it is considered only fair for boiler use. No. 6 is calcmm-
carbonate in type, and No. 13 is a calcium-chloride water.

Chemical composition and classification of ground waters im Windsor Locks.®

[Parts per million. Collected Dec. 6, 1916; analyzed by Alfred A. Chambers and C. H. Kidwell.
Numbers of analysls and assay correspond to those used on P1. IV.]

Analysis.b | Assay.c
6 13

SRHOBHBID . 2.0 ah S et s b et L e et e B T M
INAIOHI0Y o5 o - v oy v hin e s SR S A S R e et S SR e S e o .31 0.12
Calcium (Ca) .......................... e i+ N Xt O
Magnesium (M e N B s e A Tk S T e S T e e 5o e
Sodium and potassium (NI I s sl ol i SO o S e 12 21
Carbonate Rt (OO - oo LT s Sl R e B e D s 2 .0 )
Bicarbontteraiole (IO . o cii i cnnin s ek b e b s s e = S e 39 38
Sulphateradiole (B . -0 o oo ba s L L TR i s s 17 43
CWoteramauCUily, . Tt oo s et e L e R e bt 5 5.8 34
Ditraterndicie N Qy) ot e TR &I facs Ul Lietas L L L2 - IR (Y
Boiat dissolved S6lida at AB0AC . & v vl o Tl o d v s E 104 a 180
Total hardnessasCaCOsz........ 450 83
Scale-forming - onstituents @ 62 110
Foaming constituentsd. ... 32 60
Bl cal ohararior Nat Dea e sl o B m S s s SO R Ca-CO3 Ca~Cl
ReababNilvialaoteaiiens. .o o vttt ottt bk L LB (?) (?)
(T (il F T R T SRRy, S o SO B S T SO Good. Fair.
Quality for domestie ST R R e R B s S Good. Good.

a For location and other descriptive information see p. 152.

b For methods used in analysis and accuracy of results see pp. 52-60.

; Approxlergatlons, for methods used in assay and reliability of results, see pp. 52-60.
Comput

¢ Based on computed quantity ; (?)=corrosion uncertain.
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PUBLIC WATER SUPPLY.

The village of Windsor Locks has been supplied with water by the
Windsor Locks Water Co. since 1892. Water from a spring-fed
brook in the southeast part of the town is intercepted in two reser-
voirs of 90,000 and 240,000 gallons capacity, from which it is pumped
by electricity to a standpipe on a hill northwest of the village. The
water is distributed by gravity under a pressure of 70 pounds to the
square inch through 104 miles of main pipe to 68 fire hydrants and
592 service taps. Between 2,500 and 3,000 people are served and con-
sume about 227,000 gallons a day on the average. The main pump
has a capacity of 1,000 gallons a minute, and there are in addition a
750-gallon pump driven by a heavy oil engine and a 350-gallon pump
driven by a kerosene engine. The present supply is adequate to meet
the demands on the system, and the company owns another brook from
which twice as much water can be drawn as from the one utilized at

present.
Wells in Windsor Locks.

Eleva-| i Deyf;th
jo| tion ept o
No.on Topographic Total 5
s Owner. : : above to | water Rig. Remarks.
PLTV; situation. e depth. S S g
level. well.
Feet. | Feet. | Feet. | Feet. y
e e Plain...... 165 | 11.5 5.8 5.7 | Pitcher pump. - -|Nonfailing, tiled.
R e S LR aclL doi ... L O R e s ol [ [ SRR, Nonfailing.
Driven well.
A e sl B0y 145 | 25.2| 22.4 2.8 | Chain pump....| Nonfailing.
e T e T o bt A0 =acaen 145 | 37 30 % Deep-well pump Do.
6 | Frank Deball...|.-... L 145 | 41.8 | 39.3 2.5 | Windlassrig....| Water from
stratified drift.
For analysis
see p. 151.
) e YT LA SR [ s Sy 140 | 19.9 | 16.0 3.9 | Two-bucket rig .| Nonifailing.
o e e Terrace....| 140| 14.2 5.4 8.8 | Chain pump....| Fails.
9 | Mrs.L.A.Webb.| Plain...... 951 16.1 | 13.3 2.8 | House pump....| Nonfailing.
10 80 6.6 3.8 28 L NOHE . cecev--~ Do.
R 65 9.5 5.8 30 et } 7 AR R Do.
12 50| 11.2| 8.4| 2.8| Chainpump.... Do.
13 301 22.91 19.2 3.7 | House pump and| Fails. Fluctuates
windlass rig. with the river.
Water from
stratified drift.
For assay see
p. 151
i e S e o S (o L 2o 20| 22.1| 18.8 3.3 | House pump-...| Fails.
T4 e e e T Slope...... 25| 16.2| 10.0 6.2 | Windlass rig....| Nonfailing.
GLASTONBURY.

AREA, POPULATION, AND INDUSTRIES.

Glastonbury is an extensive town near the southeast corner of
Hartford County and lies on the east shore of Connecticut River.
It is about 5 miles southeast of the city of Hartford and 8 miles north
of Middletown. The town has an area of 54 square miles, of which
303 square miles or 55 per cent is wooded. There are very few
woods in the western part of the town ; the middle is largely wooded ;
and the very hilly eastern part is almost entirely covered with woods.
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The town works about 125 miles of dirt roads. There are in addition
4 miles of the Hartford-New London State trunk highway and 6
miles of road maintained in part by the State. These roads are
surfaced with bituminous macadam. The principal settlements are
Glastonbury and South Glastonbury, near the northwest and south-
west corners, respectively. Hopewell is a small settlement on Roar-
ing Brook, 2 miles east of South Glastonbury. East Glastonbury is
on the same stream 3 miles farther northeast. Addison and Buck-
ingham are 1} and 5 miles east of Glastonbury, respectively. Naubuec,
another small village, is 1} miles northwest of Glastonbury. Post
offices are maintained at Glastonbury, South Glastonbury, East Glas-
tonbury, and Addison, and the outlying districts are served by rural
delivery. A ferry at South Glastonbury connects with the Valley
division of the New York, New Haven & Hartford Railroad at
Rocky Hill. A trolley line from Hartford runs to Glastonbury and
South Glastonbury. During the open season there is steamboat con-
nection to Hartford and New York.’

Glastonbury was taken from Wethersfield in 1690 and incorporated
as a separate town. In 1803 about 4 square miles was taken to make
part of Marlboro, and in 1813 1} square miles more was ceded.
In 1910 the population of Glastonbury was 4,796, which is equivalent
to a density of 89 to the square mile. Much of the population is con-
centrated in the several villages, so that most of Glastonbury is
sparsely settled. The following table shows the changes in popula-
tion since 1756:

Population of Glastonbury, 1756—-1910.¢

. Popula- | Per cent - Popula- | Per cent
Year thoar. change. pear, o, change.
5 LT e 3,077 +3
2,071 +-86 3,390 +10
2,346 +13 3,363 =51
2,732 +16 3,550 =G
2,718 =3 3,580 0
2,766 442 3,457 =3
3,114 +13 4,260 +23
2,980 Sl 4,796 +12

a Connecticut Register and Manual, 1919, p. 638.

There have been no great nor persistent tendencies toward de-
crease in population at any time, and the gains have exceeded the
losses. A continuation of the moderate, uniform growth is to be
expected. The principal industries are agriculture, tobacco and or-
chard fruits being the chief crops, and the manufacture of soap
and other toilet preparations, paper, woolen and knit goods, and
silverware. *

SURFACE FEATURES.

Glastonbury is in part in the central lowlands of Connecticut and
in part in the eastern highland. The lowland includes a strip a
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mile wide along the south part of the Connecticut River boundary
and also the area northwest of a line from South Glastonbury past
the foot of Eightmile Hill and Minnechaug Mountain. It is under-
lain by relatively soft sedimentary rocks that have been eroded more
completely than the more resistant schists and gneisses of the high-
land. The highest point in the lowland is 420 feet above sea level,
whereas the peaks of Birch Mountain are about 920 feet above sea
level. The difference of general level between the lowland and high-
land was produced by preglacial erosion, as were also their major
topographic features, but the minor details are in large part due to
glacial and postglacial processes. Along Connecticut River and in
the valleys of Salmon and Roaring brooks there are areas under-
lain by stratified drift deposited by streams that issued from the
glacier during its recession. Parts of these areas retain their original
flatness, but the higher parts have been extensively eroded.

Most of Glastonbury is drained by streams tributary to Con-
necticut River, the largest of which are Salmon Brook, which has
its mouth at Naubue, and Roaring Brook, which empties at South
Glastonbury. About 6 square miles in a strip along the Marl-
boro and Hebron town lines is drained by headwaters of Blockledge
River and Dickinson Creek, which flow through Marlboro and join
Salmon River, which is tributary to the Connecticut at East Haddam.

WATER-BEARING FORMATIONS.

Five types of bedrock have been recognized in Glastonbury—Tri-
assic red sandstone, (Glastonbury granite gneiss, Hebron gneiss,
Maromas granite gneiss, and Bolton schist. :

Schist and gneiss—The Bolton schist is for the most part a typical
silvery-gray mica schist composed essentially of quartz, feldspar, and
mica (chiefly white), with minor amounts of accessory minerals, such
as biotite (black mica), garnet, staurolite, and in places magnetite,

' graphite, pyroxene, and chlorite. Originally this formation was a
series of clays, silts, and sands that were consolidated into shales”
and sandstones, which in turn have been subjected to great pressure
and heating and have been metamorphosed. In places in Glastonbury
the rock is very dark gray, as it contains a good deal of graphite de-
rived from organic materials in the original sediments. The Bolton
schist underlies a northward-striking belt a quarter of a mile wide
that runs through the eastern part of the village of South Glaston-
bury, and a belt half a mile wide near the east boundary, including
Birch Mountain, from which it extends south-southwest. This for-
mation is very resistant and everywhere makes ridges that stand up
above the neighboring formations.

1 Gregory, H. E., and Robinson, H. H., Preliminary geological map of Connecticut:
Connecticut Geol. and Nat, Hist. Survey Bull. 7, 1907.
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The Glastonbury granite gneiss underlies an area of about 26
square miles, including Minnechaug Mountain, Kongskut Mountain,
Eightmile Hill, and Meshomasic Mountain. 1t is quarried for
building stone at a number of places. According to Gregory,' it
may
be divided into two parts—a broad western portion, decidedly gneissoid and
usually dark colored, with a large quantity of biotite and hornblende; a
narrower eastern portion, more granitic, and in places reaching the massive-
ness of a true granite. * * * Ags seen in the abundant exposures west of
the Portland Reservoir, it is a dark, well-foliated, almost schistose gneiss of
fine grain, which on the cleavage surface shows alternating patches of black
biotite and white feldspar. * * -* The presence of biotite and hornblende,
arranged in parallelism with aggregates of feldspar, gives a distinet foliation
and banding to the rock. * * * 'This more schistose variety forms the
hills southeast of Glastonbury and occurs in the bed of Rearing Brook in
South Glastonbury. * * * 'The more massive variety of this gneiss is seen
in the small quarries north of East Glastonbury. The rock here is a light-
colored fine-grained biotite gneiss or granite, which sometimes is quarried in
blocks 2 or 3 feet in thickness, with no sign of a parting. * * * In regard
to the origin of the Glastonbury gneiss there is strong indication that it is in
large part igneous; and this applies both to the more massive eastern portion
and the more gneissic variety on the west.

Plate XTI is a view in one of the small quarries in the massive
phase of the Glastonbury granite gneiss and shows the massive
character and the jointing of the rock.

The Maromas granite gneiss underlies a strip a quarter of a mile
wide west of the Bolton schist area of South Glastonbury and also a
strip half a mile to a mile wide east of the eastern Bolton schist area
and along the Marlboro and Hebron town lines. It is for the most
part a typical granite gneiss, composed essentially of quartz, feldspar,
and mica with subordinate amounts of other minerals. Much of it
has been crushed and mashed, which has given it a gneissic texture.
Other phases are more basic and darker colored because of the pres-
ence of hornblende. .

The Hebron gneiss underlies a very small area in Glastonbury
along the boundary where it touches the towns of Marlbore and He-
bron. According to Gregory,? it “ varies from a granitic gneiss to a
highly fissile schist,” and “ where typically developed is a fine-
grained gneiss, with a relatively small amount of feldspar.”

As regards their water-bearing capacity these granite gneisses and
" the schist are essentially alike, but no supplies from them have been
obtained in Glastonbury. The dynamic stresses that metamorphosed
them also made many fractures, which form systems of parallel, flat
;openings. In general there is a set roughly horizontal and one or .

? 1 Rice, W. N., and Gregory, H. H., Manual of the geology of Connecticut: Cennecticut
Geol., and Nat. Hist. Survey Bull. 6, pp. 116-119, 1906.

I 21dem, p. 141.
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more about at right angles to it. Rain water which has soaked into
the overlying unconsolidated soil in part finds its way into the inter-
connecting fissures. Elsewhere in the State wells drilled into similar
rocks obtain dependable and reasonably abundant supplies of water
from the fissures. Drilling into the schist or gneiss at any point in
Glastonbury would probably yield equally satisfactory results. Small
amounts of water are contained in the minute lamellar openings be-
tween the mica flakes of the schist and the schistose phases of the
gneisses, but they are negligible.

Red sandstone.—The lowland portion of Glastonbury is underlain
by red sandstone with which are associated some red shale and cen-
glomerate. During the Triassic period a great valley, bounded on
the east by a great fault, existed in central Connecticut. Into this
valley were washed sands, clays, and gravels that were consolidated
to form sandstones, shales, and conglomerates. The beds were origi-
nally flat-lying but continued faulting along the eastern border
tilted them to the east. At the same time jarring and crushing
opened many joints and made new fractures in the rocks. Water is
carried in them in the same way as in the fissures in the gneiss and
schist. Two drilled wells which presumably obtain their water in
this way were visited in Glastonbury. There may be porous zones
in the sandstone and conglomerate which carry considerable amounts
of water, but none have been recognized.

7'ill—The bedrock of the higher parts of Glastonbury, except the
areas of actual rock outcrop, is mantled with till, the product of
direct glacial deposition. It forms a layer ranging in thickness from
a few feet to 50 feet, and comprises all the débris plucked and ground
beneath the ice sheet. In a matrix of fine rock flour, clay, silt, and
sand larger fragments are embedded. Because of the intimate mix-
ture of particles of irregular shapes and the packing of the smaller
into the interstices between the larger by the great weight of the ice,
the till forms a dense tough mass and has modelate porosity and
permeability. Water which has fallen as rain is in part absorbed
by the till and slowly transmitted by gravity. Below a certain depth,
which differs from place to place and from time to time, the minute
pores of the till are saturated with water, which may be recovered
by means of dug wells. In general it is advisable to dig the well to
bedrock, as the zone immediately above the bedrock is the most thor-
oughly saturated and therefore yields the best supplies. In some
places this is impossible, but wells which extend below the lowest
~ level reached by the top of the saturated zone during droughts are
reasonably certain to procure constant supplies of water sm"ﬁcient
for ordinary domestic and farm needs. In August, 1916, measure-
ments were made of 42 wells dug in till in Glastonbury. Of these
wells 11 were said never to fail and 15 were said to fail, but the re-
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liability of the other 16 was not ascertained. The data concerning
the depths of the 42 wells are summarized in the following table:

Summary of wells dug in till in Glastonbury.

Total |Depth to[DeRth of

) water in
depth. | water. i

|

Feet. Feet. J Feet.

LT 5L ST e e AR Sy e SRS T ol o T SR T R 42.4 32.9 | 7.5
i pdvn i, i Bl VR Junds - SOUSRE ST T ety ORISR Wty | o e 10.4 5.3 | 1.8
4.1

R I e el A S ol oo, o o Sl o T T Y 21.0 16.9 |
|

Stratified drift—The mantle rock of the lower parts of Glaston-
bury is stratified drift. The boundary between it and the till is in
general about 200 feet above sea level but is higher in the valleys to
the east. East of East Glastonbury there is a knoll of stratified
drift which has an elevation of 520 feet. Stratified drift is not the
product of direct glacial deposition, as is the till, but was laid down
by water derived in large part from the melting of the ice. Many
streams issued from the receding glacier and bore much débris,
which they dropped near the ice front, forming broad glacial-out-
wash plains in the broad valleys and narrower plains and terraces in
the smaller valleys. The stratified drift consists for the most. part
of the constituents of the till and débris carried from the glacier.
These materials have been sorted according to size, thoroughly
washed, and finally laid down in separate beds and lenses. Inasmuch
as the finer particles have been removed from the interstices between
the larger ones, and the grains themselves worn from subangular to
well-rounded shapes, the stratified drift is both higher in total
porosity and of greater perviousness than the till. It absorbs water
more quickly and in larger amounts and transmits it more readily.
Wells dug in stratified drift procure water in the same way as wells
in till but on a more generous scale. The supplies are in general
more reliable, unless the well in stratified drift is so situated that
the ground water may drain from it readily. Measurements were
made of 42 wells dug in stratified drift in Glastonbury. Of these
wells 80 were said never to fail and 6 to fail; the reliability of the
other 6 was not ascertained. The following table summarizes the
data collected concerning the depths of these 42 wells:

Summary of wells dug in stratified drift in Glastonbury.

Depth of
Total |Depth to X
water in
depth. water. ol
Feet. Fect. Feet.
MEERIIIIN . oo S sie b oinlae Al & 5560 wle 81 A X B e e S T D o e 32.9 23.7 15.9
1% 8 ooy S S R e R e 5.6 1.0 122
LT AR M e e SRR S L PR R RS s 17.4 ‘ 10.5 ’ 6.9
|
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It is said by the residents that on the knoll of stratified drift east
of East Glastonbury it would be necessary to dig wells to a depth of
80 feet in order to reach the water level. This may be an excessive
estimate, but it is entirely reasonable to suppose that the water lies
at an unusually great depth at this point, as the topographic situa-
tion is very disadvantageous for the retention of ground water. At
present the people living on this knoll depend largely upon rain
water collected from.roofs and stored in cisterns. ]

QUALITY OF GROUND WATER.

The following table gives the results of two analyses and four
assays of samples of ground water collected in the town of Glaston-
bury. The waters are all lJow in mineralization except Nos. 15 and
2, which are moderately mineralized. No. 15 is a soft water, No. 2
is comparatively hard, and the rest are very soft. All are suitable
for domestic use, so far as this may be determined by their mineral
content. All are good for boiler use except No. 2, which is rated as
fair because the scale-forming ingredients are a little high. All are
sodium-carbonate waters except No. 2, which is calcium-carbonate
in type.

Chemical composition and classification of ground waters in Glastonbury.®

{Parts per million. Collected Dec. 2, 1916; analyzed bg Alfred A. Chambers and C. H. Kidwell.
Numbers of analyses and assays correspond to those used on P1. VI.}

Analyses.b Assays.c

15 21 2 57 59 68
Siiea Bt - o ns e e e 22 B8 5] b ssims Rl e T Ak R EC R
gan(e). L D o .28 .20 0.81 Trace. 0.18 0.37
Cadeitim (Ca).  :oxo. Tasiee 19 - UM B R A R M el e it BRSO
Magnesium (Mg) = 3.8 U5z ] P B 1 B o e ol T i B S
Sodium and potassium (Na+K)d. . 28 11 Trace. 11 19 13
Carbonate radicle (COg).......... .0 0 .0
Bicarbonate radicle (HCOg) 71 37 54 22 43 31
Sulphate radicle (SO4) 33 13 38 2.0 3.0 9.0
Chloride radicle (CI). 22 5.8 17 5.1 20 5.6
Nitrate radicle (NOs) g.3 T R | O B R Y B
Total dissolved solids at 180° C..... o 174 78 4160 a55 499 a74
Total hardness gs CaCOg........... ..| @63 a3l 128 6.0 28 16
Scale-forming constituentsd........ s
Foaming constituentsd. . ... .. ..........
Ghamicalcharachor . ..... .l i ccioonecenn
Probability of corrosionf. e
Quality for boiler use.. ............. e
Quality for domesticuse............... T

a For location and other descriptive information see pp. 159-161.

b For methods used in analyses and accuracy of results see pp. 52-60.

¢ Approximations; for methods used in assays and reliability of results see pp. 52-60.
d Computed.

e Less than 10 parts per million.

/Based on computed quantity; (?)=corrosion uncertain, N=noncorrosive.
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PUBLIC WATER SUPPLIES.

The villages of Glastonbury and Naubuc are supplied with water by
the waterworks of the fire district of East Hartford, which have been
described by Ellis.® The two reservoirs of this system, from which
‘water is distributed by gravity, are on brooks in the hills of the
northern part of Glastonbury and have capacities of 1,700,000 and
1,500,000 gallons, respectively.

Since 1905 the residents of South Glastonbury have had water
from the South Glastonbury Water Co. There are two reservoirs on
Ashley Brook, the upper of which has a capacity of 4,000,000 gallons
and the lower of 500,000 gallons. Water is distributed by gravity
under a pressure of 60 to 100 pounds to the square inch through 4
miles of main pipe to 95 service connections.?

RECORDS OF WELLS AND SPRINGS.

The only spring visited in Glastonbury (No. 81, Pl. VI) is in a
swale and is improved with a large tile. Its water was found to
have a temperature of 59° F.

Wells dug in till in Glastonbury.

® =
5 g [
No. Topo- | 284 & | & | 5
on Owner. graphic go | & e [Cg Rig. Remarks.
Pl situation. {3‘ 3 E P <5
2] # | B |&
Feet.| Feet.| Feet.
13.8( 4.3 | 9.5 | Windlassrig Fails.
9.01 53| 3.7 | Norig.... 0.
18.3 | 11.6 | 6.7 | Two-buc! Nonfailing.
11.0| 6.6 | 4.4 | Chain pump.
12.0 | 7.4 | 4.6 | Windlassrig. Do.
201 16:6 | 6.51..... do.. .| Fails.
1B.3 B2 AL .. (3§ o L QREC B Do.
14.5| 8.1 | 6.4 | Two-bucket rig .| Nonfailing.
17.3 1 11.3 | 6.0 | Windlassrig.... Do.
.90 BT | .21, ... T PO Fails;abandoned,
19.5 | 10.3 | 9.2 | Chain pump
19,81 18.4 | H.41....5 2 X ST Nonfailing.
6.1 L0 51| Sweeprig....... Do.
13.3| 8.6 | 4.7 | Windlassrig....| Fails.
1491 10.0 | 4.9 | Norig...........
30.3 | 27.0 | 3.3 | Windlass and| Nonfailing.
counterbalance
rig.
13.3 | 5.7 | Two-bucket rig.. Do.
5.4 | 9.3 | Norig...........
10.1 | 15.6 | Windlass rig. ... Do.
9.4 | 6.4 | Sweeprig.......
1.9 8.7{Nexg. .........: Do.
5.7| 8.4 | Windlassrig....| Fails.
3.8 1.24{....¢ N0 < e D Fails. Rock bot-
tom. For assay
see p. 158.
10:07] 7.4 ]..... T IR
11.6 | 4.7 | House pum .| Nonfailing.
20.5 | 12.4 | Windlass rig. Do.

1 Gregory, H. E., and BEllis, A. J., Ground water in the Hartford, Stamford, Salisbury,
Willimantic, and Saybrook areas, Conn.: U. S. Geol. Survey Water-Supply Paper 374,
‘p. 71, 1916.

2 Connecticut Public Utilities Comm. Rept., 1917,
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Wells dug in till in Glastonbury—Continued.

K AND OTHER AREAS, CONN.

{3 S
gg =] = B
No. Topo- L Bl
on Owner. graphic g2 | & s | BE Rig. Remaris,
L VE situation. | 2@ | @ < |lae
ERL B4, "
K k] o |9
= = = a
Feet. Feet.
19.0 .5 | 10.5 Two-bucket rig..| Feils.
19.1 13. SR o 11 SOl < B Nonfailing.
9.7 7.2| 2.5| House pump....
51 6.7F 4.8 Wmdlaﬁs g .
24,31718:3 |90 |k andiO. soom. e Fails.
19.0 | 11.7 | - 7.3 | Two- bucket rig..| Nonfailing.
19.8| 8.4 | 11.4 | Windlassrig....
18.9 1 14.3 | 4.6 | Chain pump....
17.7 | 13.1| 4.6 | Windlassrig....
18.5| 15.5| 3.0 d it
9.2~ 781 1.4
18.3| 7.5 10.8
15.4 | 10.9 | 4.5 .
11.0| 6.2 4.8 | Two- buckctu r Do.
21.9| 15.9| 6.0 | Windlassrig Do.
26.4113.8|12.6 | -.... do ... 22
Wells dug in stratified drift in Glasionrdury.
i =
1) 3
wg | 4 | B ;
Topo- Bl 5 = .
No.on Owner. graphic |E2 | B | 8 = Rig. Remarks.
PLVI. sifuation. |Eg | o e
7 < E =
o B @
= s A
Feet. | Feet.| Fee ct.
2 1§1- !13 Nonfailing.

«}-‘Perrace. .o

| Slope

-

®p SR SomNooN

CIOWNOWW NHEJONNOD <0 oWt

moomsos wwd | Depth of water

QIO ~T WD
00 L~ LTI © W

e» PhSsske 53
o

bk b e ek e et e e e bt B DD
NONUIORN CBRDBBRO WHCT NI ORWRWD o

0 bt ek et
D=L O

-

P OO W DO DD s e
~IWOUINIW’

SRR HOEREE SER @
NEARONO SNNN®o D00 NN

DO M bt et =t OO QO
B 00 20 0O b T

=1

3 bt
E8E®
QLo Wk
= D 00
ogneage
OO0 sha e i

Chain pump....
do

’l‘wo-buc!\et rig .
Cham pump oo

NOTIE - o Lt

W mdhssng....
Chain pump. ...

Norigs ot s
Chain pump....
‘Windlassrig. ...

Two—bueket rig..
Chain pump....
‘Windlassrig....
Chain pump....
‘Windlass ng e
Pitcher pump,
horse pump,
and windlass
Dng ;
eep-wellpum
W. mdlass rig. p

Nong ........ £ 2]

Nonfailing. TFor
assay see p. 158.
Nonfailing,
Do.
Do.
Do.

---| Fails.

Nonfailing. Aban-
doned.

Do.
Nonfailing.
Nonfailing. Aban-

doned. .
Abandoned.
Nonfailing.
Nonf:iling. For

analysisseep.158.

.| Nonfailing.

0.

N onfamnz For
analysisseep.158.
Nonfailing.
Fails.
Do.
Nonfailing.
0.

\Ionmiling.
Do.

Deo.
House debtroved
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Wells dug tn stratified drift in Glastonbury—~Continued,

. 13
g 2|3
HIRR AL
Topo- 5 2| 4 B L
No.on Owner. aphic | 82| & | 8 |BE Rig. Romarks.
PLVI. situation. | g | © = | a8
S el B e
2 | B8 | 8|5
3] = [ =]
Feet. | Feet. | Feet.
12.56| 5.3 | 7.2 | Chain pump
19.5116.4 { 3.1 | Windlassrig....
17.51 10.0 | 7.5 | Chain pump....| Nonfailing.
12.7| 9.2 | 3.5 | Windlassrig....
38.6 | 35.9 | 2.7 | Two-bucketrig.. Do.
18.9 | 12.6 | 6.3 | Windlassrig....| Nonfailing, For
assay see p. 158,
15.6 | 13.7 | 1.9 | Two-bucket rig..| Nonfailing.
23.0 | 17.5| 5.5 | Windlassrig....| Fails. Forassay
see p.158.
14.6 | 12.5 | 2.1 | House pump....| Nonfailing.
18.7 | 14.4 | 4.3 | Windlassrig....| Fails.

Drilled wells in Glastonbury.

MG
No. on opo- Do .| & | (g, 2 E | Kind
" Owner. aphic |85 © | #Q [P35 © g Remarks.
PL VL grapiic |8 25| = 8 o353 =8 |ofrock.
situation.| 5 2 & g - 2‘; g g 3 E
] B |AR A A ™
Feet.| Feet.| Feet.| Feet.| In, |Galls.
29 | Herbert E, Mitchell| Slope...| 360 | 224 10 0 14 | Sand- | Water flows from
stone,| casing.
40 { M. R. Tryon....... 2o B0 Nt 480 64 12 10 6 12 |.a:80. 2

MARLBORO.
AREA, POPULATION, AND INDUSTRIES.

Marlboro is a small highland farming town in the southeast
corner of Hartford County. Tt is 10 miles east of Middletown and
15 miles southeast of Hartford. The town has an area of 23 square
miles, of which four-fifths is wooded. The town keeps in condition
about 40 miles of roads, and there are in addition 7 miles of roads
which have been discontinued. Eventually the State trunk line be-
tween Hartford and New London will run through the town. There
are stations of the Air Line division of the New York, New Haven &
Hartford Railroad at East Hampton and Lyman Viaduct. Marl-
boro, a rather straggling village, is the only settlement. In 1803 the
town was organized, about 4 square miles of territory being taken
from Glastonbury, 9 from Hebron, and 9 from Colchester. In 1813
11 square miles more was annexed from Glastonbury.! In 1910 the
population was 302, a decrease of 20 from the popudation in 1900.
This is equivalent to a density of population of 13 inhabitants to the

1 Hall, Mary, Marlboro, Conn,, from 1736 to 1903, p. 34.
154444°—20——11
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square mile. Marlboro has the smallest population of the towns in
the State, and only one other town has a lower density of population.
In general there has been a very decided decrease in population. In
the first half of the nineteenth century there was some manufacture
of cotton cloth for shipment to the South, but this ceased during the
Civil War and was never revived. About 1885 a mill was built for
‘the manufacture of silk, especially ribbon, and a number of work-
men were brought in, but this enterprise was not long lived. The
changes in population shown in the following table reflect the vary-
ing prosperity of the mills and the general tendency to move from
farms to manufacturing centers:

Population of Martboro, 1810-1910.2

éPopula- Per cent

Popula- | Percent |
tiom. change.

tion. | change. .

7 476 —30
839 391 —18
704 582 +49
713 322 —45
832 302 —6
682

a Connecticut Register and Manual, 1919, p. 639.

At present the principal industry is mixed agriculture. There is
also considerable charcoal burning and production of native lumber.

SURFACE FEATURES.

Marlboro lies in a thoroughly dissected plateau region. The
hilltops range in elevation from 500 feet above sea level in the
south part of the town to 700 feet in the north. They are remnants
of a flat surface below which the streams have cut deep valleys,
and most of them are in the form of ridges elongated in a north-
south direction. Their direction is not dependent on the rock struc-
ture but is rather the vesult of the original direction of the streams.
There are several points about 720 feet above sea level, the greatest
elevation in Marlboro. The lowest point is where Blockledge River
crosses the Colchester town line at an elevation of 200 feet above
sea level.

Dickinson Creek. Blockledge River, and Fawn Brook and their
tributaries drain Marlboro. They are all tributary to Salmon
River, which enters Connecticut River at East Haddam.

WATER-BEARING FORMATIONS,

*
Three types of bedrock have been recognized by Gregory® in
Marlboro—the Bolton schist, Maromas granite gneiss, and Hebron

! Gregory, H. E., and Robinson, H. H., Preliminary geological map of Connecticut:
Connecticut Geol. and Nat, Hist. Survey Bull. 7, 1907.
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gneiss. The unconsolidated mantle rocks include till and stratified
drift. The former is the most important source of ground water in
the town. ‘

Schist and gneiss.—The Bolton schist underlies an area of a quarter
of a square mile in the west corner of Marlboro where it borders on
East Hampton and Glastonbury. It is a fairly typical mica schist
composed of granules of quartz and feldspar in large part surrounded
and enwrapped by flakes of mica. The mica flakes, by reason
of their cleavability and roughly parallel arrangement, give the
rock its fissile character, and they also give it a gray color with
something of a silvery luster. :

The Maromas granite gneiss underlies a northward-striking belt
of country a mile wide adjoining the Bolton schist area and west of
Marlboro Pond. This rock is of variable character, but typically
it is a biotite gneiss composed essentially of quartz, feldspar, and
biotite (black mica) with small amounts of accessory minerals. Tts
boundary against the Bolton schist is not sharp, for it sends stringers
into the schist.

The Hebron gneiss, which underlies about 85 per cent of the area
of the town, according to Gregory.? © varies from a granitic gneiss to
highly fissile schist.” On one side it grades into a true gneiss and
on the other into schists.

These rocks are to all intents and purposes alike as far as their
ability to carry water is concerned. The stresses which metamor-
phosed them also made many cracks and joints. Water which falls
as rain is in part absorbed by the overlying unconsolidated till and
stratified drift. Some of this water is slowly transmitted to the net-
work of interconnecting joints, through which it circulates under
gravity, and it may be recovered by means of drilled wells. A hole
drilled into these rocks at any point will probably cut one or more
of these water-bearing fissures and so procure a supply of water
adequate in abundance and reliability for ordinary domestic and
farm needs.

T'il1.—Till overlies the bedrock of Marlboro, except for the numer-
ous small areas of actual rock outcrop and an area of stratified drift
in a valley northwest of Marlboro Pond. (See map, P1. VIL.) It
forms a mantle that is in general 10 to 40 feet thick and is com-
posed of all the débris plucked and ground along beneath the ice.
Pebbles, cobbles, and boulders of great and small size are embedded
in a matrix of tightly packed sand, silt, clay, and fine rock flour.
The constituent particles are in large part angular, so that they inter-
lock and bind one another together. Much of the till is in conse-
quence very dense and tough, as is indicated by the name “ hardpan ”

1Rice, W. N., and Gregory, H. E.,, Manual of the geology of Connecticut: Connecticut
Geol, and Nat. Hist. Survey Bull., 6, p. 141, 1906.
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that is often applied to it. It has a moderate porosity and is able

to absorb and transmit considerable water. The water is most
abundant in the zone immediately overlying the bedrock and in a few
widely scattered lenses of partly washed and roughly stratified ma-
terial within the till. Wells dug into the till to a depth below the
lowest level reached by the top of the saturated zome in times of
drought will procure satisfactory supplies of water. Measurements
were made of 31 such wells in Marlboro in September, 1916. Of
these wells 19 were said to be nonfailing and 7 were said to fail; the
_reliability of the remaining 5 wells was not ascertained. The fol-
lowing table summarizes the data collected concerning the depths
of these 31 wells:

Swmmary of wells dug in till in Marlboro.

Total |Depth to Depth of

waterin
depth. water. el

Feet. Feet. Feet.
EARIIREERN = o e s I e ) ol st ot i <etenis ) S R 29.2 21.5 16.8
Minimum. . oo R.7 4.1 1.6
e L T ORI T S ILe S el e G, PR S SR 15.7 16.7 5.0

QUALITY OF GROUND WATER.

The accompanying table gives the results of two analyses and three
assays of’samples of ground water collected in the town of Marlboro.
The waters are low in mineral content, except Nos..19 and 26, which
are moderately mineralized. Nos. 12 and 27 are very soft, No. 23
is soft, and Nos. 19 and 26 are comparatively hard. All are accept-
able for domestic use in so far as this may be determined by a chem-
ical investigation of their mineral content. Nos. 12 and 27 are suit-
able for boiler use, but the other three are rated fair for boiler use be-
cause they contain considerable amounts of scale-forming ingredi-
ents. No. 19, moreover, is liable to cause a little trouble by foaming.
Nos. 12 and 27 are sodium-carbonate waters; Nos. 23 and 26 are cal-
cium-carbonate in type; and No. 19 is classed as a sodium-chloride
water.
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Chemical composition and classification of ground waiters in Mariboro.®

{Parts per million. Collected Dec. 5, 1916; analyzed by Alfred A. Chambers and C. H. Kidwell,
Numbers of analyses and assays correspond to those used on P1. VI.]

Analyses.b Assays.c

12 27 19 23 26
BHIGAEBION. T st A e A e S Slalosibug 19 . S LS IS p e T el e
Iron (Fe)..... .42 .10 0.17 0.16 0.67
Calcium (Ca).... 4.9 Sl T e e e e
Magnesium (Mg).. 2.5 ) 1 T it gl e A s it
Sodium and potassium (Na+K)d 13 9.8 72 5 Trace
Carbonate radicle (COz)....... g .0 0 .0 .0
Bicarbonate radicle (HCOs). 27 29 79 66 91
Sulphate radicle (SOy). . .. 19 4.8 43 8.0 i8
Chloride radicle (Cl)..... 4.8 5.9 133 18 16
Nitrate radicle (NOg)....... 3.1 Rk e e e e
Total dissolved solids at 180° C 78 60 a370 2120 4160
Totalhardness as CaCOs...... 422 a16 155 78 117
Scale-forming constituents d. 38 35 180 ., 100 140
Foaming constituents d 35 26 190 10 (e)
Chim|ivs LORRTACEEN. L &3t o dmnds s st o e Na-CO3z | Na-CO3 Na-Cl | Ca-CO3| Ca-COs
Probability of corrosiony. . g ) N (€9) (¢9) (¢
Quality for boiler use.. .. Good Good. Fair Fair. Fair.
Quality for domestic use. . Good ro0od. Good. iood. CGood,

a Forlocation and other descriptive information see p. 166.

b For methods used in analyses and accuracy of results see pp. 52-60.
¢ Approximations; for methods used in assays and reliability of results see pp. 52-60.

4 Computed.
e Less than 10 parts per million.

f Based on computed quantity; (?)=corrosion uncertain, N=noncorrosive.

RECORDS OF WELLS AND SPRINGS.

The only spring visited in Marlboro (No. 9, Pl. VI) is so situated
on a slope that the water is brought to the surface by a ledge of
bedrock. It yields about half a gallon a minute.
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Dug wells in Marlboro.

i o B
& g |2
L i ». .48
N Topo- | 2.1 = | E E’—g
Plo.‘:g}l Ovner. graphic | §3 5} L Sk Rig. Remarks.
Y position. | B's ,'; 2 =8
w =
8718 | 8|8
= 13 (=1 =
Feet. | Feet. | Feet.| Feet
670 | 16.7 | 5.2 11.5 | Sweeprig....... Abandoned.
570 | 27.1 | 10.3 | 16.8 | One-bucketrig. .| Nonfailing.
4201 16.1 1 11.2{ 4.9 | Sweeprig....... Do.
410 | 16.5 | 14.3 | 2.2 | Chain pump. ... _Do.
480 | 20.4 | 13.8 | 6.6 | Windlassrig....| Fails,
610 | 21.6 | 16.4 | 5.2 | Sweeprig....... Do.
..fo....| 410 18.4|15.9| 2.5 Windlassrig....
Low hxll 410 | 18.4 | 15.5| 2.9
Slope...., 510 17.4 1 13.1| 4.3 ; Nonfailing.
Swale...| 5001 8.7| 2.8] 5.9 !
Slope...| 410117.3|15.1] 2.2 Chaln pump. ... Nonfailing,. Water
s from till. For an-
| _alysissee p. 165
1 B M e R ET =do. . 430 | 15.1 | 9.9 | 5.2 | Windlassrig....; Fails. Rockbottom.
14 | Herman Dermler. .. Rxdge 485 | 15.2 1 12.0 | 3.2 | One-bucket, r1g Do.
e 4 B e e Slope....! 440 10.3 | 8.7 | 1.6 | Windlassrig....| Fails.
T e el ey .do....| 495{10.6 | 7.0| 3.6 | Chainpump.... Do.
17 | R. Harowitz........ "Plateau.| 550 |13.0 9.7 | 3.3 | Windlass rig. ...} Nonfailing.
3 R R UG l%p .| 450 114.1}11.3! 2.8 | Housepump.... Do,
19 | L. L. Buell.......... i...do....| 6651581 6.4| 9.4 | Chainpump..... Non!alhng In rogk
11 feet. Water
- irom guneiss. For
assay see p. 165,
Plateau.{ 650 { 12.2{ 5.3 | 6.9 | House pump....| Nenfailing.
Slope...| 600 |12.8]1 9.0| 3.8 | Windlassrig....{ Fails.
_..do...| 550 {22.1{16.3{ 5.8| Windlass on | Nonfailing.
counter bal-
ance rig.
Plateau.| 565 | 12.1] 6.4 | 5.7 | Windlassrig. ... Fails. Water from
till. For assay
see pP. 165.
Sl(()ipe... -l 550 {13.84 9.8 4.51..... 8P s
A...do....| 416[14.6| 9.0| 5.6 | Chain pump. Nonfailing.
500 | 15.3 1 12.5 | 2.8 | Air-pressure sw - \Ientalhng. Water
tem. from till, For
] assay see p. 165,
..do....| 520110.7] 4.1 6.6 Gravity system.| Nonfailing. Water
from till. Foran-
alysis see p. 165.
4201 9.41 6.5| 2.9 | Two-bucketrig..| Nonfailing.
400 § 29.2 | 21.5| 7.7 | Windlassrig Do.
390 {10.4| 6.4 4.0| Norig........ £ ve.
380 | 17.6 1 12.6 | 5.0 | Chain pump. ... Do.
400 | 14.0 | 11.1| 2.9 | Windlass rig Do.
and house
pump.
e i
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F.
Farmington River, areas drained
| SIS 127, 142, 150
Filter galleries. See Infiltration gal-
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71, 80, 89,101, 108, 114, 122,
129, 136, 145, 151, 158, 165
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nature and distribution of _____ 32,9
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