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ABSTRACT

In 1927 an average of about 10,000,000 gallons of water a day was
pumped from several groups of wells situated in the Passaic River
Valley near Chatham, to supply a number of suburban communities
in northern New Jersey. About 53 per cent of the water was pumped
by the Commonwealth Water Co. from a group of wells designated as
the Canoe Brookfield, 37 per cent from two well fields of the Hast
Orange Water Department known as the Dickinson and White Oak
Ridge fields, and the remainder from smaller fields. Judging from
past records of consumption by 1957 the total water requirements in
the communities served from the well fields under consideration may
be expected to be about 27,000,000 gallons a day. The greater part
of this inerease may be expected in the requirements of the Common-
wealth Water Co. The purpose of this report is to consider to what
extent future increases in consumption can be met by the develop-
ment of additional supplies of ground water.

The principal supply of ground water is obtained from beds of
sand and gravel, of Pleistocene age, which lie at a depth of approxi-
mately 100 to 135 feet and which are confined to pre-glacial channels
cut in the bed rock. Elsewhere in the region the bed rock, which
consists of red sandstone and shale and trap rock of Triassic age, is
struck at depths as shallow as 60 to 75 feet, and the overlying mate-
rial consists largely of clay which yields little or no water. In the
well fields that have been studied the water-bearing formation is over-
lain by relatively impervious clay and -there is little if any recharge
directly from rain in the immediate vicinity. An unsolved problem
is as to whether elsewhere there is sufficient recharge to meet the
present and future draft.

Since about 1899, when the first well was drilled in the region, the
static head has dropped 60 feet or more in the Canoe Brook field,
about 25 feet in the White Oak Ridge field, and lesser amounts in
the other fields. Careful measurements show that the hydrostatie
head on the water in the sand and gravel fluctuates in accord with
changes in the rate of pumping in near-by wells. Furthermore, changes
in the rate of pumping in the Canoe Brook well field produce fluctua-
tions in the head in the White Oak Ridge and Dickinson fields, and
converselv changes in the rate of pumping in either of these two fields

(v)
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vi ABSTRACT

affects the water level in the Canoe Brook field. A large part of the
decline in head is due to the fact that the water moves to the well
fields in relatively constricted channels in the bed rock with conse-
quent loss of head due to friction.

On the basis of detailed observations it is concluded that the maxi-
mum possible rate of pumping in the Canoe Brook field is limited
to about 10 million gallons a day or less. This is because the draw-
down that can be attained to produce given flows of water is definitely
limited by the depth of the water-bearing formation. The rate of
vield of the East Orange well fields presumably is also limited by the
same factor. It may be possible to develop additional supplies of
ground water in other buried channels in the bed rock. If this is done
further observations should be made to determine whether the re-
charge of the formation is sufficient to meet any contemplated in-
creases in draft.

The water pumped from the several well fields for public use is
moderately mineralized, ranging from about 150 to 366 parts per
million of total solids. However, samples from several test wells, par-
ticularly in the Dickinson field, are more highly mineralized, contain-
ing as much as 2,362 parts per million of total solids. The water of
high mineralization appears to come from the bed rock and not from
the overlyirg beds of sand and gravel.
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GROUND WATER SUPPLIES OF PASSAIC RIVER VALLEY
NEAR CHATHAM, NEW JERSEY

By Davip G. THOMPSON

INTRODUCTION

This report describes ground-water conditions in the Passaic River
Valley near Chatham. It is confined principally to a consideration of
public supplies and especially of the Canoe Brook well field of the
Commonwealth Water Co. and the White Oak Ridge and Dickinson
well fields of the Last Orange Water Department, which lie from
1V to 214 miles north and northeast of Chatham. Some information
is given in regard to the well fields of the Chatham and Madison
Water Departmeant, the Normandy Water Co., and other public and
private well supplies. The area covered by the report is shown on
Plate 1.

The investigation on which the report is based is one of several
undertaken by the New Jersey Department of Conservation and
Development in cooperation with the United States Geological Survey,
to determine, as nearly as possible, the safe yield of the principal
water-bearing formations in different parts of the State.!

These studies were made by the writer in consultation with and
under the general direction of H. T. Critchlow, at the time chief of
the division of waters of the New Jersey Department of Conservation

' Reports have already been prepared by the writer as follows: Ground-water
supplies of the Atlantic City region (New Jersey Dept. Conservation and
Development Bull, 30, 1928) ; Ground-water supplies in the vicinity of Asbury
Park; Ground-water supplies of Camden and viecinity. Certain phases of the
work have been discussed in the following papers: Memorandum on investiga-
tion of quantities of ground water available for public and industrial supplies in
New Jersey, in Report of the Water Policy Commission to the Senate and
General Assembly of the State of New Jersey, pp. 28A-40A, February, 1926
Ground-water preblems on the barrier beaches of New Jersey: Geol. Soc.
Ameriea Bull., vol. 37, pp. 436-474, 1926,

This report is as submitted for publication in 1920, Since it was prepared addi-
tional water supplies have been developed or changes in the method of recovery of
wiater have been made at certain of the well fields described in this report. It has
not been possible to incorporate in the report detailed information in regard to
these changes. It is believed, however, that such changes do not allect the
conclusions presented herein.

(1)
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2 GROUND WATER SUPPLIES—PASSAIC RIVER VALLEY

and Development, and O. E. Meinzer, geologist in charge of the divi-
sion of ground water of the United States Geological Survey. In the
investigation of the region described in the present report, Mr. Critch-
low, John N. Brooks, then hydraulic engineer of the Department of
Conservation and Development, and the late M. W. Twitchell, assistant
State geologist, collaborated in the collection and discussion of much
of the data relating to certain tests. The writer has been ably assisted
at one time or another by E. W. Downs, formerly junior engineer of
the United States Geological Survey, and H. C. Barksdale, then as-
sistant hydraulic engineer of the Department of Conservation and
Development.

Many of the data used in the report were furnished by the officials
of public water systems in the region. The writer is glad to acknowl-
edge the cooperation of Roswell M. Roper, engineer and general man-
ager, and George Barneti, of the Bast Orange Water Department; W.
I. McMane, vice-president of the Commonwealth Water Co.; F. R.
Berry, engineer of the American Waterworks & Electrie Co., of which
the Commonwealth Water Co. is a subsidiary: the firm of Tribus &
Massa, consulting engineers for the Borough of Madison: the Kelly
Well Co., of Grand Island, Neb.: and all others who have given infor-
mation or assistance in the course of the investigation.

WATER SUPPLIES OF THE REGION

Within the area shown on Plate 1 an average of about 10,000,000
gallons of water a day is pumped—all from wells—to furnish the
public supply for several communities. A large part of this quantity
—namely, that pumped by the East Orange Water Department and
the Commonwealth Water Co.—is used outside of the area in which
it is obtained. The sources of supply of the several systems are
described briefly in the following pages.

Commonwealth Waler Co.—The largest system is that of the Com-
monwealth Water Co., a subsidiary of the American Waterworks and
Electrie Co., which furnishes water to the towns of Summit, Milling-
ton, Stirling, Livingston and West Orange, the townships of Spring-
field (small part of), Millburn (the larger part of), New Providence
and Maplewood, and the Borough of New Providence.

The company has two well fields, known as the Baltusrol and Canoe
Brook fields. The Baltusrol field, about a mile south of Summit,
contains 16 wells, 4 to 8 inches in diameter and 60 to 300 feet deep,
which derive their water from deposits of Quaternary age and red

NEW JERSEY GEOLOGICAL SURVEY



WATER SUPPLIES OF THE REGION 3

sandstone of Triassic age. The capacity of the field in dry seasons is
about 1,500,000 gallons a day. This field is not in the area covered
by this report, and no further consideration is given to it.

The Canoe Brook well field lies along the stream of that name about
2 miles north of Summit and about 1% miles northeast of Chatham.
At one time or another about 50 wells have been drilled in this field,
scattered over an area of about 150 acres, buf since 1927 only about
15 of these have been in use.! The wells range in diameter from 6 to
26 inches and in depth from 50 to 315 feet. Most of the wells are
not more than 10 inches in diameter and are equipped with slotted
pipe for screens. These wells are pumped by air lift, and the water
flows by gravity from the wells to a central pumping stream. Four
of the wells are 24 to 25 inches in diameter at the top. Two of
these are equipped with 16-inch Layne shutter screen, and the other
two with 25-inch Kelly concrete screen. Three of these wells are
pumped by low-duty pumps, which deliver water to the gravity col-
lection pipe: the fourth pumps directly into the distribution main.
In addition to the wells mentioned, about 20 test holes have been
drilled in or near the well field, but these have not been cased. The
location of many of the test holes and wells is shown on Plate 1.

The Canoe Brook wells have yielded at a rete as high as 8,000,000
gallons a day for short periods, and on many days the total pumpage
has been 6,000,000 gallons.

Summit is supplied principally from the Baltusrol well field. and
the other communities named, which are farther north, are supplied
from the Canoe Brook well field, but both systems are interconnected.
The distribution system is equipped with two balancing reservoirs,
each of which has a capacity of about 1,000,000 gallons.

FLast Orange—The water supply for Kast Orange is obtained
from two well fields: a third field is used for reserve supply. The
principal well field is near Canoce Brook where it is crossed by Par-
sonage Hill road, about 214 miles northeast of Chatham. (See pl. 1.)
This well field is sometimes known as the Canoe Brook field, but to
distinguish it from the Canoe Brook field of the Commonwealth Water
Ce. it will be designated in this report as the White Oak Ridge field.
This field contains 20 wells, 8 inches in diameter and 108 to 130 feet

* Sinee this report was written the Commonwealth Water Co. has completed
a reservoir into which water is pumped from Canoce Brook when there is suf-
ficient flow in the stream. As long as there is sufficient surface water available it
is used to a large extent, thereby reducing the draft on the ground water reser-
voir. A 25-inch well was also completed in 1928, the draft from which is lim-
ited by regulation to 1.5 million gallons a day average for any month.
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4  GROUND WATER SUPPLIES—PASSAIC RIVER VALLEY

deep, most of which are scattered over an area of less than 25 acres.!
The capacity of the field is between 2,500,000 and 3,000,000 gallons
a day. The wells are pumped by suction.

The second field, known as the Dickinson field, is on the east side
of the Passaic River about 114 miies north of Chatham and 114 miles
northwest of the White Oak Ridge pumping station. This field con-
tains only three wells, of the Layne type, 24 inches in diameter at
the top and 16 inches at the bottom and 130 feet deep. The wells
are from 500 to 800 feet apart. One of these wells delivers 1,500,000
gallons a day, and the total yield of the three wells is about 2,500,000
gallons a day. The water is pumped by the low-duty pumps on the
wells to the White Oak Ridge station, whence high-duty pumps boost
it over South Mountain to the eity.

The third well field of the East Orange Water Department, known
as the Slough Brook field, is on the north side of the Parsonage Hill
road about seven-cighths of a mile northwest of the White Oak Ridge
pumping station. This field orviginally comprised about 20 wells, 8
inches in diameter and 200 to 250 feet deep, operated by air lift. In
1927, in order to obtain more eflicient operating conditions, the small-
diameter wells were replaced by several of large diamefer which were
to be equipped with deep-well turbine pumps. The yield of this field
is between 750,000 and 1,000,000 gallons a day. The water is del v-
ered to the White Oak Ridge pumping station and thence hoosted
over South Mountain. The wells in the Slough Brook field derive
their water mostly from rock; those in the other two fields obtain
water from sand and gravel.?

Chatham.—The water supply for Chatham is obtained from 6
wells situated in the western part of the town, about 800 feet north of
Main Street (also ealled Morris Averume). (See pl. 1.) The wells
are 4 to 8 inches in diameter and 98 to 326 feet deep. Water is taken
from the wells by direct suction and pumped into the distribution sys-
tem, with a standpipe as an equalizer. The yield of the wells in recent
vears is not known except that one well drilled in 1924 yielded 260
gallons a minute.

! Qince this was written, three large diameter (30 in.) wells of the Kelly
type have been put down by BEast Orange. The entire supply from the White
Oak Ridge field is now (1932) obtained from these new wells and the old wells
are not used. H. B, K.

2 In 1931, permission was given East Orange to develop a new supply. north-
west of the Dickinson field in the so-called Braidburn field in Florham Park,
where three large wells had been developed. H. B. K.

NEW JERSEY GEOLOGICAL SURVEY
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CONSUMPTION 5

Madison.—The Borough of Madison is supplied with water from 9
wells in a tract of about 65 acres, near the eastern edge of town, about
1,000 feet northeast of Main Street. The wells are 5 to 8 inches in
diameter and range in depth from 80 to 165 fzet. They are pumped
by direct suction. The pressure on the distribution system is equalized
by a standpipe. In a test of the well field on October 21, 1925, the
yield was about 1,180 gallons a minute (about 1,700,000 gallons a

day).

Normandy Water Co.—The well field of the Normandy Water Co.,
which supplies Normandy Heights, is about 214 miles northwest of
Madison and an equal distance east of Morristown, The field com-
prises 27 wells which range in diameter from 4 to 8 inches and in
depth from 80 to 90 feet. The wells overflow naturally into collect-
ing basins, from which the water is pumped into the distribution sys-
tem by a centrifugal pump. Two standpipes provide storage for about
500,000 gallons. In 1924 nine wells were in use and yielded about
576,000 gallons a day by natural flow. The capacity of the high-duty
pump is about 850,000 gallons a day.

Other Wells.—There are a number of privately owned wells in the
region covered by this report. Data in regard to some of them have
been used in the study of certain problems, but no general compila-
tion of the data has been made. Pertinent facts in regard to the
well fields of certain public supplies a short distance outside of the
area are considered briefly in the proper place.

CONSUMPTION

Annual Consumption.—Reliable statistics in regard to consumption
of water from public supplies in the region are available only for
the period since 1917.

In 1927 the average daily consumption in the area was a little more
than 10,500,000 gallons. More than 50 per cent of the water was
obtained from the Canoe Brook well field of the Commonwealth Water
Co. About 9,700,000 gallons, or more than 90 per cent of the total,
came from that field and the White Oak Ridge and Dickinson fields
of the East Orange Water Department. These three fields lie within
an area of less than 2 square miles.

NEW JERSEY GEOLOGICAL SURVEY
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CONSUMPTION v

In the 10-year period 1918-1927 the total daily consumption from
the region increased more than 100 per cent over the consumption in
1917, The greatest increase—=237 per cent—was in the consumption
from the Commonwealth Water Co.'s system. The next greatest in-
crease—154 per cent—was in the consumption from the Madison
system. The consumption from the systems of Fast Orange, Chatham,
and the Normandy Water Co. increased less than 50 per cent.

The average annual rate of increase in consumption was about
560,000 gallons a day. The number of years in which the active
increase was less than the average and in the number in which it was
greater were equal. However, in the last half of the period the in-
crease was less than the average in only one year. There was, there-
fore, a tendency for the consumption to increase somewhat more
rapidly than the average for the entire period. The average increase
for the five years, 1923-1927, was about 650,000 gallons daily. The
greatest part of the total increase from year to year has been due to
large increases in the consumption from the Commonwealth system,
which averaged for the 10-year period about 410,000 gallons a day
and for the last five years of that period more than 500,000 gallons a
day. A detailed analysis of the probable future increase in consump-
tion in the region is not within the scope of this paper, but certain
facts may be pointed out.

Fulure Consemption—If the consumption continues to increase at
the same rate as the average for the 10 years 1918-1927, the total
demand on the well fields under consideration will be about 16,000,000
gallons a day in 1937, about 22,000,000 in 1947, and 27,000,000 in
1957. On the other hand, if the rate is more nearly like the average
for the years 1923-1927, the average will be about 17,000,000 gallons
a day in 1937, about 24,000,000 in 1947, and about 30,000,000 in
1957. It is entirely possible that the consumption may increase at
an even greater rate than in the five years 1023-1927.

1f the demand on the Commonwealth Water Co.s well field in-
creases at the average rate for the five years 1923-1927, in 1937 it will
be about 11,000,000 gallons a day, in 1947 about 16,000,000, and in
1957 about 22,000,000, On the same basis, in 1957 the demand on
the Bast Orange system will be about 7,000,000 gallons a day, on
the Madison system only a little more than 1,000,000, and on the
Chatham and Normandy Water Co.’s systems considerably less than
1,000,000, From these figures it is obvious that the greatest problem
in providing for future increases in consumption relates to the Com-
monwealth Water Co.’s system and the East Orange system.

NEW JERSEY GEOLOGICAL SURVEY



8§  GROUND WATER SUPPLIES—PASSAIC RIVER VALLEY

Private Wells.—No data are available as to the consumption from
privately owned wells in the region. There are no large industries
here to use ground water, and the water from private wells is used
largely for domestic purposes at dwellings not within the areas sup-
plied by the different systems, It is believed that the consumption
from private wells is not great, at most not over 100,000 gallons a day
and probably much less.

Monthly Variations.—The fluctuations in average daily consump-
tion from month to month are shown by the following table:

These figures show only a small range. The greatest range between
maximum and minimum consumption was shown by the system of
the Madison Water Department, although even here the maximum was
only 26 per cent greater than the minimum. In the Commonwealth
Water Co.s system the maximum was only 16 per cent greater than
the minimum. The summer of 1927 was cool, and the precipitation’
was above the normal, so that the summer consumption was perhaps
relatively less than usual. However, in 1926, the difference between
the maximum and minimum for the Commonwealth Water Co. was
only 6 per cent greater than in 1927. As the months of highest and
lowest consumption in any one year are not the same for all systems
the difference between the maximum and minimum total daily con-
sumption in the whole region is less than for the individual systems.

Daily Variations—A point to be borne in mind when considering
the well capacity that must be available in any well field is that the
consumption is not divided equally throughout the day, but there are
certain periods when the rate of pumping is much greater than in
others. For example, during a test of the Commonwealth wells in
June, 1927, during the daylight hours the rate of pumping was as
high as 7,500,000 gallons a day, but at night it fell as low as 4,000,000
gallons a day. The total daily pumpage was about 6,000,000 gallons.
The highest pumpage in any one day from the Canoe Brook well field
of the Commonwealth Water Co. has been about 7,500,000 gallons,
and the highest rate for a short period on such a day has doubtless
been somewhat more than 8,000,000,

NEW JERSEY GEOLOGICAL SURVEY
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10 GROUND WATER SUPPLIES—PASSAIC RIVER VALLEY

GEOLOGIC CONDITIONS AFFECTING OCCURRENCE OF
GROUND WATER'!*

TOPOGRAPHY

The region described in this report is a part of the geologic region
known as the Piedmont Province. Its surface in general is that of a
dissected platean, with low hills. The rolling surface of fairly low
relief is broken by several high ridges, locally called mountains, which
trend in general northeast. The area which contains the well fields
described in this report constitutes part of a plain that lies only a few
feet above the Passaic River. This plain lies against one of the high
ridges known as Second Watehung Mountain, or merely Second Moun-
tain. (See pl. 1.) A short distance farther southeast lies First
Mountain, separated from Second Mounta'n by a long, narrow trough.
The altitude of the lowland part of the area is from about 175 to 225
feet, and the two ridges named attain 400 to 550 feet.

ROCK FORMATIONS

The bed rock of the region consists prine pa ly of ved shale and
sandstone of Triassic age. The high ridges are composed of basaltic
lava, which is commonly called trap. The trap is much harder than
the sandstone and shale and has therefore resisted weathering and
erosion and forms the ridges. In the area under consideration, how-
ever, the bedrock crops out generally only in the ridges, being covered
on the lowland by unconsolidated deposits of sand, gravel, and clay
of varying thickness.

In the Pleistocene epoch the region was covered by the great con-
tinental glacier that moved down from the north. This glacier depos-
ited a large part of the unconsolidated material that now covers the
bed rock and produced other changes that must be considered in con-
nection with the ground-water problems of the region.

PRE-GLACIAL TOPOGRAPHY AND EFFECT OF GLACIATION

The configuration of the surface and the drainage of the basin of
the Passaic River before the coming of the glacier were very different

' The description of the geology of the region is based in part on data obtained
in the field and in part on information obtained in the following reports of the
New Jersey Geologieal Survey : Lewis, J. V., and Kiimmel, H. B., The geology of
New Jersey; Bull. 14, 1915; Salisbury, R. D., and others, the glacial geology
of New Jersey: Final Rept., vol. 3, 1902: Salisbury, R. D., Surface geology,
report of progress, in State Geologist Ann. Rept. for 1804, especially map of
surface formations of the valley of the Passaie, 1505,
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GEOLOGIC CONDITIONS 11

from those of today. In some places where the surface is now nearly
level there were valleys cut many feet below the hills. The glacier
pushed a great quantity of débris ahead of it, and much was carried
directly in or on the ice. When the ice melted and retreated the
débris was deposited on the bed rock. The deep valleys were filled,
and the tops of some of the hills were scraped off, so that in general
the surface was left more level than it was prior to the glaciation. A
prominent feature left by the glacier was the great heterogenous mass
of clay, sand, gravel, and boulders that was deposited at its fronmt.
This mass, which is known as a ferminal moraine, has a very irregular
surface, with numerous closed depressions that are not drained. Be-
hind the terminal moraine the glacier also dropped much débris but
the surface of this material is less irregular than the terminal moraine
and it is known as ground moraine.

PRE-GLACIAL DRAINAGE

Salisbury and Kiimmel have presented evidence that before the
glacier moved southward and covered this region the principal drain-
age line did not follow the general direction of the present Passaic
River but instead went southeastward through a deep gap in Second
Mountain at Short Hills, and through First Mountain by a similar
gap at Millburn.!

The Short Hills gap in Second Mountain is partially filled to an
altitude of about 380 feet above sea level by unconsolidated material
comprising part of the terminal moraine. Well records show that the
unconsolidated material extends to a considerable depth. In the gap,
near the Short Hills railroad station the bed rock was not struck at
an altitude of 50 feet above sea level, and a quarter of a mile east of
the station, at the well field of the Short Hills Water Co., the rock
was struck at sea level.2 The Millburn gap in First Mountain is still
open, although partly filled with glacial deposits, and the break in the
trap ridge is a conspicuous topographic feature. In contrast to these
conditions, at Little Falls, where the Passaic River now passes through
Second Mountain and the next lowest gap in that ridge, the bed rock
in the gap is between 158 and 180 feet above sea level. The evidence
indicates that the gap in the ridges at Short Hills was lower than the

* Salisbury, R. D., and Kiimmel, H. B., Lake Passaie, an extinet glacial lake;
New Jersey State Geologist Ann. Rept. for 1803, pp. 225-328, 1804, Salisbury,
R. D., and others, The glacial geology of New Jersey: New Jersey State
Geologist Final Rept., vol. 3, pp. 147-164, 1902, Lewis, J. V., and Kiimmel,
H. B., The geology of New Jersey : New Jersey Geol. Survey Bull. 14, pp. 116-
120, 1915.

* Salisbury, R. I, and Kiimmel, H. B., op. cit., pp. 304-305.
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12 GROUND WATER SUPPLIES—PASSAIC RIVER VALLEY

gap at Little Falls. Accordingly, in pre-glacial time, the drainage for
the area directly west of the Short Hills gap must have gone through
that gap. In fact, it is believed that the drainage of all the present
Passaic River Basin above Little Falls went through the Short Hills
gap.! The supposed course of the principal drainage lines is shown
on Figure 1. Detailed data in regard to the position of the pre-
glacial drainage channels just west of the Short Hills gap are given
on pages 15-18.

* Borings at Mountain View where the Pompton River cuts through the third
trap ridge show a drift-filled rock gorge, the bottom of which is 80 feet above

tide. Hence the branch of the pre-glacial Passaie which cut that gorge could
not have eseaped through the Little Falls gap (155 feet) as was earlier as-
sumed, before this deeper Mountain View gap was known. IL B. K.
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Firoure 1—=Sketeh map of Passaic River basin showing pre-glacial drainage.
After Salisbury and others, op. eit, (1902), pl. 37.
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As the glacier moved southward, or southwestward, it blocked the
ap at Little Falls, and any drainage that may have gone through that
gap was eventually diverted into the drainage system that went
through the Sktort Hills gap. The glacier finally also blocked the
Short Hills gap. West of Second Mountain the glacier moved only
a short distance southwest of the area covered by this report. Its
sonthern limit, marked by the terminal moraine, lies near the Dela-
ware, Lackawanna & Western Railroad between Morristown and Sum-
mit and thence extends through the Short Hills gap to the southeast
side of First Mountain. (See fig. 2.)

Arog 74730
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Fieure 2—Map of the Passaic River basin showing location of terminal mo-
raine and area covered by Lake Passaic at time of maximum
advance of glacier. After Salisbury and others, op. cit. (1902),
pl. 40.
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14 GROUND WATER SUPPLIES—PASSAIC RIVER VALLEY

The terminal moraine is at present broken for about 2 miles, where
it is cut by the Passaic River near Chatham,

When the ice was at its point of maximum advance and the Short
Hills gap was blocked for a long time a lake was formed, which has
been called Lake Passaic. When the ice melted and retreated the
Short Hills gap was left blocked by the terminal moraine. Lake
Passaic persisted until after the ice had retreated beyond Little Falls,
where a low outlet was found and the drainage was established
essentially as it is at present.

CHARACTER OF GLACIAL DEPOSITS

As a result of the events described above, the materials that overlie
the bed rock—composed of sand, gravel, and clay—may be divided
into several types, as follows:

(a) Locally there may be remnants of the pre-glacial soil and sub-
soil, not wholly removed by wear of the ice sheets. None of these have
been identified. If present, they are likely to be buried beneath de-
posits left by the glacier. As suggested on page 16, certain beds of
clay reported in well drilling may be of this type.

(b) Along the main pre-glacial drainage channels there may be
sand or gravel beds deposited by pre-glacial or glacial floods which
were overridden by the ice and buried beneath later deposits.

(¢) In the part of the arca covered by the ancient Lake Passaic
lying south of the ice front, fine sand and clay accumulated to a con-
siderable thickness, particularly in the area known as the Great
Swamp. In the shallower portions of the area covered by the lake,
deposits on the bed rock are thin. In the lower parts of the basin of
Lake Passaic where the remnants of the lake persisted long after the
ice had melted, there ave beds of water-laid silt and clay.

(d) The terminal moraine and a large part of the region north of
it is covered by till—that is unassorted or poorly sorted stony and
sandy clay that was deposited as the ice melted. In places in the till
are beds of sand and gravel deposited by streams formed by water
from the melting ice.

The surface distribution of these types of material is very complex,
but they have been accurately mapped by the State Geologist and his
assistants. Their vertical distribution is also complex and ordinarily
cannot be determined except by drilling. Lenses of sand and gravel
of greater or lesser extent may underlie or be interbedded with till,
and vice versa. Fortunately, many wells have been drilled on lands
owned by the Commonwealth Water Co., and the city of East Orange.

NEW JERSEY GEOLOGICAL SURVEY
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and these wells, with a smaller number drilled elsewhere, afford
valuable information.

BURIED ROCK VALLEYS REVEALED BY WELLS

The Canoe Brook well field of the Commonwealth Water Co,, and
the Dickinson field of the East Orange Water Department are on low-
lands, more or less marshy, that constitute the flood plain of the
Passaic River. The other two well fields of the East Orange Water
Department and the well fields of the Chatham and Madison water
departments are at altitudes only 20 to 40 feet higher. A study of
data on the depth to bed rock in the area shows that the pre-glacial
surface was much lower and had much greater relief. Plate 1 shows
the altitude of the bed rock above sea level in about 70 wells and, by
heavy contours, the shape of the pre-glacial surface in a large part of
the area. In the preparation of the map, data were available for
many wells in addition to those shown.

The wells are most numerous in the well field of the Commonwealth
Water Co. and the shape of the bed-rock surface is accordingly best
determined there. The significant feature is that beneath the present
nearly level surface there is a well-defined valley cut in the bed rock
about three-quarters of a mile wide which trends northwest. The bot-
tom of it is 120 to 140 feet below the present surface and 50 to 80
feet below the rock divide on each side. In the Dickinson well field
there is a similar valley which is of about the same width and depth
and has the same general trend—in fact, it is apparently a continua-
tion of the valley beneath the Canoe Brook well field. The data show
that there is a depression in the general rock surface between the two
fields, but unfortunately wells that would show whether the deep
valley is continuous between the two fields have not been drilled at
the critical locality, near the point where Passaic Avenue crosses the
Passaic River, at the so-called lower Chatham Bridge. In several
wells along the west side of Passaic Avenue trap was found rather
near the surface. This apparently is a buried part of a trap ridge,
known as Long Hill, that rises to a height of 465 feet south of Chat-
ham. Outecrops of trap farther northeast, near Livingston, suggest
that the buried ridge continues in that direction. The strike of the
ridge is such that if it extended farther northeast it would lie about
where trap was struck in the wells mentioned. Although data: are
lacking at the critical point, it appears very probable that the pre-
glacial valley cuts through this trap ridge just about where the river
now crosses Passaic Avenue.

NEW JERSEY GEOLOGICAL SURVEY



16 GROUND WATER SUPPLIES—PASSAIC RIVER VALLEY

If a straight line is drawn along the axis of the rock valley in the
Dickinson and Canoe Brook well fields ard continued southeastward,
it passes almost directly through the points at Short Hills where, as
shown on page 11, the bed rock lies very deep, and also through the
wide open gap in First Mountain, near Millburn. This fact indicates
beyond almost any reasonable doubt that the valley beneath the two
well fields had ifs outlet through these twe gaps in the trap ridges.

A branch of the main rock valley extends from a point near the
pumping plant of the Canoe Brook well field northeastward approxi-
mately beneath Canoe Brook. The wells of the White Oak Ridge field
are situated In this valley. North of that field the valley broadens
somewhat. Data not shown on the map indicate that at the White
Oak Ridge pumping station the western edge of the buried trap ridge
that constitutes Second Mountain rises almost vertically to an altitude
of 170 feet above sea level within 500 feet east of Canoe Brook.!

Data are not available to show the northeastward extent of the pre-
glacial valley that underlies the present Canoce Brook. As a large
stream at some earlier time cut through the trap at Little Falls, pre-
sumably some of the territory immediately south of that place drained
northward. lowever, as the stream that drained through the Short
Hills gap ran at a lower level than the one at Little Falls, its branch
beneath the present Canoe Brook may have been powerful enough to
work some distance toward Little Falls. 1t is entirely possible that
this stream extended as far north as Canoe Brook does now.

The position of the pre-glacial surface in the northern part of the
East Orange water reserve is uncertain. In well 4, near Baldwin
Pond, about 2,500 feet northeast of the Parsonage Hill road, the first
rock, deseribed as red shale, is reported to have been struck at a depth
of 223 feet, or 30 feet below sea level. (See fig. 4.) This is lower
than the rock surface at any other point in the entire region, including
the Short Hills gap, and it raises a question as to the possibility of
the rock surface being really so low. Above the red shale was 82 feet
of “sticky red clay,” which is reported to have been struck at 52 feet
above sea level. It is the opinion of the writer that this altitude more
nearly represents the frue pre-glacial surface and that the red clay is
really a deeply weathered phase of red shale similar to that struck at
a depth of 223 feet. Farther northeast, in wells 1, 2, and 23, red or
blue clay was struck from 25 to 35 feet above the first material called
rock. In view of the interpretation just given as to the position of

* Vermeule, C. C., East Orange wells at White Oak Ridge, Millburn Town-
ship, Bssex County: State Geologist Ann. Rept. for 1904, fig. 18, 1905.
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the pre-glacial surface in well 4, the question arises whether the top
of these clays, especially the red clay, does not represent the old land
surface, with a considerable thickness of weathered rock above the
consolidated bed rock. If this is true the channel beneath Canoe Brook
is not as extensive northeast of Baldwin Pond as is shown on Plate 1
by the 40-foot contour that indicates the bed-rock surface.

Southwest of the Canoe Brook pumping station there appears to
be another branch valley, as indicated by the bed-rock surface at an
altitude of only 34 feet above sea level in the Vanderpool well, on the
south side of Morris Avenue near the point where it crosses the Passaic
River at the so-called upper Chatham Bridge, and at an altitude of 52
feet in a test hole of the Commonwealth Water Co. about 1,800 feet
northeast of the bridge. Unfortunately no well data are available that
would make it possible to delimit the southeast side of this valley.

At Chatham bed rock was found as low as 35 feet above sea level—
that is, at about the same altitude as the bottom of the rock valleys
in the Canoe Brook and Dickinson fields. Apparently the Madison
well field also lies in a channel. A question arises as to whether this
channel is connected with any of the others described. As drawn on
the basis of the available data the contours suggest that the southern
branch valley just deseribed may lead northwest beneath Chatham to
the Madison field and beyond. 1f it does there must be a cut through
the trap ridge similar to the buried one near the lower Chatham
Bridge. On the other hand, the valley at Madison may extend north-
ward on the west side of the buried trap ridge and connect with the
valley that underlies the Dickinson well fielc.

On the map showing the conjectural pre-glacial drainage of the
region (fig. 1) the main channel of the pre-glacial stream that went
through the Short Hills gap is shown as going almost directly over
the Chatham and Madison well fields. At the time of Salisbury’s field
studies on which the map was based no wells that might have shown
how deep the rock lies at critical points had been drilled, so far as
the writer can determine from published reports. The lines shown
were to a large extent conjectural. The data now available (see pl. 1)
bear out in a remarkable manner the general features of the con-
jectural map and add valuable information as to details of the course
of the valleys. On Figure 1 a branch stream is shown as entering the
main stream from the southwest, just east of Chatham—that is, essen-
tially along the present course of the Passaic River above Chatham.
Considering the present major features of this part of the region—
namely, Second Mountain on the east and the trap ridge known as

NEW JERSEY GEOLOGICAL SURVEY



18 GROUND WATER SUPPLIES—PASSAIC RIVER VALLEY

Long Hill on the west—there is little doubt that such a stream did
exist. The area drained by this ancient stream presumably was lim-
ited to the region between the two trap ridges, but it was probably
larger than that of the stream that came from the northeast past the
site of the White Oak Ridge pumping station.

DISTRIBUTION OF WATER-BEARING BEDS

General Statement.—It will be noted from Plate 1 that all the
producing wells of the Commonwealth Water Co.’s Canoe Brook field,
the White Oak Ridge and Dickinson fields of the East Orange Water
Department, the Madison well fields, and probably also the Chatham
well field lie in areas underlain by pre-glacial valleys. The facts
available show that the water-bearing beds actually are confined to
the pre-glacial channels and that outside of these channels relatively
meager supplies can be obtained. This problem is of special signifi-
cance in connection with the question of the possibility of developing
additional supplics.

Figure 3 shows the logs of several wells along a line from south-
west to northeast across the Canoe Brook well field and along the
western border of the White Oak Ridge well field. Figure 4 shows
similar well logs along a line from northwest to southeast through the
Dickinson and Canoe Brook well fields.

Figure 3 shows that the bed-rock surface rises from the Vanderpool
well and forms a ridge southwest of the Canoe Brook well field. The
field itself, as previously stated, is underlain by a deep, rather narrow
valley. Northeast of the field is another buried rock divide, which
lies south of the Parsonage Hill road, and beyond it the bed rock slopes
to lower levels beneath the headwater portion of the Canoe Brook
drainage basin. The line of the section as chosen does not show how
the ancient valley lies beneath the present Canoe Brook, but if other
wells had been chosen such a channel would be seen to connect the
Canoe Brook and White Oak Ridge well fields.

Canoe Brool: Well Field—The logs of wells in the Canoe Brook
field show that the material overlying the bed-rock surface consists of
an alternation of beds of sand, gravel, and clay and in places a mixture
of all three or a mixture of any two of them. In some wells boulders
are common, The wells have been drilled by several different drillers,
and different methods have been used. A study of the logs show that
the use of terms has not heen uniform, and the interpretation of the
logs is uncertain.

NEW JERSEY GEOLOGICAL SURVEY
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In the Canoe Brook field water is apparently obtained from three
principal horizons. In some wells in this field water-bearing sand is
struck at a depth of 70 to 80 feet and extends for 10 to 20 feet, but
in several wells no water-bearing material was reported at this depth.
The principal water-bearing bed appears to consist of sand and gravel,
which generally lie just above the bed-rock surface. The bed is struck
at a depth of about 100 to 120 feet and is from 10 to 35 feet or more
in thickness. It is reported in all wells in the producing field except
two or three, notably wells 27 and 40. In wells 35 and 41 sand or
gravel appears to extend continuously from the upper water-bearing
bed, at a depth of 80 or 85 feet, to the lower one. There is some ques-
tion, however, as to the reliability of the drillers’ logs in reporting
sand and gravel. In many of the logs clay is reported as occurring
with sand or gravel. Such a report was made in the log of a test
well, but subsequently, when a large-diameter well (Kelly No. 1) was
constructed at the same locality by means of a clam-shell bucket it was
found that in places where gravel was reported the material was domi-
nantly clay, with pebbles scattered through it. This material is
undoubtedly a glacial deposit, either the unassorted till or clay
deposited in Lake Passaic with pebbles that were carried out into the
lake on floating ice. It is probable that much of the material re-
ported as sand, gravel, and clay, clay and gravel, ete., does not have a
very great water-bearing capacity.

A number of the producing wells in the Canoe Brook field have
been drilled to a depth of more than 300 feet, of which 100 feet or
more is in rock, in order to obtain the proper submergence for the
air-lift pipes. In some of the wells some water is obfained from the
rock. No definite information is available as to the relative yield of
the bed rock and the sand and gravel beds, but it is believed that the
greater part of the supply is obtained from the unconsolidated beds
above the bed rock. The principal evidence supporting this idea is the
fact that four of the wells of largest yield de not penetrate the rock.

If the water is obtained largely from the sand and gravel, and
especially from the lower beds, below 100 feet, the most significant
fact shown by the well logs is that the water-bearing beds are confined
to the pre-glacial valleys indicated by the contours of the bed-rock
surface. The areas in which additional ground water supplies can be
obtained are therefore limited. It is possible, and indeed probable,
that additional ereas can be developed, but considerable test drilling
will be necessary to find the buried pre-glacial valleys.

NEW JERSEY GEOLOGICAL SURVEY



22 GROUND WATER SUPPLIES—PASSAIC RIVER VALLEY

East Orange Well Fields.—Conditions in the White Oak Ridge well
field of the East Orange Water Department are in general the same as
in the Canoe Brook field of the Commonwealth Water Co. in that sand
and gravel oecur at two horizons above the bed rock.!

The beds at the upper horizon, however, lie somewhat nearer the
surface than in the Canoe Brook field—at a depth of only 20 to 60
feet. The lower sand and gravel, which in a large part of the field lie
directly on the bed rock, from the prineipal source of water. No wells
in this field penetrate the bed rock. Although the wells in use are
within only a few hundred feet of the pumping station, it has been
determined that the lower sand and gravel extend for about 4,000
feet northwest of the station. Beyond that point they pinch out, and
for about 1,000 feet a thick body of clay lies directly on the rock. At
a point about 5,500 feet northwest of the White Oak Ridge station
along the Parsonage Hill road the first sand bed, which elsewhere in
the well field is underlain by clay with more sand and gravel below,
extends continuously from a level within 15 or 20 feet of the surface
to the bed rock at a depth of about 75 feet. On the other hand, in a
well about 800 feet farther west (No. 7, pl. 1), 500 feet south of the
Parsonage Hill road and 200 feet east of Slough Brook, no sand or
gravel was reported to a depth of 101 feet. On Plate 1 the contour
lines indicating the shape of the bed-rock surface show widening of
the valley beneath the present Canoe Brook in the area north and
northwest of the White Oak Ridge well field. As indicated on page 16,
there is some question as to the interpretation of well logs in this area,
and the pre-glacial surface may not lie as low as is indicated on the
map. The logs of several wells in this area (wells 5, 7, 12, and 14,
pl. 1) show no sand or gravel. Although sand and gravel may be
present in parts of the area where no drilling has been done, it appears
that the real extent of such deposits is rather slight. No logs of wells
in the Dickinson well field are available, but it is known that the
principal supply of water occurs in sand and gravel directly above the
bed rock.

Chatham, Madison, and Normandy well fields.—The available in-
formation in regard to conditions in the vicinity of Chatham and
Madison is confined to logs of wells in the two municipal well fields.
At Chatham the log of only one well is available. This shows the
material to be nearly all clay, or clay mixed with sand and gravel,
and therefore probably not good water-bearing material, to a depth

! Vermeule, C. C., op. cit., pp. 255-263, fig. 1%,
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of 42 feet. From that depth to the bottom of the well, at a depth of
90 feet, the material is wholly sand or gravel except for 1 foot of clay
at a depth of 75 feet.

At Madison the logs of nine wells are available. These show con-
siderable variation in a distance of about 1,100 feet. In well 9, at the
northwest end of the well field, sand or gravel extends almost con-
tinuously from a depth of about 28 feet to the bottom, at 147 feet,
although in two places some clay is mixed with these materials. On
the other hand, in well 1, in the southeastern part of the field, in the
total depth of 148 feet, sand or gravel was found only at the depths
of 15 to 17 feet, 26 to 27 feet, 102 to 103 feet, and 109 to 148 feet.
Wells intermediate between the two mentioned show more or less of a
gradation from the dominantly sandy material to the dominantly
clayey material.

The Madison well field is only a few hundred feet north of the north
base of the terminal moraine. The Chatham wells ave situated some-
what similarly with respect to the terminal moraine, although the
characteristic topography of the moraine appears to be absent, pre-
sumably because the Passaic River has eroded its valley through the
moraine. The well fields of the Normandy Water Co., about 214 miles
northwest of Madison, also occupies a similar position near the base
of the terminal moraine, on the side from which the ice came. No
information was obtained in regard to the materials penétrated by
these wells, but the fact that they have a fairly large yield by natural
flow suggests that good water-bearing beds are present. In view of
the conventional description of a terminal moraine as consisting of a
heterogeneous mixture of materials, the presence of so much water-
bearing material associated with the glacial drift on the iceward side
of the moraine is somewhat unusual. In contrast, it is rather com-
mon to find good water-bearing beds on the so-called outer edge of the
moraine, for the water from the melting ice flows down the front of
the moraine and carries with it some of the sand, gravel, and clay.
As it deposits this load it sorts the material into coarse and fine and
forms what is known as an outwash plain. Such a plain exists on the
southwest side of the ferminal moraine nzar Chatham and Madison,
sloping sonthwestward to the so-called Great Swamp. It seems likely
that conditions are favorable for the development of ground-water
supplies beneath this outwash plain.
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SOURCE OF WATER

A question of real concern relates to the source of the water that
is pumped from the well fields under consideration. The logs of all
wells studied show a greater or less thickness of clay above the water-
bearing beds. The water must gain access to the beds outside of the
well fields. If the water-bearing beds are everywhere or nearly every-
where overlain by similar clay beds, which are relatively impervious,
the recharge of the formation may he small as compared to the draft
on it, and some of the water that is pumped may be coming from
storage, which will gradually be reduced.

SUMMARY

To summarize briefly the geologic conditions affecting the occur-
rence of ground water in the region under consideration, the best
water-hearing beds are confined to the relatively small areas where
there are well-developed valleys in the pre-glacial surface. Further-
more, these beds as a whole lie just above the old surface, and in most
of the region no good water-bearing material is found within 50 to 75
feet of the surface. The principal ancient channels are one that un-
derlies the Canoe Brook and Dickinson well fields, one that underlies
the Madison well field, and one that is presumed fo exist beneath the
Passaic River, south of Chatham. The ancient valley that underlies
the present valley of Canoe Brook does not anpear to be very extensive.
As shown below, the Canoe Brook well field is developed about to its
capacity, and it is therefore believed that further developments should
be sought in other parts of the channels mentioned.

QUANTITY OF WATER AVAILABLE
METHOD OF STUDY

The quantity of water that can be pumped from a particular area
depends upon several factors, including the extent of the intake area
of the water-bearing formation—that is, the area where it crops out
and receives percolation from rainfall—the extent of the formation
in'so far as it sarves as a reservoir for storing water, and the permea-
bility of the formation. In the area under discussion it has not been
possible to determine any of these factors by direct observation. It is
not even known where the water-bearing formation crops out, and
drilling to show the extent of the formation has been confined to a
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comparatively small area. It is not known, for example, whether
the water-bearing beds encountered in the wells at Madison and
Chatham are the same as those tapped in the Canoe Brook well field
of the Commonwealth Water Co. and the White Oak Ridge and Dickin-
son fields of the East Orange Water Department. However, certain
observed facts, discussed in part below and reasonable inferences de-
rived therefrom lend support to the belief that the intake area is
sufticiently large or there is enough water in storage to supply the
present consumption and perhaps even an increased consumption for
some years to come, Assuming this to be true, until evidence to the
contrary is found, there still remains to be considered the influence
of the permeability of the water-bearing formation in determining its
ultimate safe yield.

The method following in the present study has been to observe the
effects of pumping at certain rates and from the observations to esti-
mate the effect of pumping at stated increased rates. This method
has the advantage that the effect produced by pumping at a certain
rate is the combined result of the influence of the different factors that
control the yield of the formation. It has the disadvantage that
because of the complicated interaction of the factors involved it may
be difficult to evaluate correctly the influence of each factor. It also
had the disadvantage that generally the operating conditions can not
be controlled as much as may be desired to determine the effect of
any one factor. For example, in tests which are described below it
was not possible to stop pumping from the Canoe Brook well field
longer than a few hours, although a shut-down of a day or more was
desivable. Also the rate of pumping had to be changed to meet the
demand, although it should desirably have been kept constant. Never-
theless, the tests have yielded results that are of much value.

Certain special tests were made covering periods of several hours to
several days. During these tests measurements of the depth to water
were made at frequent intervals in several wells of the Commonwealth
Water Company and the East Orange Water Department, and the
rate of pumping in each field was determined. In addition, con-
tinuous records of the water level in two wells in the Canoe Brook
field and one in the White Oak Ridge field were obtained by means of
automatic water-stage recorders. The results of the investigation
may best be described in the chronologic order in which the tests were
made.
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Test or OcroBEr 2-7, 1925

From October 2 to 7, 1925, a test was made to determine whether
pumping from the wells in the Canoe Brook field of the Common-
wealth Water Co. affected wells in either the Dickinson field or the
White Oak Ridge field of the East Orange Water Department, and
vice versa. During this test, at different times, the rate of pumping
in each of the three fields in turn was reduced to a minimum and
then increased to the maximum limit in order to produce as widely
different effects as possible. Hourly observations were made of the
pumpage from each field and, during the day time, of the depth to
water in about 20 wells, The fluctuations of the water level in two
wells (No. 30 in the Canoe Brook fielc and the so-called “neutral
zone™ well about midway between that field and the White Oak Ridge
field) was obtained by automatic water-stage recorders. The profile
of the piezometric surface at certain critical times is shown in Figure
5. The chronologic record of the fluctuation in rate of pumping in
the three fields and of the water level in certain of the observation
wells is shown graphically in Figure 6. In this diagram the record
of pumpage and of the water level in two wells equipped with water-
stage recorders is shown for several days prior to the test, to give a
basis for comparison of conditions during the test with average con-
ditions.

In Figure 5 the profiles of the piezometric surface are not shown in
their correct position for their entire length because it was not possible
to determine the water level at certain points. For example, in the
Cance Brook field there are several pumping wells between wells 30
and 4, and the piezometric surface at any time was very irregular, with
cones of depression around each pumping well, Well 41, the only one
in which the pumping level could be determined, had a yield about as
great as any other well in the field, and the head was presumably as
low as at any other point. The position of the piezometric surface at
the point marked “White Oak Ridge well group” represents the alti-
tude of the water level in the pumping wells as determined by =
vacuum gage on the suction line. Actually there must have heen 2
cone of depression around each well. As the shapes of these numerous
individual cones could not be determined the profiles have been con-
structed by drawing straight lines between the points of ohservation.

The results of the tests show that the water level in the observatior
wells situated near pumping wells fluctnates closely in accord with
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fluctuation of the pumpage from the near-by wells.! Another fact
that is not very evident on the graph because of the small vertical
scale but that is shown on charts from the antomatic recorders is that
there is some lag in the movement of the water level before it becomes
fully adjusted to a given pumping condition. The charts from the
recorder on well 30 in the Canoe Brook field show that the water level
practically never reached a stable condition. When the rate of pump-
ing was increased the water level continued to drop until the rate was
reduced. Then it rose until there was another change in the rate.

Figure 6 shows some striking examples of the relationship between
rates of pumping and head in the different fields. Attention is called
to the following: detailed study of the diagram will show others.

Prior to the period of the controlled test, about noon on September
25 there was a marked increase in the rate of pumping at the White
Oak Ridge wells, which continued with some variation until about
3 a. m., September 26. The water level in the gage well in the neutral
zone dropped between 5 and 6 feet, in spite of the fact that there was
a diminished draft in the Canoe Brook field with a total shutdown
from 10 to 11 p. m., on September 25. Again, an abrupt decrease in
pumping at White Oak Ridge for a short time on the afternoon of
September 28 was accomplished by an abrupt rise in the gage well,
pumping from the Canoe Brook wells being about uniform. Since
the gage well in the nentral zone is nearer to the wells that were being
pumped in the White Oak Ridge than those in the Canoe Brook field
it is not surprising that these changes in the water level occurred.

On the other hand, the connection between the pumping in Canoe
Brook wells and the height of water in the gage well in the neutral
zone is distinetly shown on September 30, 1 to 4 a. m., on October 3,
2 to 4 a. m., and October 3-4. 10 p. m. to 6 a. m., when there were
marked decreases in the pumping rate at the Canoe Brook wells, and
slight although distinet rises in the head at the gage well.
About midnight of Oectober 4-5, there was sudden inerease in the
pumpage at the White Oak Ridge wells, and about the same time a
shutdown complete or partial for 8 hours at the Canoe Brook field.
The head rose about 2 feet in the gage well in the neutral zone. In
this instance the shutdown in the Canoe Brook field had a greater
effect on the head in the gage well than did the pumping at White
Oak Ridge.

*In studying Figure 6 the reader should note that rates of draft in the well
fields is plotted upward from a base of zero. Therefore, on the graph when
there is a given change in pumpage the normal change in movement of the line
representing water level is in the opposite divection,
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From Figure 6 there is no clear indication that pumping from
either the Canoe Brook or the Dickinson field affects the water level
in the other field. However, the profiles in Figure 5 indicate that
such is the case. On October 5, when there was no pumping from
the Dickinson field, the piezometric surface between the two fields was
much higher than on October 3 and 6, when wells 2 and 1, respectively,
in the Dickinson field were operating, in spite of the fact that on
October 5 the piezometric surface between the Canoe Brook field and
the White Oak Ridge field was lower than on the other two occasions.
The profiles also show how changes in the pumping rate in the White
Oak Ridge field affect the head in the nearest part of the Canoe Brook
field. By analogy it may be reasoned that if the pumping in either
of the Fast Orange well fields affects the head in the Canoe Brook
field, pumping in that field will affect the head in the other two fields.
The effect resulting from any particular change in pumping condi-
tion during the period of the test was not great, since it was not pos-
sible to maintain any great difference in the rate of pumping for a
long time. If greater differences could have been obtained, the effects
would have been correspondingly greater.

TestT oF JANUARY 26, 1926

Observations were made on the effect of pumping a new well in the
Canoe Brook field on January 26, 1926. The well, known as Kelly
No. 1, drilled near the site of well T 10, in the northern part of the
well field, is 135 feet deep. The lower 75 feet of the well is equipped
with conerete screen, the inner diameter of which is 25 inches and
the outer diameter 32 inches. Sand is reported throughout the section
in which the screen is set. However, clay is also reported at several
depths, with a total thickness of 30 feet, and the materials at such
depths probably do not yield much water. During the test, which
continued from 10.55 a. m. to 5.30 p. m., observations on the depth
to water and yield of the well were made every 15 minutes. The
movement of the water level in well 35, about 1,100 feet to the south-
east, was observed by means of a water-stage recorder, and frequent
measurements were made of the depth to water in several other wells.
The data for Kelly well 1 and well 35 are shown graphically in Fig-
ure 7.

In the graphs only a few of the many readings on yield and water
level during the test are shown. The points are so chosen, however,
as to show the general trend of conditions. At certain times the rate
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of discharge apparently remained constant for an hour or more, al-
though probably there was actually a small decrease—so small that it
could not be measured on the scale used in measuring the discharge
over a weir. For such times the graph shows only the first and last
readings at a given rate.

During the first half hour of the test the yield of the well exceeded
1,650 gallons a minute. However, it decreased gradually throughout
the test, and when pumping stopped the yield was only about 1,490
gallons a mirute. The graph indicates that if pumping had continued
the yield would have continued to decrease for at least several hours
and perhaps for many hours. The decline in yield was accompanied
by a gradual but continual lowering of the water level. As a matter
of fact, the decline in yield was probably due largely to the loss of
head in the well and surrounding water-bearing beds. It is worthy
of note, however, that after the first hour the yield apparently de-
clined at a greater rate than the water level in the pumped well.

During the test the water level in well 35 dropped nearly 10 feet.
After the first hour the rate of drop was as rapid in well 35 as in the
pumped well, if not more rapid. Part of the drop was presumably
due to an increase in the pumpage from other wells in the field, as
records on the well for several days before and after the test showed
a drop of 1145 to 214 feet during the day and a rise of about as much
at night.  Prior to the beginning of the test there had already occurred
a drop in level of about 114 feet because of the increase in pumpage
during the morning hours. However, to judge from the records of
other days, the 614 hours of pumping from the Kelly well eaused a loss
of head of at least 10 feet in well 35.

Numerous measurements on several other wells in different parts of
the Canoe Brook field indicate that during the pumping test the head
in them was lowered from 1 to 3 feet or more, the amount depending
upon the loeation of the well with respect to the Kelly well. In well 4,
at the extreme northeast corner of the field, the loss in head appeared
to be at least 1 foot.

Perhaps the most significant fact revealed by the test of the Kelly
well is that at the rate of pumping in effect, a period of six hours is
not sufficient to determine the true yield of the well. The curve
showing the yield of the well (fiz. 7) shows no inclination to become
horizontal, and experience in other regions shows that the yield may
decrease for at least several hours and by an amount that may be as
much as 100 gallons a minute. By analogous reasoning it is concluded
that the yield of the well field under any particular conditions for a
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period of a few hours can not be considered to be the yield that can
be maintained during continuous pumping for several days at a time.
That this statement can safely be applied to the entire Canoe Brook
field is suggested by records from water-stage recorders on wells 30
and 35, which show that as long as a high rate of pumping was main-
tained the water level continued to drop.

In general, the observations in the Canoe Brook field indicate that
the head on the water fluctuates in accordance with changes in pump-
age, but that there is a lag in the movement of the head, so that it
does not reach a stable condition for a certain rate of pumpage until
some time after the rate has been established.

Test oF JUNE 20-29, 1927

From June 20 to 29, 1927, a prolonged series of observations of
certain wells in the Canoe Brook and White Oak Ridge fields was
made. The test was made primarily for the purpose of determining
the effect of pumping from a new well, known as Kelly well 2, in the
northeastern part of the Canoe Brook field. (See pl. 1.) The well
is 133 feet deep, and the lower 75 feet is equipped with a concrete
screen, the inside diameter of which is 25 inches and the outside
diameter 32 inches. This well is equipped with a high-duty pump
which pumps directly into the distribution main of the Commonwealth
Water Co. against a high pressure. The discharge of the well is
recorded by a Venturi meter.

During the test continuous records were obtained of the pumpage
from the two well fields of the Iast Orange Water Department and
the Canoe Brook field of the Commonwealth Water Co. Water-stage
recorders gave continuous records on well 30 in the Canoe Brook field
and on a well in the so-called neuntral zone between the two well fields.
(See pl. 1 for location of wells.) The general trend of the water level
in the pumped wells in the White Oak Ridge field was determined by
hourly readings of the vacuum on the suction line from these wells.
The depth to water in Kelly well 2 was measured frequently during
the day, but it was not possible to do so at night. The essential data
obtained during the test are shown graphically in Figure 8. In this
diagram the graph indicating the movement of the water level in well
30 is shown merely as a series of straight lines connecting the highest
and lowest points each day. The true line is not straight, for the
water level changes faster at some times than at others, and also for
short periods it moves in the opposite direction to the general trend.
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Froure S8—Graphs showing rate of pumping and fluetuation of water level in
certain wells in the White Oak Ridge and Canoe Brook fields,
June 20-29, 1927,

The Kelly well 2 was operated contituously from about noon on
June 21 to noon on June 28, but observations were made for about
36 hours be‘ore and after that time to afford a basis for comparing
the conditions produced by pumping the well with those when it was
not in operation. As shown by the graphs, the pumpage from the two
fields fluctuated constantly, in response to the demand, and it is prac-
tically impossible to find two periods when conditions were the same.
Furthermore, when the Kelly well was pumped, the draft on the other
wells in the Canoe Brook field was reduced by an amount equal to
the rate of pumping from it. As a result the center of draft or lowest
point of the piezometric surface in the well field was shifted toward
the Kelly well. For these reasons close comparisons can not be made,
and only general differences in conditions are of value in considering
the effect of pumping the Kelly well No. 2.

The yield of the Kelly well fluctuated more or less throughout the
test, with a range from about 1,700,000 to 2,100,000 gallons a day
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(1,180 to 1,460 gallons a minute). When Kelly well 1 was tested on
January 26, 1926, its yield declined for some hours after it started to
pump (see p. 32), but no such decline in yield was found in Kelly
well 2. This is to be accounted for, at least in part, by the conditions
under which the pump operates. When pumping directly into the dis-
tribution main, as it did during the test, one of the factors that influ-
ences the yield of Kelly well 2 is the pressure against which the pump
is operating. If the pressure increases, the yield of the well decreases,
and vice versa. As the pressure fluctuates from time to time it is not
possible to consider fluctuations in the yield of the well as due wholly
to conditions at the well itself. There is reason to believe, however,
that the yield would have decreased if the pressure had remained con-
stant. This is suggested by the fact that the water level in the Kelly
well dropped for at least five hours after pumping began. It may
have dropped even further, but observations were not made during
the night. It remained at about the same level on the second day of
pumping (June 22) as at the end of the first day, although the total
pumpage from the Canoe Brook field was much less than on the first
day. On the third and fourth days, when the total pumpage in-
creased, the water level in the Kelly well dropped again, and it reached
the low point of the test in the late afternoon of June 24. Thereafter
it rose and reached its highest level when the well was pumped during
the night of June 26-27. The rise in water level undoubtedly oc-
curred because the total pumpage from the Canoce Brook field was
less on June 25, which was Sunday, than on any other day during
the test. A reduction in pumpage from the White Oak Ridge well
field may also have been partly responsible for the rise in water level
in the Kelly well.

The graphs of water-level movement in the neutral-zone well and
the White Oak Ridge wells show a trend similar to that of the move-
ment in the Kelly well. The graph for the White Oak Ridge wells,
however, shows certain irregularities that are traceable to notable
changes in pumpage from those wells. The most marked irregularity
occurred on the afternoon and night of June 26, when, as already
pointed out, there was a great reduction in pumpage from both well
fields. Another noticeable irregularity occurred about noon on June
24, when the water level dropped several feet in response to a sudden
increase in pumpage.

A study of the graph leads to the conclusion that the long period
of pumping from the Kelly well lowered the head on the water in the
White Oak Ridge well field and, according to the principles of hy-
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draulics, must have caused a decline in the yield of the wells for a
given “input” of power. This is shown in part by a decline of sev-
eral feet in the water level in both the White Oak Ridge wells and the
neutral-zone well for 12 hours or more after pumping of the Kelly
well started on June 21, although during that period there was no
increase in the average rate of pumping from the White Oak Ridge
wells.  Furthermore, at that time the water level in the neutral-zone
well reached a point about 3 feet lower than on the preceding day,
although the rate of pumping was the same. Subsequently, on July
23, 24, and 25, the water level in these two wells dropped even lower,
although there was little if any increase in the rate of pumping from
the White Oak Ridge wells except for a period of a few hours on
June 24. When the Kelly well was shut down on June 28 the water
level in the neutral-zone well rose for nearly 24 hours, although during
that time the pumpage from the White Oak Ridge wells was slightly
more than on the preceding day.

Although there is evidence that the Kelly well affected the head on
the water in the White Oak Ridge field, it is difficult, for reasons above
stated, to evaluate the effect. Conditions in the early part of the test
suggest that it may have lowered the head as much as 5 feet, although
this is not certain. In this connection it must be remembered that
when the Kelly well was being operated, the rate of pumping from
the rest of the field was much below its rated capacity. If the other
wells were pumped to capacity at the same time, the loss of head in
the White Oak Ridge field would have been even greater.

In considering the capacity of the Canoce Brook field it must be
borne in mind that when the Kelly well is being pumped, the yield of
the other wells for a given input of power is doubtless somewhat less
than when it is not pumped. Furthermore, the test of June 20-29
was made in the early part of the summer, before there had been any
great loss of head due to seasonal variations in the recharge of water-
bearing beds. The recharge is generally least in the later part of the
summer, and it is possible that in the dry season of the year the yield
of the wells will be less and the effect on the White Oak Ridge wells
will be greater.

The test showed that the Kelly well 2 has a large specific capacity—
that is, its yield is large in proportion to the drawdown or loss in head.
During the test the yield was never less than 1,650,000 gallons a day
(about 1,145 gallons a minute), and the maximum drawdown as com-
pared to the static water level just before pumping began was about
20 feet. The yield was therefore fully 57 gallons a minute for each
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foot of drawdown. Among the wells in New Jersey for which the
writer has definite data there is only one that has a higher specific
capacity. This is a well in the Puchack Creek field of the Camden
Water Department, which in a test on May 10, 1924, had a specific
capacity of 68 gallons a minute.?

The specific capacity of Kelly well 1 in the Canoe Brook field at its
lowest yield in the test of January, 1926, was 46 gallons a minute.

ORIGINAL AND PRESENT HYDROSTATIC HEAD

The profiles of the piezometric surface in Figure 5 shows a great
decline in the hydrostatic head from the two East Orange well fields
to the Canoe Brook field. It has been shown on page — that there is
good reason for believing that a buried channel in the pre-glacial
rock surface leads from the vicinity of the Canoe Brook field south-
eastward through the Short Hills gap. Presumably ground water
moves along this channel, and it would be natural to expect a hy-
draulic gradient from points high in the drainage area to lower points.
The question arises, whether the lower head in the Canoe Brook field
results from this condition or from some other cause, especially from
pumping.

Canoe Brook field—Fortunately, rather definite information is
available to answer this question. According to records furnished by
E. W. McMane, of the Commonwealth Water Co., the first well (No.
1) in the Canoe Brook field was drilled in 1899 to a depth of 132
feet. At this depth it taps the principal water-bearing beds in the
field. When the well was completed a hose was attached to the top
of the casing, and the water rose in it to a level 30 feet above the
surface. As the ground at this point is about 173 feet above sea level,
the original static level must therefore have been slightly more than
200 feet above sea level. As shown in Figure 5 the head in October,
1925, in wells in this field that were not pumped (Nos. 4 and 35)
was from about 130 to 140 feet above sea level. In the 25 years
between 1899 and 1925 the head therefore dropped 60 feet or more.
There is no doubt that this great loss in head has been due to pumping
from the water-bearing formation. For several years after the first
wells were drilled they seem to have overflowed naturally into a “suc-
tion well” from which the distribution pumps drew. Gradually the

1 Thompson, D, G., Ground-water supplies of Camden and vieinity., (On
the press.)
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water level was lowered as pumping increased, until it fell below the
limit of suction lift. The time when this occurred is not definitely
known, but it was probably about 1910, as in that year an air com-
pressor was installed on the pumping plant.

White Oak Ridge Field—No data are available as to the static head
in the White Oak Ridge field when the first well was drilled in the
Cance Brook field, in 1899. Vermeule states that when the White
Oak Ridge field wus developed in 1903 “the static pressure on the
group of wells near the pumping station was about 8 pounds per
square inch {equal to a head of 18.5 feet) at the surface of the
ground,”® which was about 185 feet above sea level. The static level
at that time was therefore slightly more than 200 feet above sea level,
and in 1899, before there was any pumping in the Canoe Brook field,
it may have been considerably higher. In 1925, when the White Oak
Ridge wells ware not pumped, the water rose in them to an altitude of
about 176 feet above sea level, or at least 25 feet below the original
head. However, as shown by the graph of the water level in the obser-
vation well near Baldwin Pond on October 6 (fig. 5), if the wells had
been shut off for a long period the water undoubtedly would have risen
several feet higher.

Dickinson Iield.—When the first wells were drilled in the Dickinson
field, in 1923, the head was about 176 feet above sea level. This is
considerably below the head in the Canoe Brook field in 1899, and
presumably at that time the head was higher in the Dickinson field
than in 1923. However, if there was an outlet for the ground water
farther down the Passaic Valley, the head in the Dickinson field may
not have been quite as high as in the Canoce Brook field. No data are
available to show whether this is true.

Madison and Chatham fields.—In 1898 the head in a well drilled
at the Madison waterworks was 199 feet above sea level, and that in a
well at Chatham was about 2 feet lower. These heads are so nearly
the same as that in well 1 in the Canoe Brook field that they suggest
that the water-bearing beds in the two localities are connected. On
October 21, 1925, the head on wells in the Madison field, after all
wells had been shut down for about four hours, was 192 feet above
sea level. The data are not sufficient to show whether the head would
have risen further if the wells had been shut off longer. Also there is
no ‘information to show the cause of the apparent loss in head below

* Vermeule, C. C., State Geologist Ann. Rept. for 1904, p. 259, 1905.
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the original level—whether it was from pumping in the Madison field,
the Chatham field, or the more distant well fields.

Interpretation of Differences—There can be Iittle doubt that a
large part of the decline in head in the Canoe Brook and White Oak
Ridge well fields is due merely to the fact that the water-bearing beds
are confined to relatively narrow elongated channels simulating con-
duits. In order to reach the pumping wells the water must flow
through a comparatively small cross section, with a greater velocity
than if the beds spread out in all directions, and consequently there
is a considerable loss of head due to friction. On the other hand, some
of the decline ir head may be due to a draft in excess of recharge,
with consequent withdrawals from storage. In order to determine
whether this is true it would be necessary to have observations on
fluctuations ol the head in parts of the storage area that are not
affected directly by pumping wells. Unfortunately, no such observations
are available. OF some value, however, are the data in regard to water
level, on October 3 to 6, 1925, in wells Nos. 1 and 23 of the East
Orange Water Department, located respectively near South Orange
Avenue and near Northfield Road. (See Figure 5.) Although the
head in these wells before there was any pumping in the region is
not known, in 1925 it was within a few feet of the original head in
the Canoe Brook field. The observations on the wells in the Madison
well field similarly show only a rather small difference between the
original head and the head after the wells had been shut down for
several hours in 1925. The value of the data in regard fo this field is
lessened, however, by the fact that it is not certain that the water-
bearing beds are connected with those in the other fields.

A further significant fact is that even in the Canoe Brook field,
where the head has declined the most, the water-bearing formation is
everywhere saturated and the water under artesian pressure except
perhaps within a few feet of pumping wells. When these are shut off
the water rises above the top of the water-bearing formation. There-
fore. it may be considered that there has been no draining of the for-
mation in the well fields. If there has been any actual withdrawal
from storage it has been at some distance [rom the fields and there is
presumably a considerable volume of water still in storage.
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SEASONAL FLUCTUATION OF HEAD

Water-stage recorders have been maintained on wells 30 and 35 and
on the well in the so-called neutral zone between the Canoe Brook well
field of the Commonwealth Water Co. and the White Oak Ridge well
field since late in September, 1925. Unfortunately, however, the rec-
ords from all three wells are lacking for many long periods, as a result
of circumstances that could not be controlled. The recorder installa-
tion on well 30 was damaged by a caving of the ground around the
well, and it could not be reset for a long time. Well 35 could not be
reached for long periods when it was surrounded by overflow water
from the Passaic River. The recorder on the well in the neutral zone
has never worked properly, largely because of the small diameter of
the well and the nearness of the water level to the surface, which hin-
ders the free movement of the float and counterweight past each other.

The record of the lowest water level reached each day in wells 30
and 35, with the daily pumpage from the Canoe Brook field, is shown
graphiecally in Figure 9. The record from the well in the neutral zone
is so incomplete that it is not reproduced. The pumpage shows con-
siderable variation from day to day, which is due to several conditions.
As compared to the fluctuation in consumption between different
seasons of the vear at certain other localities in New Jersey, notably
the shore resorts, the fluctuation here is not great.® More striking
than any seasonal increase in consumption is a gradual increase from
year to year.

In accord with the graph of consumption, the graph showing the
movement of the water level in the observation wells shows no marked
seasonal fluctuations but more or less fluctuations from day to day.
A comparison of the pumpage and water-level graphs shows in general
a fairly close correspondence in that when there is a sharp increase in
the consumption there is a fall in the water level in the wells. The
graphs thus furnish additional evidence showing that the head of the
water fluctuates with the rate of pumping.

! See especially Thompson, D. G., Groundwater supplies of the Atlantie City
region: New Jersey Dept. Conservation and Development Bull. 30, figs. 13
and 14, 1928; and Ground-water supplies of the Asbury Park region: New
Jersey Dept. Conservation and Development Bull, 335, fig<. 2 and 4, 1930,

NEW JERSEY GEOLOGICAL SURVEY



"LZ6T 'TRAV—Oz6l ‘Iquandeg o) JNVM P[EM
-nommol) Jo PRY [[#m jooag souw) woaj dwdmnd Lpup puw
‘'CE PUw (f 'SON S[[2M Ul [943] JajuM JO jusmRAOm Fuimoys sydein—g IMNOLY

TTudy Y HOUVWN TAEVNEE3d] AHVNNY /(1 338WN3D301838WIAON] 3380100 Y3dW31d39] LSnonv A1Nr INOC 1 AVN_ T iddv ] HOYHVW JASVNYEIN] AHVNNVYT Y3IEBW3II3A[HIEWIAON] H350100 H38W31d3
0z oL 1 o0z oL 0z Ol oz oL 02 oL o2 ol o2 oL oz Ot oz Ot o2 Ol o2 ot Jn [N oz Ol 0z 0ol oz ol 0z Ol 0z Ol 0z oL 0z Ol 0Z Ol

b M AN I AN NN e At Lt AL L

SNOTIVD NOIMIIW

i R A i GRS LT ANV i

o
n

o]
")

Q
<

(o]
<t

o

SEONTTAM
3]

o
o

(0]
o~

o
©

=
n

=]

O€ "ONTTIM
<

o
0

‘ONISVI 40d0L M0739 L1334 NI HILVM OL H1d3Q

\ ,,)37 .
a A A A AvclA N / - A \
fq - W Pl Sa A AN g b ‘L \b/L <.\...<§L } AQ
_ r__ ] \ 1 M -
. \
X .\) TN oY
. \u A -
rf.:ppu.::-i W Wy | = =
z Q¢ Ol 02 Ol o2 Ol 0z 0l 0o 0l 0T 01 02 01 0z Ol 02 0L
.ﬂ.‘lmf %muuﬂz b%(:mmuu_ AT N Ti5dY 1L HOUVN JAUVNEE33] ANVNNVI|Y3 (JIOWIAONL 5360150 153 33

9261 | s26I

SNOTIVO NOITTIW

o)

Lo}
NEW JERSEY GEOLOGICAL SURVEY

€€ ONTTIM
334 NI ¥3.1vM OL H1d3ad

(o]
o

(o] (o]
< n
0L ONTT1T3IM
ONISYD 40 dOL MO138 L

o]
"



NEW JERSEY GEOLOGICAL SURVEY



QUANTITY OF WATER AVAILABLE 41

EFFECT OF FUTURE INCREASES IN PUMPAGE

The data are not sufficient to determine the mathematical relation
between the rate of pumping and the head. I may be assumed, how-
ever, that under the principles of hydraulics governing the flow of
ground water as studied in other localities the head fluctuates approxi-
mately directly as the rate of flow. On this assumption the effect of
future increases in pumpage may be considered.

During the pumping test of October, 1925, when the pumpage from
the Canoe Brook field was at a rate of about 5,000,000 gallons a day,
the water level in well 41, which was being pumped, was about 90 feet
below the original static level in the well field. (See pp. 26-30 and
Fig. 6.) The loss of head was thus about 18 feet per million gallons
of pumpage from the entire field. As shown by Figure 3, the top of
the water-bearing formation in well 41 is at an altitude of 85 feet
above sea level or 115 feet below the original static level. On the basis
of the figures just given, if the rate of pumping in the well field were
increased to more than about 6,500,000 gallons a day—assuming the
draft to be distributed among all the wells in the same proportions as
existed in 1925—the top of the formation in well 41 would be drained.
Thereafter the direct ratio would not be expected to hold, but for fur-
ther increases in the rate of pumping the decline in head would be
disproportionately great.

During the same test the lowest water levels in wells 30 and 35,
which were not being pumped, were about 70 and 60 feet, respectively,
below the original static level, and the loss in head per million gallons
was 14 and 12 feet, respectively. Observations were not made on well
41 during subsequent tests, but the records for wells 30 and 35 may
afford an opportunity to check the above estimates. During the tests
of June 20-29, 1927, when the pumpage from the Canoe Brook field
reached a rate of about 7,500,000 gallons a day, the water level in
well 30 dropped to a point about 75 feet below the original static level,
and the loss of head per million gallons was only 10 feet instead of
14 feet. The head in well 35 dropped to a peint about 77 feet below
the original static level, and the loss of head was a little more than 10
feet per million gallons. The loss of head in the two wells was not as
great as during the test of October, 1926, and it was not in the same
proportion. In fact, the yield of the field was greater than the limit
of 6,500,000 gallons just given, and the decline in head per million
gallons was less than in October, 1925. This was presumably because
in the later test the increase in draft was not divided between the
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wells in use in 1925 but occurred in the new Kelly wells, on the outer
borders of the field. The difference hetween expected and actual con-
ditions may possibly be due in part to the fact that the two tests were
made at different seasons of the year, when the conditions of recharge
of the water-bearing beds may be differert. Therefore, the conditions
cannot be accurately compared.

If only the lowest decline in head observed in either of wells 30 and
35 is used as a basis for further computation, namely, 10 feet per
million gallons, it is found that the top of the water-bearing formation
in non-pumping wells would be unwatered if the rate of pumping were
increased to 10,000,000 or 12,000,000 gallons a day, assuming the
draft to be distributed proportionally along the wells operating as it
was during the test of June, 1927. If it were distributed as during
the test of October, 1925, draining would occur at a slightly lower
rate of pumping. However, these figures are for wells that are not
pumping. Since the water level in pumping wells would be at least
20 or 30 feet lower draining of the formation would begin at much
lower quantities than those just stated ard more nearly as in the esti-
mate based on observations on well 41. It therefore is questionable
as to whether a rate of pumping of as much as 10,000,000 gallons a
day in the Canoe Brook field could be reached without excessive drain-
ing of the formation. It should be remembered that this limit is
imposed by the permeability of the formztion in the well field regard-
less of concitions of recharge and storage elsewhere in the under-
ground drainage area.

Even though the figures just given may be subject to some error
there is no doubt that there will be a considerable loss in the head if
the pumpage increases very much and that the maximum rate of pump-
ing that can be attained is limited by the thickness and depth of the
water-bearing formation. Also, an increase in rate of pumping in
the Canoe Brook field may be expected to cause some loss of head
in the near-by White Oak Ridge and Dickinson well fields. The data
obtained during the test indicate that the decline in head in the White
Oak Ridge field will be only a very few feet for every million gallons
of additional pumpage in the Canoe Brook field, and probably the
decline in head in the Dickinson field will be even less. Presumably,
increases in pumpage in the Dickinson or White Oak Ridge field will
cause a loss of head in the Canoe Brook field approximately equal to
the loss produced in the respective fields by pumpage in the Canoe
Brook field. As in the Canoe Brook field, the extent to which the
draft from the East Orange fields may be increased is presumably
limited by the thickness and depth of the water-bearing formation.
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The loss of head in any of the well fields will result in a decrease
in the yield of the wells for a given input of power, and the cost of
pumping will increase. In order to maintain efficient pumping condi-
tions, it may be necessary to lower the air pipe in wells pumped by
compressed air or the pump bowls of turbine pumps. One or the
other of these methods of pumping is used in the Canoe Brook and
Dickinson well fields, and adjustments to a lowering of the head may
be made with comparative ease. In the White Oak Ridge field. how-
ever, where the wells are pumped by suction, the head cannot be low-
ered much more than a few feet without breaking the suction, If this
occurs the well field can be used only by installing an air-lift system,
lift pumps, or deep-well turbine pumps.

1t may be pointed out that in any of the well fields of the region
the pumpage cannot be increased indefinitely, for the increase in
quantity that ean be pumped is limited by the depth of the bottom
of the water-bearing stratum. If the water comes principally from
the alluvium the head can not be lowered below an altitude of 25 to 35
feet above sea level or about 70 feet below the pumping level in well
41 during the tests in October, 1927. As a matter of fact the vield
of the wells would doubtless decrease before that point was reached.

As pointed out on page 39, it is not certain whether the water-
bearing deposits in the Chatham and Madison fields are connected with
the deposits in the other fields. However, even if they are connected,
it is believed that increases in pumpage in the other fields will cause
very little if any additional loss in these fields, because they are so far
from the other well fields and their loss in head below the original
static level has been so small.

POSSIBILITY OF FUTURE DEVELOPMENTS

It has been shown on page 42 that the yield of the Canoe Brook field
of the Commonwealth Water Co. is limited by the depth to which the
head may be lowered. The same condition is undoubtedly true of the
White Oak Ridge and Dickinson fields of the East Orange Water De-
partment ; but as the consumption from those two fields is much less
than that from the Canoe Brook field, according to the present rates
of increase in consumption the capacity of those fields will not be
reached nearly as soon as that of the Canoe Brook field. The question
arises whether additional supplies may be developed in other localities.

The channels in the bed rock that underlie the Commonwealth and
East Orange fields doubtless extend for some distance beyond those
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fields. The great expanse of relatively flat land along the Passaic
River northwest and north of the Dickinson field especially suggests
favorable conditions for obtaining additional supplies. 1If the bed-rock
channel there spreads out into a wide valley—and this is entirely pos-
sible—doubtless a very large quantity of water is stored in the uncon-
solidated alluvium that fills the channel. On the other hand, if the
channel is as narrow as it is in the Dickinson and Canoe Brook well
fields the quantity stored is very much less, and the opportunity of
developing a large supply depends largely on the recharge at some
distant locality and the permeability of the alluvium filling the chan-
nel. If the channel is relatively narrow the hydraulic conditions are
much like those governing the rate of flow in a pipe line. Water will
be flowing throughout the length of the channel to feed the well fields
already situated along it—that is, the Dickinson and Canoe Brook
fields. As the hydraunlic head or water level at any point is affected
by the rate of flow, the development of additional fields along the
channel will cause a loss of head everywhere, including the fields now
in operation. Obviously, it would not be wise to undertake any large
additional developments where it is definitely known that the rock
channel is narrow and pumping from fields now in existence has pro-
duced a loss of head that approaches the limit of safety. It is believed
that such conditions exist in the bed-rock channel that underlies the
present Canoe Brook in and north of the White Oak Ridge field; and
although some additional supply may perhaps be obtained from that
channel, it is doubtful whether any large quantity may be expected.
On the other hand, it is uncertain whether the channel beneath the
Passaie River north and northwest of the Dickinson field spreads out
or is narrow. It may be worth prospecting there.!

Reference has been made to the possible existence of a more or less
distinct buried rock channel beneath the lowland along the Passaic
River south of Chatham and perhaps of a branch to the northwest
toward Chatham and Madison. The position of the surface contours
indicates that this channel probably joins the main channel through
the Short Hills Gap, at a point southeast of the Canoe Brook field. It
seems likely that the effects of pumping in the Canoe Brook, Dickin-
son, and White Oak Ridge well fields are not communicated to the
southwestern channel. At least, the loss of head resulting from pump-
ing in those fields has probably been much less in the southwestern
channel than in the channel beneath the three pumping fields. There-

! Since this was written the Braidburn field of East Orange has been devel-
oped with marked success. H. B. K.

NEW JERSEY GEOLOGICAL SURVEY



QUANTITY OF WATER AVAILABLE 45

fore, the locality southeast of Chatham seems to be a favorable place
for prospecting for additional supplies.

In considering the possibility of developing additional supplies there
must be borne in mind the fact that has already been emphasized that
the recharge may not be sufficient to permit any great increase in
draft. In order to determine whether this is true, data should be
obtained to determine the extent of the water-bearing beds. Observa-
tions also should be made on fluctuations of the water level in wells
as far as possible from the pumping wells to see if there is a progres-
sive decline in the static head that is greater than should be expected
from given increases in the rate of pumping.

To determine the course of the buried rock channels for further
developments will require the drilling of numerous test wells at con-
siderable expense. Possibly the same result could be obtained more
economically by some of the newly developed geophysical methods of
prospecting, especially those in which variations in the electrical re-
sistivity of the different kinds of material are used. These methods
have been used with a good degree of success to determine the boun-
dary between bed rock and overlying unconsolidated sand, gravel, and
clay at dam sites and elsewhere.! The conditions in the Passaic River
Valley seem to be well adapted for determining the course of the
buried rock channels by these methods.

*See Geophysical prospecting, a symposium of papers and discussion pre-
sented at meetings of the Am. Inst. Min. and Met. Eng., especially Crosby,
1. B., and Leonardon, E. G., Electrical prospecting applied to foundation prob-
lems, pp. 199-210, 1929 ; also Gish, O. H., and Rooney, W. J., Measurement of
resistivity of large masses of undisturbed earth : Terrestrial Magnetism and At
mospheric Electricity, vol. 30, pp. 161-188, 1925.
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QUALITY OF WATER

Analyses of five samples of water from wells in the Passaic River
Valley near Chatham are given in the following table:

ANALYSES OF WATER FROM WELLS IN TIHE PASSAIC RIVER VALLEY NEAR
CHATHAM (ANALYZED BY C. §. HOWARD. COLLECTED
ocT. 6 AND 7, 1925. PARTS PER MILLIOXN)

1 b ) 4 ]
Billen {BI0;) 7iscirsinnics sasivnnssias .22 25 |18 |24 | 20
Fion ((BQ) oo vrsrwvmsnss e 31 08 00 A5 .08
Calefom: (OR) vavaisbandsen s .| 87 33 32 50 34
Magrivdiom: (M) .osonisiisensanbmeaisn 4.5 5.7 5.1 | 18 9.6
Sodium and potassium (Na+K) (caleu-

Iated) sl R R N e 13 61 | 11 36 5.3
Carbonate radicle (CO;) .vovvvevnnnavens 0 0 0 0 0
Bicarbonate radicle (HCO,) ............ 121 (107|110 |110 (118
Sulphate radicle (SO4) . ..vvnivrevinnnee 30 19 25 171 19
Chloride radicle (Cl) ....ovvveecvannnnns .4 7.0 2.0 5.6 S.46
Nitrate radicle (NO,)} .ccviiiniinnniain. 300 1.0 65 29 1.8
Total dissolved solids ......cvovvennnnnnns 170|155 |148 |366 |168
Total hardness as CaCO, (caleulated) ....[111 [106  |[101  |[199  [124

1. Well 41, Canoe Brook field of Commonwealth Water Co. Depth 303 feet ;
elay and sand, 0—=35 feet : sand and gravel, 85—139 feet; Triassic sandstone,
139—303 feet.

2, Composite sample from 20 wells, White Oak Ridge field of East Orange
Water Department. Depths 100 to 125 feet; clay and sand in upper part,
gravel in lower part.

3. Layne well 1, Dickinson field of East Orange Water Department. Depth
135 feet; mostly clay, 0—100 feet; sand 100—135 feet.

4, Layne well 3. Dickinson field of East Orange Water Department. Depth
135 feet ; mostly clay, 0—1035 feet ; sand, 105—135 feet.

5. Mixed sample from several wells, well field of Borough of Madison.

The analyses show that the mineral content of all the waters is mod-
erate. The predominating constituent is caleium carbonate except in
gample 4, in which it is caleium sulphate. All the waters may be con-
sidered good for domestic use, although they are somewhat hard,
especially No. 4. They are only fair for boiler use, hecause some scale
will be formed.

The most highly mineralized sample is No. 4, which contains 366
parts per million of total dissolved solids and 199 parts per million
of hardness. This sample is from Layne well 3 in the Dickinson field
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of the Bast Orange Water Department (well L-3 on pl. 1). Prior
to the installation of the three pump wells in this field several test
wells were drilled, and partial analyses of the water from them were
made. The water from some of these wells was much more highly
mineralized than those for which analyses are given above, and the
quality changed considerably within a short distance. For example,
in test well 6, only 600 feet northeast of Layne well 3, a sample col-
lected November 23, 1922, contained 2,362 parts per million of total
solids and 985 parts per million of hardness. In another sample from
the same well collected February 19, 1923, the total solids were 2,541
and the hardness was 1,154 parts per million. In well 3B, about 600
feet southwest of Layne well 3, the total solids were 2,196 and the total
hardness 710 parts per million. In well 1B, about 800 feet northwest
of Layne well 2, the total solids in two samples were 1,596 and 1,620,
and the total hardness in each was 763 parts per million. In two
samples from test well 5, about 1,100 feet northeast of Layne well 1,
the total solids were 928 and 960 and the total hardness 440 and 466
parts per million. In several other test wells the concentration was
much less, and the waters are obviously of about the same composition
as those shown in the table on page 46. In seeking an explanation for
the high concentration of the water from certain wells it was found
that all these wells were drilled 40 feet or more into the bed rock,
whereas those in which the mineral content of the water was moderate
penetrated the rock only a very few feet. It therefore appears that
the high mineral content is due to some constituents of the bed rock.
This inference is further supported by the fact that the water from
the wells of the Slough Brook field of the East Orange Water Depart-
ment, in which the supply is all obtained from bed rock, is said to he
of poor quality. It is therefore obviously not desirable to drill for
water far into the rock. However, the quality of the water in the rock
may perhaps improve, after the wells have been pumped for some
time. This is suggested by the fact that the water from well 41
(sample 1 in the table on p. 46) in the Canoe Brook field of the
Commonwealth Water Co. is of good quality, although the well pene-
trates the bed rock for more than 160 feet.
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CONCLUSIONS

1. The supplies of ground water that have so far been developed
in the Passaic River Valley near Chatham occur in beds of sand and
gravel overlain by clay that lie in ancient channels cut in the bed rock.

2. It is believed that not more than about 10,000,000 gallons of
water a day can be pumped from wells in the Canoe Brook field, and
the maximum possible rate of pumping may be even less. This is
because of the limited thickness and depth of the water-bearing for-
mation which does not permit the drawdown required to obtain larger
quantities of water.

3. Any considerable increase in the rate of pumping in the Canoe
Brook field will probably cause some decline in head in the neighbor-
ing White Oak Ridge and Dickinson well fields. Conversely, any
considerable increase in rate of pumping in either of the East Orange
well fields may be expected to cause some decline in head in the Canoe
Brook field.

4. Water-bearing beds may exist in other buried channels in the
bed rock than those that have already been discovered and additional
supplies of water can perhaps be developed. However, if additional
supplies are developed careful observations should be made of fluc-
tuations of the water level to determine whether or not the recharge is
sufficient te meet a large additional draft on the formation.
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