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PREFACE.
o

The waters of the State have been recognized by the Geologica[
Survey as a part of its mineral resources, and therefore as coming
within the scope of its investigations and surveys. The hydrography
has been included in the work of the topographic survey, and the
sarface-waters have been described in the tlest volume of this series

of a final report. The courses of the streams and their drainage
basins are shown in detail on the topographic maps of the State.
Water as a mechanical agent in its action upon the surface and in
relation to important facts in the geologic history has been studied
carefullyj and particularly in the form of ice in the glacial period.

The need of wholesome water for household consumption, as also

good water for use in the arts, has prompted many inquiries about the
available sources from which stead_"and abundant supplies of such
water may be had, and the large number of these inquiries has
demonstrated the necessity of gathering all of the facts'relative to the
_ecurrence of waters on the surface and in the earthy and rocky beds
under it.

The first publication of the Geological Survey on the subject was
in a chapter on "Water," in the "Geology of New Jersey," 1868.
Chemical analyses of the waters of the larger rivers of the S_ate and
of a few typical well-waters were given in this volume. In the
annual report oftbe State Geologist for the year 1874 the importance
of good water for the supply of the cities and towns of the State was
again discussed, and the Highlands were referred to as a desirable
source for these supplies. In 1876 the question of public water-
supply for the cities in the northeastern part of the State was put
before the Board of Managers of the Survey by the authorities of

these cities, and the help of the Survey was asked. A large part of
the report for the year 1876 was devoted to the subject of water-
supply, illustrated by a map of the Passaic drainage basin, and its
lakes and sites for storage reservoirs. Many analyses were given to

(v)
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vi PREFACE.

show the excellence of the waters of the Highlands and their vMue

as compared with existing supplies. The data obtained by the field
surveys and the laboratory work of that year have been useful in the
general information afforded and in their practical application to tbe
work of getting new city supplies in that part of the State. The
importance of the subject has been still further shown in the space
given to it in theannual reports published since 1876. Water-supply
has become one of the leading topics. Our knowledge of the State
and itsnaturalwatersgivenintheseannualreportsisduetothefar-
sightedand comprehensiveviewsof thesubjectheldby thelate
Prof.Cook,StateGeologist,and expressedin the practicalwork
whichhestarted.The subterraneanas wellas thesurface-waters

were studiedin theiraccessibility,volumeand character,and the
artesianwellsalongtheAtlanticcoastbeltoftheStatearedemon-
strationsof the accuracy of his studies.

The work for this volume on water-supply was begun in 1890_

and was put in charge of Mr. C. C. Vermeule, the topographer and
consulting engineer of the Geological Survey. His intimate knowl-
edge of the physical geography of the State, obtained during his long
service at the head of the topographic division of the Survey, was a
most valuable basis for the study of the hydrographic features and a

comprehensive treatment of the question of water-supply in New
Jersey. Reports on the progress of the work have been made
annually, and many facts on stream-flow, evaporation, rainfall and
city consumption of water have been given in them. A census of the
water-powers of the State was made in 1890 and 1891 and was pub-
lished in the annual report for 1891. Observations upon stream-flow
have been carried forward from the beginning of the work and

careful gaugings of the large streams have been made. Valuable
data relative to stream-flows in the adjacent Middle Atlantic and the
New England States have been collected and discussed. In these
reports on the progress of the work much information of practical
value has been made accessible and available. The publication of the
final results in this volume has been delayed beyond the time allotted
to it when the work was begun. The longer periods of observation
and the greater accumulation of data for a thorough discussion of the
problems of rainfall, evaporation and stream-flow, and their relations
to one another and to the various drainage basins of the State, have
yielded results of permanent value in all studies of water-supply.
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PREFACE. vii

The large influence of geological conditions upon storage and delivery
of ground-water is here shown clearly in the diverse phases of the
streams of the northern and southern parts of the State, and the true
bearing of evaporation and ground-storage upon stream-flow is
demonstrated. The preponderating effect of temperature in deter-
mining the amount of evaporation and consequently the total run-ofl_
of streams for a given rainfall, and the entirely subordinate influence
exerted by forests or other vegetation thereon, seem proven by these
studies. These and other phenomena incidentally developed promise
to be valuable sidelights upon other scientificand economic problems.

The indicated certainty of occasional periods of small rainfall, and
the persistence of evaporation as determined by temperature for the
various sections of the State, are suggestive of conservative estimates
for the yield of water-gathering territory ; but, on the other hand,
the revelation of the important and reliable yield of ground-waters at
such times gives greater confidencethat our estimated minimum yield
will not fail us.

The collation of much valuable data hitherto scattered and iuacees-

slble_ from sources without the State, the direction of his field-work
so as to fill out these data and render them available for application
to our own streams, and finally the careful study and analysis of the
whole, have enabled Mr. "Vermeule to produce a report which must
become a hand-book to people of the State and of great value to all
who may be engaged in like studies elsewhere.

The importance of this question of water-supply to our citizens,
most of whom are dependent upon public water-supply systems, and
its intimate relation to the general health, make it deserving of the
time and space which have been allotted to it in this report. The
subject is a growing one and th_ conditions are so rapidly changing
that no report thereon can be considered final. The space here giveh
to it is inadequate to its full discussion. It merely rounds out an
epoch in the accumulation of information therein for public use.

JoHn C. StaocK_
State Geb] oglst.

TRESTO_, N. J,, June 26th_ 1894.
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WATERrSUPPLY. 9

have given, show that they feel the need of such an investigation as
hs_ been undertaken.

The above-mentioned considerations, and the fact that the increas-
ing use of electricity and possibilities of" electric transmission of
,power are opening up new fields for its use, make the time peculiarly
auspicious for laying before the public a statement of our water-
power resources, and calling special attention to our large, unde-
veloped powers. Indeed, at the time of this writing experiments
are being made in transmitting power electrically for the propulsion
of boats on the Erie canal, and a large plant is being installed for

transmitting the power of Niagara Falls for use in the shops and
manufactories of Buffalo, in our neighboring State.

If the unused water-power of our State can be transmitted to our
great manufacturing centers to drive machinery, or applied to the
propulsion of cars in the streets of our cities, a distinct economic gain
will result us surely as from the development of our mineral or agri-
cultural resources. An inquiry for water-power will certainly follow
the application of electric transmission, and we look for n marked
_mpetus to be given to its utilization.

We have no disposition to ignore the limitations of"water-power,
or to claim for it more than its just due. Competition and the pre-
vailing tendency to lower prices call loudly for economies in cost of
production, and cheap power may play an important part in the
future of some of our industries. We have presented the bald facts
as to the available Power of our streams, and believe that the preven-
tion of unwarranted expectations is as great an aid to future develop-
ment as the presentation of the resources. Those who are competent
to properly weigh the facts presented, and apply them to their own
particular ease intelligently, will probably be able, now and then, to
discover and avail themselves of substantial advantages in the use of
this kind of power. These will welcome this aid to n correct deci-
sion. It is only such intelligent and well-directed enterprise which
will permanently promote the use of water-power and advance the
_ntere_ts of the State.

Besides the application of the studies here made to the uses indi-
cated by our title, we may mention that such an investigation should
be a direct aid in designing drainage or irrigation works, in control-
ling floods or building bridges.

The main facts as to the estimated flow of the various classes of
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streams are presented in Tables :No. 51 to No. 61 A, inclusive. To
apply these to any particular stream of the class at any given poiut_
it is only necessary to know the area drained by the stream, expressed:
in square miles, and to apply this as a multiplier to the flow there
given in thousand gallons daily per square mile, or the horse-power
per square mile on one foot fall, to ascertain the capacity of the
stream considered. Many such areas are given in Appendix II.

As we have already remarked, this report is intended to he a prac-
tical hand-book of the streams of the State. The flow of streams_

however, is merely one, and rather an incidental one at that, of a
chain of related phenomena. It is nature's way of removing the
surplus rainfall after evaporation and plant-growth have been sup-
plied. Any rational discussion of stream-flow, therefore, must begin
with a determination of the amount of rainfall, and must next ascer-

tain the laws oe evaporation and the amount of water thus disposed
of, as well as the amount required by vegetation at different seasons,
and the absorption and delivery of ground-waters. As each of these
subjects has a wide and important bearing outside of the immediate
field of our report, it follows that incidentally a thorough investiga-
tion of our subject must throw light upon other important economic
and scientific questions. We regard the accurate ascertainment of the
relations of rainfall, temperature, evaporation and ground-water de-
pletion, such as is attempted by our formulm, as almost as important
to agriculture, forestry, climatology, and possibly hygiene, as it is to
the subject of this report, but we have gone no farther herein than to
incidentally suggest these applications.

It would be a pleasure to be able to acknowledge our indebtedness
to all those who have so cordially aided us in our work, directly and
indireetly_ but we find it impossible to do so. Many prominent

hydraulic engineers have contributed data, most of the users of water-

power in the State are entitled to our thanks, and there has been t_
general disposition to aid and encourage our investigations.

Messrs. Cyrus F. Spronl, Asher Atkineon, Peter D. Stunts, George
E. Jenkins and D. H. MeLaury have assisted in gauging and collect-

ing data, and Mr. g. R. Prince has prepared the maps and diagrams
and done much of the mathematical work. The eoUation of data

collected, the reduction of gaugings and comparison, arrangement and
rearrangement of measurements of flow and rainfall necessary to dis-
cover the laws governing the flow of streams_ has been a labor of

great detail, most of which, of course, does not appear in the results.

NEW JERSEY GEOLOGICAL SURVEY



WATER-SUPPLY. 11

THE LAWS WHICH GOVERN STREA.M-FLOW.

As a preliminary step to any intelligent study of the flow of
streams, we must consider the causes which give rise to the phenom-
enon.

The waters of the earth are taken up by the process which we call
evaporation and formed into olouds, to be again precipitated to earth
in the form of rain or snow. Of the water which falls upon the
basin of a stream, a portion is evaporated directly by the sun ; another
large portion is taken up by plant-growth and mostly transpired in
vapor ; still another portion, large in winter but very small in summer,
finds its way over the surface directly into the stream, forming surface
or fined.flows ; finally, another part sinks into the ground to replenish
the great reservoir from which plants are fed and stream.flows main-
mined during tie periods of slight rainfall, for the rainfall is fre-
quently, for months together, much less than the combined demands "
of evaporation, plant-growth and stream-flow. These demands are
inexorable, and it is the ground-storage which is called upon to supply
them when rain fails to do so.

All of these ways of t]iaposing of the rain which falls upon the
earth may be classed as either evaporation or stream-flow. Evapora-
tion we make to include direct evaporation from the surface of the
earth, or from water-surfaces, and also the water taken up by vegeta-
tion, most of which is transpired as vapor, but a portion of which is
taken permanently into the organisms of the plants. Strasm-flow
includes the water which passes directly over the surface to the
stream, and also that which is temporarily absorbed by the earth m
be slowly discharged into the streams. A portion, usually extremely
small, passes downward into the earth and appears neither as evapora-
tion nor as stream-flow. It is usually too small to be considered_ anc_
we may for our purposes assume that all of the rain which falls upon
a given water-shed and does not go off as stream-flow is evaporated,
using the latter word in the broadened sense which we have above
described.

We therefore have to consider first rainfall as the source of supplyr
and secondly evaporation and s_eam-/tow as the demand to be sup-
plies.

NEW JERSEY GEOLOGICAL SURVEY
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E&INFALL.

The best source of information as to the rainfall of the State is the

Climatology, published by the Survey in 1888, which contains col-
leetions of all data obtainable to that date. The State Weather Ser-

vice now publishes monthly bulletins and yearly reports, giving the
rainfall by daysat some fifty stations. This work has been of the
greatest assistance in connection with our recent gauglngs_ and when
it is continued long enough we shall have much more accurate knowl-
edge as to the distribution of rainfall than we have at present. Much
information has also been promptly furnished us by the United
States Weather Bureau. The records given in the Climatology, sup-
plemented by later data now obtainable, have furnished the basis of
our conclusions as to rainfall for use in this report. The long series
of rainfall tables published at the end of this chapter we regard as
more valuable to the hydraulic engineer than averages or deductions.
These we shall make, however, fur simplicity in generalization.

A careful study of these long series shows a strong tendency to
cycles of high and low precipitation. We are likely to have a period
of years of high average rainfall, followed by a low period. We see
at once that, under these eonditions_ differences shown by comparing
a series of eight or ten years' length at one station with a fifty or
sixty-year series at another, may be entirely differences of time and
not of place.

Plate I. shows this clearly. The annual rainfall is here plotted by
taking for each year the average of that year, the preceding and the
following year. Curves thus obtained are slightly smoothed out_ but
in no case departed from by more than one inch in annual rainfall.
These type curves show unmistakably the tendency of which I have

spoken. They cover 69 years at Philadelphia, 61 years at Troy, 58
years at New York, 50 years at Newark and shorter periods at the
other stations.

While the maxima and minima do not always agree in time at dif-
ferent stations, it is nevertheless clear that, upon the whole, it is safest
to compare cotemporaneoas periods if we wish to ascertain the rela-
tive rafnfall at two or more stations. I have consequently proceeded
upon this plan in deducing rainfall averages for the several sections
of the State.

This diagram shows clearly, also, the danger of plating too much
confidence upon observations at a single rainfall station. The Lake
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Hopatcong record has been much quoted as indicating the rainfall of
our Highland region, but the curve shows that while most of the
other stations were showing more than average rainfalls, at about
1863, Lake Hopatcong was passing through a remarkably dry period.

If we compare the average rainfall at this station during the 24
years covered by its record with the average at New York for the
same time we find it 8 inches less, and it is 4.2 inches less than Phila-

delphia. The curve of Plate I. strongly suggests, however, that this
relation might be reversed during another period, and undoubtedly it
is not safe to judge the rainfall of any considerable part of the High-
lands by this record alone.

It might be interesting to trace the reasons why these variations
occur, such as the effect of the prevailing direction of the wind upon

the exposure of a given station, especially in hilly regions, but such
matters are beyond the scope of this report. Study of cotemporaneoue
records convinces me that this variation is purely local--too local to
affect the yield of even a small water-shed appreciably.

Plate :[. is, finally, useful in pointing out the danger of basing con-
clusions upon a short series of rainfall or stream.flow observations
without referring such observations to some long-period series with
which it is comparable.

We see here that the ratio between the three series at New York

Newark and Philadelphia varies with different periods. The vari-
ation between places as near as New York and Newark, even, is very
considerable. This warns us that our next hypothesis may not be
strictly accurate. I_ is that the ratios here shown between each place
and the average of New York and Newark for the period of observa-
tion will be preserved for the fifty years covered by the eotempo-
raneous observations ag New York and Newark. Nevertheless this

supposition will eliminate the error arising from comparing periods
not cotemporaneeus and of unequal length, and will thus lead us as
near the truth as we can get from the light we now have. It is on
this hypothesis that we have computed the average annual precipita-
tion for each place shown in the last column of Table No. 1.

We have grouped these places as follows in order to determine the
average annual precipitation for various sections of the State, and
when so grouped certain well-defined differencesof rainfall appear :

Atlantic City, Cape May and Norfolk, Vs. Atlantic City shows a
lower rainfall than the others, and this we consider purely local.
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TABLE No. 1.

Annual PrnciDitation for CotemD_raneous Periods, With
Deduced Average Annual Precipitation,

I_R_CIPITATION

_ R[ODAT-- __._ _ -_ __ _._

l_-ew York .................................. 1836-1892 46.12 46.1_ ......... 44.11 49.12
Newark ...................................... 1843-1892 46.98 4618 46.6_ 43.77 46.62
New Brunswlck ........................... 1854-1892 46.90 46.6_ 47.2_ 43.001 46.43
Trenton ...................................... ]866-1880 47.55 46.0_ 48.21 440t{ 46.92
M(_rrisville, Pa ............................ 1798-1866 43.69
Phii dotphi ......................... 43.a :::::::::::i:::: "' i:ii
Baltimore, Md............................. 1856-1887 41.98 45.05 ......... 44.47 42._3
$andy Hook ................................ 1874-1886 51.08 429fi 46.0_ 38.541 53.89
_'reehold .................................... 1874-1883 48.73 41.17 45.8_ 89.091 49.73
Bamegat .................................... 1874-/885 48.31 42.68 45.8_ 38.651 50.66
l_ioorestown ................................. 1863-1887 43.23 46.82 47.41 42.76 44.71
Atco .......................................... 1872-1882 46.76 42.49 47.0¢ 41A6 47.64
Vineland .................................... 1866-1886 48.27 45.54 47.4_ 42161 48.28
AtlantieCitv .............................. 1874-1887 42.55 43.2.5 46.3_ 88.801 44.16
Cape May...: ............................... 1871-1885 47.10 43.66 46.6_ 40.66} 48.43
Greenwich .................................. 1864-1873 41.58 50.79 48.87 47.61] 39.04
Dover_ Del ..... :......................... 1870-1881 43.95 42.52 .................. . 45.73
i_orfolk, Va ................................. 1870-189[ 52.20 45.08 48.46 40.901 5L91

Perk]omen Water-Shed. Pa ............ 1884_1892 49.32 48.33 50.19 39.8"3

39.3fi 46.54
NeshamlnyWater-Shed, Pa ............ 1884-1892 49.22 48.33 50.19 39.3_': 46.44
Tohiekon Water-Shed, Pa .............. 1884-1892 5].46 48.33 50.19 48.68
Easter, Pa ................................ 1884-1892 49.34 _8.83 50.19 39.33i 46.56
Bethlehem_Pa ............................ 1878-1889 43.85 45,71 .................. I 43.00
i'_*ewGermantowa ....................... 1869-1876 44.09 44.86 48.30 45.841 44.24
_omer_ilIe .................................. 1878-1887 44.62 4368 45.86 40.94 46.33
South Orange .............................. ]871-1892 48.64 52.18 55.85 46.90 43.03

Lake Hopatcong .......................... 1846 1869 42.541 50._ 45.31 46.751 41.7845.09

....................................I 2-188644.861 ...........Port de_wis ................................. 1880-1984 42.391 48._( 43.69 45.08

Blooming Grove, Pa ..................... 1867-]891 44.201 44.7 .................. 44.28
I:Ioneedale, Fa ......... _.................... ]882-]891 431_ I 48.] 5_.85 ......... I 40.40
Liberty, N. Y.............................. ]851-1860 47.791 48.1 44.37 ......... , 48.23
PassaicWater-Shed ...................... 1877-]892 46.771 45.( 48.18 38.19 46.65
_CrotoaWater-Shed ....................... 1868-1881 44.641 44.1 47.67 ......... 45.15
Connecticut Water-Shed ................ 1871-1878 43.84 44._ 48.96 43.40
Sadbury Water-Shed ..................... 1875-1890 45.80 45.," 48.20 45.58

Bearing in mind that Atlantic City has between it and the mainland

six miles of meadow and bays, this station may represent rather sea-
ward than coast-line rainfall, The other stations range well with our

8outhern Divide.--This ineludes stations Freehold, Atco and Vine-
land.
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Lower Delaware Reglon.--Ine]ndes Philadelphi% Moorestown,

_reenwieh and Dover, ])el.

Central .Delaware Valley.--Ineludes Philadelphia, Trenton_ Ne-

_haminy water-shed, Tohickou water-shed, Easton and Bethlehem.
i_ed Sandstone Plain.--[ncludes Trenton, 1_eshaminy and Perkio-

men water-sheds, New Brunswick, Somerville_ New Germantownj

Iqewark, South Orange, Passaic water.shed, :New York. These sta-

tions show annual precipitation ranging close to our average:
Highlands and Kigatinny Valley.--Stations Easton, Bethlehem,

Port Jervis_ Newton, Lake Hopateong, New Germaatown and South

Orange are included in this region.

Upper Delaware VaIley.--:This includes stations Easton, Bethlehem,
Newton, Port Jervis, Blooming Grove, Honesdale and Liberty.

As to the distribution of rainfal] by seasons and months our data

_are not sut_eient for very refined deductions, nor is it likely that we
are to be better informed in the near future. It is safe to say that

the monthly and seasonal ratios are likely to change from year to

year until our records cover much longer periods than they do at

present. We have arranged the following table, showing .the per-
centages of precipitation falling in each season, as shown by records

at hand. It is noticeable that the longer series harmonize better than
the shorter :

Percentage of Annual Praotplte, tion F_lltng in Each Season.

per ce per cent. per cent. per cent.
_ew York ..................................... 57 25 28 I 23.5 28.5
:Newark ......................................... 45 25 28 i 23.5 28.5
lqew Branswick .............................. I 84 25 80 -)3 22

_,iorrisville, Pa....; ........................... 45 25 27 _7 21
Philadelphia, Pa ............................ 68 24 28.5 23.5 23.5
Baltimore ...................................... 52 25 28 24 23

Sandy Hook ......................... : ......... 18 27 26 23 24
Atco ........................................... 10 21 80 25 24
Viaeland ...................................... 21 23 27 23 27
Barnegat ...................................... 12 22 25 26 27
"Cape May ...................................... 14 23 27 23 27
Atlantic City .................................. 14 22 26 24 28
Bethlehem, Pa ................................ 12 22 81 22 25
Port Jervis, N. Y ........................... 5 25 29 2l 25
Lake Hopatcong ............................. 24 25 28 27 20
(}oshen, iN. Y ................................. 8 24 26 25 25
]3looming Grove, Pa ............ . ........... 27 24 32 24 20
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Arranging these in groups, we find the distribution for the severa_
districts to be as follows :

Spring. Summer kutuml ]Winter.

per eelS. De_ (_l_t. )_T _q:_'t )er eent_

Seacoast .................................................. 22 27 24 27
Southern divide ......................................... 22 27 24 27
Delaware bay ........................................... 25 28 23.5 23.5
Centrul Delaware valley .............................. 25 28 23.5 23.5
Red sandstone plai_ ................................... 25 2R 23.5 23.5
]:IighlaDds and Kittatinny valley .................. 24 28 24 24

At first sight we seem to have a marked difference of distribution

by seasons, but here again we find it to be rather a difference of
period tbatl of locality. The records for the Seacoast and Southern
divide cover, mainly, years from 1870 to 18877 and the New York

record for this period shows about the same distribution, varying
greatly from the average of the New York series. On the whole, we
shall be nearer the truth_ probably, if we accept the distribution
shown by the long New York and Philadelphia series as correct for
all of our State. This gives us Table No. 2.

An examination of the results given in this table shows a gradual
decrease of rainfall as we proceed inland. The range is from 49.70
inches on the seacoast to 44.09 in the Highlands and Kittatinny
valley, and 48.25 for the Lower Delaware region. The rainfall of
the Raritan water-shed is assumed to be the same as that of the Red

sandstone plain, that of the Passaic a mean of this and the High-
lands, that of the Coast streams a mean of the Seacoast and Southern
divide, that of the branches of the Delaware below Camden a mean

of the Southern divide and Lower Delaware, and that of the branahea
of the Delaware, Camden to Trenton, a mean of the Southern divide
and CentralDelaware valley.

Even more important than the average rainfall are the least rainfalI
and that of ordinary dry years. A study of available data convinces
us that we must expect in all parts of the State occasional droughts
as severe as those shown in the Philadelphia and New York records.
Such droughts appear to be confined to rather limited areas and it is
probably true that water.sheds exceeding from 75 to 100 square
miles in extent will never be visited by quite such severe ones, but in
order to include the smaller areas and be always on the safe side we
must assume a minimum as small as that of the driest periods of these
records. For convenience of future reference, and as an aid in eeleet-
ing the driest period, we have prepared Table :No. 3.
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TABLE No. 3.

Dry Periods--Ne_ _ork and Philadelphia Rainfall.

TOTAl[, RAIIq_'&L_ FOR

P]_RIOD.

New York, August, 1842, to July, 1843 ..............
New York, January to December, 1836 .............. [2 ......... 27.57 ..................

Philadelphia, January to December, 1825 ........... [2 .................. 29.571 .........
New York, January to December, 1840 .............. [2 ............................ 29.80

New _ork_ September, 1842, to July, 1848 ......... il 22.87 ...........................
New "£ork_ January to November, 1836 .............. [1 ......... 25.27 ......... , .........
Philadelphia, January to November, 1825 .......... il .................. 25.85_ .........
New York, February to December, 1840 ............ [1 ........................... , 27.96
New York, October, 1842, to July, 1843 ........... l0 20.57 .................. , .........
Philadelphia, March to Deeember_ 1881 ............. [0 ......... 21.79
N_,_York,d_,,_ry_oOctober,48_.................. lO ..................";X_'_C::::::
Philadelphia, January to October, 1825 .............. l0 ........................... , 24.49
New York November, 1842, to July, 1843 9 16,27 ......... , .........
Philadelphia, April to December, 1881 ............... 9 ......... 17.9_ ..................
Philadelphia, October, 1879, to June, 1880 .......... 9 .................. 1859] .........
New York, January to September, 1849 ............. 9 ............................ 20.22
New York_ Deeembe G 1842, to July, 1843 ........... 8 14.47 .................. , .........

Philadelphia, April to Novembe h 1881 .............. 8 ......... 15.32 ......... i .........
New york, April to November, 1881 ................. 8 .................. 16.54] ........

Philadelphia, October, 1879, to May, 1880 .......... 8 ........................... k 16.92
New Xork, January to July, 1848 ..................... 7 11.97 .................. _.........

Philadelphia. April to October, 1881 .................. 7 ......... 18,3_ ......... I .........
New York_ January to Juty_ 1849 ..................... 7 .................. 14.041 .........
New York, April ¢o October, 1881 ..................... 7 ........................... i 14.18
New York, February to July, 1843 .................... 6 9.97 .................. j .........
Philadelphia, April to September, 1881 .............. 6 ......... 10.2_ ......... •.........
New Y(_rk, July to December, 1881 .................. 6 .................. 11.221 .........

PhilMelpbla, January to July, 1880 .................. 6 ............................ 12.11
_ew 5:ork, July to November, 1881 .................. 5 7.04 ................. J.........
New York, March to July, 1843 ........................
New York, Jauuary to May, 1836 .....................

5 ......... Z67 .................
5 .................. 7.7( ........

phUadelphia, July to I,;ovember, 1881 ................ 5 .................. 8.14
New York_ July to October, 1881 ...................... ] 4 4.68 ........
•New York, Ap_:il to July, 1843 ........................ ] 4 ......... '"'5:5"4

r_il_lphla J_JytoNo_e_. 1881................ 4 ......... '"'_.1","::::::::
New York, April to July, 1849 ........................ 4 ......... 6.30
Philadelphia, July to September, 1881 ............... 3 8.08 ........

N_ ):ork,Julyt'oS_pt_=be_,1881.................. a ........."'"_:b'_ ........
New_ork, Mavto Jnly, 1848 .......................... I 3 ......... "'"_4(! .........

2¢ew York, Jar_uary to Marcl_ 1888.................. I 3 ......... 4,41
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We find the year 1842-1843 the driest for all periods from six
mouths upward, while for five months or less the year 1881 stands
_irst, and occupies second place from six to teh months• If we accept
the records as of equal accuracy and weight, the driest year of the

" series must be taken to be from August, 1842t to July, 1843. This

year is shown to be dry by both the New York and the Philadelphia
.record, and it was also very dry by common repute. The claims for
the years 1825, 1836, 1840 and 1849 are not so well established.
There is a suspicion that in some of these cases the droughts were
,purely local, and in others that the records are less reliable than those
for recent years. The year 1881 included a memorable drought, and
•one so widely extended as to embrace our largest water-sheds. More-
over, it followed a dry year and was consequently a severe one upon
the streams. The yield of a stream during two such successive dry
years as 1880 and 1881 would be for most purposes the minimum
;so far as our records go.

We repeat below for convenience of reference the rainfall at New
York and Philadelphia during the period from December, 1841, to
November, 1843, and from December, 1879, to November, 1881,
which we have selected as typical dry periods.

TABLE No. 4.

TyDioal Dry Periods.

N:EW YORK RECORD.

l ii

1 _ "
•", _ _ I_

_1_1o _l _ _" _o _ _ _ _.•i _ _,og _ g _

5.23 _.0 5.9] 41.53184_-184_.....3.50t_.oo12`3_._312.14t_.ooo.7811._ :2._
1879-1880...,, 1,94 2.02 2.1 i.63_ 2.90 0.62 1.141 8._ 5.23 [.8 2,81,2.! 39.31
1880-1881 ..... 2.27 4.80 4.9 5.81 0.95 3.20 535_ 12 0.86 ].9 1.0('2.c 34,35

PHII_AD_LP_IA RF_CORD.

1841-1842..., 5.92 1.36 4.27 2.84 5:31 5.87 3,19 11,81 3.79 1.27 1:72 BA9 50.84 _ -_'_"*,y- :
1842-1843.. I 3 6611 4t} 2 54 I_44214 7212 05 t 1 691 4 541 9,2614.80] 3.2214.181 46;58: _..:?_:_ ;¢ '

_ 1880-1881...,.|4.05|3.6614.T6_3.s_I0.si|2_i_3187_0.96l.lS0.943.04_[2,02:_I._. : ,_.j
?
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The dryness of these periods is not revealed in the yearly totals,
but has been shown by our previous analysis. The question of which
was the more trying period upon stream-flow must be left for a later

chapter. We regard these records as typical of such extreme dry
years as may be looked for once in fifty years, the choice of the driest
perlod lying between the New York record of 1842-1843 and the
Philadelphia record o{ 1880-1881. Our conclusion is that the driest

year is likely to be as dry in one place as another_ and that these
types apply to all parts of the Sta_e.

Having fixed the driest year_ our next quest must be for an ordi-
nary dry year, such as is likely to occur as often as once in seven
years. Consulting our diagram of annual precipitation, we find that
at Philadelphia a yearly prezipitation as low as 35.00 inches has been
reached eight times in the fifty-slx years of eotemperaneous records
there and at :New York, and that an annual fall of 37.00 inches

occurs with about the same frequency in the New York series. These

are each about 80 per cent. of the annual mean, and we should expect
the ordinary dry year to vary with the mean rainfall. In order to

determine the distribution through an ordinary dry year, we have
charted the rainfall for five dry years. The usual method would be
to take years of about the above annual precipitation and average the
months, but Plate II. shows this to be inexpedient, as it will tend to

cover up the extremes peculiar to such years, and produce a year
unlike what is ever likely to occur. In order to get the natural
sequence of monthly ralnfall_ we have preferred to adopt from these
typical years one which is a fair type of all. Such an one is the
year 1878. It embodies all the important features of these years in
such a way as to make an excellent type, excepting in the preceding

• December rainfall, which in all the other cases is heavier. This we

have corrected, and have resulting a satisfactory natural type of the

ordinary dry ycar_ shown, together with the average year for Phila-
delphia and the driest year for all the State, in Plate II. The aver-
age annual rainfall for our different water-sheds, given in Table :No.
2, ranges from 44.09 to 49.10 inches. We give, in Table No. 5, the
ordinary dry year corresponding to the various annual rainfalls :
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TABLE No, 5.

Precipitation for Ordinary Dry Years.

 4.00............... L.6  .29 t.s 35.20
45.00 ............... 3.95)4.0', t6 2.9512.60 3.36[ 3.73] 4.47 1.9:9.9912,0912"2'. 36.00
46.00 ............... _.04 4.1', L.7 3.0212.67 3.44' 3.8214.55 [.0_ [.011234 2.21 36.80
47,00 ............... i.134.2 [.7 _.0812.733.5213.9014.64 LO_ L0312.18/2.3, 37.60
48.00 .............. 1.2114,3( [.7 3.15 2.78 3.59 3.9814.74 LI' 1.10 2.22_2.31 38.40
49.00 .............. _.29f4.31 [.8 _.21 2.83 3.65 4,07 4,84, L2_ [.1612.26( 2.4', 39.20

These ordinary dry years will apply to our various water-sheds
according to their average annual rainfall, and without needing fur-
thor correction for slight differences in this average. These, as we
have stated, may be expected to occur once in seven years. Our driest
year previously given is, therefore, one which occurs for seven of
these ordinary dry years, or once in _fty years, as before s_ated.

It will be noticed that our average year is a purely artificial year,
a mathematical conception which in reality never has occurred.

Nevertheless, such a year is useful as giving an epitome o£ the exper-
ience of fifty-seven years, and is in accord with usual practice.

Oar ordinary dry and driest years are, on the contrary, based upon
natural years, such as have really occurred, and may be expected to
occur again at the intervals which we have indicated, although
probably not with the same order of months as here given.

The following records of precipitation are selected from the longest
eeries in order to present the different conditions likely to occur dur-
ing such periods. It is not safe to draw many conclusions from series
covering less than a quarter of a century, and indeed one such year of
excessive rainfall as those of 1887, 1847, 1865, 1868 or 1889, in the
New York series, will add an inch to the mean of twenty years, or
one such monthly rainfall as that of September_ 1882_ will add over
half an inch to the monthly mean of such a series. The teaching of
these incidents is to so far as possible avoid averages in matters of
precipitation and stream-flow.
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TABLE No. 6.

Precipitation at Near York City.

_R0_ REPORTS OF DR, DANIEL DRAPER_ A_]0 INFOR)IATIO_ _URNISHED BY

TIlE UNITED 8TATF_ WEATHER BURE&U*

Rain and Melted Snow, In Inches.

1888...........  .46 3.40,.001 27.5r
1837 ........... 8.50 5.901 1.80F 2,10 65.51
1838 ........... 3.121 1.83i L791 4.961 41.90"
1839 ........... 4.041 1,35 L921 3.591 42.97
184t) ........... 2.4011.80 i.251 1.841 _9.80"
1841 ........... 4.6514.90 _50] 2.901 42,08
1842 ........... 3.30 3.80 _.81 2.10I 83,98
1843 ........... 0.78 1.84 5.261 30615.91, 41,37
1844, .......... 2.37] 6.00 2.731 4501 4,08 86,38.
1845 ........... 3.70_ 1.75 _,211 262i 2,50 34,08.
1846 ........... 1.39, 6,0I 3.88 0.4811,84 48,91
1847 ........... 6,78, 1.62 6.93 12.2912,13 34.85
1848 ........... 4.58 2.64 1.41 1.8716,61 86,80.
1849 ........... 0.78 1.43 4.93 1.5515.63 3L74
1800 ........... 3.07 3.92 7.21 4.71 3.16 54.53.
1851 ........... 0.90 4.72 3.47 1,2612,95 ,40.8&
1852 ........... 2.11 3.25 6.20 43.84
1853 ........... 4.80 4.40 550 52.20
1854 ........... 2.20 1.90 1,03 45.18
1865 ........... 5.88 5,06 2.90 1.5117.87 53.01
1856 .......... 3,58 2.79 6.73 40.50'
1357 ........... 5,43 6.18 3.90 4.26 1.87 53,88
1858 ........... 6,42 4,32 3.15 3.50 4.19 51.87
1859 ........... 4,60 4.7_ 4.12 8.45 1.;;5 55.72
1860 ........... 1,48 3.8._ 3.85 6.24 3,35 45.17
1861 .......... 4.24 2.8 c 5.52 4,08 54,65"
1862, .......... 9,03 5.8_ 2,15 2.25 6.86 53.97
1868 ........... 1,43 8.6£ 4.59 1.05 4.09 57.03.
1864 .......... 4.41 3.2( 5.19 •5.45 47,61
1805 ........... 10,42 5.21 2.23 4.21 4.94 62.98
1868 ........... 4.2.8 1.07 4.81 52.23
1867. 10.18 5.7( 7.68 54.66-
1868 ........... 4.6_ 6.4_ 8.31 64.03
1868 ........... 4.4_ 3.U 1,7_ 2.8I 45.47
1870 ........... 2.8_ 3,7_ 8.07 39.25`
1871 ........... 7,05 5.5_ 5.6C 51.26
1872 ........... 2.9_ 7.8_ 6.2_ 42.49
1873 ........... 1.2_ 4.6! 9.5_ 8.14 47,99
1874, 2.7_ 5.01 2.4_ 8.24 45.8_;
1875 ........... 2.71 4.81 8.97 ' 1.89 40.91)
1876 ............ 2.6( 3.61 2.2_ ' 5,28 41.77
1877 ........... 2.8( 15.7_ 2,7_ 40.18
1878 ........... 8.0_ 14.9', 7,0_ 48.86"
1879 ........... 8,1_ I3.5_ 7.0i 39,03.
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Precipitation at Now York City--Continued.

t80 ........... 2.02 2.1,_ 4.66 2.90 0.6_ 1.14 8.5_ 5.26 1.86 2.81 2.4( 2.27 36.64
t81 ........... 4.80 4,9_ 5.81 0.95 8.2£ 5.35 1.2_ 0.86 0.97 1,60 2.3( 4,18 36.2_
_82........... 6.15 4.3( 2.32 2.15 4.21 2.82 2.7_ 1.63 14.51 1.69 1.8( 2.22 _6.62
]83 ........... 3.22 4.5_ 1.63 3.82 3.0_ 4.00 3.37 2.29 3.57 4.27 1.6_ 3.40 38.8_
_84,.......... 6.07 5.0_ 4,43 2,66 4,3[ 4.16 6.1_ 8.56 0.15 3.63 3.4_ 6.66 55.34
t86 ........... 3.50 6.0[ 1.19 2,44 2.2_ 1.86 3.04 7.70 0.72 5.62 5.0.5 2.69 42.2_
186........... 5.02 5.9( 3.54 4.95 65_ 3.01 2.57 1.18 1.79 3.90 4.61 3.73 46.7_
_87........... 4.19 6.25 3,51 3.67 09[ 7.79 6.7_ 3.66 2.30 2.36 2.04 4,20 46.6_
t88 ........... 5.14 4.30 t 5.64 3.57 _4.81 1.68 1.27 6.35 7.40 4.14 4.81 4.05 52.9_

]89........... 5.38 3.0714.09 5.90 3.2[ 2.38 9.6;_ 3.39 7.43 2.53 9.8I 1.81 58.6_
t90 ........... 2.95 3.861 6.67 2.58 3.1] I 4.1_ 3.9( 4.06 8.21 6.46 0.8[ 5.34 59.21
t91 ........... 5.73 4.69 422 2.37 3.1(' 1.18 4.11 3.87 2.12 2.69 2.0_ 3.30 41,44

]92........... 5.61 1.27 4:62 2.36 4.3([ 2.97 2.4_ 3.99 0.87 0.63 8.2_ 1.64 38.9£

verage, ...... [
57 years.., 3.60 3.55 3.84 3,60 4.121 3.88 4,1] 4.70 8,70 3.39 3.8_ 3.80 46.1_

TABLE NO. 7.

Precipitation at Newark.

• Rain and Melted Snow. In Inches.

1843.......... i:_'_";i:_iil 08511592_1844 ......... 0.89 3.55 2.56 5.82] 40,21
1845 ........ 4.211 3.761 1.27 2.1613.4 2.27 36.47

I 8.75 2.171846 ......... 4.16] 3.42 3.26 3.16 6.25 4.731 51.571347 ......... 6.081 4.14 0.85 3.501 54.83
1848 ......... 1,82J 2.39] 1.34 5.98 6.01 2.66 36.78
1849 ......... H2.69] 4.85 0.91 4,24 L09 2.36 40.051650......... 00,417 7. 858742 51.14

:l4.51 3971 6.0_ 3,931 6.44 40.38
2.54 43.5_

1851 .........

1852 ......... _]2.211 4.80 5.22 2,67[

3.25111,22 I
1853 ......... _15.221 3.14 3.02 4.67] 3.66 62.34

1854 ......... 5.02] 0.98 11.37 4.171 3.56 1.12 43.47
1865 ......... 3,471 2.37 2.4_ 2,371 4,47 4,16 44.26
1856 ......... 1.251 2. 2.57 4.3213.12 1.411 5,7 I 34.07

1857 ......... :11 1.99 7.16 6.031 5,081 4.021 0.67 49.30
1858 ......... 2.491 1.01 3.8_ 5.901 2.99] 4.221 41.07
1859 ......... ;[3.8 I 6,381 5.31 2.251 4.03 6.26 3.781 57.05
1860 ......... 2.711 1.231 2.51 5. I 1.81 2.72 6.24 2.63 6.721 43.15
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Precipitation at Newark--Continued.

_ _ _ 2 _

1.861......... 4.46 1.8_ 4.91 4.92 5.19 2.6 1.12 3.97 3.2612,87 g.4_ 1.99 43.6(
1862 ......... I 5.42 3.6_ 4.01] 3.21 3.05 6.6( 3.0_ 3.1)1 2.121 4.27 4.4_ 1.85 14,61
1863 ........ 4.27 4.2_ 5.25 5.83 4.49 1.04 5.9_ 4.97 1.3 13.44 2.61 4.57 48.
[864 ......... 1.73 0.8_ 3.14 3.67 5.28 1.8( 2.67 3.21 4.631 2.68 3.9i 4.76 38.,t_

[865 ......... 409 4.57 4,89 3,34 5,73 3.4 c, 6.7_ 8.94 3.21 4.B8 3.3 4.39 52.3[[866 ......... 1.74 5.07 1.82 2.82 4.4 2.51 1.84 5,34 5.47 3.97 2.0_ 291 39.9_
[867 ......... 1.61 5.64 4.40 2.57 6.55 9.7_ 3.75 10.62 1.23 4.62 1.9_ 2.04 54.7_
[868 ......... 3.27 1.6_ 2.17 5.26 6.92 5.9( 8.5_ 4.76 8.95 1.25 4.3_ 3.84 56.8_

[369 ......... 3.42 5.0_ 4.67 1.]5 4.67 5.8_ 3.5_ 1.56 2.54 6.82 8.0_ 5.44 47.9[
[870 ......... 4.73 4.2_ 4.56 7. 1.99 3.1_ 6,9_ 3.]0 2._9 4.75 2._( 2.19 47.9]
[871 ......... 3.03 3.0_ 4.99 3.68 3.95 7.1] 4.14 5.31 1.99 6.03 3.9_ 2.17 49.4_
[872 ......... 1.85 1.77 3.88 3.75 3.07 4.27 8.94 6.63 3.24 3.11 4.17 3.79 48.4{
_873 ......... 15.82 3.8_ 2.76 5.84 3.75 1.7,_ 6.61 7.77 3.55 3.74 4.6_ 2.47 52.5_

[874 ......... 15.67 3.17 2.13 8.72 2.75 3.5_ 4.2_ 2.79 9.05 9.43 2.8( 2.81 50.1, _
[875._ ....... 3.31 2.4 3.82 3.14 1.59 2.3_ 5.98 10.221 1.93 2.87 4.3( 2.61 44.5{
[873 ......... 1,2 5.3_ 10. 3.30 3.05 1.58 3.06 2.45 7,51 L26 4.0_ 2.51 45.3_

[877 ......... ]3.06 1,6_ 6.07 3.13 1.01 4,17 5.98 7.73 1.47 7.7_ 6.9_ 0.92 49.8_
[878 ......... '6.52 4.96 3.64 1._3 4.29 2.4_ 4.33 8,06 2.53 2.83 4.57 7.47 53.2_

[879 ......... 2.89 2.5_ 3.74 4.76 2.18 3.0_ 5.05 9.12 3.75 0.32 1.9! 5.33 44,6_
[880 ......... 259 2,8_ 4.9 3.31 0.76 1.1_ 7.46 4.63 2.48 2.1 2.3_ 2.63 37._
[881 ......... !5.05 4.64 6.83 1.71 2.91 5.0_ 1.34 0.28 0.87 2.73 3.0_ 4.53 39.0(
[882 ......... 5.80 4.7_ 3.19 2.0[ 5.69 2.0_ 3.52 1.31 17.66 2.00_1.77 1.94 51.7(

[883 ......... 3.71 4.9_ 2.00 4.65 3.35 4.4_ 2.76 2.46 4.74 5.361_1.4_ 2.72 42.5_
[884 ......... 5.16 4.14 5.63 2.06 2.03 4.9_ 5.28 5.39 0.25 3 52, 2 9_ 5.90 47.8_

[385 ......... 3,33 5.8_ 1.43 2.03 3.06 1,3_ 3.11 5.98 5.10 4.4714.77 3.10 43.5(,
[886 ......... 4.96 4.67 3.95 4.17 _.13 3.1 c 4.78 1.57 1.63 2.9114.8_ 4.25 48.0_
[887 ......... 3.63 5.4_ 3,62 3.]2 5.80 7.0_ 7.05 3.23 2.30 2.5312.0_ 4.82 50.6]

[838 ......... 5.85 4.2 c 8.06 4.05 6.33 2.7( 2.06 7.08 6,21 4.9414.9( 3.27 56.8_
[889 ......... 6.04 2.86 3.31 6.24 2.43 3.0_ 14.60 4.57 8.23 2.42[ 8.87 2,38 64.9_
[890 ......... !2.54 4.27 6.61 2.10 4.19 4.44 5.46 5.20 5.13 6.4910.7_ 3.71 50.8_

[891 ......... 7.11 4.67 4.611 2.11 2.65 2.0_ 6.73 4.61 2.531 2,5412,44 4.08 46.4(
[892.._....,/5.63 1 6z 3.541 353 456 4.8_ 3.41 3.87 1.94:0.64 7.27 1,69 42.5,"

&verave, --
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TABLE No. 8.

Precipitation a?; Lake Hopatoong.

5%in and Melted Snow. In Inches.

1846 .............. 7.78 0.87 3.2_ 5.7514.12 50.12
1847.. 2.59 10.84 3.50 1.6117.80 52.42
1848............. 0.50 2.02 8.89 4.88 6.09 38.36

2.77 4.75 39.221849.. 3.90 2.40 5.25 5.66 0.50 9.47
1850 .............. 3.67 4.66 8.37 6.56 5.75 7.58 2.68 1,9815,10 54.61
1851.. 0.82 4.71 2.27 6.5914.37 1 38 1.49 4.41 3.3113.90 87.56
1852 .............. 6.15 2.05 2.8_ 6.12 5.54 47.07
1858.. 5.21 2.85 6.18 4.42 1.68 48.54
1854 .............. 2.71 4.07 1.07 7.35 5.36 1.55 5.80 2.18 3.9512.10 45.11
1855.. 3.43 0.40 1.55 2.67 6.04 2.02 1.86 9,9'] 3.03j 7.24 53.33
1856 .......... 8.55 6.03 1.4_ 1.97 5.10 37.66
1857 .............. 1 4.69 2.67 4.56 2.24 5.66 47.40
1858 .............. 4.21 1.96 2.72 4.05_3.83 39.41

1859 .............. 5.1512.87 6.69 8.73 1.87 4,09 2,09 53.33
1860.. 6,37 2.79 2.04 6.3_, 1.90 36.87
1861.. 3.68 5.05 1.65 4.64] 0.75 35.94
1862., 1.97 2.08 8.65 2,9710.75 32.19
1863 .............. 2.6212.90 3.07 2.11 3.90 2,06 3.55 34,71
1864.. 5.01 3,17 1,36 2,68 1,61 31.50
1865.............. 2.4211.99 2.03 1.63 8.16 2,24] 3.11 88.37
1866.. 3.05 4.44 2.21 2.4112.03] 30.06
1867.. 0.6311.92 1.88 5.11 6.91 10.70 0.35 2.98 1,88[ 0.60141.58
1868 .............. 1.97l0.97 0.80 2.46 5.33 3.37 11.44 1.04 3,9011.02) 42.93

1869.............. 3.43r 2.78 4.41 1.51_4.29 1.58 7.12 9 82 8,46 4.03 52.90--- - ITFAverages ..... 2.79 3.47 f4.67 4.81 . . 3"_fS._' 42.55

The above record was kept by Win, H. Talcott, engineer and

superintendent of Morris Canal Company.
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TABLE No. 9.

Precipitation at New Brunswick.

FR0_ RECORDS BY DR. G_O. _. COOK A_D P. V. SPADER_ ESQ.

Rain and Melted Snow. In Inches.

I

4 I -<
1854........... 2.091 40,05
1855........... 3.05 38,88
1856 ........... 3.73 36,67
1857 ........... 8.4811.18' 44.23
1858........... 3.30L 33,35
1859........... 4.4313.23 *_49,67
1860. 46.06
1861 ..... 42,29
1862 ........... 5.3712.63 47,29
1863 ..... 52.50
1864..... 40,84
1865 ..... 51.23
1866 .... 46.59
1867.... 56,56
1868 .... 54.10
1869 4.87 50.37
1870. 52.99
1871 ........... 58.18
1872........... 4A91 47,93
1873., 60.96
1874.., 45,30
1875. 44.89
1876.. 89.43
1877.... 47.29

3.39] 46.36
1879. 3,66L 43.58
1880. 37.17
1881 ........ 38.46
1882 ........... 5.49i 2,621 48.66
1883...........3.7114.67 1,96) 43.01
1884........... 5.68t 4.281 48.44
1885 ..... 1,081 36.70
1886. 45.01
1887 ........... 51.84
1888. 5,431 59.00
1889. 3,231 _ 61,30
1890 ........... 2,761 6,921 55.75
188l. 46.66
1892 ........... 4.71j 41.08

_verage% [
39 years.. 3.91, 3.791 46.91
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TABI_E No, 10.

Precipitation at Vineland.

l_aln and Melted Snow. In Inches.

•

1868 ............ 4.40 55.44
1869 ............ 4.87 50.82
1870 ............ 2.32 49.33
1871 ............ 3.05 52,96
1872 ............ 4.68 44.92
1873 ............ 2.60 64.94
1874 ............ 3.32 42.37
1875 ............ 2.35 45.95
1876 ............ 3:63 51.92
1877 ............ 1.88 5085
1878 ............ 5:69 48.18
1879 ........... 6.27 45.80
1880 ............ 7.52 51,71
1881 ............ 3.22 42.48

• 1882 ............ 2.47 84.01
1883 ............ 5.1t] 46.55
1884 ............ 6.5_ 48.69
1885 ...... 3.47 _5.43
1888 ............ 3.7_ 46.34
1887 ...... 4.31 _7.79
1888 ............ 8.96 1.27 =3.68
1889 ............ I..............
1890 ............ ".......
1891 ............ 7.18 4.5] _4.65
1892 ............ •.......

Averages, [.... [
[ 4.76 8,1_ 3.52 5.00 3.971 48.39
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TABLE No. 11,

Precipitation at Philadelphia, Pa.

F_R_S_D _r T[_E U_:TED S_A_ES WSAr_ER B_REAU.

Rain and Melted Snow. In Inches.

1825 ......... 29.57
4826......... 1.ll 35.14
1827 ......... 38.50
1828 ......... 37.97
1829 ......... 44.85
1839 ......... 1.63 5.18 45.07
1831 ......... 43.94
1832 ......... 4.58 39.87
1833 ......... 3.97 5.67 48.55
1834 ......... 2.49 34,24
1835 ......... 39.30
1886 ......... 3.61 42.66
1837......... 39.04
1838 .. 45.30
1839 ......... 43.73
1840 ......... 47.41
1841 ......... 55,51
1842 ......... 1.36 48.58
1843......... 48.96
1844......... 40.15
1845......... 40.03
1846......... 44.38
1847 ......... 45.21
1848......... 5.01 34.99
1849 ......... 0.731 42,10
1850 ......... 4.77} 4,51 54.54
1851 ......... 1.231 35,50
1852 ......... 2.011 45.74
1853 ......... 1.841 42.46
1854......... 2.32L 3.84 45.23
1655 ......... 2.601 6,5fi 44.66
1856 ......... 3.371 1,1_ 33.52
1857 ......... 2.991 3.4_ 53,02
1858 ......... 2.481 1.2_ 38,96
1859 ......... 5.521 3,9f 54.48
1860 ......... 3.181 1.17 48.90
1881 ......... 3.811 2.91 143.22
1362 ......... 4.4'z ,44.58
1868 ......... 5.81 149.63
1864 .... 2.9; 4.16]
1865 ......... 2.80[ 2.5_ 5.64149.12
1866 ......... 2.891 2,51 3.52143.58
1867 ......... 1.931 3,0_ 4.82161.29
1868 ......... 2.261 2.6_ 3.07 3.48146.94
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Precil_itation at Philadelphia, Pa.--Continued.

1869 ......... 3,37 4.1,' 5.36 2.2_ 3.71 5.21 2.80 0.70 3.1( 4.3_ 4.35 4.35 43.2]

1870 ......... 4 O1 2.5( 4.52 5.41 5.241 2.54 3.50 5.98 1.6( 4.1I 1.97 2.I3 43.8_
1871 ......... 2.8_ 2.4_ 5.77 1.98 2.92 4.51 6.17 5.58 0.6_ 3.89 4.09 1.57 42.4_
1872 ......... 1.4_ 1.12, 3.67 2.6£ 3.15, 4,2_ 9,20 7.81 3.6( 5.2C 3.43 2.74 48.3(
1873 ......... 5.84 4.75 2,05 3.51 5.88 O.9C 5.00 11.49 3.6_ 5.8(1 5.10' 1.38 55.2_
1874 ......... 4.5_ 2.46 2.16 9.7_ 2.75 2.9¢ 2.25 5.65 6.01 2.87 2,32 2.48 46.2(

1875 ......... 2.83 3.20 3.10 2.85 1.36 4,1_ 3.63 6.42 2.5_ 1,4_ 5.401 3,37 40,2_
1876 ......... 1.5_ 5.03 6.71 2.1_ 4.45 2.2 c 5.71 0.98 8.7_ 1.06 7.31:1.40 47.3 (,
1877 ......... 2.6I 0.84 3.40 2.6f 1.10 5.2_ 5.33 0.66 2.7_ 6,5_ 5.14 0.88 37.2(

1878 ......... 3.94 1.64 2.89 2.5_ 3.29 3.6_ 4.35 3.83 0.961 2.04 2.191 8.19 34.5_'
1879 ......... 2.7_ 1,19 2.28 4.21 1.22 6.77 3.62 7.13 1.12 041 1.38 4.69 36.7(
1880 ......... 1,5] 2.43 3.53 2.4_ 0.54 1.67 7.74 5.09 1.10 1.74 1,75 4.05 33.51
1881 ......... 8.6_ 4.76 3.83 0.61 2.71 3.87 0.96 1.18 0.94 3.04 2.02' 2.63 30.2]
1882 ......... 4.57 4.22 3,57 2.1I 5.06 1.9( 1.37 6,40 12.09 1.3_ 0.99 1,97 45.5(
1883 ......... 4.1_ 5.04 2.02 2.4_ 1.91 5,9] 1,78 3.40 4.24 4.2£ 1.34 2.76 39.1_
1884 ......... 5.4( 5.70 4,70 1.6_ 3.39 3.0( 3,83 4.30 0.201 1.54 2.31:3.28 39,5_
1885 ......... 2.91 2,79 0.69 2.5_ 3.76 0.7_ 2.39 6.80 1.17 3.3_ 3.35 2.87 33.8_
1886 ......... 3.6_ 4.62 g.17 2.7( 4.50 2.8_ 4.23 1,38 1.20 1.8_c 3.91 3,09 37,2_
1887 ......... 3.2_ 3.43 2.59 2,0( 0.62 6.81 7.14 2.31 4.921 1,6_ 1.88 5.06 42.1_

1888 ......... 4.3(i2.57 5,4_ 2.1( 3.46 1.0_ 3.38 5.86 5,73 3.2_ 3,77 3.15 44.0(
1889 ......... 3.7_ 2.00 2.58 3.17 4.32 3.3_ 3.29 7.07 4.681 3.7_ 0.78 0.85 50.6(
1890 ......... 1.8_ 3.39 4.61 2.2_ 2.96 1.3( 4.03 3.36 2.31 4.8_ 0.80 2.33 34.0,'
1891 ......... 365471 4.4_ 2.3g,1.74 2.5] 4.65 4.22 1.90 2.57 1,70 3.78 38.11

4.48! 0.98 4.32 2.0_ 5.12 1.9_ 2.97 . 2.74 2.0( 0.3_ 5.71 2.09 34,7(1892

Averages, -- "-_
68years.. 3.45',3.08 3.53 3.4_ 3.78 3.8( 4./2 4.5e 3.541 3.28 3.39 3.41 43.3(

Snowfall has an important bearing upon stream-flow in "winter, as

when it is heavy, the usual result i8 comparatively light flow in the
early winter and heavy floods in the spring. In Climatology (page
377, Final Report, Vol." I.) it is stated that _he average annual fall

in the Highlands and Kittatinny valley region is probably about 60

inches. From this it ranges down to comparatively an insignificant

amount in the region of the Atlantic coast streams. The average
depth at Lambertville from 1839 to 1859 was 29.5 inches, at Newark

from 1843 to 1859 inelusive_ it was 43.5 inches. The following table

gives such det}nite data as we have at hand :
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TABLE :No. 12.

Depth of Snow. In Inches.

R_CEI_ING RESERVOIR I NEW YORK. NEWARK.

1843-1844 .............. 31
1844-1845 .............. 39
1845-18t6 .............. 52
1846-1847 .............. 48
1848o1849 .............. 45
1849-I850 .............. 81
1850-1851 .............. 25
1851-1852. 63
1852-1853. 25
185_r-1854.............. 71
1854-1855. 45
1855-1856 ....... 65
1856-1857 ............. 52
1857-1858 .............. 28
1858-1859 .............. 47
1859-186_ ............. 51
1860-1861 .............. 48
1861-1862 ..... 52
1862-186& ............. 50
1863-1864 .............. 22
1864-1865 .............. 48
1855-1866. 35
1866-1867 .............. 62
1867-1868 .............. 75
1868-1869 .............. 22
1869-1870 .............. 18
1879-1871 .............. 37
1871-1872.. 16
1872-1873 .............. 63
1873-1874 .............. 86
1874-1875 ..... 43
1875-1875 .... 23
1876-1877 ..............
1877-1878 .............. 14
1878-1879 .............. _5
1879-1880 .............. 29
1888-1881 ..............
1881.

Averages ......... 40.96
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TABLE No, 13.

Depth of Snow, in Inches, at I',TewBrunswick. Record of P. V. Spader.

1861-1862 ......... !
18o2-18o3......... 3 8 I'""_:_'6
1863-1864 ......... 6. s 13.00
1864-1865 ......... 7., 3 25.50
1865-1866 ......... L2._ 4 26.00
1366-1867 ......... _9,' 18 59.25
1867-1863 ......... 6. 14 53.00
1868-1869 ......... 4 8 8.50
1869-1870 ......... 1 6 21.00
1870-1871 ......... ,)2 14 40.25
1871-1872 ......... s 3 9.50
1872-1873 ......... [2 17J 53.00
1873-1874 ......... 4 22 33.50
1874-1875 ......... 8 6.J 27.00
1875-1876 ......... s 10 12.00
1376-1877 ......... ,_1. s 25.75
1877-1878 ......... s 10 10.00
1878-1879 ......... [2 8,_ 24.00
1979-1880 ......... 3.' 6 16.70
1880-1881 ......... [3., 9 41.50
1881-1882 ...... 9 12 3 24.00
1882-1883 ......... 4 _0 5 6,25 25.25
1883-1884 ......... s 25 7.5 4 3 s 39.50

1884-1885 ......... s 18.5 _ I 14.5 s s 23.00
1886-1887 ......... s 9 1 21.35
1887-1388 ..................... 9.5 3 .6 25 30 42.75

1883-1889......... s s s [ 1:5 1_ ......... 1.501889-1890 ........ s I s 13.00

Average ....... _.._...._....._......--_,.] 26.43

NoTir.--Inthis New Brunswick record,s denotes snow, but not of measurable depth, being
often accompaniedby rain.

The above records are concurrent from 1866 to 1880, or for a

period of fifteen years. During this time the averages were at New
York 36.38 inches, at Newark 36.20 inches, and at New Brunswick
28.03 inches annually. These probably give us a fair indication of
the relative snowfalls at each station.

Using the 28-year record at Newark as the standard, and reducing
the other stations to this, we have the following as the most probable
average snowfall at each station: Newark, 41,00 inches i New York,
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41.00 inches; New Brunswick, 31.75 inches; Lambertville, 27.80
inches annually.

In the Highlands I have observed six months between the first and
the last snowfall of mcasumble amount, the last being May 6th. Snow-
fidl may be considerable here in l_ovember and April. In the reO
sandstone belt, while snow usually falls in these months, it is insig-
nificant in amount as a rul% while farther south it is scarcely seen at
all. Ten inches of snow being generally equivalent to an inch of
rain, it.is apparent, from the above tables, that there is always a pos-
sibility that in northern lqew Jersey some three inches of December

precipitation may be carried over in the form of snow or ice to aug-
ment the stream-flow of later months. Since all this is included in

returns of precipitation for December, it follows that the division of
stream-flow observations into calendar years may ]cad to serious errors
when we come to compare with precipitation. If our year is made
to begin December 1st, there is practically no such danger, and we
shall see later on why this date has advantages which have led to
its adoption as the beginning of the year in our studies of stream-
l_OW.

The division of our records by months becomes necessary for con-
venientj practical application of the long series of valuable records of
precipitation, which are the basis of our studies. The calendar
months are unequal in length, consequently not well adapted to our
purposes excepting for these reasons.

EVAPORATION.

It is not our intention to go exhaustively into the general subject

of evaporation in this report. We must, however, in order to check
our conclusions and be prepared for an intelligent comprehension of
its importance in our studies, give a brief abstract of what has been
observed as to the amount and monthly distribution of evaporation
under different circumstances. We need nothing more than this, for

by far the most useful and reliable data we can have of evaporation
over extended areas, such as the water-sheds of our streams, we shall
obtain from the results of stream-gangings, which we present in the
next chapter. We have measurements of evaporation from water-
surfaces, but there is very little water-surface exposed on our water-
sheds; so we have measurements of the amount taken up by various
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kinds of vegetation, but our areas are of a mixed character and it is

not always possible to apportion them properly among the various.

crops, The measurements of evaporation from the ground come the

nearest to what we need, but few of these have been made with neces-

sary precautions to secure exactly the same conditions which exist in

nature. Nevertheless, these observations are very suggestive, and

some of the results are here reproduced.

The following tables are copied from Mr. Fanning's valuable

treatise on water-supply engineering :

T_kBLE No. 14.

Evaporation From Water at Emdrup, Denmark.

Latltude_ 55° 4U N, ; Longitude, 12° 84' E. frora Greenwich.

in. in. in. in. in. im, in. in. in. in. in. in. m,
I849 ........... 1.1 0.3 1.8 2.5 4.1 / 5.8 4.7 4,0 2.6 1.1 0.9 0,6 29.5
1850........... 1.1 0.3 1.2 1.7 4.51 5.6 4.8' 4.8 2.4 1.6 0.9 0.2 29.1
1851 ........... 0.5_ 0.4 0.7 1.71 4.2 I 4.8 5.7 {5.1 2.7 1,5 0,6 0,5 28,4
1852 ........... 0.7 0.5 0.8 2.4 3.81 4.6 6.4 4.5 2.7 1.7 0.8 0.5 29.4
1853 ........... o.sI 0.1 0.7 1.0 4.1 [ 6.2 5.1 4.2 2.8 1.1 0.6 0.5 !6.9
1854........... u.o 0.9 0.9 3.2 3.3 I 4.5 5.2 4.8 2.6 1.2 0.7 0.6 _7.9
1855 ........... ]..I 1.1 0.5 1,2 2.6 I 4.1 4.7 4.1 2,8 1.4 0.9 0.7 ]5.1
1886........... 0.hi 0.5 1.2 2,1 2,81 4.6 4.3 4.0 2.0 1.9 0.8 0,5 M.0
1857........... 0.71 0.6 06 1.4 ,t.1 I 6.6 5.9 4.8 8.2 1.4 0.7 0.41 _9.9
1858........... 0.41 0.7 1.2 3.1 5.1 J 6.1 4,9 5,6 2.8 1.6 0.7 0.4 L0.6
1859........... 0.81 0.5 0.7 1.9 4.8 I 5.8 53 3.8 1.8 L0 0.7 0.3 26.4

_ ..........{)7105 0.0_ 3_, 54 52 44 26- 18 0.7U279
]lalio ......... 80]] .215 .387 _ 1,59212,323 2.237 1.892 1.118 .559 .301 21[ ......

_IEAIq ]_VAI'OP_,kTI0_ I_'1%0_[SHORT (_RA_ 1852 TO 1859)IIq_LUSIV_.

M_,..........]0.710.8]1,212.6L_.115.515.214.712.8I1._10.7I0,5130,1
I%IEAIq _YAPORATI01q Fl_0bI LONG GRASS_ 18_9 TO ]8563 I/qC_USIVE.

_° ..........I°._l0.611.4L2.61_.716.719._17.915.212.9T1._1°.51_-°

_1°an .......... I 1.51 1.7 I 1.0 I 1.6 I 1.5 I 2.2 I 2"4 I 2.4 ( 2.0[ 2.81 1.8 I 1.5121.0

3
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TABLE No. 15.

Evaporation From Earth.

_fEAN EVAPORATION FR(}_ EARTII_ AT BOLTON _E M00RS_ _ ]JAI_CASH1R_

ENGLAND_ 1844 TO 1853, INCLUSIVE.

Latitude_ 53 ° 30 / N. ; Height above sea_ 320 feet..

-- -- -- -- --

........,.0,°°5 081
*Reardmore's Hydrology, page 325.

5IEAN RAINFAL_ AT S_.NN S_&TION_ 134_ _O 1853_ INCI,USIVE.

_°=........I_._.31_.081__51_.2'_1_31_°714"=14.7713.7_15.0714._41_.,_1_.9_

TABLE NO. 16.

MEAN _VAPORATION FR0:_ EARTH_ AT _WHITE_AVEN_ CUMBERLAND_

_S_ANg, 1844 TO 1853, INCLUSIVe.

_batltude, 54 ° 30 z _q.; Height above sea, 90 feet•

_1_ _ • _ _ _ •

_o=....... _ _._-_._ 4,_-_-_ -_8_ l.__ _.2_
s_tio.......ago.4__-__ _ _.7,7-_ _.a52L,2_8/.7_3_, ._ ,,,._.

_RAN _A_N_A_ A_ SA_ S_rA_ION, 1844 TO 1853.

Mean....... I 5.1] 3.412.51 2.2 I 1.9 I 3.1 I 4.8 I 4"31 3.1 15.314513.81 43.5

The next table is a very instructive one, furnished by Desmond
Fitz Gerald, C.E., in a paper on "Rainfall, Flow of Streams and
Storage" (Transactions of the American Society of Civil Engineers,
¥ol. X¥II., 1%. 8). The table is partially made up from a diagram,
so that to a certain extent the figures are averages, but only when the
observations were so near to a mean as to warrant such a course :
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The small range of the evaporation from water in the tables i_
suggestive. It seems to approximate to a constant in each month.
Of the tables of evaporation from earth, that at Whitehaven seems
to be the better adapted to our climate. It is more valuable for the
dry months than for winter.

The following is Risler's table of daily consumption of water for
different crops, quoted in an article on irrigation by W. Tweeddale,.
C.E. (Kansas State Board of Agriculture Report, Deeember 31st_
1889) :

Inches.

Lucern g_ass................................................... from 0.134 to 0.267
Meadow grass ................................................. " 0.122 " 0.287
Oats.............................................................. " 0,140 " 0.193
Indian corn.................................................... ll 0.110 " 1,570
Clover .......................................................... " "0,140 " .......

¥ineyard ....................................................... " 0,035 " 0.031
Wheat ........................................................... " 0.106 " 0.t10

l_ye ............................................................... " 0.091 " .......
Potatoes ........................................................ " 0.038 '_ 0.055
Oak trees ....................................................... _' 0.038 " 0.030
Fir trees ......................................................... " 0.020 " 0,043

From these and other observations, Mr. Twesddale concludes that,
from seed-time to harvest cereals will take up tlfteen inches of water
and grasses thirty-seven inches. These conclusions agree with prac-
tice in irrigation, and show plainly that the demands of plant growth
cannot be ignored in tracing the disappearance of rain. The figures
also explain the low summer flow of streams flowing from a highly-
cultivated water-shed. They do not necessarily explain the eflhct of
forests in regulating flow_since many water-sheds, although olsared
of trees, are not put under cultivation but still show some change in I
flow. The action of forests is probably largely to retard surface-flow
by means of irregular surfaces, caused by roots, fallen timber, absorb-
ent mosses and leaf aeeumulatlon, thus holding the water until it can
be taken into the ground. This is not mere theory ; it is based o_

observations made during many days spent in the forest_ and is
believed to almost i£ not fully account for the better-sustained flow of
forest streams and their lighter flood-flows.

Evidently_ if all of our water-shed should be covered with grain
and heavy grasses, there would be very little water left for the sus-
tenanee of stream-flow during the summer. Fortunately, a much
smaller proportion is so covered than is usually supposed, even ir_
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_grlenltural seetionm Somerset county is a hlghly-cultivated section
_of the red sandstone plain. I have made an estimate of the pro-
portion of the total area given to various crops, based on census
figures, and the proportion of wooded area has been measured. Of

,the total area, 13 per cent. is wooded in large tracts, and 7 per cent.
has been added for scattering timber, the remainder being devoted to

_general farming :

TABLE 1_o. 18.

Poroentagn of Areae Devoted to Various Crops in Somerset

County, with Quantity of _Vatnr, Required for Eanh.

_VKT_R RE_U_RED I_i*

._ ONE GR OWI_N'G-_O_"rH,

_'Forest (o_k and chestnug) .................. 1.2 0.24
_Vheat, iTe , oats, &c........... 3.5 0.70
Indian corn .................................................... ] 4.5 0.49
Potatoes and other toot crops ............................ 1.2 006
Long grasses .......... ] 6.0 1.02
:Short grasses .............. ] 5.0 0.75
Orcharda, &e........................ 8.0 0.15
Fallow lands and miscellaneous ..... 4.0 0.28

Total. 1( ,' 3.69

This gives a fair idea of the allowance which must be made for
-vegetation, although it is only a rough approximation. To this mast
be added something for extra evaporation from crop areas. This
demand for 3.7 inches of water per month may be considered practi-
cally a constant one for the growing-months. It is, to a large degree_
independent of the rainfall, and, in fact, a large part of the evapora-
tion is also independent of rainfall.

Somerset county has been selected as a type of the larger part of
,our red sandstone plain, viz., that part lying southwest of the glacial
moraine which passes through 1Vforristown, Plainfield and Perth
Amboy.

As a type of our ]_ighland and Kittatinny valley region, Sussex
-county may be taken in the same way.
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TABLE No. I@.

Percentage of Area Devoted to Various Crops in Sussex
County, and Quantity of V_rater Required for Each.

WATER _EC_RE_) _N

o O_E oaown_o-_olq_H_

CROP, o o

Forest (oak and chestnut), 1.2 0,60
Water ........................................................... 5.0 0,I0
Indian corn ...... 4.5 0.22
Other cereals 3.5 0.32

Long grasses .................................................. 6.0 0.18
Short grasses ................................................... 5.0 1.20
Potatoes and other root crops ............................. J,2 0.01
Fallow ]and. 4.0 024

Total.., ] _,87

The southern New Jersey agricultural counties will not differ very

materially from Somerset county, while the piny regton will only call

for about one inch of water per month for plant growth. The evap-

oration there is large, however ; much greater than in northern :New

Jersey, as we shall see when the study of the streams is taken up.
It would be difficult to determine just how much evaporation will

take place in addition to the water demanded by plant growth. It is.

hardly probable that it is nearly so large as the evaporation from bare

ground, and, for the heavier absorbents and closer-growing crops,

such as long grasses and clover, there is probably no additional evap-

oration. The onlypracticalway tofixtheevaporationfromdifferent.

typesof topographyand country,undervariousstagesofcultivation,.

isby means of a seriesof accurategaugingsof typicalstreamsand

synchronous measurements of rainfall. The above figures are not

here intended to be given as actual measurements of the evaporation,.
and in no case do they apply to the actual conditions obtaining in

practice. They are of value only as _dlcative of what may be
expected and of the distribution of evaporation by months. For

actual values we prefer to look to stream gangings and learn what we
van from these. If we takeseriesof monthlyrainfalland monthly
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stream-flow, such as' we have given elsewhere in full, and carefully
analyze them, we can determine what the evaporation will be for a

given period. It would at first sight appear that it will be simply
the difference between the rainfall and the stream-flow, but this error

we must carefully guard against. It neglects entirely the water

which may have been stored in or drawn from the earth.

"GROUND-STORAGE.

The method of estimating the yield of streams to be a certain per-

centage of the rainfall also entirely neglects the effect of ground-
storage. Much confusion as to the relative yle]d of streams and

many failures to correctly interpret observed phenomena have resulted.

Let us begin with the year and observe what the real sequence of
events is.

At the close of the winter and spring rains, the ground is saturated
with water to a great depth. A large amount of water is held in
storage, and ail of that which lies above the level of the bed of a

stream, within the boundaries of the water-shed, becomes available

either to feed the stream at that point or else to satisfy the demands

of plants and evaporation. This great reservoir will feed a certain
amount of water to the stream irrespective of the rainfall. If the

rainfall is sufficient to supply the evaporation and plant growth, the
flow from ground-water will remain constant, because the head which

forces it through the rocks and gravels is constant. When the rain
is insufficient, the head will be drawn down and the flow will decrease

at a certain fixed rate. The draught upon ground-storage in this
vicinity usually sets in between May 1st and June 1st, not often before

the middle of May and rarely later than June 1st. Once the draught

is fairly established and the water drawn down, unless the rainfall is

greater than it usually is from June to August, it is all absorbed by
the dried earth and does not reach down far enough to increase the

head and consequent flow of ground-water. What may be called the

under-run of a stream--the part which depends upon ground-storage--

may be easily determined by inspection of a continuous diagram of
flow. In inspecting such diagrams as those of the rivers of New

Jersey accompanying this report, it may be seen that rainfalls which,
if occurring in May, or in the autumn after the ground-water has

been replenisbed_ would cause violent floods, have no effect at all upon
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the stream-flow when they occurduring the dry months. This differ-
ence in effect cannot be ascribed to direct evaporation, for in the case
of concentrated rainfall, evaporation has little time to act. It is due
to the drawing down of ground-water_ which leaves a great capacity
for absorption of rain by the earth.

In the analysis of recorded stream-flow following, it will be found
that in extreme cases this stored ground-water will be drawn upon by
stream-flow and evaporation to the extent of the equivalent of nine
inches of rain. In some cases, it will yield to the streams alone a

quantity of water equal to five inches of rainfall. A depletion of
six inches by the end of August is not uncommon. This depletion
must be made good before the fall rains become available to increase

the stream-flow. Consequently, we frequently find the autumn
stream.flow to be very much less than the difference between rainfall
and evaporatiou.

Let us now observe what the effect of this ground-storage is upon
the stream-flow. Take a usual ease of a stream whose normal yield

is 20 inches for 40 inches rainfaU annually, and whose ground-
storage will yield five inches to the stream. If we begin the year
with full ground-water and end it with depleted ground-water, the
yield will be 25 inches for 40 inches rainfall. If we begin
with depleted ground-water, on the contrary, and end with full,
we shall have but 15 inches yield for 40 inches rainfall. In the
first case, we have a yield of 62.5 per cent., and in the second,
but 37.5 per cent. of the rainfall. This stored ground-watsr will
cause streams to continue to flow for weeks and months, even though
rain entirely ceases to fall. Popularly, this is known as spring-
water. It often issues in the form of well-sustained, visible springs,
but a'lurgcr ammmt finds its way out unobserved all along the course
of the stream. Portions of the surface which are permanently below
the level of the surrounding ground-water are continually saturated,
and are known as swamps or marshes. Wells sunk below its perma-
nent level yield continuous supplies of water, popularly supposed to
come from underground streams or "veins."

The actual distance below the surface of the ground to which this
reserve supply of water is drawn during droughts is not everywhere
the same, nor will all portions of a water-shed deliver equal amounts
of water from the ground. A coarse gravel will contain more water
to each foot of depth and will yield that water much more freely
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thancompactearthor rock. When itissaidthata water-shedwill
yieldsomany inchesofwaterfrom ground-storagetheaverageyield
isintended.The accompanyingsketchshows_generally,themanner
inwhicha valleywillyieldup itsground-waterduringa protracted
drought when the material is varied, and the phenomen_ which result
therefrom and with which all are familiar.

The capacityforground-stosagevarieswidelyon differentwater-
sheds.On steep,rockysurfacestherainlargelyrunsoff.The rock,
itistrue,holdsa largeamountof water,butitisheldtenaciously,
and discharged at a low rate. This fact is partially compensated for
by the greater differences of leval on such a water-shed, which cause
greater heads to force out the water. A rocky water-shedj as level as
the sandy basins of southern :New Jersey, which discharge large vol-
umes of ground-water, would probably yield a very trifling amount.
Fanning gives the following data as to porosity of soils :

"Gravel, consisting of small water-worn stones or pebbles, inter-
mixed with grains of sand, has ordinarily 20 to 25 per cent. of
voids ; marl, consisting of limestone grains_ clays and silicious sands,
has from 10 to 20 per cent. of voids; pure clays have innumerable
interstices_ not easily measured, but capable of absorbing, aRer thor-
ough drying, from 8 to 15 per cent. of an equal volume of water.

"Water flows with some degree of freedom through sandstones,
limestones and chalks, according to their textures, and they are
capable of absorbing from 10 to 20 per cent. of their equal volumes
of water.

"The primary and secondary formations, according to geological
classification, as for instance granites, serpentines, trapprans_ gneisecs_
mica slates and argillaceous schists, are classed as impervious rocks_
as are usually the several strata of pure clays that fiave bess sub-
jected to great superincumbent weight.

"The crevices in the impervious rocks, resulting from rupture,
may, h_)wever, gather and lead away, as natural drains_ large volumes
of the water of percolation."

It must be remembered, however, that nearly all water-sheds on
rock formation have a covering of disintegrated rock and drift
gravels and sands, which furnishes a large part of the ground-storage.
A rock valley filled with drift sands and gravels, is admirably
adapted to supply large quantities of ground-water.

From the above percentages, we find that a depletion of 9 inches
of ground*water will draw down the water-table an average distance
of from 35 to 45 inches in gravels_ from 45 to 90 laches in marls,
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about 90 inches in elays_ and from 45 to 90 inches in sandstones,
limestones and chalks.

In this connection, it is worth while to remember that many plants
project their roots to great depths in the earth. Common clover
roots have been followed to a depth of four feet. It follows that
vegetation, which must be supplied with water, will draw its supply
from very considerable depths when no rainfall is awdlable. As we
shall see from our gaugings_ the demands of evaporation and of
plant-life are inexorable. During the growing-months of May, June
and July, these demands are usually eqnal to the rainfall, and often
in excess of it. Stream-flow is, consequently, entirely dependent
upon the ground-water, which is also frequently further drawn upon
by evaporation and plant-absorption. No scientific treatment of the
yield of streams can neglect this important equalizing reservoir of
ground-water.

SURFACE-STORAGE.

Another agent which tends to equalize flow to some extent_ by
carrying over some of the water of the wet season to the early dry
months, thereby shortening the periods of very small flow, is surface-

" storage. Water is held in natural lakes and swamps and fed out
gradually to the stream. Some of the natural lakes in northern
New Jersey vary two feet in height of surface. The Paulinskill
has about three square miles area of such lakes on 175 square miles
of water-shed, and a storage of two feet would add to the stream-flow
the equivalent of about one-half an inch of rainfall on the wa{er-
shed. Artificial storage is much more efficient, as a greater depth of
water can be controlled and the discharge regulated to meet the
demand. Natural storage is an important factor in the flow of some
streams, such as those of our northern counties, however_ and mas_
be taken into account.

SURFACE OR FLOOD-FLOWS.

We have seen that a portion of our rain finds its way over the sur-
face to the stream. How much_ depends on the condition of the
ground-water and the steepness of the slopes. On the Sudbory it is
observed that any rainfall exceeding four inches per month is accom-
panied by surface-flows. There is some limit to the rapidity with
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which wat_c can be absorbed by the earth, even when dry, and,
although the ground-water is low, sometimes rain fails in such enor-
mous volume that disastrous floods are caused.

In the report on Climatology of New Jersey (1888) it is stated
that single storms "rarely exceed four inches in depth, and three
inches is a heavy rain. In the Newark record the number of rains
over three inches in thlrty-sevan years and eight months was thirty-

six. Eight of them occurred in July ; eight in August ; five in Octo-
ber ; three in November; two each in December and May, and one
in each of the other months."

The late kshbel Welch stated,* during a discussion on the flow of

streams, that in August, 1843, "twelve inches of rain felt in about as

many hours in one night" near Round Braok_ but this extremely
heavy rainfall was confined to a very narrow district. He also says
that "the most destructive rainstorms I have seen have been in

August, and next to that, July."
The following severe storms are mentioned in the Climatology of

lgew Jersey :
Paterson, March 19th and 20th, 1881, 5,44 inches in 11 hours;

Parsippany, March, 1875, 7 inches in a single storm.
In the month of August, 1848, 22.48 inches of rain fell at Newark,

a fall without au equal in the records of the vicinity.
In the month of September, 1882, great floods occurred all over

the 8tare. They were caused by a very heavy storm which came
after three months of deficient rainfall By the method employed in

analyzing records of stream-flow, I find that by September 19th the
deficiency of rain amounted to 7 inches on the Raritan water-shed.
From the 20th to the 24th the records at New Brunswick show u
fall of 11.84 inches of rain ; those on the Croton water-shed show-
ing about the same amount. It will be seen that there was a surplus
of at least 4.5 inches after replenishing grannd-water. As will be seen
later, I have estimated that from the 22d to the 25th, during 64
.hours, a total of 3.3 inches on the water-shed flowed over the dam
above New Rrunswick. The total flood-flow of the Passaic from

this storm was practically the same, but it took eight days to deliver
it, instead of 64 hours, owing to peculiarities which we shall discuss
later. On the Sudbury, a smaller water-shed, from 5 to 10 per cent.

* Transactions of the American Society of Civil Engineers, July, 1881.

P
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of _e total monthly rain has to be allowed when such rain exceeds
4 inches.

A striking example of the effect of the manner in which the rain
Falls, whether highly concentrated or evenly distributed through the
months and year, is shown in the years 1889 and 1890. On the
Raritan, in 1889, there occurred six floods high enough to destroy
the fencing on the meadows along the stream. Ia 1890 there waS
but one flood over the river hanks, and that a very light one. Our
records of flow on the Passaic show five floods of from 6,300 to
10,900 cubic feet per second in 1889; in 1890 the discharge did not
once reach 6,000 cubic feet per second, and 5,000 was exceeded only
once. Both were years of heavy rainfall, 1889 having 68 inches
against 51 inches in 1890. The distribution of rainfall in the latter
year was phenomenally even.

A COLLECTION O_ LONG-SERIES STREA_-GAUGINGS.

We must next seek to determine the relations which exist between

rainfal]_ stream-flow and evaporation. In these studies we shall use
the best existing data of measured stream-flow For streams near our
own State, and where the climatic and geologica] conditions are some-
what similar to our own. It is the nature of the country drained by

a stream which determines its peculiarities of flow. It is the amount
of rainfall and of evaporation, the latter to a considerable extent de-
pendent upon climate, which determines the ultimate yield of streams.
Consequently it has not been thought wise to make use of records for
remote water-sheds, even where they are available. It will greatly

simplify these studies if we state the results of gaugiugs in inches of
rainfall, thereby eliminating the differences due to size of water-shed.
When we have reached conclusions, it will be easy to convert our

results into ordinary liquid measures.
These gaugings are in the main reliable. Many startling apparent

discrepancies in rainfall and flow are explained aud verified by close
analysis, so that we would warn our readers not to too hastily reject
what may seem inexplicable, yet there are a few errors discoverable
on close examination, and these we have guarded against in drawing
our conclusions. It is not an easy matter to secure continuous
accurate measurements of stream-flow, and still more difficult to
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obtain values of rainfall correctly represen,Gng the entire water-shed
under consideration.

We base our conclusions as to relation between rainfall, evaporation
and stream yield upon these long-series gangings. The shorter series
which we have ohtained for our New Jersey streams will prove val-
uable for comparison with these, but are too short to depend upon
without such comparison. No series which does not embrace a period
as long as our rainfall cycle of 60 years can be considered entirely
satisfactory, but fortunately some of these embrace years of extremely
light and extremely heavy rainfall, and are in this respect all that
can reasonably be asked for.

Sudbury t_iver Gauglngs.

The Sodbury river is at the extreme eastern end of Massachusetts,
about fifteen miles west of Boston, and is one of the sources of water-

supply for that city. Xn the Transactions of the American Society of
Civil Engineers for July, 1881, we have given the results of gaugings
by Mr. Alphonse Fteley, extending from January let, 1875, to Feb-
ruary 29th, 1880, in a continuous series.

The figures in Table 1_o. 20 are taken from Mr. Frederic P. Stearns'
paper in the Twenty-secood Annual Report of the State Board of
Health of Massachusetts, and include the later records of the Boston
water works. Mr. Fteley says of this water-shed :

"The river, above the point where its waters are diverted, is formed
by two principal affluents ; the larger, draining about two-thlrds of
the gathering-grounds, rises in a hilly district and flows afterwards

through an open valley with extensive swampy areas ; the other flows
through a hilly district, and although draining a territory only one-
half as extensive, it has sometimes, after heavy rains, a volume as
great as the larger stream. The whole water-shed controlled by the

works covers seventy-eight square miles ; a portion of it (from one-sixth to one-elghth) is covered with wdeds, the remainder, with the
exception of areas occupied by several villages, has a genesal agri-
cultural character."

The latitude of the Sudbury is about the same as that of Hudson,
N. Y., and consequently still more northerly than the Croton.

From Mr. Stearns' report, we find that until 1878 the reservoir
water-surface included in the drainage area was 1.02 per cent.; ....
thence until 1886, 2.81 per cent._and afterwards 2.92 per cent. of the
whole. He says :
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"The _ow of water past the lowest dam has been grettly modified
by the use of the artificial reservoirs, bat this does not appear in the
records,becausetheamountflowingpastthedam iscorrecte_]* * _
toeliminatetheeffectof reservoirsand topresentin therecordsthe
naturalflowof thestream,modifiedonlyby suchstorageas isfur
nlshedby ordinarymillpondsand by WhiteHallpond. Itcannot,
however,besaidthattheeffectofthereservoirsiswhollyeliminated,
because the evaporation from the increased water-surfaces is not taken
into account, and the dry-weather flows recorded are consequently
less than they would be if these reservoirs did not exist.

"The water-shed of the Sudbury river contains many hills with
s_ecp slopes, some of whleh are used for pasturage, and others are
covered with a small growth of wood. The valleys, as a rule, are
not steep, and there are extensive aress of swampy land, generally
covered with a growth of brush and trees. The h_lis are, for the
most part, of rather impervious, clayey material, containing bouldere_
while the flat.land is sandy and in some cases gravelly."

With proper corrections and allowances, the Sndhury river repre-
sents conditionsnotunlikesomeofourKittafJnnyvalleyand High-
landstreams,andbeingofaboutthesamesizeasmany ofthem,these
recordswillbevaluabletousinourstudies.

TABLE No. _O.

Rainfall and S_ream-flow on Sudb'ary River.

Area of reater_shed_78 _u_e _les. Inches on _,e w_ter-sbed.

Ig75. 1875-6,

December ....................................................................... _ 0.94: 1.04
January ................................................. 2.42 o.18 I 1.8g 1.15
l_ebruary ................................................ 3.15 2.41 1 4,21 2.28
March ................................................... 3.74 2.86 t 7.43 7,Sl

April .................................................... 3.2_ 526 I 4.20 5.68
May ...................................................... 3._i6 2.12 [ 2.76 2.03
June ..................................................... 6.24 1,5(_ I 2,04 0.38
July ...................................................... 3.57 0.57 I 9.13 {).83

. August ................................................... 5.53 e.71 I 1,72 0.72
September .............................................. 3,43 0,36 _ 4,61 0,32
October ................................................. 4.85 1.15 I 2,24 0.42

-- _ovemher .............................................. 4.88 2,25 I 5,76 1.88
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Rainfall and Stream-flow on Sudbury River--Continued.

1876-7. 1677-8.

• 0

Dacember .............................................. 2,62 ---0.81 0.87 .i _.30
January ................................................. 3.22 1,17 5.63 3,23
)_ebruary ................................................ 0.74 1.53 5.97 3.97
March ................................................... 8.36 8.59 4.69 [ 6.26
April ................................................... 3,44 4.13 5.79 2,81
May ...................................................... 3.70 2,48 0.66 2,49
June ..................................................... 2.43 1.03 3.88 0.87
July .............. . ...................................... 2.95 0.36 2.97 0.23
August ................................................... 3.68 0.22 6.94 0_85
September .............................................. 0.32 0.1O 1.29 0,23
October ................................................. 8.52 1.13 6.42 0_02
November ............................................... 5.80 2.45 7,02 2,92

46.78 0,4.00 52A3 27,13

1878-9. 1879-80.

December ............................................... 6.37 5.67 4.34 0,88
Jammry ................................................ 2.48 1.25 3.57 2,OO
_ebruary ............................................... 8.56 2.76 3.98 2.98
March ................................................... 534 4.16 3.32 2.45
April ..................................................... 4.72 5.38 3.11 2.02
May ...................................................... 1.58 1.99 1.84 0,92
June .................................................. _.. 3.79 0.71 2.14 0.30
July ........................... _.......................... 3.93 0.28 6.27 0.32
August ................................................... 6,51 0.71 4.0i 0.21
September ............................................. 1,88 0.24 1,60 0.14
October ................................................. 0,81 0.13 3.74 0.18
November .............................................. 2.68 0.36 1.79 0.35

12.7o
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R_lnfall and Stream-flow on Budbury _tiver_(_ntinned.

i

I 1889-1. 1881-2.
I-

January ................................................ (}.56 0.74 5.95 2.21
February ................................................ 4.65 2.49 4.55 3,87
March ................................................... 5.73 7.14 2.65 5.08
April ..................................................... 2.00 267 1.82 1,60
May ...................................................... 3.51 1.72 5.07 2.39
June ..................................................... 5.40 2.31 1.66 0.91
July ...................................................... 2.35 0.49 1,77 0.15
August .................................................. J .36 0.26 1.07 0.10
September ............................................. 2 62 0.34 8.74 0.53
October ................................................ 2.06 0,33 2.07 0.53
November .............................................. 4.(}9 0.B8 1.15 0.36

4326 19.48 41.06 18.90

I882-8, 1883-4.

December .............................................. 2.80 0.55 3,56 I 0,35
January ................................................ 2.81 0.60 5.99 } 1.76

February ................................................ 3,67 1.66 6.54 I 4.74
March ................................................... 1.78 2,87 4.72 6.76

,April .................................................... L85 I 2.33 4.41 4,93
May ......................................................
J_Ii¢ ...................................................

4.19 _ 1.67 3.47 I 1.84
2,40 { 0.52 3.45 0,72

July .................................................... 2.08 t 0.21 3.65 0.40
August ................................................... 0,74 [ 0.14 4.66 0,46
September ............................................. 1.62 _ 0.1fi 0.86 0.08
October .......... _.................................... 5.60 ] 0.83 2.48 0.15

bTovember ,.: ......................................... --------1.810.35 2,65 0.80

81.55 11.40 22.48
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Rainfall and Stream-flow on 8udbury River--Continued.

1884-5. 1885-6.

M0_H. _ "J

December ...............................................5.17 1.65 2.72 2.08

January ................................................ 4.71 2.20 6.87 2.61
[February ................................................ 3.87 2.18 6.28 7.73
March ................................................... 1.07 2.81 3.61 3.07

..... 3.61 3.18 2.23 3.36
A prl/ ............................................. :: 3,49 2.38 3.00 1,29
June ..................................................... 2.87 0.74 1.47 0.35

July ...................................................... 1.42 0.11 8._7 0.21
August .................................................. 719 0.43 4.10 0.17
September ............................................. 1.43 0.21 2.91 0,20
October ................................................. 5.10 0.60 3.24 0,26
lqovember .............................................. 610 2.03 4.65 1.16

46.04 18.47 43,85 23.10

I886-7. 1887-8.

]December .............................................. 4.98 1.82 3,88 1.15
January ................................................ 5,20 4.62 4,15 1.88
February ............................................... 438 4.56 3,69 3.26
March ................................................... 4,90 5.]2 6.02 5.76

April .................................... t .............. 4.27 4.52 2.43 4.57
_uay ...................................................... 1.17 1,80 4.83 2.91
June .................................................... 2.65 0.71 2.54 0.73

July ...................................................... 3,76 0,20 1.41 0.21
Angtlst .................................................. 5.28 0.38 6.22 ' 0.68
September .............................................. 1,32 0,19 8.59 ' 1.99
October ................................................. 2.84 0,34 4.99 I 3.57
l_ovember .............................................. 2.87 0,64 7,23 ' 4.76

T s-i- 55-q07-8147-
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l_ainfall and Stream-flow on 8udbury River--Continued,

1_88-9. 1889--90.

December ............................................... 5.40 5.4_ 3.14 4.00
January ,., 5.37 4.96 2,53 2.24

1.56 1.93 3.51 2.45
:March ..... 2.37 2.39 7,74 6.50

_iParl1 3.41 2,43 2.65 3.24
...........  .802"95.131"57 .985"210.982"44

July ..................... 8.94 1.18 2.46 0.19
4.18 2.55 3,87 0.24
4.61 1A2 6.00 0.79
4,26 _.19 10.51 4.05

_ovember .............................................. 6.29 8.35 1.20 2.10

52.24 30.48 50,85 29.28

Oonne_io_ Rir_ Gauylnys.

On the Connecticut, at Hartford, gaugings have been made by the
United States Army Engineer Corps, and the results given here we
have compiled from their reports. The great diflloulty we have found
with this series has been to obtain adequate cotemporaneous rainfall
records. Everything available has been collected, and the rainfall
carefully compiled, and the results given are believed to be the beet
now obtainable, This river corresponds in a general way with the
Delawarej and is the largest stream for which we have reliable records.
If we keep in mind the fact that it Hes on an average two degrees
farther north than the Delaware above Trenton_ and make proper
allowances for this and other differences, it becomes useful in our
studies of the latter river. The headwaters of the Connecticut are

in the White mountain region, and throughout the water-shed is
rugged. We estimate that about 47 per cent. of the whole area is

. improved land. The remainder is fallow or cove:red with timber in

• various stages of growth.
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TABLE No. 21.

Rainfall and Stream-flow on Connecticut River.

Area of water-shed_ 10_234square miles. In inches on the water_sh_].

1871. 1871-2.

December ............. 3.02 1.44
January ........................................ 1.60 "1.23
February ........ 2.45 1.87 2.25 0.79
March ................ 4.04 5.65 2.18 0.94
April 3.21 2.79 1.28 5.51
May ......... 3.60 3.40 4.62 3.43
June ... 3.30 1.00 5.52 2.68
July ...... 3.49 0.70 5.75 1.13
August ................. 5.89 0.81 8.53 2.52
September ............ 1,63 0.85 3.85 2.25
.October., 3,57 1.02 3.24 1.76
November ................. 2.68 1.66 3.85 2.65

33.91 19.75 45.69 26.36

1872-3. 1873-4.

December ............ 2.81
January 5.70
February .............. 4.07
March ....... 3.02
April .., 2.61
Ma_ 5.86
June ...... 3.12
July ......... 2.31
August ... 1.19

0.73September .............
October .............. 0.81
November .............. 0.67

82.90

NEW JERSEY GEOLOGICAL SURVEY



52 GEOLOGICAL SURVEY OF NEW JERSEY.

Rainfall and Stream-flow on Connecticut River--Continued.

1874-5. 1875-6.

j
-- -- 4,--43

December .............................................. ' 1.82 0.76 1.27 1.83
January ................................................. 3.40 0.72 2,64 3.36
February ................................................ 2.95 1,14 2,71
March .................................................. 3.18 2.06 6.02 3.95

April .................................................... 2.54 6.14 2.61 6.76
_lay ..................... . ................................ 3.24 _ 4.69 3.44 6.54
June ...................................................... 4.80 1.50 4.59 1.73

July ...................................................... 3.50 i 0.97 5.34 0.93
August ................................................... 4.84 1.35 0.97 0.70
September ............................................... 3.03 0.74 5.91 0.72
October ................................................. 4.46 1.15 1.25 0.71
:November .............................................. 3.07 1.73 2.76 0.38

40.83 22.95 40.63 30.82

1876-7. 1877-8,

December .............................................. 3.83 1.95

January ................................................ 2.54 1.26
February ................................................ 0.62 2.06
March ............................................... 5.16 5.67
Aprll ................................................... 2.35 5,21
May ..................................................... 1.26 3.59
June .................................................... 4.92 1.51

July ..................................................... 6.01 0.87
August .......... 1.12
September 0.84
October .................................................. i 0.80
November .............................................. 1.81
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Oroto_ River Gauglngs.

The Croton river is well known as the source of supply for the
,city of New York. From careful measurements we find the area of
water-shed above Croton dam to be 358.1 square miles. The country
•embraced in this area is hilly and the rock is mainly gnelesie. It is
overlaid with drift earths and gravel to some extent. The valleys
.are rather flat-bottomed, and the upper portions of the East Branch
are bordered'by narrow swamps. About 30 per cent. is covered with
,_imber or brush, the remalnder being tillable or pasture land. There
.are some forty natural lakes and mill-ponds, aggregating about 1.3
per cent. of the whole area. The artificial Croton lake at the outlet
•raised this to 1.5 per cent.

In 1873 Boyds Corner reservoir was completed, making the total
mater area 1.6 per cent., and in 1878 the Middle Branch reservoir
.came into use, raising the whole water area to 1.8 per cent. The cor-
rection for this storage has not been made in the first record for lack

I

of data. In my analysis later I have corrected where it was neces-
-sary. Oar record ends with 1881. Since that date several storage
reservoirs have been added, and the stream has consequently become
.tess valuable as a guide to natural flow.

The series of gaugings below I have compiled from date published
'by the Department of Public Works of New York City, in the
Commissioner's report on the new aqueduct, in February, 1882. Th_
flow over Croton dam is given from 1865 to 1881, but lacking the
flow through the aqueduct, I have only been able to obtain the total
flow from 1868, or for fourteen years. The method of gauging was
crude, the height being measured once a day at Croton dam. Only a
good approximation was deslred_ however, and it appears to have
4)cen obtained.
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TABLE No. 22.

Rainfall and Plow of Croton Water-shed.

Area of _wter-shed, 383.1 square miles. In inches on the water-shed.

1868. 1869,

MONTH* _ "_

January ................................................. 2.90 1.95 3.79 2.17
_ebmary ................................................ 1.38 0.79 3.64 0.39
[arch ................................................... 2.55 3.83 5.48 4.71

_arlh .................................................... 3.87 4.60 2.11 3.1_-
y ...................................................... 8.79 5.44 4.52 2.75

lane ...................................................... 4.53 3.17 3.50 1.43
July...................................................... 2.13 0.98 2.26 0.54
kugust ................................................... 6.93 1.73 1.92 0.3g
_eptember .............................................. 9.33 4.69 3.20 0.23
)ctober .................................................. 0.87 2.84 9.40 2.39
[ovember .............................................. 4.65 3.80 2.43 1.87

December............................................... 2.35 0.97 5.98 2.95

50,33 34.80 48.36 22.87

1870. 1871.

_anuary ................................................. 4.51 3.76 3.80 0.62
February ............................................... 6.40 3.64 3.81 1.61
March .................................................. 3.80 3.24 4.27 3.3_

5.45 4.00 3.01 1.90"
_{Paril....................................................

y ...................................................... 2.30 1.69 3.45 2.90
June ...................................................... 2.06 0,70 5,73 1,24
July ...................................................... 3.43 0.46 5.07 0.69
August ................................................... 5.10 0.43 5.24 0.68
September.............................................. 2.85 0.32 1.44 0.55
October .................................................. 4.73 0.40 6.18 1.60
_ovember .............................................. 2.51 0.56 4.35 3.00
December ............................................... 1.49 0.59 2.59 2.10

44.63 10.79 48.94 20.75
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Rainfall and I_Io_ of Croton Water-shod--Continued.

1872. 1873.

January ................................................ 1.44 1.88 5.66 3.72
February ................................................ 1.22 [ 1.07 3.09 1.70
March ................................................... 2.59 1.31 3.08 3.29
April ................................................... 3.04 ' 2.97 3,77 6.44
May...................................................... 3.69 1.20 2.91 7.43
June ...................................................... 4.00 1.14 0.71 0.50
July ..................................................... 4.34 0.55 2.21 9.48
August ................................................... 5,99 I 1.24 5,78 9.53
September .............................................. 3.69 1.13 3.73 9.47
October ................................................. 2.15 1.07 5.13 1.09
_ovember .............................................. 4.91 2.48 3.72 1.50
December ............................................... 3.68 1.38 4.13 3.13

40.74 17.42 43.87 30.28

1874. 1875.
I-

Jammry ................................................. 6.96 3.89 2.74 0.57
February ................................................ 2.78 2.58 3.47 2.90
March ................................................... 1.57 2.88 4.99 2.63

_l_arll..................................................... 6.31 3,33 3.04 4.83
y ...................................................... 1.99 2,90 1.08 1.68

June ...................................................... 3.57 0.88 3.02 0.54
July ................................. ; .................... 5.98 0.85 3.10 0.54
August ................................................... 2.75 0.69 10.33 4.41
September .............................................. 3,56 0,51 2.11 0.82

2.40 0,70 3.61

October .................................................. 1.78 0.53

November .............................................. 2.72 0.59 4.61 1.96
Devamber ............................................... 0,85 1.56 1.73

42.3720.65 23.14
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Rainfall and Flow of Croton _Vater-shed--Continued.

1876. 1877.

_ 4..
2oTL42-  4-Vj.. ry ................................................. 076

February ................................................ 4.91 3.28 0.80 I 1.37
March ................................................... 6.83 I 5.75 7.68 I 6.35
_prll ..................................................... 4.43 5.21 2.95 I 2.80
May ...................................................... 3.99 1.89 0.85 ] 0,82
June ...................................................... 2.52 0.62 4.95 0,55
July ...................................................... 8.42 0.52 4.65 0.50
August ................................................... 1.20 0.49 2 54 0.48
September .............................................. 5.21 0.36 1.49 I 0.32
October .................................................. 1.50 0.87 8,38 0.71
1_ovember .............................................. 3A0 0.60 8.15 3,76

December ............................................... 2.35 0.62 1.521._1 8.00
40.68 21.13 46.03 I 22,32

1878. 1879.

January ................................................. 4,49 2.46 2.52 I 1.37
February ................................................ 5.65 _.52 2.%5 2.21
March ................................................... 3.10 8.64 4.96 3,92
April ..................................................... 2.85 1.61 5.10 4,70
May ..................................................... 4.97 1.48 2.45 1,86
June ...................................................... 4.65 1.32 5.29 0,78
July ...................................................... 4.28 0.62 5.95 I 0.62
August ................................................... 2,66 0.62 5,83 [ L04
September .............................................. 6.61 1.69 3.45 I 0.99
October .................................................. 3.78 0.77 0.95 I 0,63
November .............................................. 4_36 1.70 2.49 I 0,75
December ............................................. 8.74 6.49 4.26 1.88

54.14:5.7 46.08 20.75

NEW JERSEY GEOLOGICAL SURVEY



WATEP_-SUPPLY. 57

Rainfall and Flow of Croton Water-shed--Continued.

1880. 1881.

Tanuary ................................................. 4.06 2.62 4.19 0.65
February ................................................ 2.92 2.75 5.28 2.95
_1arch .................................................. 4.51 2.89 6.14 5.42
&prll .................................................... 3.99 1.96 1.67 1.69
_iay ..................................................... 1.17 0.85 3.74 1.26
lune ...................................................... 1.28 0.49 5.27 1.46
[uly .................................................... :. 5.65 0.50 2.45 0.53
_-ugust ................................................... 3.60 0.50 1.71 0.50

_eptember .............................................. 2.69 0.48 0.75 0.49
)etober .................................................. 3.25 0.50 3.65 0.50

:_-ovember ............................................... 2.97 0.49 4.50 "0.50

December ............................................... 2.49 0,51 6.37 J..4988.6214.64

Passaic River Gauglngs.

The next series of gaugings is for one of our own most important
rivers. These gaugings are compiled partially from records fur-
nished this Survey by private parties_ and partially from our own
observations. The gaugings are at points from Little Falls to
Dundee, and have all been carefully reduced_compared and referred
to Dundee dam. Every precaution has been taken to eliminate errors,

and as it stands the record is a most valuable one for our purposes.
We are particularly fortunate to have obtained the data which have
here been utilized. The Passaic above Dundee is in all respectsa fair
average type of our northern New Jersey streams_ although it has
certain peculiarities which we shall point out wllen we take up the
study of the stream in detail. For a full description of the water-
shed we refer the reader to the Topographical Atlas.

............ ):
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_YABLE No. _3.

Rainfall and Stream-flow, Passaic River.

Area of water-shed, 823 square miles. In inches on water-shed.

1877. 1877-8.

I

December ....................................................................... 1.01 ' 2.53
January ................................................. 3,81 .02 5.35 2.67
February ............................................... lAB 2.30 3.82 3.75
:March ................................................... 6.30 6.02 3.35 3.84

3,00 3.06 1.50 1.43
.97 .gS 4.59 1.77

4.37 .03 3.03 1.67
July ........................... 4.87 .44 5.00 .80
August ................................... 6,11 .80 5,99 1,62
September .................... 1,98 ,36 2.46 .52
October ......................... 7.25 2.98 3,17 .49
_ovember ............ 0.93 5.34 3,48 1.75

47.07 23.83 22.84

1878-9. 1879-80.

December .............................................. 6.83 5.64 2.42
January .................................................. 82 2.40 3.55
February ................................................ 1,83 2,72 2.64
:March ................................................... 4.12 4.12 2.55

4.37 2.89 2.09April .....................................................
:May...................................................... 1.04
June ........... 32
July .......................... 42
August ..................... *.50
_ep_ember .............................................. "_.4_
October ...... 22
_qovember .... 74

16.97

*Mi_lng f_om_e_d. The_¢_alu_ f_o_ C_otense1_

r /

J
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Rainfall and Stream-flow, Passaic River--Continued.

1880-1. 1881-2.

_OI_TH, ,_

"_ O '_ O

December ............................................... 2.70 .68 4.59 1,65

January ................................................ 4,08 1,14 5.63 2.20
February ................................................ 4.57 3.59 4.31 6.90
_Iarch ................................................... 5.10 6.77 " 3.23 4.35

_aril ................................................... ] .04 1.68 2.05 1.23
y...................................................... 2.78 .39 5.45 3.04

une ..................................................... 5.42 1.89 3.43 1.90

Iuly ...................................................... 1.85 .39 3.32 .94

_ugust .................................................... 90 .27 2.43 .26
_eptember ............................................. 1.06 .26 10.74 3.86
9ctober ................................................. 3.08 .25 2.06 1.68
November .............................................. 3.12 .57 1.59 .57

35.70 18.38 49.83 28.58

1882-3. 18834.

December .............................................. 1.88 1.14 3.36 .75

January ................................................. 3.75 .91 5.16 2.83
February ................................................ 4.24 3.03 4.54 6.21
March ................................................... 2.03 3.16 4.75 5.01

_payril..................................................... 3.91 2.94 2.43 2.68
...................................................... 2.92 1.67 2.92 1.85

June ..................................................... 4.93 .71 4.45 .64

July ...................................................... 2.90 1.04 5.21 1.38
A.ugust ................................................... 2.18 .38 5.81 .88
September ............................................ 4A3 .35 .61 .32
October .................................................. 5.67 1.09 3.38 .59
November .............................................. 1.35 1.30 3.39 .99

39.90 17,72 48.01 24.08
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Rainfall and _tream-flo_, Passaic River--Continued.

1884-5. 1885-6.

_ONTH, _

December............................................... 5.52 3.36 3.20 3.25
January ................................................ 4.18 4.15 4.83 3,54
_'ebruary ............................................... 4.82 2.24 4.61 5.63
_Iarch .............. : ................................... 1.27 1.96 3.68 2.64
_pril ..................................................... 1.53 3.50 3.41 5,10
_Iay...................................................... 2.55 1.68 6.10 3.38
Iune ..................................................... 1.20 .52 2.73 1.04
July ...................................................... 4.08 .42 3.81 .52
kugust ................................................... 7.26 .78 2.55 A9
_eptember .............................................. 66 .26 1.36 .31
3ctober .................................................. 4.95 .76 2,55 ,33
_ovember .............................................. 5.53 2.73 4.92 ,92

43.55 22.36 43.75 27,20

1886-7. 1387-8.

December ................ 3,57 1.15 5,72 2.32
January ............ 4.45 2.84 5.77 4.61
February ..... 5.10 4.84 4.41 3.90
March 2.$7 3.63 6.63 4.97

Apt,,................ :::::::::::l2532°6 397613
:May ................... ... 1.9_ 1.3.0 6.09 .69
June ............. 6.65 2.04 2.80 .38
July ........................................... 8.82 2.29 1.23 .33
August ...... •........... 4.27 1.35 7.60 1.00
September ..................... 2,01 ,38 8.06 4.19
October .................. 2.14 .66 4.53 2.65
I%vember ..................... 1.75 .59 4,09 3,00

46.09 23,53 61.70 34.90
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Rainfall and Stream-flow, Passaic River--Continued.

1888-9. 1889-90.

_)ecember ............................................... 4,33 4.51 2.14 4.40
Jaauary ................................................ 6.04 5.75 2.69 2.01
February ................................................ 2.41 2.28 4.59 3.24
March ................................................... 3.22 2.19 3.03 3.30
April ..................................................... 6,34 3.41 2.58 2,99
May ...................................................... 2.83 2,85 4,39 2,74
June ..................................................... 3.43 1.65 4,55 1.78
July ...................................................... 14.49 2.31 6.14 1,47
August .................................................. 4.49 4.14 4.96 1.04
_epterabe_ .............................................. I0,06 _9_ 3.73 1.52
October .................................................. 3.06 2.15 5.20 2.49
November .............................................. 10.16 6.29 .75 I 1.37

7o.8_ 42._ 2835

1890-1. 1891-2.

i

_)eeember ............................................... 4.17 I 1.98 4.73 2.64
January ................................................. 7.52 I 5.92 5.38 5.34
February ................................................ 4.55 } 5.41 1.35 1.55

March .................................................... 4.24 ] 5.30 4.19 2.662.49 1.69 1.43April ..................................................... 2.80
May ...................................................... 2.80 ) .94 4.92 1.42

June ..................................................... 1.86 I .44 4.68 1.20
July ...................................................... 5.16 .31 8.27 .52
August ................................................... 5.72 .33 4,39 .53

2.25 .54 2.17 .40
September ............................................. 2.50 .31October .................................................. 72 .25

 o o ,be,...............................................2.66 0.84_1.38
46.08 25.20 4.33 18,72
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l_ainfall and Stream-flow, Passaio Rtver--_ontinu_l.

1897-3. 1893-4.

;_ °
Dooe_b_.._...__ .........._ "514"7-1.18 ?.8_-I _.74January ................................................. 3.87 3.86 ........................
_ebruary ................................................ 6.35 5.65 ............ i............

m_oh...................................................8.4s 6.95 :::::::::::::::::::::::::1_2,11..................................... :.............. 4.59 4.as
xaay ...................................................... 5.15 4.88Ju.e.....................................................3.60 2._ :::::::::::::::::::::::::
July ...................................................... 7,25 _.71 ............ I............
August .................................................. 7,26 1.05 ............ I............
September .............................................. 7.92 0.58 ............ I............
October .................................................. 4.59 ' 1.25
_o_be, ..............................................3.5_' 1_o :::::::::::::::::::::::::

49.13 I 34.61 I ............ i............

Tohlekon Oted_ {_auglngs.

This series is compiled from the records printed in the annual
reports of the Chief Engineer o_ the Philaddphia Water Department
for the years covered. The Tohlckon is a branch of the Delaware,
which it ioins at Point Plcesant, about eight mifes above Lambert,
ville. The water-shed is similar in its topography to the southern
portion of Hunterdon eounty_ in this State. The country rock is
Triassic red shale. About 28 per cent. is timber and waste land, and
72 per cent. cultivated. Elevations range from 400 to 1,000 feet
above tide, and the apper half is a rather level plateau with a general
elevation of 500 feet.
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TABLE No, 94.

Rainfall and Stream-flow, Tohlckon Crook, Pa.

Area of water-shed, 102.2 square miles. In inches on the water-shed.

1885.
l%_Infall, Flow,

October ................................................... 4.80 .34
/November ................................................ 4.67 2.57

1885-6. 1886-7,

•MONTH,

----I ....

December ............................................... 8.06 ] 1.78 3.83 2.38
January ................................................. 4.15 } 4.36 4.24 5.04
February ................................................ 6.01 J 9.19 5A7 5.25

March ................................................... 4.78 4.28 3.07 3.833 42 4.76
¢_ril .................................................... 2.41 1.01
2aay......................................................7.14 ] 3.43 2.59 .93
June .....................................................4.63 _ 1.40 5.77 1.21
July ...................................................... 5.48 .77 8.13 - 1.63
August ................................................... 1.09 .I0 5.29 1.96
September .............................................. 1.80 .03 3.36 .40
October .................................................. 2.59 .05 1.93 .25
_ovember .............................................. 5.16 ( 1.96 L42 .28

Year ................................................ 48.69 [ 32.11 47.51 24.15

December ................... ........................... 1887-8. 1888-9.6.53 I 3.20 4.35 I 3.48
January ................................................. 5.31 } 6.36 4.48 4.88
February ................................................ [ 4.34 5.72 2.37 I 1.52
l_arch ................................................... I 523 6.27 3.67 I 3,86

4.08 } 4.28 4.90 [ 2.88
• ............... 3.03 I .52 1.70

1.69 .15 6.94 2.29

Iuly ..................................................... ; 3.20 .06 2,33 6.41
August ................................................... 8.07 1.77 4,63 3.75
September ......... 8.32 5.49 7.92 3.40
October. 4.06 1.54 4,57 2.83
November 3.66 3.11 8.86 7.97

43.97
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Rainfall and Stream-flow, Tohiekon Creek, Pa.--Oontinued.

1889-90. 1390-1.
I

December ............................................... i 1.99 ].92 2.75 ].51
January .................................................. 2.82 2.06 6.15 6.15
February ................................................ ; 4,72 3.78 4.58 5.68
Maxeh ................................................... ' 6.77 6.37 4.79 5.08

_Paril ..................................................... ' 2.48 1.79 1.97 1.58
y ...................................................... 6.30 3.09 2.83 .28

, 3,38 I .17
June ...................................................... 3.93 .75 7.49 ] ,90July ...................................................... i 5.81 .87
August ................................................... i 5.75 .92 ' 8.90 3,92
September .............................................. I 2.99 i 1.22 ' 1.37 .94
October .................................................. ! 6.20 I 3.54 3.81 i .48
_ocember .............................................. I L07 .69 1.98 I .63

I 12- ....50.83 7.00 !1 50.00 I 27.25

1891-2, 1892-3.

December ............................................... 5.09 4.23 1.84 1.68
5anuary ................................................. 5.49 6.53 .......................
February ................................................ 1.23 1.] 9 .......................
March ................................................... 4.13 4.87 .......................
April ..................................................... 1.95 .84 ......................
May ...................................................... 5.65 2.05 .......................
Jutm ..................................................... 3,19 .70 ......................
uly ...................................................... 4.27 .51 .....................
kugus_................................................... 3.76 .30 .......................
leptembar .............................................. 2.91 .19 ......................
)ctober ................................................... 52 .I0 ......................

November .............................................. 7,15 3.19 ....................

45.24 24.75 .....................
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IVeshaminy Creek Gauglngs.

This record is also from the above-quoted reports of the Chief
Engineer of the Philadelphia Water Department.

_eshaminy creek is a tributary of the Delaware, and the portion
of its water-shed here treated of lies in the vicinity of Doylestown,
Pa. The surface is rolling, ranging from 250 to 700 feet in elevation.

Only 7 per cent. is wooded or fallow, 93 per cent. being improved.
In its general character this water-shed resembles these of our red
sandstone district southwest of the moraine line at Plainfield and

Perth Amboy.

TABLE No. 25.

F10W of the Neshaminy Below Forks, Pa.

Area of water-shed, 139.3 square mile_. In inches on water-shed.

1885,
Rainfall, I_low.

October .................................................. 5.56 .17

_ovember ................................................ 4.50 1.53

1885-6. 1886-7,

December ...................... _ 3 3._0 2.34
January .......................... [ i _1 i 4.64 4.22
February ........ _ I 5.05 3.94
March l 3.57 3.25
April _ ,7 3.18 1.43
May ................. ) 9 2.15 .71
June ................ r 1 7.27 1.67
July ........................................ ) [ 8.15 1.96
August ............................ ) 4 3.84 .81
September ........ [ 5 4.06 A1
October ,. 6 1.90 .36
November ........ 5 1.63 ,23

Year ..... 7 48.74 21.36

5
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Flow of the Neshaminy Below Forks, Pa_--Continued.

1387-8. 1388-9.

MONTI_.

December .............................................. 3.10
January ............ 2.92
February .90
March ............... 2.90

_Payl 2.67,,,,,,,....,,,.,,...,.,,,,,..°,.,..,....,.,..,,,.,,.., 1.49

June .................... 1.16
July ...................................................... 5.47
Augtzst ................................................... 3.37
September .... 3.51
October.................... 2.55
November........ 6.31

Year ..... 35.81

1889-90, 1890-1,

December ............................................... 1,88 1.88 2.80 1.37
January ................................................ 2,08 1.60 6.28 5,73
February .............................................. 4,28 3.00 4,61 4.47
March ................................................... 5,36 I 5.09 4,91 4.32
April ................................................. 2.46 I 1.77 1.99 1.48
May ................................................... ::: 5,20 1.51 2.92 .32
June ........ :............................................ 4.51 .99 3,46 .24
July ...................................................... 4,47 I .63 5,71 .34
August ................................................... 5,30 { .53 6,73 1.95
Septmnber ............................................. 3,00 I .39 2.54 1,27
October .................................................. 6.13 2.16 3.66 ,55
November ............................................... 1.06 .78 1.88 .56

Year ................................................ 45.78--1-'_" 47.46 2z65

m
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Flow of the Neshaminy Below Forks, Pa.--Oonti_ued.

1891-2. 1892-3.

MONTH. _-:

'December ............................................... 9 3.02 1.69 1.15
January ................................................. 9 5 14 ........................

",'February ................................................ 6 .97 ........................
March ................................................... 3 S 56 ........................

April. ................................................... 4 1.03 ........................
May ..................................................... 3 1.28 ........................
June .................................................... 8 ,57 ........................

July ..................................................... 3 .53 ........................
August ................................................... S.37 1 .20 ........................
September .............................................. 2.59 I .10 ........................

,October .................................................. 40 .04 ........................

..............................................7.1 1.70Year ............................................... _--_-- ' 18,20--

_erklomen Creek Gauglngs.

These are also from the above- quoted report8 of the Chief Engineer
_of the Philadelphia Water Department. This water-shed lies be-
,tween Quakertown and Pottstown, Pa., and adjoining the two pre-
vious water-sheds on its northeast border. Elevations range from
200 to about 1,100 feet. The northwestern headwaters are in a quite
hilly entreaty. The remainder is rolling and similar to the water-
shed of the bleshaminy. Woods cover 25 per cent. of the water-
_shed. The remainder is under cultivation.
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TABLE No. 26.

Rainfall and Stream-flow, Perkiomen Creek, Pa,

Area of wa_er-s]led, 152,0 square miles. In inches on water-shed.

1885.
Rainfall. Ylow.

October ................................................. 4.74 .43

November ............................................... 3.88 1.79

1885-6. 1886-7.

_IONTH. *

December .............................................. _ -_ 3.7, 1.43
January ................................................ 421 3.03 4.5_ 4.00
February ............................................... 5.08 5.64 5.6! 4.23
,March ................................................. 3.96 258 8.0( 3.03
April ................................................... 3.00 3.42 2.8! 1.25
May ..................................................... 6.59 2.84 1.85 .72
June ..................................................... 5.26 1.89 5.87 .76
Ju y ................................. 5,06 1.11 8.63 2.07
August ................................................... 1.44 .35 2.76 1.43
September .............................................. 1.37 23 3,64 .62
October ................................................. 2.36 :26 1.44 .43
_'ovember ............................................. 5.28 1,53 1.61 .40

45.5920.37

1887-8. 1888-9.

December ............................................... 6.65 2.13 4.37 2.89
January ................................................. 5.01 3.66 3.86 3.27
February ............................................. 4.08 4.41 1,99 L47"
March ................................................... 5.15 5.10 3.17 3,01
April .................................................... 3.43 3.45 5.05 2.07
May ...................................................... 3.16 .92 4.55 1.58'
June ..................................................... 1.62 ,39 7.16 2,65
July ...................................................... 2.77 .25 12.23 4.89
Aagust .................................................. 8.62 1.53 4.00 2.48
September .............................................. 7,36 3.68 7.00 2.80
October ................................................. 3.41 1.26 4.78 2,34
NQvember ................ : ............................. 3.42 2.46 8.67 6.67

 612
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Rainfall and Stream-flow, Perkiomen Croek, Pa.--Continued.

1869-90. 1890-1.

_IONTH,

December ............................................. 2.71 1.14
January ...................... 6,30 5.29

"February ..................... 3.84 4.18
March 6.07 4.29
April 1.98 1.80
May ................... 1.99 .66

.June. 3.01 .36
July ...................................................... 7.73 .85
August,_,................................................... 7.57 2.04
September ................... 2.63 1.53

•October ........ 3.52 .56
November ............ 1.99 .60

[ 49.33 49.34 23.30

1891-2. 1692-3.

December .............................................. 4.73 ! 2.89 llii_ llii_
January ................................................. 5.57 4.79
_Vehruary................................................ 1.55 1.17 ::: :::: :::
March .................................................. 5.00 ! 4.05 ........................
April .................................................... 1.78 1.16 .........................

:May .......................... 5.33 J 1.83 ...... ,............
June ................................................... 3.18 .89 ............ ,............

July ..................................................... 5.19 I ,73 ............ j............
August ................................................... 270 .76

_September .............................................. 2.21 ,33 .................

.Oetobor...................................................48 , .21 ::::::::::I:::::_ovember ............................................. 6.64 2.11

4-_o4-'2o62 _71 ............
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.Polomav River Gauginga.

The Potomac record we have taken from a paper by Cyrus Cr
Babb, in the Transactions of the American 8celery of Civil Engineers.
The observations were made for the United States Geological Survey
at Great Falls, Md. The following description is from Prof. Gee.
F. Swaln's report, in Volume 16, Tenth Census of the United Ststesr
"Water-Power :"

"The two branches which form the river rise in the Alleghenies r
the north branch near the western corner of the State of Maryland,.
and the south branch in Virginia and West Virginia, near the
sources of Cowpasture and Jackson's rivers (the headwaters of the
James), whence it flows nearly north. These branches, with their
affluents, and the tributaries of the main stream as far down as the
Shenandoah, drain a series of narrow and generally fertile valleys.
lying between the parallel ranges which make up the system of thee
Alleghenies in this region. Their falls are, as a rule, not very large,.
their declivities uniform, and their beds gravel and sand. Their"
chief peculiarity lies in the fluctuations to which their flow is liable.
The rain falling on the mountains is shed rapidly into the water-
courses by the steep side slopes leading to the narrow valleys belowr
and there being few lowlands _ overflow, and so to store the freshet-
water, and no lakes whatever m the region, these streams, and with-
them the Potomac river, are subject to very sudden and heavy
freshets, while in dry seasons their discharge becomes very small.
* * * From the junction of its two branches, the Potomac cuts-
throngh the mountains nearly at right angles. Its valley in this part
of its course is narrow, its fall at places quite rapid, the bed generally
gravel,bowldersandsand,withrookatsmalldepthandoftenatthe
surface,and thebanksgenerallyhigh and sometimesprecipitousr
withnotmany lowgroundssubjecttooverflow."
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TABLE No. 9.7.

Rainfall and Stream-flow, Potomac River.

Area of water-shed, 11,043 square miles. In inches on the water-shed.

1885-6. 1336-7.

)f0NTH, _ "_

December ...................................................................... 2,60 1,14
January .............................................. 4.40 1.43 2.38 1.27
February ................................................ 3.52 2.20 3.88 2.28
March ................................................... 4.59 .58 2.86 2.84
April .................................................... 3.81 4.46 3.56 1.42
May .................................................... 8,61 2.52 3.51 2.62
_une ..................................................... 6.34 .30 4.44 1.43
lulv ..................................................... 6.81 .55 5.04 .64
_ugust ................................................... 2.58 .8_ 217 .37
leptember ............................................. 2.21 .34 3.58 ,37
)etober ................................................. 1.60 .35 1,21 .35

November .............................................. 4,03 .80 1.17 .33

Year ............................................... 48.50 14.16 36.40 15.06

1867-8. 1888-9.

December .......... 1.43
January ............. 3.26
February .... 1.77
March .................................................. 395
April ........................................... 3.61
May 1.98
June .. 4 65
July ...................................................... 1.00
August ........... 1.71
September ........... 257
October. 3.08
_ovember .......... 6.58

Year ............................... 35.59
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Rainfall and Stream-flow, Potomac River--Continued.

1889-90. 1890-1.

_IONTH,

December ............................ .88
January 4.25
February ................................................ ! 7.54
March .............................. 6.28
April 7.28
May ........ .65
June ........................... 2.23
July ...................... 1.22
August ......... .74

.61September ..............................................
October ................................ .41
l"_ovember .................... .46

Year ............................................... I-- 32.44

1891-2.
Rainfall, Flow.

December ................................................ 2.77 1.01

I have not deemed it necessary to add to this collection. It
embraces, so far as I have learned, the best material obtainable for
the eastern United States, and is sumciently comprehensive for our
purposes.

ANALYSIS OF GAUGINGS.

Our first step must be to trace the re]atlonship between annual
rainfall_ stream-flow and evaporation. Throughout this analysis it
will be impossible and useless to attempt to carry the reader through
all the detail of the processes by which our results are reached, and we
only aim to give so much of it as will enable him to follow in outline
our method. First correcting the observed yearly rainfall and flow
to allow for rain carried over to the following year_ and for water
drawn from ground-storage when we find such correction to be neces-
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sary, and then grouping the years in classes corresponding closely in

the amount of rainfall, and taking the averages for each such group,
we obtain the results shown in Table No. 28.

TABLE No. 28.

Yearly Rainfall, Flow and EvaDoration from (_augings.

SUD]IURY WATER-_HE]) 1 _EAI_ L,$.TITUDEI 42 ° 15/.

Rainfall Stream-flow. Evaporation.
31.55 11.40 20.15

39.40 18.08 2L32

43.97 22.31 21.66

46.39 23.54 22.85

50.85 27.23 23.62

52.33 28.80 23.53

55.98 31.97 24.01

CONNECTICUT WATER-SHRD_ MEAN LATITUDR_ 4_° S0 f.

Rainfall. Stream-flow. Evaporation,

43.84 27.33 16.51

CROTON _VATEI_-S]_ED_MEAIq LATITUDE_ 41 ° 20 ¢.

Rainfall. Stream-flow. Evaporation.

40.07 18.67 21.40

44.42 22.29 22.13

47.06 23.29 23.77

50.05 27.33 22.72

PASSAIG _VATER-SHEDj _EAN LAT]TUDE_ 41 ° 0_/,

Rainfall. Stream.flow. Evaporation.

38.52 17.55 20.97

43.49 23.11 20.38

46.30 2411 22.19

01.70 36.90 24.60

70.88 45.23 25.65

TOHTCKON WATER-STIF.D1 I_fEANL_TKTUI)E,40 ° 25/.

Rainfall. Stream-flow. Evaporation.

46.38 24.45 21.93

50.42 27.13 23.29

70.38 43.97 26.41
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_HAM/N'I" A_D _]_RKIOS_E_ _,'ATER-S/tE_{_ 1 _[_AN L/kTITUD]_ 40 ° _0/.

Rainfall. Stream-_ow, Evaporation.

44.91 19.95 24.96

45.69 20.35 25.34

49.14 23.52 25.62

60.09 32.35 27.74

_0TOM_kC _VATER-SL[ED t _IEA_ LATITUDE, 39 ° 50',

Rainfall. Stream-flow. Evaporation.

45.43 20.70 24.73

The Connecticut gauglngs are very unsatisfactory. 1 have merely
given above an average for the year, embodying the entire series.
When we come to separate them into six-monch periods we shall see
chat most of the irregularity is in the winter flow. Consequently
we shall postpone further consideration of the Connecticut, The
Potomac series also is best treated by periods. Above I have taken
the means for four years, rejecting two years for the present as ques-
tionable. There is a strong probability that either the rainfall or
flow observations are in both" cases somewhat faulty. Let us first

study the Sndbury, Croton and Passaic gaugings.

TABLE No. 20.

Eva!_oratton for Given Annual Precipitation on Sudbury,
Croton and Passaio.

AIIIIU_I EVAPO]gATION.

pI_cipitation. ' Sudbury. Croton. Pa_aic,

31,55 20,15 ..............

38.52 .............. 20.97

39.40 21.32 ..............

40.07 ....... 2i,40 .......

43.49 .............. 20.38

43,97 21.66 ..............

44.42 ....... 22,13 .......

48.30 ....... ....... 22.19
46.39 22,_5 ..............

47.06 ....... 23.77 .......

50,95 ....... 22.72 .......

50.85 23.62 ..............

52.33 23.53 ..............

55.98 24.01 ..............
61.70 .............. 24.30

70.38 ............. 25,65
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The rssemblance here is striking_ and holds good for the closest
analysis. The series are long and the character of the streams well
known. As they all obey one ]aw_and so closely resemble each
other, we shall combine them in one formnla, which we shall use for
astartingpointfromwhichtoworkoattootherstreamswhichshow

somewhatdifferentresults.Chartingtheabovevaluesandadopting
a linewhichrepresentsa safeaverageof all,we obtainthefollowing
formulato expresstherelationbetweenannualprecipitationand
annual evaporationon thesestreams:

_ 15.50 + .16 R

In thisand subsequentformu]_.Eequalsannualevaporation,
equalsannualrainfallandE equalsannualflow_thelatterbeingequal
toR minusE.

A carefulstudyof theannualprecipitationand flowoftheother
streams,togetherwitha number of thestreamsin theMississippi
basin,haspracticallydemonstratedthatthedifferenceinamountdis-
chargedforgivenrainfallsisduealmostentirelytoincreaseor de-
creaseofevaporationowingtoincreasedordecreasedannualtempera-
ture.The capacityofatmosphericairto absorbmoistureisabout
doubledforeachtwentydegreesof increasein temperature.Itis
thereforesafetoassumethatthepowerof theatmospheretodraw
moisturefromtheearth'ssurfaceisincreasedinlikeproportion,since
statisticsof evaporationfromwatersurface,beingmuch inexcesso?
evaporationfrom earth,showc]carlythattheevaporationfromland
surfaceisneverequaltothedemandoftheatmosphereformoisture.
We willthereforeallowforotherwater-shedsanincreaseordeorease

of 5 percent.fromthevaluesgivenby theaboveformulaforevap-
orationon the8udhury,Crotonand Passaic,foreachdegreeofin-
creaseor decreaseof mean annualtemperaturefrom thatof these
threewatsr-sheds,and comparetheresultingevaporationwithwhat.
hasbeenactuallyshownastheresultofgangings.
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TABLE No, 30.

Computed and Observed Annual Evaporation.

:'Sudbury.Crotolland Passaic. 22.80
v ..Neshammyand Perklomen .................... 25.96

Mississippi............................................. 22.4/
Upper Mississippi................................... 18.48
_lissouri................................................... 16.46
Red ........................................................ 29.76

-Ohio ....................................................... 30.17
St. Croix.................................................. 18.90

The gaugings in the Mississippi basin are taken from the table
compiled by James L. Greenleaf, C.E., and published in "Vol. XVII.,

Part II., of the Tenth Census. They are from good sources, but not

entirely accurate.
So far as we can tell from the data in hand, the formula which we

have deduced from the gaugings of the Croton, Sudbury and Passaic

holds good, therefore_ allowing for temperature as above, for such
extreme cases as 60 degrees mean annual temperature, or below 20

inches of mean annual precipitation. We have now introduced the

element of mean annual temperature in order to make our formula

applicable to all streams. Calling this T_ a general formula for all
streams would be as follows :

_= (15.50 _ .16 R) (1 -}- (T-- 49.7) .05)

or E= (15.50 -t- .16 R) (.05 T-- 1.48)

This, however_ is merely a suggestion. Our purpose is to deduce
laws which hold for our own State only. The above more extended

examination_ however_ will serve to give confidenee_ inasmuch as it

shows temperature and its consequent greater or less evaporation to
be the controlling cause of divergence in the yield of different water-

sheds from a given rainfall.
- While we could no doubt obtain more accurate results by incor-

porating the element of temperature in our formu]m of monthly flow_

"we prefer to avoid the complication which would result in actual
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application, inasmuch as we do not believe it is necessary or desirable
to introduce so much refinement. Applying the above general,

formula, but carrying the results only to the nearest tenth s we obtain.

the following values of/_ for the water-sheds under examination.

TABLE No. 81.

Formul_ for Deduoing Annual Evaporation from
AIInIIgA _s, in f_lL

SudburylCroton,Passalc,l_feanAnnual Temperature,49.7°_E= ]5.504-.16J_

Connecticut, Mean Annual Temperature, 47 °, E_ .9 (15.50 _- .16 R)

Tohickon, N esharalny, Perkiomen, Mean Annual Temp, 51.7 °, E= 1.1 (15.50 -_-.16 R) -

Potomac, Mean Annual Temperature, 52 °, E_ 1.1 (15.50-_-.I6 R)

In none of these cases is the mean annual temperature so closely

determined as to warrant greater accuracy than the nearest tenth.

We think we have shown sufficiently well, however, that variation.

in temperature is the real cause of the variation of yield of the vari-

ous streams above given, and a much more potent factor than forests,
topography, or the other causes usually assigned to account for such

variation. The facts of greater absorptive capacity of air when

heated, of greater humidity of the atmosphere of southern localities,_

and the smaller relative yield of southern streams are all matters of
general scientific observation.

Inasmuch as our term evaporation is comprehensive, including

direct evaporation and the water absorbed and transpired by plant

growth, the water available to produce stream-flow will be the differ-

enee between rainfall and evaporation, or F= R -- .E.

We have determined the relation between yearly rain, evaporation
and flow. We have next to determine their distribution through the

year. To this end we will first divide the year into two periods and,
observe the rela$ion between rain, evaporation and flow for each.
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TABLE No, 32.

Summer and Winter Rainfall, Flow and EvaporaUon.

SUDBURY WATER-SHElL

DECE_d]]ER TO )fAY. JUNE TO I_OV_J_MBER,

16.45 11.26 5.19 14.75 1.71 13.04
21.15 16.09 5.05 17.40 2.35 15.05
24.17 19.21 4.96 19.22 2.63 16.59
26.03 20.78 5.25 24.44 4.49 19.95

...................................................... 27.68 6.99 20.69
................................................... 31.03 11.85 19.18

CROTOI_ WATER'SI_ED,

14.57 11.13 3.44 17.25 2.54 I 14.71
16.90 13,33 3.57 20.67 3.58 I 17.29
19,09 13.84 5.25 22.28 5.06 I 17.22
21.49 16.64 4.86 25,54 7.I5 [ 18.39

22.80 18.80 420II 28.01 [ 19026.74 21.26 5.48 ........................................ : .....

PASSAIC WATER-S]_ED.

18.79 14.33 4.46 15.88 3.62 12.26
20.56 15.65 4.91 20,20 3.53 10.67
21.69 16.75 4.94 22.83 5.16 17.67
25.29 20.25 5.04 23,98 6.34 17.64
28.30 22.52 5.78 25,64 8.26 17.38

....................................................... 30,29 10.96 19.33

...................................................... 45,69 20.44 25.25

TOH1CKON WATER-SHED*

22.70 I 18.25 4,45 20,87 4.65 16.22

26.'182 .2,._,_... 8.95 26,19 6,76 19.41....................................... 29,00 12.12 16.88
..................................................... 45,25, 26,15 19,10

NES_A_INY AND PERKIOBIEI_ WATER-SHEDS.

21.60 15.]4 6.46 20.53 4.03 16.50
22.69 15.03 7.66 24,27 593 18.34
23.57 16.84 5.73 26.48 7.00 19.48
24.67 18.23 6.44 44.22 22.10 22.12
26.64 20.52 6.14 ......................................................
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Summer and Winter Rainfall, Flow and Evaporation--Continued.

POTOMAC YeATER-SH_D,

DECEMBER TO MAY. JUNE TO NOVEbfBER.

• o _ =- _
h..

18.70 1106 7.64 19.56 4.58 14.98
24.00 13.60 I0.40 21.51 5.67 15.84

....................................................... 22.62 7.54 15.08

CONNECTICUT WATER-SHED.

]5.38 13.04 2.34 20.42 5.86 14.56
16.80 14.61 2,19 21.18 7.89 13.29
19.59 17.74 ] .85 24.00 7.66 16.34

..................................................... 26.95 8.21 18.74

...................................................... 30.74 12.99 17.75

We find the resemblance between the Sudbury, Croton and Passaic
holds good for these periods also. Following up this analysis in
detail and platting the results, we find the year is best divided into
two periods of six months each, of which one extends from December
to May, showing small evaporation, which varies but little with the

rainfall, and the other begins with June, extending through Novem-
ber, and showing large evaporation and a rapid increase, with increased

rainfall. Platting and adopting a line to represent a rather high
mean for these periods, we obtain the following formuhe for the 8ud-
bury, Oroton and Passaic :

December to May, .E= 4.20 + .12 R
Jun_ to November, E_- 11,30 + .20 R

In order to apportion this correctly between the months, I have,
for the winter months, taken the distribution indicated in Table 17,
since the conditions closely resemble evaporation from water surface.
For the summer months, I find the best distribution to be an average
between that for long and that for short grass in Table 14. Tested
by the results shown by the gaugings themselves after frequent trials,
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I have found that with slight moditleation near the ends of the
periods the distribution through the months thus obtained is accurate
within the limits of our data.

TABLE _o. 33.

Formu]m for Computing Monthly Evaporation from Monthly
_t ainfall.

SU_B_URY_ 0ROTON AND PA_,rC WA_TER-Si"[ED_.

c_ Monthly Evaporation; r _ ),[onthly Rainfall.

December ............................. e_ .42-FA0 r

January ............................... e_ .27 "F .10 r

February .............................. e_ .55 "F .ll) r
March ................................. e_ .4S-_.10 r

April ................................... e_ .87 -F.10 r

May .................................... c _ 1.87 -4- .20 r

June .................................... e_- 2,50-4-.25 r

July .................................... e_ 3.00-f-.30r

August ................................. _ 2.62 +,25 r

September ............................ e_ 1,63+.201.

October. ............................... e_-_ .$8 +._2 r

November ............................. e_ ,66-{- .10 r

Year .................................. E_ 15.50 _- .16

It would be most reasonable to adapt these formulae for other
etreams_by applying to each season a correction of five per cent. for
each degree of difference of mean seasonal temperature above or
below that for the same season on the above streams. Our tempera-
ture records, however, are not so complete or accurate as to make this
advisable. We shall_ for the limits of this inquiry, at least, obtain
as good results if we assume the difference iu mean annual tempera-
tare to be uniform throughout the seasons. To obtain the monthly

evaporation for other streams, then, we apply to the results obtained
from the above formuhe the fo]lowlng multipliers which we have
already used: Connecticut, 0.8; Tohickon, Neshaminy, Perkiomen,
1.1 ; Potomae_ 1.1_or in geueral_ ,05 T-- 1.48_ in which _ equals mean
annual temperature. These formuhe are very readily applied so as
to obtain the evaporation for any given rainfall in any month of

the year.
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Effect of Grouud-Storags.

If we compute the evaporation as above for any of the drier years
in our collection of gaugings, we shall find many months, and some-
times several in succession, in which evaporation equals or exceeds
the rainfall. Let us, for example, take the Sudbury in 1882 and

1883. We have two dry periods giving the following results :

TABLE No. 34.

Supply to and Draught from Sudbury Water-shed During
Dry Periods.

MONTH. _i

1882.
June .. 3.82
July ........................... 7.40
August ....................................... 10.54
September .................................. 14.45
October ..................................... 16.11
l'qovember ................................... 17.08
December .................................. 18.89

1883.

April ........................................ 3.38
May .......................................... 7.76
Jane ......................................... ]1.88
July ......................................... 15.39
August ....................................... 28.33
September .................................. 20.42
October ..................................... 22.30

y
_qovember .................................. 23.49
December ................................... 26.08
January ..................................... 29.02

The first and the third columns of figures above are from observa-
tion. The second shows evaporation computed by our formulae, the

fourth shows the-total rainfall from the beginning of the period, ..........
which is the supplflof water to the water-shed, while the fifth shows _" :

combined. In th_ifirst period, it will be noted that the total draught
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exceeds the total supply throughout until December. By the end of
August the excess has reached a maximum of 5.44 inches, and stream-
flow has sunk to a minimum of .10 of an inch upon the water-shed.
As the total supply approaches the total draught_ in the last two col-
umns, the flow increases. In the second period, August and Septem-
ber show a draught in excess of the supply over seven inches, and the
stream-flow is again at a minimum. By January, the supply equals
the total draught, and stream-flow has again reached about the
amount with which we started, something over two inches. Whence
has this excess of 5.44 inches in the first and 7.03 inches in the

second case been drawn ? Evidently, there is but one source_ the
stored ground-water. We have in the table itself the proof that
there was great depletion of storage, for in September, 1882, rain
amounting to 8.74 inches fell, and yet only .53 of an inch flowed
off in the stream. Mr. Fitzgerald's table shows that not over 4.2
inches of this would have evaporated, even from a water surface.
What became of the remainder? Evidently, it went tn make up
the amount which had been drawn from the ground. At the end of
the first period, in December, the stream.flow should have been about
two inches per month, hut it was then winter. A part of the pre-
cipitation was held suspended in a frozen state, consequently the
stream did not fully recover its normal flow for full ground-water.
The end of the second period shows more clearly the rise of the
stream to its normal flow, as the ground-water is replenished by
rainfall, although here, also, the excess of supply over draught
in December was probably in the form of snow or ice. The flow
of the stream during such periods as these is almost entirely
drawn from ground-storage and, like the flow from a eonstant
outlet in any reservoir, it decreases as the water lowers in the
reservoir, owing to a decrease of the head which forces it out,
this decrease being first at a rapid rate, the rate diminishing as
the reservoir approaches depletion. We learn, therefore, that when
supply and draught are equal and ground-water is full, the/tow of a
stream will be the difference between rainfall and evaporation. We
may warn the reader right here, however, that in freezing weather a
portion of this theoretical flow may be held back as snow or ice, and

oarried over to incres_ the flow of later months when it melts, i

,o ls_ as to not fully affect the stream until the first of the subsequent
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•_aonth. There is no way to provide for these accidental variations in
our formulae, nor do they practically affect the value of the formulae
although due allowance should be made for them when we come to
_eompara theoretical, computed flow with flow actually observed
During months like those in the above table, however, in which flow
is from ground.storage, it is necessary for us to determine for each
stream the rate of monthly flow for given stages of depletion of
ground-water, before we van compute the dry-season flow of such a
,stream. This is readily done from the gaugings by an analysis
similar to the last table. Thus for August, 1882, the depletion at
the end of July*was 3.97 and at the end of August 5.44 inches, the
average being 4.70 inches, and the corresponding stream-flow is
.10 inch on the water-shed for the month. Analyzing any set of

gaugings in this manner and platting the results, we can construct a
curve of ground-water flow, llke tho_e produced herewith.

In all these analyses the flow for full ground-water seems to range
.close to two inches per month, and I have assumed this in every case.
The resemblance between the Sadbury, Croton and Passaic is marked
for high ground-water, but for lower stages the Passaic shows the
best.sustained flow, the Croton coming next. In every case the flow

approaches a constant as the surface of the ground-water approaches
the slope, at which the pressure toward the point of delivery is nearly
equaled by the friction of the material through which the water
_flows. In similar soils_ or those of about the same density, the de-

livery of ground-water is more rapid as the range of elevation of the
surface of the water.shed increases, _. e.where there is the boldest reliefo
Given the same relief, the delivery is greater for material presenting
the most voids; clay, loam_ sand anti gravel ranging in the order
named.

_tow TO CO_CT_ _LOW.

Applying the above facts, we may compute the flow of a stream
by months for any given year of which we have the rainfall recorded
by months. First we eater the observed rainfall as in Table No. 35_
and beginning with December for reasons already considered. In
the next column we eater the total rainfall from the beginning of the
year to the end of the given month. Next having She mean annual
temperature, T, we determine 1 + (T-- 49.7 °) .05, the factor by
-which evaporation as found for each month by the formuhe of Table

NEW JERSEY GEOLOGICAL SURVEY



84 GEOLOGICAL SURVEY OF NEW JERSEY.

No. 33 is to be multiplied in order to give the true evaporation for"
the stream in question. Computing this evaporation for each month.

we enter it in the third column of figures_ the total from the begin-
ning being entered in column four.

Beginning with December_ we may now take the monthly flow as.
equal _o the difference between rainfall and ov_poeation until such,
difference becomes less than the ground-flow due to full ground-
water, or about two inches. When the difference falls much below

tMs point_ our ground-flow diagram is brought into requisition.
This we must have prepared with the aid of gaagings, or, lacking
these, we must adopt the diagram of some similar water-shed. We
have entered our monthly flow in the fifth and its total in the sixth.

column. So long as the total rainfall in the second column equals,
the total evaporation plus the total flow, the ground-water remains.
full at the end of the month. So soon as the surplus of rain over
evaporation is less than the amount which the ground of the water-
shed will deliver into the stream, a deficiency will occur, ground-
water will lower, "wet-weather springs" will begin to dry up. We
must now seek a monthly flow which will be such as to correspond t_
the average condition of the ground-water during the month. Call-
ing the depletion at end of previous month, shown in column
seven, all, and that for the month under consideration, d2, we have
d2_dl+S+f--r, The average depletion for the month, or

d -- dl + d-2"= dl + e-2 r + f' or m°re c°nveniently d = f + dl-2

r --e Here all are known quantities excepting J. In our example"2 "

April is the month under eonslderation_ d1 _ o: r _ 1.82 and e _:

1.05. _ubstltuting_ we have d _ _f--.38 for the condition to be2

sat[ailed. An inspection of the ground-flow diagram of the 8udbury
shows that forf_- 1,44, d =- .34, which satisfi_ the above conditions.
With a little practice, one or two mental trials will fix the value of"
.itwith slight effort. The diagrams present advantages over a ground-
flow formula with varying constants and co-effieisuts for different-
streams, being more readily compared and insuring greater accuracy.
It should be noted that lean in no case be less than r--e--dl, for"
the rain of a month goes partly into the ground to replace depletion
at the beginning of the month, partly to evaporation and the balance-
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,must flow off in the stream, although it may beheld back in the form
_ofsnow or ice to flow offin a later month.

The examples here given are intended also to indicate how the

,computed and observecl flow_ of streams compare,

TABLE No. 35.

Computed and Observed Flow, Sudbury River.

MONTH. H III

1881-2.
December .......... 3.96 2,79

.Jauuary ............. _.95 5.00
'February ............ 1.55 8.87
March ............... _).65 13.93
April ................ 1.82 15.43
May.................. _.07 17.73

,June .................. 1.66[ 18.64
July .................. [.77 18.79
August .............. 1.67 18.89

:September .......... 3,74 lI_.42
October .............. 2.07 19.95

November .......... i.151 20.31
H

1882-3.
December ........... 2.30 20.87

.January ............. 28 21.47
February ............ 3.87] full. I 22.13
March ............... 1.78 I, full. I 26.09
April 1.851 53.67] 1.051 28.33

I 30.00M_..................J _:_l_TSO_:_1 388 808__Juue .................. I 60.26
July .................. J 2.681 62.941 3.801 3_23( 30.7_
Augl_st............... I 0.74]

_o_o_b_r..........J_ _:_°_111_:_1 0oo_°_'8l.o8_987October .............. 5.601 70.80 .84 ]/ 2.22! 31.36,November .......... 1.81 72.61n 1.63i 31.7]_
*_orrected fordeficiencyof 1.41frownprevious year,
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Summary by" Seasons, Sudbury River.

1881-2. 1882-3.

Winter......: ................... 6 12.05 8.87 _.9_ 5.58 2.82

Spring ......................... b _4 4.87 8.86 7.82 3,88 6.87

December to May . 2 _ -_6.9_ _7.7_ 16.80 9.46 9.69

5,82 Z09 .87

Aut,, ............::"::::::::11 5 221111.42 8.98 _'79 .84
June to November.,. i i _6 8.38 I 2.58 14.75 1.88 1.71

I
Year ..................... 41.05 I 20.80 [ 20.31 31.55 11,34 11.40

Our winter-computed flows are generally larger than the observed,
as they include snow and ice carried over into the spring. No.
formula can make proper allowance for this. It varies with every
winter, and we can only say that with full ground-water the flow
will not usually fall lower than one-haft the theoretlca], and rarely
in any case will the monthly flow in this season fall below half an
inch on the water-shed. The extremely light winter flow of 1882-3.
on the Sudbury was due to a combination of freezing weather, snow
and ice and low ground-water. At the close of April the observed
flow equals the theoretical. The act_zal winter _ow is abou_ 50 per
cent. of the theoretical. The difference would be the equivalent of
27 inches of snow, or a less amount accompanied by ice. The actual
amount held back as snow or ice in New Jersey can rarely exceed.
three inches. From December to May the computed and observed'
total flows agree well. For the first year I have corrected the De-
cember observed flow to allow for 1.41 inches of water which would'

have flowed off had it not gone to make good a depletion of that
amount of ground-water at the end of November. This method of
computation often links two years .together in this way, and for
illustration of this I have computed the two years above continu-
ously. This shows how the year 1882-3 began with a shortage of
1.b2 inches from the previous ycar_and ended wkh a depletion oF
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1.63 inches, about the same amount. The flow of 11.40 inches for
31.55 inches of rain was therefore about normal, or more exactly it
ahould be 11.63, showing evaporation to be 19.72. Our formula
.E= 15.50 -_ .16/¢ gives E= 20.55 inches, or somewhat larger.
The reason is that the heavier rainfall was in the summer and spring,
the seasons of maximum evaporation.

TABLE lqo. 36.

Co_nputed _nd Observed Flow, Croton River.

, _

¢ : ° II310NTE[.

1879-80.
December ........... 83 1.881 1.88 full I 1.881 1.88

January ............. 1.48 8.151 5.98 full I 2.62 4.50
February .......... 2.08 2.371 7.40 full. I 2.75 7.25
_farch ............... 2.96 3.131 10.53 full. _ 2,891 10.14

April ................ 4.19 2,84_ 12.87 full. } 1.96 12_10
May .................. 6,28 .82] t3.69--1.821 .85 12.95
June .................. 9.05 .25t 13.94--3.78[ .37_ 13.32

July ............... 1_.72 .22I 14,16--3.101 :_] ]3.87 --August ............. 17,29 .24I 14,40--8.09i 13.91
September ........... 19.02 ,241 14,94--3.]61 .251 14.16
October ........... :,. 20.83 .271 14.91--l.89J .20[ 14,36

/'7overaber .......... 21.73 .52b 15,43- .9_1 ,421 14.78

1880-1.
December ............ 66 ,861 .86 fal].} .471 .47
January ............. 1.66 3,861 4.72 full. i ,59_ 1,06
]?ebruary ............ 2.40 4.16i 8.88 fall. _ 2,921 3.98
March ............. 3.55 5.08) ]3.94 full. I 5,421 9.40
April .............. 4.54 1.251 15.19--1,001 1.691 11.09
May .................. 6.80 1,231 16.42--1.03] 1.26] 12.85
Jm_e .................. 10.58 1.251 17.67- ._S 1.461 18.81
July .................. 14.18, ,35_ 18.02--2.89 .47l 14,28
August ............... 17A6 .221 ).8.24--8.73 .231 ]4.51
September .......... 19.28 .l_l 18,421--4981 .14] 14.65
October ............. 20.44 .1_I 18.60_--8,58{ .191 14.84
November ........... 21.62 ,381 18.981 {--.07 .501 15.34
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Computed and Observed Flow, CrotOn River--Continued.

1871-2.
December ........... 2.59[ .681 1.0 1.9 f_ll. I 2.1 2.10
January ............. 1.441 1.09] 1.0: 2.9 full. r 1.881 3.98
February ............ 1.221 L51 .8' 3.7 fulk i 1.07, 5.05
March ............... 2.59] 2.25 1.8, 5,5 full. I 1,gl, 6.36
April ................ 6.041 3.42 1.8' 7.4 full ] 2.97' 9.83

3.691 6,08 1.5' 9.0 --.49J 1,20:10.53May ..................
June ................. 4.00 9.58] ,9: 10.0 --.971 1.14 11.67
July .................. 4.3_ 13.83 .6 10,6 --1.641 .55 12.22
August .............. 5.99t 17.95 .7 11.4 --.451 1.24 13.46
September ......... 3.69 20.32 1.3, 12.7 --.a_! 1.13 14.59
October ............. 2.15 21.45 1.2 13.9 -- .uul J.07 15.66
November .......... 4.9 22.001 3.1 17.0 full. i 248 18.14

Summary by Seasons,

t879_0. 1860-1. 1871-2.

Winter ............ 5.65
Spring .............. 5.48

Dec. to May... 10.53

Summer ........... 2.93
Autumn ............ 4.68

June to NOV... 7.61

Year 37.01 15A_ 14.7_ 41.591 18.14

NOT_.--The rainfall in this table has been carefully corrected, and differs slightly f_on_ that
of Table 22.

As we should expec_ from the nature of the gaugings and the
unsatisfactory rainfall records, the agreement is less satisfactory on
the Croton, but there are, nevertheless, convincing evidences of the
correctness of our formula. For 1879-80, the excess of computed
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over observed winter and spring flow is to be accounted for by the

filling of storage reservoirs. We have corrected the monthly flow in
summer for this and the following year for water draws from

storage, deducting the same, but we have no data by which to deter-
mine the amount to be added to winter and spring flow except that

we know it amounted to 1.40 inches on the water-shed in the aggre-

gate. The summer and autumn of 1880 show a good agreement be-

twesn computed and observed flow. The winter and spring of 1880-1

show a large excess of computed flow, 1.4 inches of which is due to

artificial storage, leaving an excess of 2.7 inches still unaccounted for.

The general agreement for the whole series with the result_ given by

the formula justifies the conclusion that this is either error in gauging

or rainfall, ,4_ generally fair agreement is noted for the rest of the
year.

TABLE No. 37.

Computed and Observed Flow of Passaic River.

C9_

1879-80.
December........... 4.121 2.42
January............. 1.891 5.97
February ............ 2.15J 8.61
March ............... 11.16
April ................ 13.25
May .................. 14.29
June ................... 811 14.61
July ................... 321 15.03
August............... 15.53
September.......... 2.07 20,12[ .651 16.01
October.............. 1,08 21.20 .471 .22 16.23
I"_%vember........... 22.09 ._1 161 16.97
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Oomputed and Observed Flow of Passaic Rivor--Continued.

I

_0_. _ _II _

1380-1.

December _ 2.701 .69 17.65
J,atmary ............. 4.08] .68 18._9
February ............ 4.57] .76 22.38
March ' 5.1( .99 4.11 29.2"7 full. 29.15
April .97' 1.20 30.42--1.13 30,83
*r_ay ............... 1,42 _ .90 31.32- .67 3].72
June ...... 5.421 3.85! 1.25 32.57 -- .36 33.61
July ......... 1.85r 3.56! .52 33.09--2.58 34.00
August ................ 90 2.841 .28 33.37 4.80 34.27
September ....... 1.06 1.841 ,25 33.62--5.83 34.53
October ..... 3.08 /.251 .25 33,37 --4.25 34.78
:November., 3.12] .971 .39 34.]7--240 35.35
December. 1.314.59 .88i 37,_0

1890. I
J'anuary ............. 2.69[ .541 2.15 2,Ol
February ............ 4.59] .76i I ;_ol 3.83 5,25
March .... 6.03_ 1.081 '2.;_81 4.95 8.55
April ................ 2.58I 15"891 1.13] ;_._tl 1.45' 11.54
May 4.391 20.281 2.751 ti,2til 1.64' 14.28
J'une ......... 4.55{ 24.83[ 3.64_ _._oi l.b0t 16.06
July... 6.14[ 30.97 4.84} la.Ja_ ],261 17.53

August ............... 4.961 35.93 3.86] 18.601 LJ_t 18.57
September .......... 3.731 39.66 2.381 20.981 I,._11 20.09
October 5.201 44.36[ 1.50[ 22.48 8.241 22,53
_'ovember ............ 75] 45.61j .73{ 23.21 I._til 23.95
December... 4.171 49.78[ .84i 24.05 2,191 25.93,
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Summary by Snasons.

1879-8o. 18so-L II ls_o.

V¢inter ............. 10.161 8.1( 8.61 1!.35 8 45 5 41 J 11.45 8.1" 7 23-

_°_............._°__' _°_'_°21__lo._tp_.ooI _.o_o.o_
I

Summer ............ 144.00[ 1.1_ 1.24 8,171 2.051 2.5511 15.631 3.91 429

_o_o_o...........0._0_.0_,_._ _.2sI .soI _0s2.s_I _.01_.__ooo_o_20.202_(20__o_t__ 00_
_.r............_.0=_1_0.0=_!_0.0_00_0,_._,1_ _,_,20._,_._-I I " I

In this case the summary shows a fair sgreement, the estimated
flow usually being a little less than the observed, therefore on the safe
side. In 1880-1, which was a dry year, the winter flow is 3.04
inches less than the computed flow, this amount being carried over in
the form of snow and ice to increase the spring flow. The other
years show much smaller discrepancies, but it is apparent that it is
always possible that three inches of the theoretical winter flow may
be carried over to the spring, even in the driest years, in northern
New Jersey.

We observe for all of these streams that our formula holds good

in some remarkably trying cases. Bearing in mind what we have
said as to accidental variations of flow which cannot be provided for,
it will be found that in general the same range of flow, the same
trying dry periods and heavy flows are shown in the computed as in
the observed monthly flow. For instanse_in Table 1_o. 35_ Septem-
ber, 1882, shows 8.74 inches rainfall_ yet the observed flow was but

.53 inch. The table explains all this. No system of percentsges
would do so much. In this particular case the observed flow is
larger than the computed, because some of the rapidly-falling rain,
about 4 per cent., ran offEover the surface. So in June of the same
year we can account for 1.66 inches of rain and .82 inch flow in the
face of the 2.91 inches evaporation by the fact that ground-water was.
called upon to supply 2.07 inches.
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Another striking test of the tables is in April, 1881, on the Croton
--1.25 inches flow for 1.24 inches rain--and again on the Passaic, in
May, 1880. By the percentage system such cases would appear
anomalous. Here they are intelligible. We could give many more
illustrations, but this must suffice to explain why we have adopted a
new departure in our methods of computing flow.

We note a maximum depletion of 6 inches in 1883 on the Sudbury,
of 4.98 inches on the Croton in 1881, and 5.83 on the Passaic in
1881. Probably either water-shed may be counted upon to furnish
something over 6 inches from ground-water in an extremely dry

year. Evidently all are liable to droughts as severe as that on the
Sudbury in 1882-3, at long intervals.

As our formula was deduced primarily from these three etrcam%it

would seem necessary to push our tests further to include some water-
•sheds of different mean annual temperature and different topography.
The gaugings on the lgeshaminy and Perkiomen are about the only
ones suitable for a fair test, but others may at least be indicative of

,the probable applicability of the method.

TABLE No. 38.

Computed and Observed Flow, lqosh_inlny Crook.

EVAPORATION EQUALS THAT FOR THE SUDBURY I CROTON AND PASSAIC

MULTIPLIED BY l.l.
I

I

I389-9.
December ........... 3.721 full. 3.16

..January ............. 3.5 7.331 .6¢_ full. 6.03
February ............ 1.901 9.23{ .5_ filll, 6.98

March ............... 3.3 12.60 / ,9( full. 9.88April ................ 4.331 17.43 1.4_ full. 11.95

M, y.................. 49oI 22.g3/ 3.1 full. 13.44June ................. 5.25 27.53 4.11 full. 14.60
July .................. 12.42 40.90 7.31 full. 20.07

August ............... 4.75 44.75 4.1! --.6_ 23.44
.September ......... 8561 53.31 3.6, fall 3.511 26.95

October .............. 5.091 58.40 1.64 full. 29.50
November ......... g.531 6693 1.66 full. 6'31 35.81
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Computed and Observed Flow, Neshaminy Creek--Continued.

1891-2.
December .......... 3.02 -
January ............. 5 141 8.16
February ............. 971 9.]3
March 3.561 12.69
April 1.031 13.72
May .................. 1,281 15.0o_
June ................. 12.431
July .................. I7.211 153 15.57

67]
16.10-

August ............... _21-fl91 .20 15,30

September .......... 23,451 ,_ 16.49
October ............. 24,471 18.20..)7ovember .......... 25,98} 1176 16.44

Summary by Seasons, Neshaminy Creek.

1885-9. " 1894-2.

Winter ....................... 9.23 7.13 6.98 10.34 8.28 9,13
_pring ........................ 13,10 7.57 6.46 12.20 5_0 5.87

December to May... 22.33 14.70 13.44 22.54 13.78 15.00

_ummer ...................... 22.42 7.27 10,O0 11.58 1.36 1.30
Autumn ...................... 22.18 14,59 12.37 10.13 3.13 1.90

June to November... 44.60 21.86 22.37 21.71 4.49 3.20

I=Year ..................... 66.93 86.56 35.81 44.25 18.27 18.20
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TABLE NO. 39.

Observed and Computed Flow, Perkiomen Qreek.

• _JAPORATION EQUALS TH,IT FOR THE SUDBURY_ CROTON AND PA_AIG

AIULTIPL_[F20 B_ 1.1.

! '
_IONTII, __

1886-7.
])eeember ........... 2.88[ 2.88 full• 2,43

• January ............. I 1.67 3.761 6.64 4.00 6.43
February ........... ' 2,62 4.691 11.33j 4,23 10.66
March .............. 3,48 2.141 13.471 full I 3.03 23.69
April ................ 4,74 L581 15.051 full ' 1.25 14.94

May ................. 7,20 .741 .72 15 66June ................. 11.57 .60 16 16,42
Jutv ................. 17,7_ 2.03} 1842] full• 2.07 18.49
August ............... _ 21,3_ .66) 19,081 1.43 19,42
September ........... 23,96 .461 .62 20.54
October ............... 25.11 .54 .43 20,97
_'ovember .......... 26.01 .5( ,40 21,37

1887-8.
Dece_nber ........... 6,E 27.21 4.451 25,03 full. 2•13 23,50
January ............. 5.( 28.0_ 4.161 29.19 full 3.66 27,16
February ............ 4.( 28.8_ 3.301 32.49 fuD, 4.41 31,57
_Iarch ............... 5.] 29.94 4.051 36.54 full. 5•10 36,67
April ................ 3._ 31.27 2.101 38.64 full• 3.45 40.12
May .................. 3.] 34.02 1.10i 39.74 .69 .92 42,04
June .................. 1.( 37.211 .40i 40.14 2.66 .39 41.43
July .................. 25 41.42; .241 40,38 4•34 ,25 41,63
August ............... 8.( 85.481 5.091 46.511 .26' 40.64 1.37 1.53 43,21
September ........... 7._ 92.841 3.411 49.921 2.28' 42.92 f,fll. 3.68 46.89

• 51,211
October ............... 3.! 96.25 1.29 1.12' 44.04 full. 1.26 48.15
_'7ovember .......... 3._ 99.67 1.20 52,31 2.32 46.36 full. 2.46 50.61

• Correctedforone inchof rain which went to makeup deficiencyof previousyear•
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/

Summary by Seasons, Perkiomen Creek.

• _ ,1_86-7..._ I 1_87-8._v

_ '_ _ _ _
Winter

......................... ] 7.69 ; 4,46 6.00 ] 11.74 7.25 I 9.47
_pring

'--I..... i%.79  7.T'Tg.IT
Summer ....................... 17.26 i 3.29 I 4.26 II 1_.41 I ,90 I 2,17

Autumn ........................ / 6.69 I 1.50 1.45 14.19 5.72 7.40

I
Year ..................... I 45.59 [ 20.58 ] 21.37 I[ 54.08 I 25.78 I 29.24

I do not give an example from the Tobickon. Its ground-flow is
practically the same as the Neshaminy, which, it closely resembles in

the dry seasons. Its gaugings in winter show abnormally heavy
flow, indicating uncertain data either as to rainfall or flow. A rule
which will apply to the Neshaminy applies equally well to this.

The computed flows of the 1Neshaminyin 1888-9, a very wet year_
agree well enough for the total, with some marked discrepancies at
times which appear to be due to rainfall running off without filling
the ground. It is a peculiarity of the red shale soil that it sometimes

becomes baked by the sun in summer, and at such times a highly-
concentrated rainfall may ran off without "filling the springs," as
the ordinary phrase expresses it. In such cases the ground-water
must be replenished by the later rains, and the theoretical and actual
flow will again come together. For the average year of 1891-2 the

results are on the safe side, and show the same general range as the
observed flows. For the Perkiomen the results are in all eases on

the safe side for the two consecutive ysars_ 1886-7-8. Indeed, it
will be found that generally the errors of the formula are on the side

of safety. It is not safe for the engineer or millwright to depend
upon flows which may be called aesidental_ due to concentrated ra]n-
fall, low summer temperature or perhaps heavy local showers not _._,
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recorded by the raln-ga_ges. It is the regular, steady flow rcsal_-
i-g from a steadily-falling rain, or from ground-water flow, which is
useful to them.

TABLE No. 40.

Oomputed and Obssrved Flow, Pot_mao River.

_:VArOR_,TIO__qUAI_S _HAT ;OK THE SUD_U_Y, CRO_:O__-_ PASSAic
_U_,T_PL_D BY 1.1.

.- _ _. _

1886-7.
December ........... 2,61] 2.80] .78 .731 1.8_ 1.8' fall. 1.14 1.14
January ............ 2.38 4.98} .55 1,281 1.8_ 3.71 full. 1.27 2.41
February ............ 3,88 8,861 .75 2,03i 3.11 6.8_ full, 2.28 4.69
l_arch ............... 2.86 .88 2,86i 2.01 8.81 fu}l. 2.84 7,5311.72I
April ................. 3.56 15.28 1.33[ 4,19l 2.21 11.0_ full. ].42 8.95
May .................. 3.51 18.79 2.771 6,961 1.3( 12.8_ .56 2.62 11.57
June ................. 4.44 23.231 3.901 10,861 .7( 13.1_ .78 1.43 13.00
July .................. 5,04 28.271 4.37 15,731 .7( 13.81 1.31 .6_ 13,64
August ..............2.17 30.441 3.42 19,151 .4" 14.2_ 2.98 .37 14,01
September ......... 3,58 34.021 2.541 21,691 .3( 14.5_ 2.24 ,87 14,38
October ............. 1.21 35.231 1.11 22,801 .8_ 14.91 2.48 ,35 1453
l_ovember .......... 1.17 36.40i .84 23,64] .3" 15.2: 2.47 .33 15,06

I
1887-8. -

December .......... 8.23 39.631 .81 24,451 .4_ 15.6f .50 .58 15,64
January ............ 3,27 42.901 .66 25111 2.1l 17.71 full. 1.33 16,97
February ........... 2.71 45.611 .6fi 25341 2.61 19.8_ full. 2.70 19,67
March ............... 3.63 49.291 .9_ 26,671 2.7_ 22.6' full, 3.01 22,68
April ................ 2,011 51.301 1.18 27,85( 1.361 23.981 .53 1.82 24,50
May .................. 3.711 55.01] 2.87 80.721 .92 24.901 .61 1.11 25,61
June ................. 3.401 58.41 3.68 34,40[ .60 25.501 1.49 .88 26,49
July .................. 3.651 62,06 4.42 38,82 .36 25.861 2.62 1.94 28,43
A,ugus_ ............... 4.781 66.84] 4.1(] 42,92 .32 26.18] 2.25 ,51 28.94
September .......... ,5.341 72,18] 2.97 45.89 .49 26.671 .38 1.79 30.64

I 1.69 28.03 ._3 .74 31,38
October ............. 2.74 74.921 1.33 _7.22 1.36 I
November .......... 3.09 78.01 1.07 48.29 29.721 full, 1.66 33,04
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Summary by Seasons, Potomac River,

1386-7. 1887-8.

Winter .... 8.86 6.83 4,69 4,61
Spring 9.93 5.56 6.88 5.94

December to $Iay...,., i 18.79 12.89 1L57 10.55

Summer ............... , 11.65 1.88 2A4 8.33
Autumn ........................ i 5.96 .96 1.05 4.10

June to November.. 17.61 2.84 3.49 7.43

Year . 36,40 15.28 15,08 17.98

With the exception of the winters of 1889-90 and 1890-91, and
the summer of 1889, which show such questiu_ably large flows il)
proportion to rainfall that I have disregarded them, the series on the
Potomac seem to come under the rule very well. The above are the
driest years. 1886-7 shows an excellent sgreement throughout.
1887-8 shows a considerable excess of observed over computed flow
in July and September, which may be due to heavy local rains not
shown by the rainfall records. Undoubtedly, our formula applies
here within safe limits, and gives results as large as any conservative
hydraulic engineer would dare to apply to actual praetice.

7
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T_.BLE NO. 41.

Observed and Computed Flo_v, Conneetiout River.

EVAPOR_.TION _UrALS THAT FOR TH_ SUDBURY_ CROTOIq ANI_ I_8_[C

_[ULTIP_IED BY ,11,

1874-5. I
)eeember ........... 1.82 1.82 .54 154 1.28 1.26 f_llm I .76 .7d
Fanuary............. 3.40 5.22 .55 1.09 2.8_ 4.1_ full. i .72 1.48
_eSruary ........... 2.95 8.17 .54 1.63 2.41 5.54 fu l. I 1.14 2.6_
_arch ............... 3.181 11.85 .72 2.85 2A_ 9.11( full. 2.06 4.68
prll ................. 2.54, 13.89 1.01 3.36 1.5_ 20.5_ fail., 6.14 10.8_
lay .................. 3.241 17.18 2.27 5.63 1.4q 11.97 .471 4.69 15.51
_no ................. 4.301 21.03 3.33 8.96 lmd_ 13.2C_ .321 1.50 17.01
ruly.................. 3.50 25.43 3.65 12.61 .98 14.2I 1.401 .97 17.98
kUgust............... 4.841 30.27 3.45 16.06 .81 15.0_ .821 1.35 19.3_

teptember .......... 3.03i 33.30 2.02 18.08 .9_ 15.9_ ].73 .74 20.07)ctober ............. 4.43' 37.76 1.28 19.36 2.4_ 18.4£ fu 1.15 21.2_

_ovemlaer .......... 3.071 40.83 .86 20.24 2.1fi 20.5_ full. _ 1.73 22.9_

i , full.
1876-7. i

)ecember ........... 3*8_I 3.88 .73 .73 3.15 3.1_ .72 .72
Fanuary ............ 2.5_m 6.42 .47 1.20 2.07 5.2_ full. .74 1.46
_ehruary ............ 61 7.04 .33 1m63 1.14 6.3d .8_ i .78 2.24
_a_h ............... 5.1( 12.20 .90 2.43 3.41 9.77 full. i 3.92 6.16
pril ................. 2.3_ 14.55 .00 &42 1.52 11.3_ .261 4.64 10.80
lay .................. 1.251 15.81 1.91 5.33 .84 12.2a 1.711 1.91 12.71
ane ................. 4.112120.73 3.36 8.611 .77 13.0_ .11(, .88 13.5_
ruly .................. 6.01 26.74 4.82 13.01 1.00 14.(N .2_, 1.07 14.66
kugust ............... 3.32 30.116 3.il 16.12 .96 14.9_ 11011 .97 15.6H
_eptemher ........ 1.381 31.44 1.72 17.84 .74 15 7_ 2.1(i .76 16.3_

37.62 111.30 2.62 18 32 full. ' 1.34 17.73)ctober .............. 6.181 1.46
govember .......... 5.141 42.76 1.05 20.35 4.09 22.41I fail. i 3.19 20.9_
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Observ_¢l _nd. Con_Dute4 Flow, Co_nee%_u% River--Continue4.

.I E_.1_,_1
_ _ 0

_5
1877-8.

December .......... 22.87
January ............. 24.13
February ............ 26.19
March ............... 3.67 29.86

rll ................ 5.21 35.07
.................. 38.66

une ................. 1.51 40.17
July .................. 87 41.04
August ............... 42.16
September .......... 43.00
October ............. 43.80
:November........... 1.81 45.61

Summary by Seasons, Connecticut River.

1874-5. 1876-7.

_ 18778.--t•_ , St t Sit = _" _ "

Winter ........... 8.17 6.64 2.62 2.24 20 i_6 6.27

Spring ............ 8.96 5.43 12.89 8,77 5.87 10.47 39 _.88 12.47

....Dec. to _Iay... 17.1_3 11.971 15.51 12.71 *_9 _4 17._4

Summer ........... 13.14 3.061 3.82 1425 273 2.92 12.31 2.58 3.50

_oto_.............10_0 _°1 _2 _°1 :_ _29 _ _: 346
Jay. to Nov.,.,, 23,79 8.621 7.44 26.951 10.18 8,21 2--_.101 6.25 6.95

Year ........... 40.83 20.591 22.95 42.761 22.41 20.92 40.691 20.79 24.69

In the Connecticut, as in the Potomac series, there arc some periods

_)f six months in which a mere inspection shows the flow to be much

large in proportion to the rainfall shown by available records.
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The following are examples from the Conn_tieut series :

1872-3........... Decemberto _lay........... Rain, 18.08........... Flow, 21.83
1873-4........... ' " " ........... " 20.24........... " 24.07
1875-6........... " " ........... " 20.41........... " 25.15

Such discrepancies cannot be reconciled_ and are so elcezly due either

to some discrepancy in gauging or to insufficient rainfall data that we
have thrown them out. Clearlythey arc unsafeguidesto any

knowledgeof the realrelationbetweenthe flowof theConnecticut

and therainfallupon itswater-shed.

The otherdiscrepanciesabove shown are generallyexplainable.

Thus duringthe firsthalfof 1874-5 and 1877-8 therewereprob-

ablysnow and icecarriedoverfrom theautumn before.Indeed_the

autumn flowof 1877 shows thatsuch was the case. In general,

therearcenoughpointsof coincidencebetweencomputedand observed

flowstoat leaststronglysuggestthatwith dataasgood aswe have

for the Passaic and Sudbury the agreement would be equally good

for the Conneeticut_ excepting for the fact that there is a much larger

holding back of the flow in the form of snow and ice. The carryisg

over of winter flow into spring, and even June, on this stream is well

illustrated by the daily-flow diagrams of the stream given in the
appendix.

G_eral Uoneluslons.

The result of our analysis, therefore, may be summarized as follows:

I.At[ streamsare outletsfor surpluswatersnot evaporatedor

drawn up tosupportvegetation.

2. Evaporation is mainly affected by the temperature of the atmos-

phere, and such temperature is the principal cause of variation in the
total run-off of streams. Difference in the character of vegetation

upon thewater-shedwillproducelesserdifferencesinflow,which are

scarcelyappreciablefor such a rangeof conditionsas we havepre-

eentsdby thewater-shedsunderconslderatkm.

3. The dry-weatherflowof a streamismainlyaffectedby theflow

from ground-water.
4. When rain is less than evaporation plus stream-flew, the defi-

ciency is made up from stored ground-water, which may at times sup-

ply the equivalent of six inches of rain, but the larger the amount
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thus supplied daring dry seasons the larger the deficiency to be made
good from subsequent rains; consequently, a larger dry.Season flow
does not mean a larger total run-off.

5. The distribution of flow has little to do with the total yield of a
water-shed, and our analysis does not seem to warrant the common
conclusion that such yield varies from 80 to 90 per cent. for steep,
mountainous water-sheds to 45 or 50 per cent. for flat_cultivated
lands and prairies. We do find a greater percentage of yield from
colder water-sheds and for heavy rainfalls, and believe that it is
due to the fact that the conditions of heavier rainfall and cooler air

usually obtain in mountainous countries that this theory has gained
credence.

:For dry years, however, our theory of flow explains and agrees
with the best engineering practice. Actual experience has resulted in

tlydraulic engineers adopting between 15 and 11 inches as the avail-
able total run-off of streams in this region in dry years. Let us take
the driest years uf our different streams and see what they teach :

l_ow

OhSerred, Computed by
Stream. Year. Rain fail. F_OW. Yearly Foxrau]a.

Sudbury ..................... ]882-3 31.55 11._i0 1L00
Croton ........................ 1879-80 37.01 14.78 16.09

Pa_salc ...................... 1879-80 37,98 16.97 16.15

•N_eshaminy ................. 1"891-2 44.25 18.20 19.41
Perklomen .................. 1886-7 45..59 20 37 20.52

Connecticut ................ 1876-7 42,76 20.92 22.65

Potomac .................... 1886-7 86 40 15.08 12,95

The differences here shown between the computed and observed
_]owsare mainly due to draughts upon ground-water, causing an excess,
or to depleted ground-water at beginning of year, causing a deficiency
in observed flow. Oar comparison of observed and computed flows
by months shows this in detail. What we wish to impress upon the
reader is that there is every reason to expect from the above that any
of these streams would show as smM], or a smaller, flow than the
Sudbury with an equally light rainfall. Therefore, if the rainfall
upon their water-sheds is likely to fall as low as 31.55, their mini*
mum flow will be 11 inches or less. Our rainfall records show that

• unh a low rainfall is likely to be reached at long iutervals_ and that
_x)nsequently we may expect a minimum of 11 inches flow upon the
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Sudbury,CrotonandPassaic,of9 incheson theNeshaminy,Perkio-
men andPotomacand 13 inchesupontheConnecticutwater-shed,al;

leastuponportionsof theirwater-shednotlargerthantheSadbury
drainagearea,or about75 squaremiles.We areinclinedtothe
opinionthattheseextremelylightrainfallsareusuallylocal,and
thereforethatlargerwater-shedsarerarelysubjecttoa lessannua_
rainfall than about 35 inches in the New England and Middle States_

corresponding to a flow of 12 inches for the Perkiomeu, Neshaminy
and Potomac,14 inchesforthePassaic,Crotonand Sudburyand 16
inchesfortheConnecticut.

Maximum and Minimum Flow.

Thus far we have not touched upon the question of the relative
steadinessof flowof differentstreams.The monthlyflowwhichwe

deduceby ourformulawillgivea verygoodideaof thevalueof a
streamforwater-supplyor water-power.In general,thelargerthe
ground-flowthesteadierthestreamastodailyvariationofflow.The_
diagramsofdailyflowwhichwe giveintheappendixarealsoguides
to the characteristics of the several streams. The next point of im-

portance for industrial purposes is the maximum and minimum flow
of the streams. We cannot do better than give for this purpose a
collection of the observed maxima and minima expressed in cubic feet

per second per square mile of water-shed. Such a table will enable
one to judge how great flood-flows must be provided for, and how low
the flow is likely to faU for a few of the driest days of a great drought.
It will be useful for comparison as we take up tile several stream_
of the State in detail
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TABLE No. 42.

Greatest and Least Plow of Streams.

EXT_E_E_ OF
FLOW.

RIVER, FLACE. _ _ _ AUTHORITY AN_ I_Y_MARKS.

•_ . ._ s_

NEW E_GLANI

Merrimack ...... Lowell ........... 4,085 81,000 0,SI Lakes a_d artificial reser-

Mentmaek....,. Lawrence ......... 4,599 %,0_ 0.3l L_kes and artificial reser_
voir_, Wooded,

Colle_rd .......... Lowell ............. 861 4,449 0.17 Herschel. gtre_m siug-
ish and swampy, Few

woods. Hilly &l/4 rolliug.

8udbury ........... Framingham ... 75 8,228 Bt eley. Hill and
One-s_xth to

Charles ............ Newton Upper
Falls ............. 215 ............ 0.20 Hilly and

Hale's Broo_ rolling.
Mass .................................... 24 ............ L P. Fr_zelL

Connecticut.,...Hartford .........I0,2_4 207,4435,21_ ]?.(_.Ellls.Numerouslakes
and artificial reservoirs.
Wooded. Mountainous in

Connecticut ..,, Dartmouth ...... 3,2%7 ............ RerscheL l_umerous
lakes and artificial reser-
voir_. Wooded. _Iou_-

Housat0nic .............................. 790 . .......... I30
"fork Commlttde Fublle

N_W YORK. Works. 1879.

Croton.....................................8_8.82 25,_67 L J, R. Croes and G. W.
Croton (west t_owell.
branch) ...............................20._7 1,1090A07 |.J.R. Croes. Very broken

and undul_ttorY.Hills
steepand rocky. Largely
Wooded. Littlo culti-

NEW JERSey. . _,t _t.

l_amapo ........... Pompton .......... ' 15Y.5 10,5{0 22,5 0.14 Minimum, October, 1892.
W_naque ......... PomptoR .......... 191.0 4,9_8 _bserved maximum. Actual

p_b_bly ashigh asiRam-
apo

8t.7 , 4,460
62,6 ,........... 8.0 0.I_ Zleme_sHerScheI,Oct.18gL
52.2 , 2_250

11S.9 4,800
99.8 ....... _om _'un of mills.

798.9 ....... 195 2tees & Howell, OCt., 1875,
796.9 ....... 150 h,B, Ward, September, 18&%

155•8 1 This llow is oeeasionany

not exceeded for more

772.9 19 than two weeks.--C. C.V.
822.7 18 l_bese last two maxima

, September,1882,
84.0 ........ O. D, Ward.

114.8 ....... 21.7 C. B Blush.
879.0 52 Minimum by Ashbel Welch.

Brook.• 879.0 ....... Oct. lSth-l@th, 1892.--C. C.V.
_,7_.0 251 Hinimum, Septembe;. 18_1.

Mu_conetc_ng
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Greatest and Least Flo_r of Strsamu--Continued.

5Iuseoneteong. Sexton Falls ....
F_ulinskill....... Hai_esburgh ....
PaulinskilL..,... P_ullna ........... From run of mill in I_81.
Faul_ _skill....,,, _tiIIwater .........

From ru_ of mill i_ 185L
Ja_k_onburgh

branch .......... J_k_onbur_h,.
Swurt_w'd l_ke

outlet ............ Swar_w*i1 lake,

Pequest ........... Minimum from run ofmilI,
Fequest ............
peqaest ............
Pequest ............ Allamuchy 'd
Pequest ........ NunFs Pon_,..
Great Egg Har-

bor ............... May'g Landinl
_Iinimum probably not

_,tealer thar_ tb_ Great
Egg Harbor _,vltbout slot-

Annual Rep_rls eft Cblef
Neshaminy....., Forks ............... EngiDeer of Philad_l-
Perklomen .,,,. Frederick ......... pbla Water Department,

Schuylkill ....... Philadelphia...

Blrkinbine. Hilly and
roiling. Nolakes. Some

Ohio ................. Pittsburgh ........ L H. Hartow. Hilly and

Wooded.

Narrow vai]ey_ Steep
slopes. Woo_ed Nolakes.

_uoled by W, R. Hutton.
Narrow valleys. Steep
stopes. Wooded. Nolakes.

W. R. gu_on, Country
_o lakes.

Rock Creek,.... _oyle's _iilt .....
Kanawha ....... _ha'ston Fsot..

Sheria_doah .., _ea£ Port Re-
pllblic ........... James Horron. Hilly, Lime-

stone. No _k_s Many
springs,

E D, Whtteomb and W. E,

iu upper part. No lake_.
Wooded.

Neuse .............. _ear _aleigh...
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The maximum flow of a stream is affected by the steepness of

_slopesof drainage areaand the length and distribution of' the branches.
K long, narrow drainage basin, with short branches well distributed
along the main stream, like the Musconetcong, will give a much
smaller flood-flow than one nearly round with several large branches
focusing into one center, like the Raritan. Again, such a water-

shed as the latter may have great fiats bordering the streams over
which flood-waters spread and are delivered gradually to the lower
s_ream, like the Passaic. These facts make it impossible to classify

the streams according to volume of flood-flow. The least flows,
however, are affected almost entirely by the ground and surface-stor-

age facilities of the drainage areas. We may compare these flows in-
telligently. :Let us separate the above streams into classe% according
to size of drainage area.

TABLE No. '_8.

Drainage Areas of From 0 to 900 S_uare Miles.

Minimum Flow,

Drainage Area. Cubic Feet perSecond p_r
Stream. Square Miles. Squaxe i_flle.

Sudbury .............................. 78 .036
t/ale's Brook ........................ 24 ,135

Croton, West Branch .............. 20 .020

:Ramapo .............................. 16fi .140

Pequaunoek ........................ 63 .180
Paulinskill ........................... 126 .130

Yequest .............................. 83 ,170
Tohlekon ............................. 102 .fi01

Neshaminy ........................... 139 .009

Perk[omen ....................... ".... 152 .050

Rock Creek .......................... 64 .114

_tackensack ........................ 115 ,190

Drainage Area, 200 to 9,000 Square Miles.

Minimum Flow,

Drainage Area. Cubic Feet per Second per
Stream. Square Miles. Square MUe.

_ncord ............................... 361 .170

Charles ............................... 215 .200

Housatouie .......................... 790 .165

Croton ................................. 339 .150

Passaic ............................... 797 ,170

•Schuylkill ........................... 1_800 .170
Raritan ............................... 879 ,140
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_i_hnum Flow.
Drainage Area. Cubic Feet per Second pe_

Stream. Squ�ze Miles. Square Mac.

Potomac .............................. 920 .022
Greenbrier ........................... 370 .120

Shenandoah ........................ 770 .167

Neuse ................................. 1,000 .193

Great Egg Harbor ................. 216 .270

Drainage _.rea over 2,000 Square Miles.

Minimum Flow.
Drainage Area. Cable Feet per Second per

Stream. _qua_e Miles. _quare Mlle.

Merrimack ................ : ......... 4,590 .310

Connecticut ......................... 10_234 .300

Delaware ............................ 6,790 .170
Ohio .................................. 19,900 .114

Potomac .............................. 4,640 .076

Kanawha ............................ 8,900 .123

James ................................. 6_800 .191

Of the first group of smaller streams it should be noted that ou
s_eams of this size the absolute minimum may be zero. The flow
may be easily reduced at times to nothing by the temporary holding
back of the flow in some mill-pond or reservoi G and alway% from
such causes, it is dii_cult to determine the natural minimum by ob-
servation. We believe that this is partly the reason for the wider
variation of minimum flow noticeable for the smaller streams, although
of course small drainage areas will also differ more in the yield from
ground-water than larger ones. The Sudbnry minimum flow would
seem to be abnormally small for a stream of its class. It is notice-
able that the Croton west branch is also low in its minimum. The

first seven streams, together with Rock creek, belong to a class of
hilly or mountainous drainage areas of a type generally resembling
our own Kittatiuny valley and Highland regions. They show a
minimum ranging from ,020 to .170, with a strong probability that
the natural minimum ranges between .10 and .15 for such streams.

The Tohickon and Nsshaminy are representative of the red sand-.
stone region, the streams of which are of known low dry-season tlow_
and it is probable that .009 fairly represente the minimum of streams
of about 100 square miles water.shed of this typ% while smaller
streams of high channel elope and shallow valleys sometimes entirely
dry up.
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The Perkiomen drainage area is of a mixed character, lying partly
upon the gneissie hills and partly upon the red sandstone plain.

The Hackensack represents the red sandstone plain north of the
terminal moraine. The glaciated portion covered with sand, gravel
and boulder earth, and incidentally more forested.

The next group of streams show less variation in minimum fiow_
the drainagebeing large enough to make them less susceptible to arti-
ficial interference. The first seven of these belong to the same class
with our Highland and Kittatinny valley drainage areas, and range
between .14 and .17.

The Great Egg HarbOr is a type of southern New Jersey streams
with fiat, sandy water-sheds. The Raritan is a mixed type, having
275 square miles of Highland water-shed_ 100 square miles of sandy
plain and the remaining 504 square miles being red sandstone, with
but one small lake upon the whole.

Allowing .27 for the sandy and .17 for the highland portion, we
have for the red sandstone portion of the Raritan drainage .11. The
results of our other gaugings show this to be about the correct mini-
mum. The smaller water-sheds of this red sandstone region are
quite variable in minimum yield.

Of the southern streams, the yield of the Upper Potomac is
remarkably low for a water-shed of the size. The Shenandoah and
Neuse seem to agree with the first seven streams, while the Grsenbrier
is also below. It is probable that the normal minimum is lower than

for the same class of drainage areas further north, ranging perbetm
from .12 to .17.

The third class, including only the larger streams, seem to show a
decrease of minimum flow generally corresponding to increase of
mean temperature. The Delaware probably represents a safe mini-
mum for this class for New England and the Atlantic slope of the
Middle States, as the value gii,en is more likely to be the true mini-
mum than that of either the Merrimac or Connecticut. The latter,

especially, probably at times approaches a minimum of .25. This is
believed to be the lowest point reached by the Delaware during the
past 60 years.

Because of lighter rainfall and greater evaporation, the Ohio shows
a lower minimum and the Potomac still lower. It may be fairly
assumed that at times the Kauawha and James will approach the
Potomac minimum. We cannot follow the above figures safely with-
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out taking in$o account the relative weight to be attached to the
several values given, and this we have attempted to do in our present
discussion, as well as throughout this report.

APPLICATI01_ OF FORMUL& TO NEW JERSEy STREAMS,

Thus far we have based oar work upon gaugiugs extending over

long periods and of known fair accuracy. We know of no more pro-
lific cause of error in discussion of stream-flow, its variations and the

causes therecf_ than reasoning too far from meagre data. We have
consequently included but one of our New Jersey series of gauglngs
in our general discussion, viz., the seventeen-year series on the Pas-
saic, one which will compare favorably in length and character with

any of those used. l_everthelees_ we shall now find our shorter
series most useful in corroborating our conclusions, and indispensable
in fixing the minor characteristics of the several streams. We have
deemed it best to introduce these gaugings at the beginning of the dis-
cussion of the stream to which they belong, so that the reader is here

requested to refer to them there should he wish to verify our general
statements.

SELECTION OF DRIEST PERIOD.

In our chapter on rainfall_ we gave two typical dry periods from
the l_ew York and two from the Philadelphia record. We are now

prepared to examine these and determine which of them pressuresthe
most severe drought in its effects upon stream-flow and vegetation.
The best way to do this is to compute by our formula the flow of the
Passaic by months for each of the two driest periods_ and then com-

pare the results. A test for one stream will answer for all.
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TABLE No. 44.

Estimate of Passaic Flow for Typical Dry Periods.

_E_V YORK RECORD. PHILADELPHIA RECORD.

Dee, 1841, "_oNov., 1844. Dec., 1879_ to Nov,, 1882.

December ................... 2.70 .Sfi 2.01 ......... 4.691 .39 3.80 .........
]anuary ...................... 1.07 .38 .8[ ......... 1.5] ,42 1.09 .........
_'ebruary ..................... 2.85 .58 2.27 ......... 2.4_ .54 1.89 ........
March ........................ 1.28 .61 .64 ......... 3.5_ .83 2.70 .........
_pril ......................... 3.60 1,23 2.37 ......... 2.41 1,111 1.32 .........

,_lay ........................... 3.80 2.59 1.01 .......... 5_ 1.98[ 72 2.16
Iune ................. : ........ 3.30 3,32 1,10 1.1_ 1.6_ 2.9? .31 3.72
Iuly ........................... 3.80 4.14 .48 2.0_ 7.7_ 5.3 .32 1.62

_ugust ........................ 2.81 3.32 .33 2.84 5.0 ¢, 3.8_, .72 ] 1.14
_eptember .................... 2.10 2.05 .32 3.11 1.11 1.8_ .43 2.32
)ctober ...................... 4.30 1.39 ,43 ,68 1.74 1.0_ .3_ [ 2.01

_ovember ................... 1.80 .84 1.12 39 1.7_ .8_ .43J 1.53

Year.._ ................. 33.18 21.14 12.83 ......... 34.2¢_ 2L6_ 14.9711........

December .................... 771 .831 3.92'.1'69....January ................... :.,.....................
March .............. 69[

.08[ .81 1.37
'. ....... :.071 2.71 1.59

_.691 1.65
July ..................... 1,49/ 4.30
August ................ ;.431 1.18 6.29
September 1.241 7.42
October ..... 591 5.87
I"_ovember ..................... 94[ 4.96

Year. .891
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Esthnate of Passaic Plow for Typical Dry Periods--Continued.

_EW YORK RECORD. PHILA]_ELPHIA RECORD,

Dec., 1841, to Nov., 1844. Dee., 1879, to/_ov., 1682.

_o_. _ _'o_ o_ _

.

,ecember ................... 3.34 .75 2.59 ......... 2.0(` .68 .27 3.28
_nuary..................... 2.66 .54 2.12 ......... 4.57 .73 .56 .........
ebruary ..................... 1,03 .40 .03 ......... 4.2,' .72 3.50 .........
[arch ........................ 4.50 .93 3.57 ......... 3.5_ .84 2,73 .........
pril ........................... 56 .02 .95 1.3_ 2.L' 1.08 1.04 .........
lay ........................... 3.41 2.55 .64 1.1(_ 5.0( 2.88 2.18 .........
une .......................... 2.37 3.09 .43 2.26 1.9( 2.98 .81 1.89
sly ........................... 6.00 4.80 .40 1.4_ 1,3_ 3.41 .32 4.25

_gust ........................ 2.73 3.30 .38 2.4C 6.4( 4.22 .30 2,37_ptember ................... 4 50 2.53 .46 .89 12.0(` 4.05 5 07 .........
ember ....................... 4.08 1.37 1,82 ........ 1,31 1.04 1.26 .98
ovember ................... 1.73 .83 1.50 .0C .9(, .76 .65 1.40

Year .................... 33.90 22.01 15.49 ......... 46.24 23.39 19.29 .........

The smallest yearly flow here shown is from December, 1841 to
l_Tovember_1842_ in the Philadelphia series. Other tests will show,
however,why thisisnotthemostseveredrough_eithermeasuredby
thetestof draughtuponartificialreservoirsforwater-supply,by the
runof thestreamwithoutstorageorby theseverityofthedrought
uponvegetation.The accompanyingdiagramswillmake thisclear.
The upperpartofeachshowsthestream-flowaccompaniedbya hori-
zontsl line, which represents a steady flow equal to 14 inches per
annum, the amount which we adopt as a preliminary maximum
available with storage reservoirs. The shaded parts below this liue
represent the amounts which would have to be drawn from storage
reservoirsineachcasetomake up theflowtol.l7 inchesuponthe
water-shed per month, or 14 inches per annum. Table No. 45 shows
what would be the draught upon such storage reservoirs for each
period.
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TABLE No. 45.

Dr_ught on Storage Reservoirs to Furnish uniform Supply of
14 Inches Annually.

YEW YOR.E SERI]_. PHILADELPHI& SERI]_,

Dec., 1841, to Nov., 1844. Dec., 1879, to i_ov., 1882.

December .................... 2.01 .841.........
January ...................... 69 .......... 48 .48 .08
February ..................... 2.271 1.101.........
_ch ......................... 641......... ] .53 .53
April .......................... 2.371 1.20[.........
May ........................... ] .0] / .......... 16 .16 .45
June .................................... 0I .17 1.31
July ............................ 86 2.16
August ....................... 1.70 2.61
_eptemb_r ................... 2.55 3.35
October........................ 43l 3.29 4.18
_ovemb_r ................... 4.92

Y_I'., ......... ..+.,.,.

December ................... I 2.57 1.691 152 ......... 4.40
January ...................../I 3.11 3.021 1.85 ......... 2.55
February ..................... I 2.50 3.981 2.81 ..................
March ........................ 2.23 2.971 1.80 ..................April .......................... i 2.84 1.951 ....... ]_ .12

""_viay............................ [ 8J 2.70 .,_21 ....... 65 .77June ........................... 3] 3,56 .+ml ....... 71 1.48
4.39 ._zl ....... 8_ 2.33
2.94 .2_ ....... 92 3.25
2.64 .2,_1 ....... 9_ 4.17
.14 .2_L ....... 9_ 5"_

_ovember .. .2_1 ....... 92 6.01

Tear ... l'_.01l ........................
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Draught on Storage Reservoirs to Furnish Uniform Supply of
14 Inches Annually--Continued.

Dec., 18,tl, to Nov, 1844. Dec., 1879t to Nov., 1882.

o_

December .................... 6.9I
January ......... 7.52:
February 6.19
March ....................... 4.68
April 4.76
May ........................... 3.75-
June .......................... 4.11
July 4.96

6.86
2.33
2.28

h'ovember .................... 2.78-

Year

In the above table, the column marked "Total depletion" show_
the total amount of storage which would bare to be drawn up go the
end of a given month, measured in inches upon the water-shed_ in

order to supply continuously at the rate of 14 inches per annam. It
will be noted that the longest period in which the reservoirs would
be drawn down on the basis of the New York record of 1841 to

1844 is eighteen months, and that the greatest amount drawn from
storage is 4.89 inches. On the basis of the Philadelphia series of
1879 to 1882, the draught from storage at the end of January, 1882,
amounts to 7.52 inches. A brief examination shows that the reser-

voirs would not fill until March, 1883, 6o that wehavehere twenty-
two consecutive months in which the reservoirs would be drawn

down. It is apparent, therefore, that if we admit that the Passaic
is subject to droughts as great as this, 14 inches per annum is the
very highest amount which we can collect, and to do so we shall need
seven and one-half inches of storage above any allowance whleh may
be necessary for extra evaporation from the reservoir surface. The
reader will nofe that during these years the rainfall upon the Passaic
water-shed did not actually fall as low as that shown by this Phila-
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delphla record, and that_ consequently, the flow of the Passaic was
larger than this computed flow. As I before remarked, however_ we
have no warrant for supposing that the rainfall will not, at some
time, fall as low as this on the smaller water-sheds_ at least.

It is made clear by the above table that the Philadelphia rainfall
from December, 1879, to November, 1882, is the most trying one
upon a system of artificial storage. Table No. 44 shows that it was
also the most trying upon natural storage_ the periods of depletion of
ground-water being longer, and the greatest draught upon ground-
water amounting to 7.42 inches_ whereas the greatest of the _ew
York record is 62][ inches. The low state of ground-water from
April, 1881_to December, 1881, for nine continuous months, exhibits
the severity of the famous drought of 1881, which was so severe as
to kill large numbers of forest trees. The condition of ground-water
is exhibited by the lowest llne of Plate V.

In our future computations, we shall adopt the above dry season
of the Philadelphia record for our typical dry period. We have
already given in the chapter on rainfall the average rainfall for each
section in the State. Applying our monthly formula i'or the Passaic,
Croton and Sudbury, we shall be able to compute the evaporation on
the Passaic for an average and extreme dry period. By taking the
difference in mean temperature between the Passaic and each of the
other sections of the State, and applying a correction of five per cent.
for each one degree of increase and decrease over the mean annual
temperature of the Passaic, Croton and Sudbury, we shall have the
evaporation for the average and eztreme dry periods for the several
sections of the State. We obtained the following series of mean

annual temperatures from the Climatology of _ew Jersey, and oppo-
site each we have set the proper correction to be applied to the
evaporatio n formalin for the Passaie_ Croton and Sudbnry :

]_[EAN ANNUAL TEMPERATURE.

Correction to E'_aporation.

Epper D_u_a_e Yalley ........................... 4%_ degrees -- 11.5 per cent.
Highlands and KiOatlnny Valley ............... 47.4 -- 11.5 "

CentralDelawareValley ........................... 50.6: " , -_ 5 "

Red S'andYm_e Plum ........................... _.... 50.6 _l Q. 5 "

Southern (Dlv_d_,,;: ..................... ......,.... 52.6 -,_J5

-- " 15 "
LowerD_!aware............. :....................... 52.6 . "_
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Correction to Evaporatio_.

Delaware above Trenton ........................... 47,4 degrees -- 11.5 per cent.

Eurltan ................................................ 60.6 q- 8 "

Passaic ................................................. 49.7 0

Coast Streams .................................... 62.5 -_- 14 "

Branches of Delaware below Camdml .......... 52.5 + 14 "

Branches of Delaware, Camden to Trenton.. 5_.5 " + 14 _

Applying the above corrections, we obtain the follo_ri_g mon6aly
evaporation for the several sections of the S_ate:

TABLE No. 46.

Rainfall and Evaporation for Average, Ordinary Dry and
Driest Periods.

(R) UPPER ])ELAWARE VALL]$YIHIGHLA_D_ A_D KITTATI_I_YVALLEY,

AVERAGE. ORDINARY DRY. DRIF_T.

• _. • _ "_ _
-- . .... . ,,

December ....................... 3.57 .60 3.86 ._ 4.05 .74

Jan_ry ......................... 3.46 ,55 3.94 .58 8.66 .57
February ........................ 3.31 "56 1.64 .41 4.76 .69
Marvh ........................... 3.57 ,74 2.89 .68 _.83 .7_

April ....... .................... 3.48 1,09 2.55 .99 .61 .83
_ay .............................. 3.88 2,35 3.29 2.24 2.71 2.13
June ............................. 3.88 3,07 3.66 3.02 3.87 3.97

July .............................. 4,05 3.73 4.35 3.80 .96 2.91
August ........................... 4,42 3.29 3.83 3.17 L13 2.58
September ..................... 3,57 2.07 .96 1.6l .94 1.6b
October .......................... 3,31 1,13 2.04 .09 3.0_: 1.1O
_ovember ...................... 3.57 .90 2.19 .78 2.02 .76

........................44-'- o-V2o--2oY- 17.75

Dueember ..... .60
January .......................... 65
February ,64
March ............................ 74

April ........... .96
:May ............. 2.55
June .............................. 2.64
July ....................... ..,.,.i 3.0Z

aat .............................. I, 3.73
3.58

_ovember ............... ; ................ I............ i .67

Year ...................... 20.79
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Rainfall and Evaporation for Average, Ordinary Dry and Driest
Periods--Continued.

'(_) 0]e_lqTRA]5 DE]_A_VARE VALLEY I RED _&N_STOI_]_ PLAI_j RARITAN WATER'SHED,

- AVERAGE. 0RDL_JAR_" DRY. _RII_T,

g

December .... 4.04 .86 .87
January ......... 4.12 .71 .67
February ....................... 1.71 .49 .82
March ........................... 3.02 .82 .90

_lParil............................. 2.67 1.20 .98
y .............................. 4.04 I 2,81 3.44 2.69 2.71 2.53

June ............................. 4.04 3,70 3,82 3.62 3.87 3,64
July .............................. 428 I 4.48 4.55 4.58 .96 3.45
August .......................... 4.50 I 3.96 4.00 3.80 1.18 3.06
September .................. 3,72 2A9 1.01 1.92 .94 1.91
October ...................... 3,45 [ 1,36 2.14 1.19 3.04 1.30

_No,ember ....................... 3,721.% 2.28 .94 2.02 .90
Y_ ......................_5.04_.22 -_.80 2_.82_.6-i-21._

December ...................................................................... 2.63 .71
January,,,.' ................................................... :................ 4.57 .77
_ebruary ...................................................................... 4.22 ,76
March .......................................................................... 3,57 .88
April ........................................................................... 2.12 1 16
_ay .......................................................................... 5.06 3.02

June ..................................................... 1.90 3,13J_, ...............................:::::::::::::::::::::::........................137 353
August ......................................................................... 6,40 4.49 .
"September .................................................................... 2.09 4.25
_)etober ....................................................................... 132 1.09
:November ..................................................................... 99 .80

Year ....................................................................... 6.24 24.55
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Rainfall and Evaporation for Average, Ordinary Dry and Driest
Periods--Continued.

(C) DEL_WARR WATER-SHED_ ABOV_ T]_E)IT01g,

AV_R_GF_ ORDINARY DRY, DRIEST.

MONTH. "_

December ...... 73
January .57
February ...... .67
March., .76

2.1_

June ............................. 3.17

July .............................. 2.9t
August .......... 2.58

1.61
September .....................
October ......................... 1.10
_ovember ...................... .76

Year ........................ 17.81

December ........................................................................ i 2.63 .60
January .......................................................................... i 4.57 .65
February ......................................................................... _ 4.22 .84
March ............................................................................ j 3.57 .74

April ............................................................................. J 2.12 .96
May ............................................................................... t 5.06 2.55
June .............................................................................. ¢ 1.90 2.64

July ............................................................................... E 1.37 3.03
August ............................................................................ h 6.40 3.73

September ...................................................................... 12.09 3.58October ............................................................................ 1.32 .92
November ........................................................................ 99 ,67
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Rainfall and Evaporation for Average, Ordinary Dry and Driest
Periods--Continued.

(d) PASSAICWATER-S_ED.

AYERAGE, ORDII_ARY DRY. DRIEST.

o o

December ..... 3.65 .78 I 4,05 .83
January .................... 3.35 .63 , 3.60 .64
February 3.38 .64 ' 4.76 ,73
l_arch ...... 3.64 .84 , 3.83 .36
April .................. 3.55 1.00 .61 ,93
May ............. : ................ 3.96 2.67 2,71 2.41
June ....... 3.96 3.49 3.87 3.47
July ....................... 4.14 4.24 .93 3,29
August .................... 450 3.74 1.13 2.92
September ...................... 3.64 2.36 ,94 1.82
October .. 3.38 1.29 3.04 1.24
_ovember .., 3.95 1.02 2.02 ,86

Yez_r ....................... 45.00 22.70 31.63 20.05

December .............................................. ,............ ::.i:,::I,., 2.53 .63January.................................................,............:::: 4.07 .73
February ................................................ I........................ 4.22 .72
March ................................................... I........................ 3.57 .84
April ...................................................... 2.12 1.08
M_y .......................................... i ............ I................................................. 5.06 2.83
June .......................................... i.................................... 1.90 2.98
July .......................................... ,..................................... 1.37 3.41
August ...................................... ,..................................... 6 40 4.22
September .................................. i..................................... 12.09 4.05
October ..................................... I................................... :- 1.32 1.04
November .................................. I..................................... 99 .76

Year ................................... I............ ........................ 23.39
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Rainfall and Evaporation for J_verage, Ordinary Dry and Drivst_
Periods--Continued.

(e) B_CH_,_ OF DELAWARFr-_TRENTOI_ TO CA_DE_.

AW'ERAGE. O_.DINARY DRY. DRIEST,

O
_fONTH.. .. . O

December ....................... 3.82 .91 4.13 .94 4.05 .95
January ........................ 3.73 .73 4.21 .79 3.66 .73
February ........................ 3.55 ,75 1.75 .54 4.76 .89
March ........................... 3.82 .98 3.08 .90 8.83 .98
April ............................. 3.73 1.41 2.73 1.30 .61 1,06
May .............................. 4.16 3.08 8,52 2.93 2.71 2.75
June .............................. 4.16 4.04 3.90 3.96 3.87 3.65-
July .............................. 4.35 4.91 4,94 5,01 .96 3.75
August ..........................4.71 4.33 4.09 4.15 1.18 3,33
September ..................... 3.82 2.73 1.03 2.10 .04 2.07
October .......................... 355 1.50 2.18 1.30 3.04 1.41
I'_ovember ...................... 3,82 1.19 2.34 1.03 2.02 .97

Year ....................... 47-"_2"_'26.5"_ "37.6_- 24.95 31.63 22.85

December ....................................................................... 2.63 .78
Jauuary ......................................................................... 4,57 .83
February ........................................................................ 4,22 .32
March ........................................................................... 3,57 .96

April ............................................................................ 2,12 1.23
May ............................................................................... 5,06 3.28
June ............................................................................. 1,90 3.40
July ............................................................................ 1,37 3.89
August ........................................................................... 6,40 4.81
Septembe¢ ..................................................................... I'2.09 4.f)_
October ......................................................................... 1,32 1.19
_%vember, .............................................. :........................ 99 .87

........Year ....................................................................... 46.24 .
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Rainfall and Evaporation for Average, Ordinary Dry and Driest
Periods--Continued.

(f) BRANCH_S OF DELAWARE--CAMDEN TO BRIDGETOIq,

ORDINARY DRY, .

6
.2

December ..... 95
January .., .73
February ....................... I .89
March ........................... 1 .98

I_pa_l 1.06y 2.75
June ......... 3.96

July 3.75
August .......................... 3.33
September ...................... 2.07
October .......................... 1.41
2qovember ............... 97

Year ........................ 36.80 I 24.57 _1.68 -_

December ........................ 78
January .,. .83
February .82
March ............................ 96
April ......... 1,23
May .............................. 3.28
June .............................. 3.40

July .............................. 3.89
August ........................... 4,.81
September...................... 4.62
October .......................... 1.19
November ...................... .87

26.63
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Rainfall and Evaporation for Average, Ordinary Dry and Driest
Periods--Continued.

(g) ATLANTIC COAST STREAMS OF SOUTt[ERN I_EW JERSEY.

AVERAGE. OI_DII_ ARY _)RY. DRIF_T,

._ _ ._ _

December ........................ 3.97 .97 4.29 .98 4.05 .95
lanuary ......................... 3 88 .75 4._8 .78 3.66 .73
Pebraary ........................ 3.69 .76 1.82 .55 4.76 .89
March ........................... 3.97 1.Ol 3.21 .91 8.83 .98

Lpril ............................. 3.88 1.44 2.83 1.31 .61 1.06
iay .............................. 4.32 3.11 3.65 2.96 2.71 2.75
une .............................. 4.32 4.33 4.07 4,01 3.87 3.96

luly .............................. 4.53 4.98 4.84 5 07 .96 3.75
Lugust ........................... 491 4.39 4.26 4,19 1,18 3,33
eptember ...................... 3.97 2.76 1.16 2.12 .94 2.07
)etober ......................... 3.69 1.51 2.26 1.31 3.04 1.4l

November ......................8.97 1.21 2.43 1.03 2.02 .97

Year ...................... 49.10 27.22 39.20 25.22 31.63 I 22.85

December ,78
5anuary ............. _........... .83
February ..... .82

.96March ...........................
April 1.23
May... 3.28
June .. 3.40

July .......... 3.894.81
August ..........................
September ..................... 4,62
October ....... 1.19
November ...................... .87

year ....................... 26.68
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This gives us the following net amounts of rain left to Row off in
the streams for the various sections of the State :

Net Inches of Rain in Excess of Evaporation.

Average Ordinary
Year. Dry Yea_, Driest Year.

Upper Delaware Valley, ttlghtands and

KittatJnn 7 Valley ....................... 24.01 1614 13.88

Central Delaware Valley, Red Sand-

_' stone Plain, Raritau Water-Shed... 21.72 13.98 10.60
De]a_vare above Trenton ..................... 24.75 16.90 13.62

Pa&_aic Water-Shed .......................... 22.30 14.39 11.58

]Branches of Delaware--Trenton to

'Camden .................................... 20.66 12.65 8.78

Branches of Delaware--Camden to

Bridgeton .................................. 19.61 I2.01 8.78
Atlantic Coast Streams of Southern New

Jersey ....................................... 21.88 13.96 8.78

The actual amount of water run off in the driest year will, of
course, be augmented by draught upon grennd-storage. Theassumptlon

_het all parts of the State will be subject to equally severe droughts

tells heavily against the driest-year flow of southern New Jersey,
where the average rainfall is higher. We should like to be convinced

that such severe droughts are not to be looked for there, but we find
nothing in the climatology of New Jersey, or in the records of rain-
fall which we have studied, to warrant such a conclusion.

The above sections embrace all classes of streams within the borders

of t_e State, and we have here all necessary data, excepting the curves
of ground-flow, for the computation of the stream-flow of the State.

Before proceeding to determine these curves, it may be well, how-
ever, to see what our New Jersey gaugings indicate as to the accuracy

of our formuhe for evaporation. Very considerable discrepancies

may be expected in such short series as these, still we may draw some
valuable inferences.

TABr.E I_o. 47.

ComDarisun of Kittatinny Valley and Highland Gauglnge.

PAULINSKILL.
Computed

Observed Evaporation Difference.
Period. Rain. Evaporation. for Passaic. Per cent.

Year 1890-1891 ............................ 46,48 22,20 22.94 --3

December to May, 1891 .................. 22.68 7,24 6.92 +5
June to November, 1890 ................. 23.80 14,96 16.06 --7
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PE_UEST.

June, 1890, to May 1591 ................. 45.$2 20.35 22.90 --11

Deceraber_ 1890, to November, 1891.. 41.43 20.73 22.13 --6.4

_USCONETCOI_G.

June, 1890, to )lay, 1891 ................. 46.35 2L18 22.90 --7.5

December, 1890, to _November_ 1891... 42.69 20.65 22.83 --7.5

ICA_[AT'O.

June, 1890, to May, 1891 ................. 54.43 24.96 24.22 +3.1

June, 1891, to May, 1892 ................. 41.95 22.79 22.22 -[-2.6

PE_UAI_ OCt.

June_ 1891_ to May, 1892 ................ 42.80 19.78 22.35 --11.5

June, 1892_ to 31ay_ 1893 ................ 45.74 19.88 23.30 --14.7

This group of streams shows some range of evaporation, reaching
from about 5 per cent. less than that shown by the Passaic formulae
up to about 12 per cent. less. It appears that the higher water.sheds
show less evaporation than the lower. The Climatology of New
Jersey states that the temperature of the lower parts of Kittatinny
valley prebaMy averages two degrees higher than the Highlands, the
ordinary allowance being one degree decrease of temperature for each
300 feet increase in elevation. Our mean annual temperature, from
which we deduce the correction to the PasSaic formulm of minus

11.5 per cent., is probably near the average, and allowing for
difference in elevation, the range which we note in our observed
evaporation is readily accounted for. It appears, therefore, tbat
if we would be on the safe side with these streams it will hardly

do to allow more than 5 per cent. less evaporation than we found
for the Paseaie_ Croton and Sudbury. As we take up each stream in
detail, we may make proper variations from our average evaporation,

as computed in Table No. 46. As should be expected, the Ramapo
shows very nearly the same evaporation as the Passaic, being similarly
situated to the average of the Passaic water.shed. The smaller water-
shed of the Pequanuock, lying high on the Highland plateau, shows
somewhat less evaporation. As we have before remarked, it is highly
probable that it is this decreasing temperature over increased eleva-
tion, and consequently decreasing evaporation, to which we must
attribute the prevalent idea that the larger percentage of rainfall is
available from mountainous water-sheds. We do not believe that the

cause of this is that the rain runs off more rapidly to the stream, as
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by far the greater amount of work done by evaporation is accom-

plished when there is no rain falling. The greater bulk of water

evaporated, by which term we include all water lost to stream-flow,
is drawn from the earth either directly by the sun or indirectly

through vegetation, and the amount is determined far more By the

capacity of the air to take up moisture than by the peculiarities of

the topography of different water.sheds. The only condition which

would produce considerable increased evaporation would be, that a

very large proportion of the water.shed was included in the surface

of lakes and ponds, or in marshes so wet that the water should stand

over them in shallow pools. The above indications warn us that we

cannot entirely ignore considerable differences in the general eleva-
tion of the water-shed.

TABLE No. 48.

Comparison of Raritan and Other Red Sandstone
Plain Gaugings.

RARITAN.
Computed

Observed Evaporation Difference.
Period. Rain Evaporation. for Pa-_saie_ Per cent.

December,1890,to November,1892.. 42.85 22.33 22.85} +5.6December,]89l, to November, 1892.. 43.97 25.05 22.54
December,1892,to h_overaber,1893.. 49.67 23.86 23.46 +1.7

HACKENgACK.

Year ending with October,'1884....... 44.84 26.53 22.69
Year ending with October_1885....... 41.70 27.84 2217
Year ending with October,1886....... 44.00 26.42 22.52
Year ending with October,1887....... 48.09 28.68 23.18
Year endingwith October_1888....... 52.52 20.27 23.91
Year endingwith October,1889....... 57.74 21.64 24.75
Year ending with May, 1891............ 53.08 20.67 24.00
Year ending with May, 189_............ 38.48 20.88 21.65

Totals ................................ 191.83 184.87 +3.8

The Raritan shows an average excess of 4.2 per cent. over the

Passaic evaporation. The Hackensack shows a considerable vari-
ation because of large flow from ground-water, but the average evap-

oration for eight years is 3.8 per cent. over the Passaic. Our excess

deduced from temperature is 5 per cent., which is a satisfactory
agreement within the probable limits of error of the observations.
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TABLE No. 49.

Comparison of Delaware Gaugings.

Computed
Observed Evaporation Difference.

Periods. Rain. Evaporation, for Passaic. Percent.

December, 1890, to November, 1891.. 44.94 18.67 22.68 --17.7

This shows rather less evaporation than our temperature data in-
dicate. Our computed correction was 11.5 per cent. It suggests
that our computed average evaporation may be rather more than the
actual, therefore our computed flown will be somewhat smaller and
on the safe side.

TABLE No. 50.

Comparison of Great Egg Harbor and Batsto Gauglngs.

GRE&T _:GG _[ARBOR.
Computed

Observed Evaporation Difference.
Period. Eain, Evaporation. for PaSsaic, Per cent.

June, 1890, to May, 1891 ................ 54.52 30.27 24.30 +25.0
December, 1890, to November, 189l.. 53.65 29.66 24.69 +20.6
December, 1891, to November, 1892.. 47.92 30.44 2320 +31.2
June, 1891, to ),Iay, 1892 ............... 50.38 27.41 23.60 +15.1

B_kT_TO.

June, 1801_ to May_ 1892 ................ 49.19 29.97 23.40 -_15.2

The computed excess over Passaic evaporation on these streams
was 14 per cent. The above shows an average excess of 21.6 per
cent., equivalent to a difference of about four degrees in mean tempera-
Cure. All of these streams are gauged at dams, and in this loose
sand a considerable amount of water undoubtedly finds its way out
around and under the dams. It i8 also a fae$ that an amount which

is indeterminate follows down the sandy strata underlying the water-
sheds, all of which dip toward the sea at the rate of about twenty-five
feet per mile. This water finds its way to the sea without reaching
the atreams at all. These two combined leakages may possibly

account for the average difference of 1.81 inches per annum, and we
do not believe that the actual evaporation can much exceed what we
have allowed, 14 per cent. in excess of that of the Passaic, Croton
and Sudbury. We are further confirmed in this opinion by the
observed fact that the excess of observed evaporation seems as large
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during the winter as during the summer mouths. It tends to a con-
stant throughout the year.

In the foregoing comparison we must not expect too close an agree-
ment. It would be better if we could take the time to compare
month by month, for the evaporation computed by the yearly formula
alone cannot be entirely accurate. The actual evaporation in a given
year depends not alone upon mean temperature and amount of pre-
cipitation, but upon the distribution of that precipitation through the
months. If it is heavy in the hot months the evaporation will be
greater, and vice versa. The annual evaporation for a given year can
only be obtained accurately by computing it month by month and
adding tbe results. Nevertheless, the above computation is approxi-
mate and sufficient for our present purpose.

Having the above data, it only remains for us to determine the
ground-water curves for the various typical streams of the State in
order _oenable us to compute the average, ordinary dry and driest-
season flow, the rainfall for the average year being taken from Table
No. 2, the ordinary dry year from Table No. 5 and the driest period
from the above Philadelphia record of 1881 and 1882. We obtain

these curves of ground-flow from our various series of ga_gings of
New Jersey streams which appear at the beginning of our discussion
of each class of streams of the State in a later part of the report, by
means of an analysis similar to that which we made for the Sudbury
in Table No. 34.. Bearing in mind the circumstances which go to
make up larger or slaaller ground-flow from a water-shed, it is
apparent that we cannot follow out the same classification of streams

which we adopted for rainfall and evaporation in selecting our
ground.flow types. Streams which are similar in the topography of
their water-sheds and in their underlying rocks must be grouped in
the same class in ground-flow. The water-sheds of the State lying
north of the glacial moraine will generally show sdmewhat larger
ground-flow than streams of the same type whose watez;-shedsare not
covered by glacial drift, while all of the southern New Jersey streams
will come in the same group. In working out these ground-flow
curves, I have found those already worl_ed out for the streams of
which we have long-serles gaugings very useful as guides. Gauginge
for a single year which embraces a good, dry period are suil_eient to
enable us to determine the principal characteristics of the flow from
ground-storage for a given stream. In fact., even gaugings for s
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single month during the dry season are an aid to the selection of the
proper type uf ground-flow curve.

I have found that in general the depletion of ground-water does
not exceed about 7.5 inches. The minimum gauglngs which are
given in Table :No. 42 may easily, with' safety, be attributed to this
ground.flow depletion of 7 inches. Such minimum gaugings indi-
cate the minimum monthly flow of the stream fairly well, and conse-
quently they are a valuable guide in selecting the proper type of
ground._w curve. We would warn the reader, however, that iLis
best not to put too great confidence in a single record of minimum
flow3nor even in a series of gaugings which do not cover more than
a single year. In such cases it will be safest to be guided by the
general character of the water.shed, and to select a curve adapted to

the topographical and geological eondigione which exist. The
ground-flow curve becomes important in estimating the dry-season
flow, but for Wa_er-supply purposes, where the water is to be stored,
there is no danger of any serious error/n making this selection. In
cases where works are depending upon the dry-season stream-flow
without storage, much care needs to be used in this selection.

Plate VL gives the several types of curves which occur in New
Jersey. A curve may here be found suited to every ease of import-
ance which we shall meet in the State. In dealing with very small
streams, a wider variation of ground.flow is met with than is the ease
with larger water-sheds. If a small water-shed lies so high, or so
much on a sIope that the ground-water is drawn to a level Iowec than
that of the stream-bed, the stream will run entirely dry and such con-
ditions may occur in any kind of rock. IG on the other hand, such
small streams have their beds at a level considerably below the general
level of their water.shed, they may furnish a phenomenally-large
ground-flow. The mere inspection of the water-shed will determine to
which class such a stream belongs, whether of large or small ground-
:FLOW.

METHOD OF COMPUTING FLOW,

Having selected our ground-t_owcurve, we take from Table No. 46
our rainfall and evaporation for each month of the average, the ordi-
nary dry, and the driest years pertaining to the regions in which the
stream is eituated_and, beginning with December, we may with safety
take the flow to be the difference between rainfall and evaporation for
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DIAGRAMS SHOWING

GROUND FLOW OF NEW JERSEY STREAMS

F'0R A GIVEN DEPLETION,

F-i_ures _t bottom show &vera._e depletion o£ _round we.ter

durin_ _onlhinrr_ches,and f'i_ure_._ef't Ihe monthlyflow

of stream correspondin_ re such depletion.
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each month uutli April, since during this period the carrying over of
snow and ice and the frozen state of the ground make it of little
importance to take into account the flow from ground-water. Begin-
ning with April, however, we need to exercise more vigilance, and in
any month when the differencebetween rain and evaporation becomes
less than two inches the ground-flow curve must be brought into use,
and its use continued until the ground-water again becomes re-
plenished. We have already suitlciefitly explained the method of
procedure when the ground-flow diagram is in use. We have adopted
this method in all our computations of the flow of New Jersey
streams which follow; It may be again remarked that our compu-
tations, although they come very near to the actual flow, in some
cases neglect a certain percentage of irregular surface-flow, which may
occur at times when the rainfall is highly concentrated, or the surface
of the earth is in a less than usual absorbent condition, because of
freezing or other unfavorable conditions. Even when such is the
case, the method is so continuous that any deficiency arising from
such cause will appear as a corresponding excess in one or more later
months, and the practical result will not be seriously affected. In

dealing with the streams of the State hereafter, it will be necessary
_o adopt a slightly more detailed classification than we have used
heretofore. It will be seen that the stream-flow is affected by differ-
ences in rainfall, evaporation, and finally in topographical and
geological conditions which affect the ground-flow, and only such
streams as agree in all of these respectscan be dealt with as one class.
Where any impertant number of streams can be brought into a group
this has been done, in order that remarks aud generalizations which
apply to all may be made with as great saving of space and avoid-
once of repetition as is possible. The reader will find in the
_ppeudices tables of drainage areas, a list of water-powers, and much
other matter pertaining 'to all the streams which arc hereafter
discussed.

KITTATINNY VALLEY AND HIGHLAND
STREAMS.

For a detailed description of the topography of this and the other
classes of water-sheds which we shall hereafter treat of, the reeler is
re?erred to Volume I. of the Final Report, published in 1888, which

NEW JERSEY GEOLOGICAL SURVEY



128 GEOLOGI:CAL SURVEY OF :NEW JERSEY.

contains a full topographical description of the State. The shorter

descriptions which we shall give here are intended to serve ordinary
purposes and cover points which are not always included in the report,
referred to. The rainfall used with the gauglngs has been obtained

by averaging two or more stations of the New Jersey State Weather
Servic% and we shall here acknowledge our indebtedness to this ser-
vice for valuable da_a which we could not otherwise have obtalned.

No matter how good they may be_ stream gaugings without tempo-
rary rainfall measurements are absolutely worthless for the accurate
estimation of the probable flow of a stream during periods of extreme
drought. For purposes of water.supply, the yield of a stream is
determined by i_s yield dnrlng the driest period, and we have, in each
ease, given what we believe to be the very largest amount which can
safely he collected by storage from each class of water-sheds. Our

figures for horse-power always refer to gross or theoretical horse-
power, unless otherwise stated. In accordance with ordinary prac-
tice_we have taken the available horse-power to be the amount which
will be at all times available during nine months of the ordinary dry
year. We find that the available horse-power will be available for
about 9 months in 12 excepting once in fifty years, and that it_
will be available throughout the whole of an average year_ or for
more than one-half of the time. In our detailed studies of each

stream, we shall show from time to time how this theoretical avail-
able horse-power compares with the amount actually utilized.

Kittatiany valley and the Highlands, including the boldest topo-

graphy in the State, generally range from 500 to 1,500 feet in eleva-
tion. We have selected two types for our estimates of the flow of"
these streams. The first, or ordinary, includes the Paulinskill,

Museonetcong, North Branch of the Raritan and most of the Passaic
headwaters. It is the ordinary type. The estimated flow for this
class of streams is given in Table _o. 51. The second type includes
such streams as the Pequest, the upper part of the south branch ui"
the Raritan and others which have flatter water-sheds and a consider-
able amount of sand and gravel therein, giving a larger flow from

ground-water. Such streams are the most valuable for water-power,
as they give a larger flow during the extreme dry months, but_ not-
withstanding this fact, the actual amount of available horse-power
determined by our rule is no greater than on the first class of
streams.
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FLAT BROOK.

Beginning at the most northerly point of the State and passing
.down Delaware river, the first s_ream of any importance tributary
to the Delaware from i_ew Jersey is Flat brook. Its source is near
,High Point, in the Kittatinny mountains, 21 miles from R_ m_nth.
Its water-shed has an area of 65.7 square miles, 54 per cent. of which
,is in forest. The population is 21 to the square mile. This area
lies entirely upon the west slope of Kittatlnny mountain, being dearly

:six miles wide near the source and two and one-half miles near the

mouth. The stream rises quickly, floods passing over in about 36
hours. We have no gaugings, but estimate the maximum flow to be
:about 60 cubic feet per second per square mile. The stream gets very
,muddy in time of floods. Its flow is that shown in Table No. 51.

Water-s_pply.--This stream is of no importance as a source of
.domestic water-supply. It is remote from all probable demand, and
,there are few opportunities for storage, excepting in the lower valley.

Water-power.--From Table No. 51 we estimate the available power
on seven feet fall at the grist mill at Peter's Valley to be 24.15 horse-
Cpower. TaMe l_o. 51 shows the available horse-power for nine
mouths of an ordinary dry year to be .069 horse-power per foot fall
for each square mile. We find the horse-power actually in use here
.is 23. In the same way we estimate the available power at l_lat-
brookville to be. 4 48 horse-power for each foot of fall. As the
Delaware rises some 82 feet in great floods a_ this point, water-
powers developed near the month will be liable to drowning occasion-

-ally from back-water. About 40 feet fall could be utilized at a point
one and one-half m'llesab_v_Flatbrookvfile. This site is at present
4oaccessible, but a railroad is projected to pass through the valley on
the Pennsylvania side of the Delaware, which will improve the
facilities for transportation. The amount of power actually in use
,upon the stream at present is shown in the table of water-powers in
Appendix I.

PAULINBKILL.

This stream lles in the main axis of the Kittatinny valley, which
_it drains for 25 miles, from Augusta southwestward to the Delaware.
The lower 18 miles of the water-shed is quite uniform in width,
averaging 7 miles, with its western border on Kittstinny mountain
_rom 1,000 _o 1,200 feet above the stream, and its eastern border on
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a slate ridge about 400 feet above. The upper part widens out to 13
miles and has some swampy areas, which have been partially drained.
The fall for the first I0 miles from the mouth averages 7 feet per
mile, with little variation; for 20 miles above this it is 8.5 feet per
mile, also very uniform. The distance by the stream from the
remotest source to the mouth is about 36 miles. The bottom of the

valley is blue limestone; the higher portions of the shed mainly slate.
About 25 per cent. of the area is in forest. Much of the lower portion
is in permanent pasture_while the ridges ate devoted to general farming.

Swartswood and Culver's lake have both been utilized as re_ervoir_

for mills, and are dontrolled for a depth of 4 to 5 feet, with extreme
variations in height of 5.5 feet at Swartswood and 6.5 feet at Cul-
ver's. These and other lakes on the water-shed represent a total
storage of 0.7 inch on the entire water-shed, which storage is allowe_
to flow pretty freely to feed the respective milts. This and the addi-
tional storage afforded by the meadows near Newton account for a
very large first-month storage flow.

From flood-marks at Hainesburgh, the flood-discharge see_as to be
limited to 4,126 cubic feet per second, or 23 cubic feet per second per
square mile of water-shed. The long, narrow shed below, and flat-
ness of the upperj broad portion, favor a gradual discharge of surface-
water. In oases of single heavy showers, the time from the height of
the shower to the height of the flood at Hainesburg does not exceed
24 hours. The duration of flood-flows is from 4 to 8 days, although
the water is not over the river banks much more than one-quarter oi_
this time. The discharge reaches 1,800 cubic feet per second before
the banks ate overtopped, or about 10 cubic feet per second per
square mile.

The dry-season flow, determined from dace as to the run of ml]]s
in extreme droughts, ranged from 0.126 to 0.130 cubic feet per second
per square mile, agreeing well with observed minima for other High-
land and Kittatinny valley streams.

A gauge was set up at the mill of Messrs. G. C. Adams & Co., at
ttalnesburgh, about 25 miles above the mouth of the stream, and
read by Mr. A. D. Corncll. There is a small amount of leakage
through the dam, but not enough to cause any serious error. There
arc several mills above, but none of them have very large ponds, and
while they hold back some water, it is not probable that the mini-
mum flow for any week is very much reduced thereby, although the
observed minimum for a single day probably is.
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The accompanying tablegivesthe flowby months,in inches,on

.thewater-shed,and alsothe maximum, minimum and averageflow
incubicfeetper second:

,FLOW OF THE PAULINSKILL, 1890-1891.

Water-shed, 174.8 square miles.

_ FLOW IN CUBIC FEET PER
_ SXCOND.

I I

1890.

:February 12th to 28th .................. L9 1.58 5 272 437
March ....................................... ].1 4.44 4 [7 672
April ........................................ ,).8 288 8 '2 451
May .......................................... L5: 3.88 9 _9 470
June ......................................... 54 2.29 8 146 357
July .......................................... i.3, .71 9 43 108
August ...................................... i.2 .73 7 29 112
September ................................. 1.0 ] .60 6 111 249

•October ..................................... i.I' 2.31 8 }5 352
November ................................... 61 1.20 3 J5 188
December ..................................I.O' .66 _ )3 99

1391.

January .....................................t.4'. 4.45 670
:February..................................1.8' 4.53 761
March ....................................... k8 3.56 540
April .......................................... L2! 164 258
May .......................................... ' !.2_ .60 90
June .......................................... 8_

........ L2(
kO_
;.21

_ovember ................................ 1.3!
December .................................... 4: 1.02

1892.

January :.8! 3.68 559
February ................. 0! .95 154
]%larch ,i,¢ 1,80 274
April .4( 1.11 174
May ......................... 2_ 1.09 166
June .......................................... J 5.68 1.82 286

.July .......................................... ] 3.30 .47 71

BMn--luches.l_low--ln_hes.
June to November, 1890 ................................. 23.80 8.84

December to May_ 1891 ................................... 22.63 15.44

June to May, 1890-1891 ................................ ". 46.48 24.28

December to May_ 1892 ................................... 20.97 9.65
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For the single full year shown in the above gaugings, the flow ap-

pears to be remarkably like that of the Croton, Sudbury and Passaic-
for the same amount of rainfall. These gaugings, like several others
gi_,en hereafter, serve mainly to satisfy us that the streams obey our"
general law of evaporation and flow, and also to fix for us the"
peculiarities of ground.flow.

The Pauliuskill flow is that shown in Table 57o. 51.

Water.zapply.--This stream does not promise to ever become im-

portant as a sourea of domestic water-supply. Distance from probable-
demand_ comparatively low elevation, the agricultural character of"
the water-shed and consequent roiliuess in time of flood, together with-

a possible hardness of waters from the limestone bottoms_ all con-
tribute to make itj as a whole, less desirable than some other streams..
Some branches may be excepted from these statements, as we shall see-
when we come to consider them later.

Horss-power.--Baleville is the first point where the stream be-
comes of considerable size by the junction of the east and west
branches. The water-shed above this point is 66.3 square miles,

consequently we find by Table 570. 51 that the available power for 9'
months of the ordinary dry year is 4.57 horse-power per foot fall.
The mills here actually utilize from 6.66 to 11.03 horse-power for
each foot fall, but there is not more than our estimated power
steadily in use. Below the mouth of Swartswood lake branch the
water-shed becomes 102 square miles, and we estimate the available-
horse-power at Stillwater to be 7.04 for each foot fall. From 5 to
5.7 is actually utilized. The fall from Baleville to Stillwater is 70"

feet, 28 feet of which is improved. 57ear Swartswood and Emmons-
stations, on the New York, Susquehanna and Western railroad, sites
with about 12 feet fall each and about 54 available horse-power

might be improved. At Pauline we estimate the available power to-
be 8.07 horse-power per foot fall. About 10 horse-power is actually
in use. It should be noted here that our estimated power is for 24
hours daily_ whereas the succession of mill-ponds along the stream
afford storage enough to concentrate the entire power into working
hours, consequently more power than our estimate can be utilized
from 12 to 14 hours per day. Between Stillwator and Pauliua, 42.5-
out of 70 feet is improved. The remaining fall is much divided, and
can scarcely be utilized.except by increasing the fall of existing sites.
There is, however_an unused grist-mill site with 9 feet fall at Panlim_
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which should furnish 72 horse-power by our table. The water-shed
here is 117 square miles. At Hainesburgh we make the available

power 12.07 horse-power per foot fall. The amount improved is 16
horse-power per foot fall, which is said to he satisfactorily used.
Between Paullna and Haineshurgh we have 40 feet of unused fall,
good for about 400 gross horse-power. This could probably be utilized

at three or four sites. Below Hainsburgh the fall is all developed.
The grist-mill at Warringtofi has 8 feet fall, and we estimate 96
available horse-power. Something more than this is actually required
to run the present mill, which has a low efficiency. At Columbia
there is an unused saw-mill site with 13 feet fall and 156 available
horse-power.

Swartswood lake.--This lake is utilized for storage _or the mill of
John W. Keau, Esq., on the outlet. The extreme variation between

low and high-water levels is 5.5 feet, representing a storage of 12 I,-
000,000 cubic feet. Even with the large storage, the flood-flow at
the outlet has reached 1_070 cubic feet per second, or 65.8 cubic feet
per second per square mile of water.shed. With this great storage,
the power at the outlet is a very good, relisble one, always sufficient
for three run of stone on 17 feet head. The water-shed is 16.3 square
miles, and this is a good example of successful utilization of a small
water-shed for power by means of storage.

The storage amounts to 3.16 inches upon the water-shed. It is,
consequently, enough to maintain a flow of 0.70 inch monthly, even
in the driest year, and as this flow can be concentrated into working
hours, 2.25 horse-power per foot fall will always be available at the

outlet for 12 hours daily. This is now utilized on 17 feet fall, but it
would seem feasible to obtain 55 feet by a raceway about half a mile
in length, giving a very reliable power of 124 horse-power.

This water-shed might also be utilized for water-supply, for which
it is much better adapted than the main Paulinskill. With the pres-
ent storage, it would supply 6,500,000 gallons daily. With storage
equal to 7 inches upon the water-shed, it will aflbrd a supply of
about 11,000,000 gallons daily. The elevation is 482 feet. The
area of the lake is 505 acres.

C_lver's lake, at Branehville, is also uSilizod for storage for mills
It has a storage capacity between extreme levels of 137,000,000 cubic
feet. The area of the lake is 486 acres ; its drainage area is 6.3
square miles. Within this same water-shed is Long pond, with an
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area of 299 acres and 2.5 square miles of drainage. Culver's lake

may be drawn off 6 feet and affords about 8 inches storage upon the
water-shed. In addition to this is the natural storage of Long pond.
There is some 300 feet fall in the 2 miles from the outlet to Branch-

ville. With the above storage, there is always available 0.74 horse-
power per foot fall. Ten mills utilize 205 feet of the available fall,
but 5 of these are not in use. About 1.8 horse-power per foot fall
is actually in use. As our 0.74 horse-power computed is concentrated
into working hours, it becomes 1.48 horse-power, conseqnentl_ these
mills have steady, reliable power. It would appear that in this case
it might be easy to transmit the power of these several plants, elec-
trically, to a single point in Branchville, utilizing 250 feet fall and
185 horse-power continuous, or 370 horse-power in working hours.
In this way the present inaccessibility of several of the mills would
be obviated. These powers have been highly regarded in the past,
and no doubt justly, as our estimates show. It is an admirable
instance of a large amount of power obtained from a small water.shed
with high fall, by storage.

Culver's lake is at 850 feet elevation. It would afford a good
domestic supply of 4,200,000 gallons daily with the present storage.

Although a considerable amount of power is developed at Lafayette,
on _he eastern branch, the other branches of the Paulinskill do not
call for special comment.

Passing down the Delaware, the next stream of importance is met
at Belvidere.

p_Quzs_ mvEm

This stream lies at the eastern side of the Kittatinny valley. In
the midst of its water-shed, Jenny Jump mountain, a ridge of gneiss,

rise_ and covers some 17 square miles, the total area of the water.shed
being 158.2 square miles. The southern and eastern border of the
area is also on the gneiss, but most of it lies upon the blue limestone,
and 80 square miles of this is very level, the remainder of the water-
shed being of about the same slope as the Pauliuskill. The length
of the main stream is 32 miles from its remotest source, near Pink-
neyville, to its junction with the Delaware river at P,elvidere. Its
principal affluent is Beaver brook, which comes in from the north 2
miles from the mouth and drains 37 square miles. The fall of the
main stream for the lower 10 miles is 27 feet per mile; for 4 miles
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above this it is 2.5 feet per mile ; and this brings us _o the outlet of

the great Pequest meadows_ which were drained some years since.
These meadows have an area of about 8 square miles, and before

being drained they were extremely wet, under water much of the
tim% but they are now being brought under cultivation. In 1885

they were nearly half in timber, but this is now being cut off. The

fall of the stream for 5½ miles through these meadows is 4 feet per

• mile; the next 6 miles have a fall at the rate of 4.5 feet, and the

valley continues nearly level to the source of the stream, which flows

through a chain of small lakes. There is much drift on the basin,

as it is crossed by the terminal moraine. Forest covers 18 per cent.

of the shed. A gauge was set up at Belvidere and read first by Mr.

Clinton Cole, and later by Mr. I. B. Keener.

FLOW OF PEQUEST RIVER.

Drainage area, 158 square miles.

FLOW In CUBIC FEET FI_R
SECOND*

1890.

February 12th to 28th .................. 561 286 405
March .016 290 544

796 264 459
'. ............... 584 209 425

505 100 344

July .......................................... 319 58 127

428 145 306
_ovember.. 31g 132 208
December ........ 327 95 149

1891.

January 253 119 587
February .......... 842 397 607
March .............. 757 312 513

_arll 439 107 260'y .......................................... 154 63 98
June 222 54 111

July .......................................... ]97 56 97
August ............ 272 38 112
September ......... 173 43 114
October ...................................... 272 81 134
_ovember ......... 426 64 146
December .................................. 694 76 371
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Rain--Inches. Flow--Inches.

June to November_ 1890 ................................ 23.81 10.36

December to Mayj 1891 ................................ 22.51 15.61

June to I_ovember, 1891 ................................ 18.92 5.09

Juue, 1890, to May, 1891 ................................ 46.32 25.97

December, 1890, to .November, ] 891 .................. 41.43 20.70

Comparing these gaugings with those for the Paulinskill, they are
found to show always larger flow in the dry months, but very similar
results in the aggregate. In short, the flow from ground-storage
after the first two or three months of depletion is better sustained on
the Pequest. The ground-flow curve derived from Passaic gaugings
was found to agree well with these gaugings, and was adopted for
Highland and Kittatinny valley streams of this type, the resulting
estimated flow being shown in Table No. 52. Referring to this table,
we ilnd all the data of flow, therefore, for the Pequest.

The surface-flows show much less fluctuation than on the Paulins-

kill. The floods do not reach a great height, and require more time
to discharge. The waters from the lower part of the main stream,
where the slopes of stream and water-shed are steep, discharge first
and are out of the way before the slow-moving floods from the flat
upper shed have come down. The height is reached at Belvidere in
about 36 hours, but the waters are not discharged in less than from 7
to 10 days. The contracted outlet and small preparation for heavy
flood-discharges arc noticeable at Belvidere. The highest flood-marks
pointed out indicate a flow of 1,996 cubic feet per second, 12.5 per
sCluaremile, and this must he the extreme limit. This is a light dis-
charge for northern ]NewJersey.

At ]_etcham's mills, one mile below Townsbury, the flood is said
to reach its height in from 12 to 24 hours, remain high for two days
and then recede slowly. Mr. Ketcham thinks the river is more fluctu-
ating than it was before the drainage of the Pequest meadows_and
gets lower in summer. Mr. John Green, at the mill just above, thinks
that the drainage has improved the summer flow of the stream, as
there is less loss from evaporation than from the great overflowed area
of former years. The majority of the mill-owners seem to hold the
latter opinion. The maximum discharge at Townsbury seems to be
about 800 cubic feet per second, on 83.4 square miles of water-shed ;
about 9.6 cubic feet per second per square mile. As this point is at
the outlet of the flat upper shed and the steeper parts are not involved,

it appears to agree well with the observed discharge at Belvidera.
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The dry-season flow here has been estimated from the run of mill
to be about 14 cubic feet per second. This was in the great drought
of 1881. The rate would be 0.17 cubic feet per second per square
mile.

At Tranquility the maximum flood-flow indicated is 650 cubic feet
per second, or 18.7 per square mile. At Huntsville, the greatest
known discharge was 605 cubic feet per second, or 19.3 per square
mile. These last two places are both above the Great Meadows, and
the increase of flood-flow over Townsbury is apparent, but the drain-
age area is still very flat. The flood at Huntsville_ referred to, re-
mained very high for two days. The river does not get very muddy
in floods.

Green's pond has a capacity of 10,000,000 cubic feet between its
extreme levels. This is all natural storage. Hunt's pond is utilized
for storage for the mill of T. F. Hunt, Esq., with a capacity of
7,245,000 cubic lest. Allamuchypondisalsontilized, with27,000,O00
cubic feet capacity. The flood-flow at its outlet is 40 cubic feet per
second for 1.7 square miles of steep water-shed on Archean rock.
With the same area on slate rock, with gentler slopes, Hunt's pond
gives a maximum of 43 cubic feet per second. This is another good
example of the utilization of a very small water-shed for power by
means of storage. Mr. Hunt has always enough power for one run
of stone in the dryest weath6r on 30 feet fall.

Water-supply.--The Pequest has little value as a source of public
water-supply. It is generally less folly than the Paulinskill in time
of flood, but it drains an agricultural country, largely limestone and
very flat. The water may be expected to be rather hard, and the
facilities for storage are extremely poor. Considering its remoteness
from the probable demand, its elevation is also low. It is by no
means as desirable as the main Delaware itself.

Water-power.--Its large ground-flow makes the Pequest one of the
most desirable of the Kittatinuy valley streams for water-power. The
facilities for transportation arc good, the Lehigh and Hudson River
railroad following the entire course of the main stream.

At Tranquility the available power is 2,33 horse-power per foot
fall. The head here is 5 feet. There is very little fall available on
this upper part of the water-shed. From Townsbnry down to BeN
videre, about ten miles, the total fall is 270 feet. At TownsbmT the
available power is 5.59 horse-power per foot fall. Nearly 11 is utilized
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with considerable pondage, but not more than the above-estimated
power is ordinarily used. From here to But_ville there is 130 feet

fall, 31 of which is in use. The rest could only be utilized by race-
ways. In half a mile 20 feet fall could be obtained at two or three

points, the available power ranging from 5.59 to 7.70 horse-power
per foot fall. From Butzville to the mouth of Beaver brook there is

70 feet of fall, of which only 6 is utiliasd. The available power here
is 8 horse-power to a foot of fall, and some of this might be utilized
near Bridgeville. Below the mouth of Beaver brook the available
power is 10.45 horse-power per foot of fall. About 20 feet fall
could readily be improved at this point, and a power of 210 horse-
power developed. This is within 1.5 miles of Belvidere, where 42

feet fall is improved, with a use of 12.4 horse-power per foot fall
_eaver brook.--This is the only important affluent of the Pequest.

It has not much importance at present, being rather inaccessible,
with few very good sites for mills. At Sarepta the available power
is 2.34 per foot fall, and there is an unused mill site. At Hope the
mill has 25 feet fall, and we make the available horse-power 0.63 per
foot fall.

Pophand_s_ng brook and Buekhcrn creek belong to the class of
streams the flow of which is given in Table No. 51. They are not
important.

.Lopateong creek belongs also to the ordinary type of this class of
streams. It is considerably utilized for power, but its flow is mingled
with that from the Morris canal. Its headwaters above Harmony
would be available for a small public water-supply.

At the mouth, there are evidences of a very heavy flood-flow, and
also at Lower Harmony. It appears to be at the rate of about 133
cubic feet per second per square mile.

The minimum flow is apparently 0.38 cubic feet per second per
square mile at Lower Harmony. The stream here issues from a nar-
row and very deep ravine iu Scott's mountain, which accounts for a
large ground-flow.

POHATCONG CREEK.

This stream drains an area 23 miles long, with an average width
of 2.4 miles and an area of 56.2 square miles. The city of Washing-
ton is withiu its basin. Pohatcong mountain forms its southeast rim,
rising from 400 to 500 feet above, and Scott's mountain its northwest
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border, rising from 600 to 800 feet. The valley is rolling limestone
country, highly cultivated, and the ridges just mentioned are gneissie
and generally wooded. The Morris canal traverses the basin for
about 12 miles, and is said by the mill-owners to at times draw some-
thing from the flow of the stream. The leakage from the canal into
streams is considerable. The flow of the Pohatcong is as shown in
Table No. 51.

Water-supply.--By reason of its large population and agricultural
eharacter_ the basin has little value as a gathering-ground for public

water-supply. Some of the small branches, however, may have
value for local gravity supplies of limited amount. Brass Castle
creek is now used as a supply for Washington.

Notes offlow.--Near its mouth, the stream reaches flood-height in
one day, remains high one day and runs down in about the same
time, the duration of flood being about three days. On the lower
part of stream, the maximum flow seems not to exceed 25 cubic feet
per second per square mile.. The minimum flow falls to about 0.14
cubic feet per second per square mile.

Wa_er-powsr.--The stream is chiefly valuable for power, 493 gross
horse-power being in use, mostly by grist or flouring mills. Five
lines of railway afford transportation.

At Carpentersville, near the mouth, the available power is 3.86
horse-power per foot of fall. About 4 horse-power per foot fall is
utilized at the saw-mill. At Springtown, 3.73 horse-power per foot
fall may be had. An average of 4.1 is improved at the mills here.
Between the saw-mill at Carpentersville and the next mill above,
about 30 feet fall is unimproved. A power of 114 horse-power could
be developed here. At Springtown and above, to Levi Cressman_s
mill, the fall is quite well utilised, and the developed horse-power is
generally close to our estimated available power. Above Creesman's,
the valley becomes flat and no facilities exist for the development of

important power.

MUSCONETCONG RIVER.

This stream has a long, narrow water-shed in the Archcan High-
lands. The higher ground is Arehean rock, quite well covered with
soil ; the valley bottom is limestone, with some slate in the foot-hills.
The width at the mouth is 2 miles, very gradually increasing to 4
at Htmkettstown_ 26 miles up the valley, then narrowing to less than
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3 to 6 miles farther up, at Waterloo. On these 32 miles of the course
the stream flows at the southeast side of a very straight valley, above
which the hills rise from 400 to 500 feet. Just above Waterloo the
l .

mare stream comes into the valley from the plateau southeast, while
the upper part of the straight valley is occupied by the principal
affluent, Lubber's run. The combined sheds of the two forks widen
out to 6 miles, and extend 12 miles northeast from Waterloo. This

upper area is quite largely covered with drift, and is more wooded
than the lower parts. Lubber's run has 87 per cent., and Lake
Hopateong 94 per cent. of its area in forest. On both branches there
has been a considerable amount of storage utilized by the Morris
canal to feed that water-way. Lake Hopatcong has a drainage area
of 254 square miles, and has been raised by a dam at the outlet so as
to give a storage of 1_100,000,000 cubic feet. This storage is used to
feed the canal in both directions, so that some of the waters of the
Musconeteong are diverted to the eastern slope of the State. "It is
stated than the Stanhope mill has rights to the original power at the
outlet, and that an opening of 10 by 36 inches is kept for the pur-
pose of supplying the mill." (Newark Aqueduct Board, report on
Additional Water-Supply, J. J. R. Croes and George W. Howell.)

Stanhope reservoir, two miles below, affords additional storage.
On Lubber's run, Cranberry reservoir and Bear ponds are utilized

for storage. This complicates the flow of the stream somewhat.
There is naturally much disagreement between the canal company
and the many mill-owners on the lower part of this vahlable water-
power stream. It is evident_ from the diagram of this year, that the
flow has been kept up during the dry months by allowing some water
to run from storage. How it may be in very dry years is not evi-
dent, of course. There is a marked difference of opinion among the
mill-owners themselves as to whether they are benefited or injured
by the storage. The table which appears below shows the effect of
storage, not only in the dry-season flows_but in the cutting down of
flood-flow_as compared with other streams.

The source of this s_ream is in the Sparta mountains_ near the
Pine swamp, 52 miles from the mouth. The fall for the lower 8
miles is 16 feet per mile; the next 22 miles, from Hackettstewn to
Bloomsbury, have 12 feet per mile; from the mouth of Lubber's
run to Haekettstown, 8.5 miles, the fall is 16 feet per mile; while
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from Lake Hopatcong down to the valley of Lubber's run, the
stream falls 55 feet per mile, for 5 miles.

At Finesville, it appears, from the statements of Messrs. Taylor,
Stiles & Co., that the river has not run much lower in the pre-
vious six years than the recorded gaugings indicate. It requires four
hours for the water to reach here from the mills justthree miles
above, which would indicate a velocity of 0.75 mile an hour. The

• maximum, flood-flow, indicated by high-water marks here, is 1,060
cubic feet per second, about 12.8 per square mile_ which seems very
small, but is apparently correct. An ordinary flood discharges about
1,500 cubic feet per second. It should be noted that the extremely
narrow lower shed and storage on the upper area both contribute to
reduce the rate of discharge.

At Bloomsbury, Mr. F. G. Hoffman places his dry-season power
at a rate equal to about 70 cubic feet per second.

At Imlaydale Mills, Mr. S. S. Cramer has a well.equipped mill
which indicates a low-season flow of a little less than 56 cubic feet
per second.

At Stepheusburg, the mill can run two run of stone about all the
time, indicating a flow of 35 cubic feet per second.

At ttackettstown, Mr. Lewis J. ¥ouugblood reports that he has
not stopped his mill more than 30 days since 1863 for lack of water.
He runs three run of four-feet stones, on 9.5 feet fail, with a breast-
wheel. He uses about 70 cubic feet per second, and has a consider-
able pondage. At the caw-mill above, 12 horse-power was obtained
all through the drought of 1881, on 8 feet fans indicating a flow of
26 cubic feet per second. The stream here is said to reach its height
24 hours after a heavy rain, and requires two weeks to run down to
its ordinary stage. A_tSaxton Falls, where the Morris canal and the

river finally separate their flows, the flood-flow of the river is 1,080
cubic feet per second, the water-shed being about 68 square miles.
This is at the rate of 15.9 per square mile, a low rate, agreeing with
that at Finesville.

A gauge was set up at Finesville, at the mills of Messrs. Taylor,
Stiles & Company, and taken in charge and carefully read by these
gentlemen. These gaugings are believed to be very close to the truth,
the overfall being favorable to good results. Several gaugings of
the Morris canal flow were also made• The accompanying table
gives the results :
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FLOW 0_' THE I_[USCOI_ETCO_(} AT FINESVILLE.

Drainage ,_reu, 155.8 square miles.

i _ FLO'W IN CU]31C FEET P_R

_o_T_. _ 7

1890.
Febr/zary 12th to 28th ................. 1.97 1,41 348
]_¢farch ....................................... 0,15 3.22 436

2"_paril......................................... 2.81 2.59 860y ......................................... 5.58 2.76 377
June ......................................... 3.42 1.32 184

July ......................................... 5.80 .8_ 265 61 113
August ...................................... 5.21 .72 166 61 96
September .................................. 4.00 .83 357 61 117
October ..................................... 5.17 1.20 884 89 167
l%vember ................................. .70 .80 188 72 113
December ................................. 3.07 .97 884 72 130

1891.
January 7.43 4.69 ,172 87 633
February ................................... 3.87 8.66 ,350 85 551
]_[arch ....................................... 3.80 3.25 713 24 4_0

April 2.24 1.52 384 04 212
_ay .......................................... 2.14 .75 206 72 101
June ..... 1.77 .48 104 47 67

4.33 ,40 104 54
6.97 .67 499 92
1.55 .31 184 42
2.68 .23 72 29

November.. 2.84 ,39 206 54
December ......... 4.85 1.35 290 184

Total for I891 ........... 7.70

May 1st, 1890, to 2_pril 80tb, 1891.. 2.55

Our studies of Morris canal draught indicate that the reservoirs of
Lake Hopateong, Stanhope_ ]3ear ponds and Cranberry reservoir
practically utilize and divert the flow of 34 square milea of the above
drainage during the year, or 22 per cent. of the whole. Correcting
for thls_ we have the following results :

Rain, Gauged _iow. Tree Flow.

June, 1890, to May, 1891 .................... 46.35 20,54 25.07

Decemberj 1890, to _ovember, 1891 ...... 42.69 18.08 22,04

This shows similar results t_)those of the Paulinskill and Pequest
gaugings.
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A. detailed analysis of these gaugings shows that without storage
the natural flow of the stream would be as shown hy Table No. 51.
Oar estimates, consequently, ignore any advantage or disadvantage
which may result from the storage and draught of the Morris canal
works.

Water-supply.--The population of this water-shed is 71 to the
equate mile. The percentage of forested area is 39. The portion of
the water.shed lying above Haekettstown is a desirable source of
water-supply, and we may even include all above 1NewHampton.
At this point the waters could be drawn off at an elevation of 400
feet above tide-water. A tunnel about one and one-half miles long
would carry them to the eastern slope of the Highlands, whence they
could be conducted to the populous districts eastward.

The eirainage above embraces 122.4 square miles, 25.4 square miles
of which is already provided with storage in Lake Hopatcong, leav-
ing 97 Equaremilesto be providedwith 7 inchesstorage,or
11_799,000_000gallonsinall.Sitesforstoragemay befoundalong
themainstreamand inthevalleyofLubber'srun. With thisstor_

age, the water-shed would supply 81,600,000 gallons daily. With-
out storage, the stream will supply 9,914,400 gallons daily at New
Hampton at all times.

Above Haekettstown, the drainage area is 74.6 square miles.
Seven inches storage will require 5,985,000,000 gallons in addition to
Lake Hopatcong, and the total supply will then amount to 49,700,000
gallons daily. Without storsge, it will not exceed 6,042,000 gallons
daily. The elevation of intake of this supply would be 560 feet.
Some three miles of tunnel would conduct it to the South Branch of

the Rarltan, at German Valley, to be combined wlth a supply from
this water-shed for eastern and southern clties.

Lake .I_opateong has a water-shed of 25.4 square miles_ lying high
in the gneissio B]ghlands, the elevation of the lake being 926 feet
above tide. Its waters are diverted to both the eastern and western

slopes of the State to feed the Morris esnai_ consequently they could
very readily be utilized for the supply of eastern elties, preferably by
using them to augment the supply from the Rockaway or the Raritan
headwaters. The area of the lake is 2,443 acres. It _ffo_ds con-
siderably more than double the necessary 7 inches of storage. It
will therefore furnish a daily supply af 16,900_000 gallons. Forests

10
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cover 95 per cent of its water-shed and the resident population is
nominal. It has, for some years, been quite a Popular summer
resort.

Gangings of the Morris canal during October, 1890, showed a
draught of 73.5 cubic feet per second, 55 of which was going east-
ward and 18.b westward. The westward flow into the stream was

about 36 cubic feet per seeond. The canal flow below Sexton Fails was
36.4 cubic feet per second, showing further draught from Stanhope
and Cranberry reservoir, the canal and river flows being much
commingled above this point. At Washington the westward flow
was 41.4 cubic feet per second, showing that the leakage was more
than made up by further draughts from small streams.

Lubber's run has 24.1 square miles of dralnsge, 87 per cent. of

which is forested, and only 15 inhabitants per square mile. With
7 inches storage it would s_brd a good supply of 16,000,000 gallons
daily, but it can scarcely be of importunes excepting as a part of the
larger supply at Haekettstown already noticed. The other branches
o_' the Muscoueteong are small andunimportant.

Waler.power.--As may be seen in our table of net horse-power by
water-sheds and by industries, in Appendix L, the Museonetcong is
largely utilized for water-power_ showing 2,042 net horse-power in
use. At Finest, ills, the water-shed being 155.8 square miles, the
available power from the uatural flow is 10.75 horse-power per foot
of fall. At Warren Paper Mills it is 10.45' per foot fall. The
amount actually utilized at the fine mills of the Warren Manufactur-

ing Company is from 11 to t8 horse-power per foot of fall. Our
estimate of 10.45 is for continuous power, day and night. It should
be noted that the succession of mill-ponds up stream serve to con-
centrate the power into working hours, thereby making the 18 horse-

power per foot fall available for 12 or 14 hours per day. The War-
ten Paper Mills have 48 and 27 feet fail, respectively. Of the 130
feet fall from Bloomsbury to the mouth of the river at Riegelsville,
126 feetp or practically all, is thoroughly improved excepting at
gaeoby's mill seat, where 9 feet fall once in use is now idle.

At _ew _tampton, we estimate the available power at 8.44 horse-

power per foot fall. This makes it about 9 horse-power at Asbury
and 10 horse-power at Bloomsbury for 24 hours daily. The amount
improved is 9.5 at New Hamptouj 11 at Asbury and 18 at Blooms-
bury. This is sucees_fully used for 12 to 14 hours daily. About 40
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feet fall is unimproved between Bloomsbury aud Asbury, good for
400 horse-power, and conditions are favorable for its development
near Bloomsbury. Between Asbury and Hew Hampton, 20 feet fall
is unimproved. The valley is flatter here than at the lower site and
conditions less favorable for utilization.

At Haekettstown, we make the available power 5.15 horse-power
per foot fall. About 9 horse.power per foot fall is utilized at
Stephensborg and Hackettstown. Of 70 feet fall between Stephens-
burg and New Hampton_ 26 is improved, but the remainder is
scarcely available for new sites, although some of the old ones might
have their fall increased considerably. Of 100 feet fall between
Stephensburg and Haekettstown, 38 is utilized.. Just above Stephens-
burg, about $0 feet of the remainder could be developed.

It will be noted that the power actually in use on the Musconet-
cong ranges closely to 1.8 times our estimated available power, being
generally concentrated into working hours by holding back iu tlae
mill-ponds.

WALLK[LL,

This stream drains the northeastern portion of the Kittatiuny val-
ley for a distance of about 15 milc_ from the New York line, and
also a part of the northwest margin of the Highlands. Its source is
in Sparta mountain, about 3 miles east of Andover and 2l miles
from the point where it leaves the State. The lower 10 miles of its
course is through very fiat meadows, the head of the great area of
fiats known as the drowned-lands, in New York. The water-shed is

a complex one and will be be_t understood by reference to the topo-
graphical maps of the State. Above Franklin Furnace, it is essen-
tially a highland stream. This portion and the various branches of
the Papakating have the flow given in Table No. 51, but for the
lower part of the stream Table No. 52 is probably better adapted.
The fined-flows are not hlgb, measurements at Hamburg indicating
only 15 cubic feet per second per square mile.

Wa_er-supply.--Most of the Wallkill water-shed is badly adapted
to become a°sourco of public water-supply. The portion above
Franklin Furnace, however, is. unobjectionable. The area of this is
31.3 square miles. It has on it several ponds. Morris pond lies in
the Highlands east of Sparta, has an area of 136 acres and a water-
shed of 1.5 square miles. It was originally improved to supply
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power to a forge at Sparta and is controlled for storage to a depth of

10 feet. From its own immediate water-shed it will supply 999,000
gallons daily, but 2.4 square miles additional may easily be made
tributary to it and, in fact, has already been partly led into it. This
incre_es the available supply to 2,600,000 gallons daily. It is now
proposed to use this as a source for a gravity supply to Newton, and
it promises to affordj in all respects, an excellent one. Losee pond
is upon the Highlands also, southeast of Franklin Furnaee_ has aD
area of 137 acres and is said to have a maximum depth of 10 feet.
It was built as a reservoir for power at Franklin Furnace. Still
farther northeast on the Highland plateau are Sand and Mud ponds,
in Hamburg mountain. The former was used as a reservoir for
power at Hardistonville, has an area of 32 acres and may be draw_
down about 2 feet. This water-shed above Franklin Furnace would

furnish, with 7 inches storage, a supply of 20,800,000 gallons daily.
It is inaseeasible to probable points of demand.

Wa_sr.power.--The lowest point upon the main stream at which
power can be developed is at Hamburg. The drdinage area above
this point is 50 Equace miles, and we estimate the available horse-
power at 3.45 per foot fall. At the well-equ_ppett mill of W. H.
Iugersell_ the amount improved is 5 horse-power per foot fall. There
is sufficient pondage above to make this amount available during
working hours. At the paper mill, there is a site with 24 feet fall
not at present in use, where the improved power is 3.25 horse-power
per foot fall. Our estimate would make 83 horee-power available
here for 24 hours per day. There is also an old forge site not in use
which is _aid to have about 15 feet fall and for which we estimate 51

hoese-power available. At Franklin Furnace, we make the available
power 2.16 horse-power per foot fall. Between this point and Ham-
burg 60 feet of fall is unimproved.

On Papakatlng creek there is no fall available until _e wafer-shed
becomes too small to develop any considerable amount of power.
Most of the branches are of little importance, but Clove river assumes
considerable importance as a power-stream, because of its being in a
region otherwise quite bare of water-power. It rises _n Kittatinny
mountain_ and on one of its headwaters_ Sand pond, at an elevation
of 1,302 feet, has been improved as a reservoir for the mills below.

• "" I_ area is 65 acres, and it may be drawn down 8.5 feet. It has a

dr.ainage area of 0.7 equate mile. Measurements of flood-flow from
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reported high.water marks give 67 cubic feet per second, which is at
the rate of 96 cubic feet per second per square mile. Clove river is
said to become very muddy in floods, and it undoubtedly has a very
heavy flood-flow, although we have no gaugings. The area drained
above Dsekertown is 20 square miles, and we estimate the available
horse-power at 1.38 per foot fall. Mill-owners here claim that they
can always obtain power at the rate of .03 horse-power per foot fall
per square mile. The power improved ranges from 2.5 to 3 horse-
power per foot fall. In all, 259 horse-power is in use in the Clove.

The other branches of the Wallkill in New Jersey are mostly of
small importance. Wawayanda lake, on one of the tributaries of

Pochuck creek, lies at an elevation of 1,152 feet in the Highlands.
It is now part of a sportsman's preserve. Its area is 240 acres, and
it receives the drainage from 6.5 square miles. This is one of the
frequent examples of high development of a small water-shed for use
Jn iron manufacturing. At the outlet there is a stone dam 225 feet
long, 13 feet high and 24 feet thick at the top. The lake may be
drawn down to a depth of 8 feet, affording about 3.5 inches storage
.upon its water-shed. On the outlet there was formerly a saw-mill,
and a charcoal blast furnace said to have been built in 1845, and
purchased in 1857 by the Thomas Iron Company. In this year it
was blown out, and has not since been in blast. The saw-mill had

18 feet fall, and the furnace 35 feet fall. With the storage afforded
.by the lake, a flow of 1.25 inches monthly could be maintained

throughout an ordinary dry year, making the power .78 horse-power
per foot fall for 24 hours daily, giving 14 horse-power at the saw-
mill, and 27.3 horse-power at the furnace. As this could be con-

-eeutrated into working hours, they, of course, become 28 and 5t
horse.-power respectively. The pondage was farther increased by a
large saw-mill pond, 1.5 miles up stream, the dam of which is said to
have broken out about 35 years ago. As the outlet of the lake has a
fall of 460 feet within a disiunee of 1.5 miles above where it crosses

the State lind, it will .be seen that it would be possible to develop a
large amount of power, upward of 300 horse-power continuous, at a
point convenient tostations on the Lehigh and Hudson River railroad.
"Sucha ;_wer, although on a small water, shed, would be more reliable .
,than mj_ny.i..p.qw_r_of e_ual amount on m_ch larger strea_s _ith a .
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supply of 2,769,000 gallons daily of water which should be pure and
wholesome. It is remote from probable demand at present.

Decker pond is on a small branch of the Wallkill, in Pochuck
mountain. It has an area of 76 acres, and may be drawn down 4
feet, having been used for mill-power on its outlet. Roe, or Car-

penter's pond is also on Pochuek mountain, has an area of 23 acres,
and may be drawn down 2 feet. It affords storage for the mill at
Glenwood.

The remaining streams of the Highlands are tributaries of the
Passaic and Raritan, and we shall defer their consideration until we

take up these water-sheds, as it will be more convenient to have them
appear in connection with their respective drainage systems. Like
the other streams of their class, however, their flow is that shown iv,
Tables Nos. 51 and 52.

PASSAIC RI VElt.

The best understanding of this water shed may be had by reference
to the map of the State accompanying this report, or, still better, t_>
the larger topographical atlas.

The Passaic is our most valuable stream from every point of view.

By a fortunate coincidenee, its headwaters afford our very best gath-
ering-grounds for public water-supply, and at the same time are the
most accessible to the points of greatest demand.

The head of tide-water is at Passaic, 13.5 miles above the mouth,
on Newark bay. At the foot of Dundee dam, 4 miles above, the
stream is 6 feet above mean tide. Just above the head of tide, Sad-
dle river comes in from the northern red sandstone plain, rising in
Rockland county, New York, and draining 60.7 square miles, of

which 28 per cent. is in forest. Dundee dam raises the river to 27
feet elevatian, and at the foot of Passaic fails, 7.25 miles above, it is
40 feet above mean tide. Excepting Saddle r_ver, only a few small
branches are received below this point. At the falls the river leaps
sheer 70 feet over a reef of trap rock, at a depression in First moun-
tain. From the top of this fall to the fool of the series of falls aact

--- ml#_ lktmWaas I_ttl#_ibi_il_rt_is 8yeet_ : Hece'there is a fall

"- ; ' _h-(am_l_t_4"_ _ic md]ey i_per,-a tl_-bottl_d yalley betwec_
: s_h_ _tn_l8t_o_R i_,g_lita|n_ _md the southeastern foot of the
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Highlands, 8 to 12 miles wide and 39 miles long. This valley is
covered with masses of glacial drift at various points, and has }argo
areas of flat meadow. Three miles above Little Falls, and at about

the same elevation with the bead of the falls, the slope of the stream

being very gentle, the rompton river comes ia from the north, being

formed, as we have already seen in the study of those streams, by

the confluence of the Ramapo, Wanaqoe and Pequannock at Pomp-

ton_ 6 miles above the confluence with the Passaic. ]n these 6 miles

the Pompton has a total fall of 10 feet.
Just above, on the main stream, iie the Great Piece meadows,

through which the Passaic flows in a tortnous channel, spreading its

waters, in time of flood, wide over the area, to stand for days and

weeks until they can find an outlet at Little Falls, through the restricted

passsgeway which is now being deepened and improved for the better

drainage of this valley :From the month of the Pompton to whele
the Rockaway and Whippany are received from the west, 12.5 miles

above, the fall is only 3 feel. The Whippany also has great meadows

just above its mouth, over which, its waters spread in floods, For 9
miles above the mouth of the Reekaway the Passaic has _t fall of 4

feet; 5.5 miles above Lower Chatham bridge has a fall of 36 feet;

about 6.5 feet per mile. Above this the stream has a drainage area

of 100 square miles, most of which is very flat, although the head-

waters are in the Highlands at Mendham, 23.5 miles above Chatham,
by the stream. The total length of the stream which bears the name

Passaic, from Mendham to the mouth, is 83.5 miles, measured by the
stream. From source to mouth, in a direct line, is only 26 miles.

The area of the entire water-shed is 949.1 square miles; of this,

510 square miles is on the Archean Highlands; the remaining 96'2

square miles above Little Falls is in the Central Passaic valley, on
the red sandstone, and the rest of the water-shed on the trap ridges

and the lower eastern red sandstone plain.

We have, by the courtesy of several users of water-power, been
able to obtain measurements of flow covering a period of 17 years

and a very wide range of rainfall conditions, from 70.88 to 37.03

inches annually. These gaugings were at Little Falls and points
below and have been carefully reduced, compared and adjusted, two

series being for several yeai's contemporaneous. The rest_lts we have
much confidence in. They are consistent and bear the test of close
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analysis as' well as any series of gaugings we have. They have already
been printed in the collection of long-series gangings_ on which we
base our formulae of flow :

NUMBEROF DAYSPASSAICSTOODATGIVENSTAGmDUmNG S_VE_TE2_Y_A_
(5,209 l)a_s).

Flow in inches oo water-shed in

twenW-foue hours ............... 025 .0 .015
Flow in inches per month ......... 0,76 0.4 046
Flow in cubic feet per second per

square mile ....................... 67 : .4 .40

1877 ...................................... 62 93 122 152 272 [ 93
1878 ...................................... 56 94 114 163 306 I 59
1879 ..................................... 32 58 89 123 263 I 102
1880 ..................................... 8 48 90 120 192 I 175
1881 ...................................... 47 " 5q 73 91 2'23 ] 142
1882...................................... 53 6t 8o 151 29a ] 7_
I883 ...................................... 2a 55 77 128 276 [ 89
1884: ............................... i ..... 64 98 126 170 269 97
1885 ..................................... 49 74 106 155 259 106
1888................................... 51 70 90 15o ,2_.2 lo7
1887 ..................................... 57 86 181 178 286 68
1888 ...................................... 91 117 172 220 256 95
1889 354 1
1890. ..... 355 10

234 lSl
1892. 255 111
1898 ...... 317 48

Total .............................. ,706 1,504

Average .......................... 277 88

The flow was above 3,65 cubic feet per second per square mile an

average of 47 days yearly I above 4.86 cubic feet 29 days yearly;
above 9.72 cubic feet 4.3 days yearly, and above 14.6 cubic feet per
second per square mile only 8 days in the whole period. This table

makes it appear that our estimated available power, as we compute it_

is really available au average of 9 months in the year.
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FLOODS OH THE P_S_A[O AT DUNDEE DURING SEVENTEEN YEARS_ I_ TI_E ORDER

0_" MAXIMUM FLOW.

Area of water-shed, 822.7 square mRe_.

,_ TIME FROM I_EOINI_I_G'
OF RISE TO TOTAL FLO\V II_

September 25th, 1882 ...... ]8,265 66 hours. 8 days --7_I--_ 3.71
December 12th, 1878 ........ 16,592 60 8 0,878 3.47
_ebruary 14th, 1886 ......... 12,452 69 8 5,729 3.00
January 3d. 1888 ............. 11,880 68 8 5.295 2.77
January 24th, 1891.......... 11,7(11 60 8 4,902 256
March 14th, 1898 ........... 11,245 69 9 6j590 3.59
May 6th, 1893................. . 11,155 72 8 5,235 2.77
September 21st 1888 ........ 11,126 72 8 5,582 2.89
April 29tb, 1889 .............. 10,997 66 8 5.0'20 2.83
March 29_h, 1877 ........ ..... 10,781 60 9 5,594 2.93
April 9th_ 1880 ............... 10,425 55 8 4,850 2.54
March 3d, 1882 ............. 9,8_ 4,106 2.15

48 7_ovember ]0tb, 1877........ 9,727 120 10 5,418 2.84
_(_vember 29th, 1889........ 9,540 [ _2 3 4,756 2.49

March 23d, 1888 .............. 9.015 / i148 8 4,432 2.32

December 19th, 1888......... 8_917 6 8,578 1.87
August 3d, 1889............... 8,825 8 4,508 2.36

April 8th, 1898 .............. 8,777 ::: ..:::: ..........................................February 20th, 1884 ......... 8,394
February 24th, 1878 ......... 8,375 60 " '"7'":" ........ "3;7i9........ i;9"i'"
September ]gth, 1889........ 8,331 54 " 8 " ............................

January 14_h, 1891 ........... 8,226 '"_'_'*"_i ..........................................January 13tb, 1893........... 8,160 9 _ 5,443 285
April 2Oth, 1879 .............. 8,052 66 " 7 " 3,839 2.01
March 12th, 1881 ............ 8,019 ............... , ..........................................

Of the above floods those which lasted more than eight days were
complicated by two or more storms. The others are the result of a
single heavy storm. The end of the flood wa_ taken to be the sub-
sidence of the stream within its banks, corrsspoodi_g to a flow of
about 4,000 cubic feel_per second. The total volume of flow in cubic

• feet is about 6 per cent. less than above at Little Falls. The maxi-
mum flow is no less. In the great flood of 1882 it appears to have
been ]9,0_0 cubic feet per second, or somewhat greater than above.

A study of flc_)d-flowsof other streams of the same size shows the

effect of the great reservoirs of flat land in the central valley, and the
throttling down of these Passaic floods by the restricted outlet at
Little :Falls. The Raritau in the great flood of 1882 reached a maxl-
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mum of 52,000 cubic feet per second in about 24 hours_ and iu 64
hours, or before the Passaic had reached its maximum, it had dis-
charged the whole flood, whereas the Passaic required 8 days for

'such discharge. The arsa of water-shed above the dam below Bound
Brook, where these Raritau gaugings were made, is 879 _quare miles
against 822 square miles for the Passaic at Dundee. Gaugings of the
headwaters of the Passaic show that they too discharged their fulI
flood-flow into the central valley"in 64 hours. After this time they
continued to flow about bank full, or a little less, and their discharge
into the central valley from this time until the Passaic flood was over
at Doodle, I estimate to have been at above 3,000 cubic feet per second
for 8 daysj less 64 hours flood, less 1 day required for their water to
reach Dundee. They consequently added to the Passaic flow at
Dundee, by their ordinary flow during the subsidence of the main
stream s 1_123 million cubic feet_or 0,58 inches on the water-shed.
Deducting this from the 3.71 inches above given/eaves 3.13 inches
on the water-shed as the actual flood-flow of the Passaic. The total

flood-flow of the Raritan discharged in 64 hours equaled 3.36 inches
upon the water-shed. This shows us that, while the maximum flow
and the time of delivery varied greatly, the total flow was about the
same.

The flood of 1882 was probably the highest of this century, con-
sequently more flo_d-marks are preserved, and a better recollection
prevails of this than of other floods. By inquiry and comparison of
data of other floods which I have obtained, I have been able to con-
struct a fairly-accurate history of this flood. The waters began to
rise at Dundee and Little Falls in the afternoon of the 22d_ and rose
steadily for 33 hours, when they reached 18,049 cubic feet per second.
They then fell off for about 10 hours to 13,000 cubic feet per second,
and then rose until they reached a maximum, 66 hours after the
beginning of the rite, of 18,265 cubic/'set per _eeo_] at Dondee and
19t:100 cubic fees at Little Falls. The upper branches appear to have
discharged their flood-waters into the central valley within 72 hours_
and to have subsided within their banks. They reached their maxi-
mum discharge in from 20 to 40 hours after the beginning of the
rise on the Passaic. In the following tables the maximum flows are
obtained from well-defined flood-marks at dams. The total discharge
is estimated to be 3.13 inches on the shed, as already determined.
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FLOOD DL_CIIARGI_INTO CENTI_'ALpASSAIC VALLEY.

September,1832. Time, 72 hours_rom rise.

_/aximumFlow,Cubic To_M Discharge.
Strettm. Area. Feet per Second. CLtbie Feet.

!_mapo ................................160 10,540 ],163,990,000

_Vanaque ..............................101 61666 734,000,000

Pequannock .......................... 35 4,460 618,000,000

Pompton ............................... 34 ........ 247,000,000

Rockaway ............................. 113 4,80{) 858,0007000

Whipp_,ny ............................. 25 ....... 182,000,000

Upper Passaic ........................ 100 ....... 7'27,0fi0,000

Cemral Valley ........................ 150 ....... ],091,000,000

Totals .......................... 773 ......... 5,6"20,%0,£_b5

The Pomptou reached its maximum flow at Two Bridges in _0

hours, and I estimate that this was about 16,000 cubic feet per second.

The Ramapo maximum was reached in 24 hours, and the Wansque
• at about the same time, the Pequannock being somewhat earlier. The

Passaic discharged in 72 hours at Little Fails 2,572,000,000 cubic
feet, so that there must have accumulated in the flats 3,048,000,000

cubic feet. The rise at Two Bridges was 14.6 feet above the level of

the dam. If we consider the flood-lake above this point level, it

would have a capacity of 2,294,000,000 cubic feet. On the other

hand, if we join all the high-water marks in the valley, we shall have a
sloping surface and a capacity of 4,000,000,000 cubic feet. Neither

of these gives the actual volume of accumulated waters, since highest
water did not occur at all points simultaneously. The true amount

was somewhere between the two, and undoubtedly not far from what
"_edetermlnedabove,or 3,048,000,000 cubic feet. This aceumulation

was discharged during the remaining five days of the flood. The first
maximum of the flood at Dundee was undoubtedly from the Pomptom

Somewhat before the Rockaway at Boonton or the Upper Passaic at

Chatham had reached their maximum discharge, the Pompton reached
its maximum at Two Bridges. This maximum cannot be delivered

by the Passaic until it has reached a height of 13 feet at Two Bridges,

consequently the Great Piece must be filled up to this level. The

waters of the Fompton rushed back up the Passaic toward Pine
Brook to restore the equilibrium, and when this was accomplished

the Passaic at Little Falls reached its first maximum. It then began

to fail slightly until the settling down of the waters from the tipper
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meadows raised the head at Two Bridges, and consequent discharge at
Little Falls to its maximum, some 33 hours after the first rush from
the Pompton had culminated. The flow then steadily receded for 5
days until the accumulated waters had been withdrawn off the flats.
A diagram of this and other high flgods is shown iu Plate "VII.

Dry-seasonflow.--The lowest monthly flowshown by our record is
in October, 1881, amounting to 0.22 inch on the water-shed.

On October 10th, 1878, Messrs. Croes and Howell gauged the flow
at Paterson during a very low stage of the river. They found it to
be 195 cubic feet per second, and remark that it did not vary appre-
clahly from this for ten or twelve days. (Newark Aqueduct Board,
Report on Additional Water-Supply, 1879, J. J. 1_.Croes and George
W. Howell, page 35.) This is at the rate of 0.28 inch on the water-
shed for the month.

In September, 1883, Mr, Lcbbens B. Ward found the flow at Pat-
arson to be at the rate of 150 cubic feet per second, which is at the
rate of 0,21 inch per month.

The last appears to be the very lowest point reached by the stream
under natural conditions for so long as three consecutive weeks.

In September, 1894, our observations show a minimum flow at
Dundee for about a fortnight at the average rate of 138 cubic feet per
second. About 8 per cent. of the flow had at this time been diverted
for the supply of the city of Newark, consequently this gives the
same rate as that observed by Mr. Ward in 1883, which may be
regarded as tho minimum flow under natural conditions. It is at the
rate of 0.19 cubic foot per second per square mile of water-shed.

Table No. 58 has been computed to show the flow of the Passaic
for typical years.
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It will be noticed that we estimate a smaller amount flowing off
from the Passaic water-shed than from the Highland streams. The
rainfall is about 1 inch grsalcr in an average year_ and about 0.8 of
an inch greater in an ordinary dry year than upon the Highland and
Kittatinny valley region. The flow from ground-water for a given
depletion is also greater, as will be seen by reference to the diagrams
of ground-flow. Both of these are oHet, however, by the increased
evaporation, which we take to be 11.5 per cent. over that of the High-
land and Kittatinny region. The average elevation of the Highlands
is about 700 feet greater than that of the Central Passaic valley and
northern red sandstone plain. This difference of elevation would be

equal to over 2 degrees difference in mean temperature, allowing 800
feet elevation to 1 degree decrease in the temperature. We are of the
opinion that our estimation of an extremely dryperiod, as dry as that
shown by the Philadelphia record, is a little too severe for a water-
shed of 800 square miles in extent. Such extreme droughts do not
seem to extend over so large an area, and it will be noticed by refer-

ence to the table ofgaugings of the Passaic that the rainfall and flow
were very considerably larger during 1881 and 1882 than the above
estimate shows. Oar assumed driest periotl is not too severe, how-
ever, for smaller portious of the water-shed. If it errs when applied
to the main stream, the error will be on the safe slde_and no great
harm can result. It may be remarked that so severe a dry period as
this will be modl/_ed during December and the later w_nter months
by the freezing up of the ground, and the flowing over the surface of a
portion of the rainfall to the stream. The ground will, consequently,
not be entirely filled with water until a thaw occurs, but then replen-
ishment must take place and the flow will be decreased. It will he
found that the actual flow during l_Iovsmber and the winter months

will not usually be less than one-half an inch upon the wader-shed iu
a climate as cold as that of the Passaic. There is no way to compute
the effect of freezing, however_ and if any allowattce is made for it, it
must be a matter of good judgment. We believe that it will be safe
to depend upon a total annual yield of 14 inches from this water-shed,
hut it should be remembered that it is extremely probable that this
will result iu long periods of low reservoirs. Xt is apparent from the
table that a reduction to 12 inches per annum will not sensibly di-
minish the length of this period of low reservoirs. To utilize 12
inches we shall need 5.85 inches of storage.
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Water.suppIy.--It will be seen from our table of public water-

supply systems of the State, in a later chapter, that the Passaic now

furnishes a large amount of water to our cities. Jersey City pumps
over 22,900,000 gallons daily from the river at Belleville, but our

later remarks upon the subject of river pollution show why no part

of the river below the falls at Paterson can be seriously considered for

purposes of water-suppl_,. The next point up stream where water is
drawn for city use is above the falls at Patersnn. Paterson and Pas-

saic are supplied from this point by pumplng. The drainage area

above the falls is 797 square miles. The river will supply at this

point, without storage, 87,569,856 gallons daily. It must be noted

that 8 per cent. of the area above the falls has already been diverted
to supply the city of Newark_ and another considerable area is likely

to be shortly set apart to supply Jersey City. The available supply

at the falls will be correspondingly decreased. Our estimate above is
for the total natural flow of the stream. The agricultural character

of the central valley, and its large and increasing population forbid
that we should consider this supply at the falls as altogether desirable

for the future_ although at present it is all that can be desired.
Above Little Falls the river receives the drainage of 773 square

miles, and will supply, without storage,-84,661,632 gallons da_ly.

With 7.5 inches storage upon the water-shed, 515,000,900 gallons

daily will be available. The elevation of the river at this point is
159 feet. Our remarks as to the desirability of the supply at Pater-

son apply equally well to this.

Pompton river, at Two Bridges_ affords the most desirable supply

obtainable at any point below the Highlands. The drainagearea is

379.9 square miles. This is largely a Highland water-shed, but
Table No. 53 will best apply, We estimate the minimum flow to be

at the rate of 0.15 of a cubic foot per second per square mile_ so that

36,837,504 gallons daily may be bad here without storage, the eleva-

tion being 170 feet. To utilize 14 inches annually from this water-
shed there should be storage equal to 7.25 inches, and the re_ulting

supply would be 253_000j000 gallons daily.
This s(orage may be obtained by means of a dam at Mountain

"View, 2,200 feet long and 57 feet high, for which nature has pro-

vided an excellent site. Such a dam will flood 1)ompton Plains_ in-

cluding an area of 18.07 square miles, to an elevation of 220 feetj
and a draft of ten feet upon this reservoir will afford the necessary
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storage. While. this appears to he a work of unnecessarily large
magnitude at first sight_ it has many excellent points, and for the full
utilization of the available gathering-grounds of the Passaic water-
shed it has no _qual. It is, in fact, the only way in which the waters

of the Wanaque and Ramapo can be collected by works entirely con-
fined to the State of New Jersey. It would be possible to ultimately
add to the area tributary to this reservoir the water-shed of the
Rockaway_ above Boonton, 118 square miles 'in extent, which would
make the total available supply 332,000,000 gallons daily, all col-

lected in one reservoir, which would, from its magnitude, partake of
the character of a natural lake, and which will be more easily
guarded from pollution than a large number of reservoirs such as
would otherwise be necessary to accomplish the same result.

The upper Passaic, above Two Bridges, is not a desirable stream as,
a source of water-supply. Too large a proportion of its area lies
upon the fiat central valley. There are large areas of wet land, an@
the stream becomes quite muddy at times, and a general examination
of the gathering-grounds would result in its condemnation, although.
the analyses which we have indicate a fairly good water at present.
Of course these remarks do not apply at all to the Rockaway and
other Highland branches. .Upon this part of the stream floods rise
slowly_ cover a very large area of flats, and remain high seven or
eight days.

The Passaic, above Chatham, drains 99.8 square miles. Table No.
53 applies to the itow of this water-shed. The water is muddy and
inferior in quality, and the opportunities for storage for water-supply
purposes are not at all good. Floods rise more slowly than upon the
other branches of the Passaic, and remain high three or four days.
The maximum flow probably does not exceed 40 cubic feet per second
per Equate mile. From the dry-season run of mill-wheels at Chatham

we estimate the minimum _ow to be 0.14 of a cubic foot per second
per square mile. At Millington we find in the same way 0.13 of a
second per square mile, These figures agree closely with minimum
gaugings on the Ramapo and Pequannoek. At Chatham 8,724,67_
gallons daily may be obtained without storage. With 7.5 inches
storage, 66,500,000 gallons daily may be obtained. The elevation is
200 feet. Above Franklin, which is at the crossing of the Morris-
town and Bernardvilh highway, the upper Passaic becomes purely a
Highland stream, to which Table No. 51 applies. It is an excellent.
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gathering-ground, but drains only 92 square miles. The elevation
is 270 feet, or could be made 320 feet with little loss of area. The
supply, with storage amounting to 1,119,000,000 gallons, will be
6,190,000 gallons daily.

The most desirable water-supply streams of the Passaic water-shed
are the Ramapo, Wanaque, Pequannoek and Roekaway, which we
will consider by themselves a little later.

Water-power.--The fact must not be lost sight of, in considering
the Passaic as a water-supply stream, that the diversion of the High-
land branches for the supply of the northeastern cities of the 8tare has
already been begun, and is likely to continue until all have been ap-
propriated. When this is aecomplished_the available power of the
lower stream will be reduced to three-eighths of oar estimate, which
is, of course, for the total natural flow. If this diversion is not made
good by storage upon the lower portions of the Passaic, the stream
will rapidly lose its prominence as a source of water-power. These
facts, however, do not make it any the less important that we should
have a correct estimate of the available power of the stream. From
Little Falls to tide the total fall is 159 feet, and of this, 192 feet i_

improved. Practically the only available fall unimproved is some 25
feet at Little Falls.

The Dundee Water Power and Laud Company has developed a
large water-power just above the head of tide at Dundee. Their dam
is a substantial stone structure 450 feet long, and the raceway i_
nearly two miles in length. The pond has an area of 224 acres, and
retains the entire flow of the stream during dry seasons, so as to con-
centrate it into working hours. The fall varies with the stabe of the
tide from 20 to 24 feet, the average being about 22 feet. Power is
leased to the mill-owner by the mill-power, defined to be 8.5 cubic
feet per second during 12 hours in the day, the price of a mill-power
being stated to be _;700 per annum, or about $33.33 per gross horse-
power. From a return made in 1890_ seven establishments were
renting power_ and the aggregate amounted to 17764 gross horse-
power. Table No. 53 makes the power available for 9 months of an
ordinary dry year 86.18 horse-power per foot fall, According to the
above, 80 horse-power per foot fall is improved and used during 10
hours daily, onr previous figures being,of course, for eontlnuous
power.

11
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The next power above is st Passaic falls, and was developed by the
Sodety for the Establishment of Useful Manufactures) chartered in
1791. This is one of the earliest of tbe large water-powers of the
United States. The dam is of stone above the head of the falls, and

affords sufficient Pondage to concentrate the entire dry-season flow
into worklug hours. The water is taken off by a raceway) and is used
on 3 falls of 22 feet each, as shown in the accompanying plan.
Water-power is leased at the rate of $750 per square foot under a
head of 3 feet. This amounts to about 8.5 cubic feet per second, and
21.25 gross horse-power on a fall of 22 feet, makiog the price per
gross horse-power about $36 per annum, This is for 12 hours daily)
and during the dry season the water is shut off from the mills at
night. This price does not include any guarantee that the water will
be available at all times. It will be noted that the 2,350 horse-power
leased amounts to 35.6 horse-power per foot fall. By our table, 35.07
horse-power per foot fall will be available for continuous power. The
lowest ttow of the stream is less than 17 horse-power per foot fall_ so
that it will be seen that at times there is a shortage sand most of the
mills are provided with steam. This power has been lsxgely instru-
mental in building up the city of Paterson.

At Little Falls we estimate the available horse-power at 34.01 per
foot fall. We find 31.5 horse-power improved. Only 14 feet fall is
in use here, whereas the total fall amounts to about 40 feet. Oar
estimate on the total fall gives 1,360 available horse-power. Pondage
enough to hold back the extreme dry-season flow would make this
always aveilnble during working hours. Above this point there is
very little fall to the stream until we reach Chatham. At this point
we estimate 4A horse-power per foot fall to be available. We find
from 6 to 10 horse-power per foot fall improved, this amount belng
secured by pondsge so as to be available during working hours for
ni_e months of the ordinary dry year.

,Minor 5ranches._The smaller beauches of the main P_saio are

largely utilized for power. Second river drains 17.2 square miles,
the water-shed being very Populous. The improved power rauges
from 2 to I0 horse-power per foot fall. We tlnd that at Belleville
0.76 horse-power per foot fall is available continuously. The pond-
age is sufficient to make this 1.5 horse-power during working hours.
Yanteoaw, or Third river, is also largely in use. At the last mill
we estimate 0.62 horse-power per foot fall available The Pondage
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FLOW OF RAMAPO BIVER AT PO_fPTON, NEW JERSEY.--C0ntinued.

Drainage area, 159.5 square miles.

1891-2.
June 52
July ...... 44
August ....................................... 185
September ....... 94
October ................... 42
No'_ember ................................... 207
December .................................. 391
January 794
February 167
March.. 323
April 188
_Iay ...... 258

June to May .........................

1892.
June 281

July ..........................................
August .......................................
September ................
October _augings October 10th, 22.5 cubic feet

per second.

We have already shown in Table No. 4l that the evaporation indi-
eated by the above gaugings averages about 3 per cent. in excess of

that shown by the Passaic formula. On the basis of temperature the
evaporation from the Ramapo shed should be about 5 per cent. less
than that shown by the Passaic. We are inclined to attribute a por-
tion of the loss shown by the gaugings to leakage at the point of
gauging. For safety, therefore, we consider it best to apply Table
No. 53 to the Ramapo. We believe its actual flow lies between that
of Table No. 53 and Table No. 51_ but the former table will give
safe results, although possibly a little within the truth. Table No.
51 is best for dry-month flow.

Waf,er.supp_y.--The Ramapo is an admirable gathering.ground for
public water-supply. The only points which at prasent threaten pol-
lution are 8uffern, N. Y., a growing village, and Tuxedo, where a
small sewer is now discharging into the stream. Naturally the water-
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shed is all that can be desired. The yield, without storage at Pomp-
ton, will be 14,541,120 gallons daily. At Pomptou Falls, where the
present dam of the Pompton Steel Works is located, there is an
admirable site for a high masonry dam on a rock foundation. If
raised ten feet higher than the present level of the lake, storage to
the amount of 1_065,000,000 gallons, or 0.38 inches on the water-
shed, will be afforded. This will maintain the supply at 0.26 inches
monthly upon the water-shed, giving 23,680,000 gallons daily.
With a total storage equal to 7 inches on the water-sbed, the avail-
able supply at Pompton will be 119,600,000 gallons daily. In order
to obtain this amount of storage it will be neesesary to build a num-
ber of reservoirs on the New York portion of the water-shed. The
following table shows the possible sites for storage, and also gives the
area of the various existing ponds which we have referred to. Iu
our remarks upon Pompton river, we have explained the only prac-
ticable way in which all this water can be collected by works eonilned
within the State of New Jersey :
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Water.power.--We estimate the available power at Pompton to be
7.04 horse-power per foot fall. Pomptou lake concentrates the flow
so that during working hours, or 10 hours per day, 2.4 times the
minimum flow is always available. The minimum flow being 22.5
cubic feet per second, we find that there would always be 6.14 horse-
power per foot fall available, or taking 22 feet as the available head,
132 horse-power will be the minimum. Our table in the appendix
gives 160 gross horse-power on 20 feet fall, or 8 horse-power per foot
fall, this being the amount reported as used by the mills. We find
that wheels are in place having a total of 355 net or about 522 gross
horse-power, or 26 horse-power per foot fall. Gaugings of the race-
way show 214 gross horse-power actually in use with the mill work-

ing in its usual way, and this amount of power appears to be success-
fully used, being about 10.7 horse-power per foot fall. At Oakland
11 horse-power per foot fall is improved with little pondage. These
two are the only water-powers on the Ramapo in New Jersey. Sixty
feet fall is unimproved between the State line and Oakland.

WANAQUE.

This stream strongly resembles the Ramapo in the topography of
its wa_er-shed. Table No. 53 may be applied to it with safety, the
flow lying somewhere between 53 and 51. The minimum flow per
square mile could not be obtained owing to draughts upon storage,
but it may be safely taken to be 0.14 cubic feet per second per square
mile, or the same as the Ramapo. The flood-flows are also modified

by storage, our highest observed maximum being about 45 cubic feet
per second per square mile. Under natural conditions, it probably
runs as high as the Ramapo.

Greenwood lake and Sterling lake afford a large pondage. The
latter is used as a reservoir for power at Sterling furnace, -New York.
It has an area of 321 acres, a water-shed of 4.69 square miles and is
not at present drawn off to any considerable extent. It is a beautiful
sheet of water in a wooded district at au elevation of 749 i'eet.

Greenwood lake lies partly in New York and partly in :New Jersey
and is a well-known summer resort, being highly picturesque. It is
at an elevation of 621 feet, has a length of 6 miles and quite a
uniform width of five-eighths of a mile. It is a reservoir for the
Morris canal, has an area of 1,920 acres, or jtmt 3 square miles, and
receives the drainage of 28 square miles. Its storage capacity is said
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uses, a charcoal blast furnace built in 1838_which was out of blast
and in ruins in 1855_ there was a erlb dam about 200 feet long and
9 feet high with a race 600 feet long and 15 feet fall. The drainage
to this pond is about 88 square miles. We estimate the available
power at 5.9 per foot fall or 8.4 horse-power, with the draught from
Greenwood lake added, making 126 horse-pewer available at this
eite_ which would be a very steady, reliable power. Just above there
is an old forge site which has 9 feet fall. We estimate 5.5 horse-

power per foot fall, or 8 horse-power, includiDg storage from Green-
wood lak% giving a total of 72 horse-power available. From the
mouth of Ringwood creek to Pompton these two old sites and those
now in use include all the available power. From Greenwood lake
to the mouth of Riogwood creek the total fall is 360 feet, and we
estimate the available power to be practically that due to the amount
drawn from the lake, or 4.4 horse-power per foot fall. 32.5 feet of
this is developed at Ringwood iron works, giving 143 horse-power
eontlnuous. There is on this part of the stream a total of 300 feet
fall undeveloped_ which is good for 1,320 horse-power. If the
draught from the lake could be controlled this power would never fall
below 1,020 horse-power_ and if confined to working hours 2_000
horse-power would be as steadily available as if it were steam-power.

The water-power upon the branches of the Wauaque is of little
importance. :Near the mouth of Ringwood creek there is an old
forge site with ten feet fall and 14.8 horse-power available.

PEQUA_OCK RIVER.

This is another branch of the Passaic, and with the Ramapo and

Wanaque it forms the Pompton river just below Fompton. Its
drainage area lies high on the Archean Highlands. For nearly its
whole course it flows transversely to the ridge and valley structure of

these Highlands, thus differing from the Ramapo and Wanaque,
which flow through deep valleys. The headwaters of the Pequannoek
are at an elevation of nearly 1,500_ while the mouth, at Pompton t is
only 170 ; consequently the stream has great fall. From Fost's dam_
at Riverdale, two miles above the junction of the Ramapo_ to New
Foundland, 12,5 miles above_ the fall is 45 feet per mile ; thence to
Wallace's Corners it is 9.2 feet per mile for 65 miles ; for two miles
above this, to Stockholm, it is 30 feet per mile. The water-shed is
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six or seven miles wide by 16 miles long_ and the branches are quite
uniformly distributed along the course of the main stream, mostly
coming in from the northeast. Forests cover 78 per cent. of the are_.

The first table of gaugings gives the results of a record made a_
Riverdalc by Mr. J. H. Farey. We have to acknowledge the assist-
ance of Hon. John F. Post in securing this record :

FLOW OF PE_UAN_OC]_RIVER AT RIVERDALE.

Dralnsge area, 84,7 square miles.

1880.
February .................................... 273
March ....................................... 296
_iparil 205

y 1st to 5tlL.......... 91
June ........................
July

45
264

November............ I00
December............... 75

1891.
January ................................... 887
February ......................... :.......... 276
March ....... 192
April........ 215
May, 53

December to _[ay

The second table of gauglngs is compiled from records made by
Clemens Herschel, C.E., Chief Engineer of the East Jersey Water
Company,atMacopinintake:
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_LOW OF FEQUA_OCK _IVER A_ MACOPI_ II_TAKE.

Dr_luage are,% 63.7 square miles,

AVERAGE WEEKLY FLOW

I_ CUBIC FEET pER-SECOND.

MONTtL

1891-2.
June ......................................... 16 31

July .......................................... 20 15
August ...................................... 16 80
September ................................. 25 5l
October ..................................... 15 19
November ................................... 16 97
December .................................. 105 212
Jauuary ........................ : ............ 173 335
February 72 92
March ....................................... 125 145

April 44 97
May 70 122

June to May .....................................

1892-3. }
June ..........................

Joly...........................:::::::::::::::/
133

3O

August ...................................... I 30
September .................................. 26
October ...................................... 8.8
_ovember .......... 88
December ................................... 92

January ..................................... 104
February .................................... 212
March ....... 383

April 240
May 280

June to May .........................

COMFARATIVE TABLE OF FI_OW FR0_I OCTOBER_ 1890_ TO MAY_ 1895.

Rain. Flow. Difference.
_nche_ IDebes. Inches.

Pequannock ........................... 77.30 45.54 31.76

Ramapo ................................ 76.45 44.11 32.34

!. OCTO:S_:a_1890_ 're _AY_ 1891.

Pequannock. ........ 34. "_-_-- 1-h08=-- "'_

- W_fi ue .:', _. " 3476 2488 088

• l_an_allq ......................... 34.50 24.95 9.55
12
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1.5 miles, the total fall is 240 feet_affording one of the fine water-
powers of the State. For 11 miles above, to Dover, the fall is but;
7.3 feet per mile, and thence to Woodstock, 12 miles by the stream,
it is 16 feet per mile. From source to mouth, the stream is 40"

miles in length. The area of the water-shed is 138.4 square miles,
and 80 per cent. is in forest. A gauge was set up at Dover, and read
by Messrs. Smith and Jenkins. It was impossible to obtain the flow"
at this point excepting on Sundays, when the mills were shut dowm
The gaugings are given as they were taken :

FLOW OF THE ROCKA_rAY AT DOVER 3 1890.

Drainage area, 52.2 square miles,

DATE. _ _ _ DATE, _ _ _ " DATE. _

o °o

darch 30th... 253 .180 lu, ly 6th... 80 .057 Oct. 5th.. 13G .097
kpril 6th... 182 .129 20th... 39 .028 12th.. 104 .07413th... 182 .129 " 27th... 272 .194 " 19th.. 159 .113

" 20th... 115 .082 &ugust 3d... 318 .226 26th... 208 .148
27th... 115 .082 " ]7th... 39 .026 Nov. 2d...i 116 .083:

_lav 4th... 175 .125 24th... 78 .056 9th.. 88 .063
"" llth... 103 .071 " 31st... 78 .056 16th.. 88 .063

" 18th... ]82 .129 _ept. 7th... 50 .036 23d... 61 .043" 25th... 121 .086 14th... 165 .i17 Dec. 7th... 88 .663
June ]st... 128 .091 21st... 129 .092 14th... 43 .031

" 8th... ]i0 .078 " 28th... 89 .063 21st.. 88 .063;
" 15th... 115 .082 30th... 39 .028
" 22d... 115 .082
" 29th... 41 .029

The above gaugings indicate a very large summer flow. The,
water-shed above Dover includes that of the Lgngwood valley above
Port Oram, which is described under the gaug(ngs at that point ; and
also the water-shed of Green Pond brook, 16.4 square miles in area.
This latter shed has pondage aggregating 728 acres in area, and some
swamps. A draught of 16 inches on this pondage would add an inch
to the flow of the water-shed, and a draught of 2 feet would add
half an inch to the flow of the entire shed above Dover. Comparing

these gaugings with those at Port Oram, just above, they are found
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to indicate'a much larger proportional flow,and I have not considered
it safe to base any conclusions upon this Dover series, as there is
danger that the flow is increased by large draughts upon artificial
storage, which have been noted.

Another gauge was set up at the new mill of the Luxembourg Im-
provement Company, at Port Cram, and read from November 15th
to January 15th by Mr. N. J. Peltier, the superintendent:

FLOW OF _OC:_AWA'Z RIV_ AT eO_ ORA_, 1890-1.

Drainage area_ 29.9 square miles.

FLOW IN CUBIC FEET
PER S_CO_D.

MONTtI. o

November 15th to 30tb ................... _ 3.q --2_ 30
December ................................... 4._ 34 12 24
January 1st to lStb ....................... 2._ 409 31 120

September 10th, 1894, minimum flow_ 11.1 cubic feet per second, was observed by

Oeo. E. Jenkins, C.E, from the filling of the pond in twenty-four hours.

The Rochaway, above Port Cram, ttows through Longwood valley
with a fall averaging about t0 feet to the mile. The bottom of _he
valley contains considerable beds of drift gravel, and there is also
some marsh on the lower part of the stream. These features con-
tribute to produce a steady and well-sustained dry-season flow. The
hills rise about 600 feet above the valley, and 90 per cent. of the
water-shed is in forest. Inquiry along the stream indicates that the
above minimum flow of 11 cubic feet per second is as low as the

stream falls, except in extremely dry periods.
Mr. Charles F. Swain furnishes the following gaugings, made in

1890, at Boonton :.
Auto, st 8tb, 109 cubic feet per second.

A_gust 15th, 136 cubic feet per second.

September 9th, 80 cubic feet per second.

The latter was believed to fairly represent the flow of the stream,
although it is much involved with the flow of Morris canal. The
area above this point is 118 square miles_ and at this same date we
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found the Ramapo discharging at the rate of 92 cubic feet per second
on 160 square miles, which is a little lower rate than that of the
Rockaway. From high-water marks, we find the maximum flcod-
flow at Boonton to be 40.7 cubic feet per second per square mile, and
at Dover 43 cubic feet per second per square mile, showing a rate
about two-thlrds of that given by the Ramapo. From these records
of flow and a knowledge of the surface geology of the water-shed,
we adopt Table No. 52 to represent the flow of the Rockaway.

Lakes and ponds.--Dixon's pond_ near Roekaway valley, is a mill-
pond with a stone dam 140 feet long and 10 feet high. The area is
35 acres and it receives the drainage of 3.53 square miles. On Den
brook, Opennaki lake, is an old forge site with a atone dam 60 feet
long and 12 feet high. The pond is small. Just above is Shongum:
70 acres in extent, with 2.9 square miles drainage area. The dam is
150 feet long and 12 feet high. This is also an old forge site. Split • :
Rock pond was improved for storage to furnish power to a charcoal
blast furnace. It is 315 acres in extent, with a water.shed of 5.3

square miles. The dam is of stone. If raised 3.5 feet and then
drawn off 7 feet it would form an excellent reservoir with a capacity
of 718,000,000 gallons, or over 7 inches on its water-shed, and would
supply continuously 3,500,000 gallons daily. The elevation is 315
feet. /)nrham pond is on the same water-shed just above, and has
an area of 47 acres, with ]es_ than one square mile tributary water-
shed. It was a forge site from 1811 to 1856. On Green Pond
brook, Middle Forge pond has a stone dam 132 feet long and 13 feet
high. This was an old forge site dating back to 1810, and there was
15 feet Tall at the water-power. The area of the pond is 96 acres
and its water-shed is 10.1 square miles. Under present conditions,
there is a difference of 4 feet between the highest water level and the
lowest poesibl% giving about 0.7 inches on the water-shed, Denmark
pond was also a forge site, dating abont 1800, and is 172 acres in
extent with about 4.5 square miles of water-shed. The dam is of
stone_ 145 feet long by 25 feet high, 30 feet fall having been avail-
able. From the highest to the lowest water-leve], as the gates are
now arranged, this pond probably affords about 4 inches storage on
its water-shed. Green pond, upon the same water-shed, is a beauti-
ful natural lake at an elevation of 1,048 feet. It has an area of 460
acres, with a drainage area of but 1.7 square miles. It would only
be necessary to draw this lake down l foot to affbM 7 inches of stor-
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Wa_sr-power.--There is a strong probability that in the near future
the Rockaway will be developed for the supply of some of our large

cities, consequently it will lose its importance as a water-power stream.

We have not anywhere in this report considered the Whippany as a

part of the Rockaway water-shed. It joins the Roekaway very near
where the latter flows into the Paseaic_ and has nothing in common

with the latter water-shed, so that it is more convenient to consider

the two separately. We estimate the available power of the Rcoka-

way at its month to be 9.25 horse-power per foot fall. At Boonton
falls we make it 8.14 horse-power per foot fall. Between these points

we find from 7 to 12 horse-power improved. Below Old Boonton

there is about 50 feet of fall unimproved. Between these points and
the head of Bconton falls there is 240 feet fall, of which 142 is

improved, 112 of this being at the site belonging to the estate of J.

Conper Lord. There is a good deal of pondsge above the head of
the falls. We estimate the lowest flow to be at the same rate as upon

the Ramapo, which would give 16.52 cubic feet per second at the
head of the falls. It is claimed that the flow of the Roekaway here

is considerably increased by water drawn through Morris canal from
Lake l:[opatcong. Messrs. Crees and Howell, in their report to the

Newark Aqueduct Board in 1879_ estimated the leakage of this canal

to be 1.74 cubic feet per second per square mile, or 50.46 cubic feet

between Lake Hopatcoug and Pompton feeder. As we have at times

observed a flow of 55 cubic feet per second through the canal east-
ward from Lake ttopatcong, and have also observed that, as a rule r

very little water passes eastward through the aqueduct over Pomptoa

river at Moantaln View, i_ seems probable that this estimate is not

far from the truth. As the canal between Boontou and Pompton

feeder must have its full proportion of leakage, and also requires
water enough to operate the planes, it is difficult to see how the addi-

tion to the Rockaway can be any more than the proportionate leakage
for the 14 miles of canal _vhlch traverses the Rockaway water-shed

above Boontou. Assuming this to be true, it gives us 24.4 cubic feet

per second added to the flow of the Roekaway by leakage from the
canal. This would make the total flow of the Rockaway below

Bconton 40 cubic feet per second, or 4.5 horse-power per foot fall.
The Morris canal, it has been claimed, does not divert water from

the Rockaway_ although it locks its boats into the river at Dover, and

again at Powerville, which is above Boonton falls. With a moderato
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amount of storage to maintain the flow during the extreme dry
periods this water-power at Boonton could be made a very valuable
one if utilized to the full extent of 240 feet fall. Like most of the

other water-powers of northern New Jersey, it was originally im-
proved for use in iron manufacturing, a very large business having
been carried on at one period.

At Powerville, just above the falls, we find 27 horse-power per foot
fall improved, but steam-power is used in connection with this.
There is little available power above this point until we reach the
village of Rockaway. Here 19 feet is improved, having been used
originally for two forge sites, dating back to 1790. At Dover, we
estimate the available power at 3.48 horse-power per foot fall, and
:find abner this' amount improved, with a large allowance of poadage.
There is about 50 fee_fall unused between here and Port Oram. At

the site of the old Washington forge there is a pond of 10 acres, the
water-shed being 29.9 square miles. We estimate the available

power to be 2 horse-power per foot fall. On September 10th, 1894,
the flow for 24 hours at this point amounted to ll.1 cubic feet per
second. This was a very dry time, and while this flow amountS to
_).37 cubic feet per second per square mile, or double that of the
Ramapo, at the same time the stream seems to very rarely fall below
this, and probably has a minimum of not much less than 0.3 cubic
feet per second per square mile. This would make the driest season
:give 1.1 horse-power per foot fall, or twice this for working hours,
with the existing pondage. We find 3.75 horse-power improved, and
at Baker's mills, the next site above, 4.8 horse-power. Just above
_his, near the crossing of the Delaware, Lackawanna and Western
railroad, was the site of Valley forge, which had 7 feet fall.

At Lower Longwood, there is another old forge site, connected
with which was a saw-mill. The clam is of earth and stone, 200 feet

long and 12 feet high. The water-shed js 21.1 square mile_, and
the available power 1.4 horse-power per foot fall, or 16.8 in all,
there being sui_eient pondage to double this during working hours.
At Upper Longwood, there is another forge site. The dam is of
cribwork, in a rocky gorge, and is 75 feet long and 15 feet high.
We estimate 19.5 horse-power for this fall, or double this for work-

ing hours, there being a large pond. Another forge site at Wood-
stock has 7 feet fall, and at Petersburg there is still another with a

large pond and 12 feet fall, for which we estimate 9.6 horse-power,
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or double this for working hours. All of these powers have the
reputation of being very good and steady, and thls is borne out by
appearances. There were several more forge sites, some of them on
very small water-sheds, above this pond.

Split Rock pond, to which we have already alluded, was improved
to furnish storage for, first, a forge, in about 1837, and later, a char-
coal blast furnace. It is another example of a small water-shed

highly developed, to furnish power for iron manufacturing. The
dam is of dry stone in a rocky gorge and is 90 feet long and 10 feet
high. Two falls were used for the furnace, one of 28 and one of 7
feet. Three feet draft upon the pond gives about 2 inches storage
upon the water-shed, and will maintain the flow at 1 inch monthly
in an ordinary dry year, making 0.53 horse-power throughout such a
year, and 0.37 horse-power in the driest period for each foot of fall.
Doubling these figures for wnrking-hours_ we have at this site 49
horse-power throughout an ordinary dry year, and 26 horse-power
even in the driest. On the outlet, there is a total fall of 255 feet in
about 1 mile. At Beach Glen, a forge was built as early as 1760,
and this also had a large pondage. The dam was of earth and dry
ston% 200 feet long and 10 feet hlgh_and the pond was nearly a mile
in length. The water-shed was about the same as that of Split Rock,
but the power could not have been more than one-third.

At Middle Forge the effective storage, including Denmark pond,
was about 1.5 inches upon the water, shed, which is 10.1 square miles
in area, and we estimate 13.9 horse-power on the 15 feet fall, or eay 28
horse-power daring working hours. At Denmark the effective pond-
age was about 3 inches upon the water-shed of 4.5 square miles, and
the fall being 30 feet, 13.5 continuous, or 27 hor_e-power daring
working hours, must have been available throughout an ordinary dry

year. It would appear that for these forges upon the Roekaway
water-shed in the neighborhood of 30 groEs horse-power was aimed
at is the available power. The number of sites developed for this
purpose seems to have been 37, 3 of which were for furnaces and 34
for forges_ according to the 1850 edition of Gordon's map. There
are 24 mills also using water-power, making 61 establishments in all.
All of the sites now in use were developed before that date, and
probably most of them before 1880.
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WHIPPANY RIVER.

The nextbranchto thesouthwardistheWhippaoy,whichrises
nearMr. Freedom,aboutsixmileswestof Morristown_and flowsa

littlenorthof east,joiningtheReekawaylessthana mileaboveits
junctionwiththePassaic.The water-shedis71.1squaremiles,of
which25.4squaremilesaboveMorristownisintheHighlandregion.
The remainderliesalmostentirelyupontheredsandstonewithinthe
Central Passaic valley. This portion is covered with large beds of
drift, being crossed by the terminal moraine. The largest branch of
the Whippany is Troy brook, draining 15.2 square miles. The
Whippany is said to carry a good deal of sediment in floods. We
have no measurements of the maximum flow, but indications point to
about 40 cubic feet per second per square rail% or about the same as
the Roekaway. The minimum flow at Whippany is probably not
less than 0.17 cubic feet per second per square mile, while above Moro
ristewn it is probably somewhat less. Table No. 52 will be safe to
apply to this for dry-season flow, but evaporation is probably greater,
and the total run-off will agree more closely with Table No. 53.

Wa_er.supply.--The population upon the Whippany water-shed is
large and increasing. The stream is not well adapted to become a
source of water-supply, although some of the smaller branches may
afford good local supplies of limited amount.

Water-power.--A considerable amount of power is in use upon the
Whippany, and seems to have been improved at a very early date.
There was a forge site at Whippany about 1710. In 1850 all the
sites which are now in use seem to have been improved. We esti-
mate the power at Whippany to be 2.75 horse-power per foot fall,
and at Speedwell lake 1.70. We find 4.3 horee-power improved at

Whippany, and even higher at some mills, the average being about 5
horse-power. The pondage is good, there being a succession of quite
large mill-ponds. At Morristown two mills use 3.75 horee-power
per foot fall. Of the 140 feet fall from Morristown to Whippany,
124 is in use, so that the stream seems to be fully developed.

MORRrS CANAL.

This is one of the important hydraulic works of the State_ and---
deserves some attention in this connsetlon_ although the amount of
business carried on is much less than formerly. It was built by the
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Morris Canal and Banking Company, being completed in August,

1831. It is about 102 miles in length, beginning at Jersey City, and

running thence through Newark, Paterson, Boonton, Dover, Hacketts-

town and Washington to the Delaware river, at Phillipsburg, where

it connects with the Lehigh Coal and Navigation Company's canal,

following the Lehigh river to Maueh Chunk. It was designed for
coal-carrying and local trade. Its summit level is 913 feet above

mean tide, and is near Lake Hopatcong, from which the canal derives

its water-supply. The Delaware, at Easton, is about 156 feet, so

that a boat in crossing the State is moved vertically a total distance

of 1,672 feet. The ascent from Jersey City to Lake ttopateong is
accomplished by 12 inclined planes and 16 locks, and the descent to

Delaware river by 11 planes and 7 locks. These planes are inclined
railways. A cradle descends to the bottom of the canal so that a

boat can be floated into it and secured, then the cradle is hauled by a
cable operated by water-power to the next level above. The wheels

in use to operate these planes are the simplest kind of reaction
wheels. They are usually operated under a bead somewhat less than

the total llft of the plane. The following table gives the distances

of the locks and planes from Jersey City, and the elevation of the

several levels of the canal taken from field notes of the topographical
survey :

_[EIGHTS AND DISTANCF_ Old" Z£ORRIS CANAL.

Distance. Elevation.
Miles. Feet.

Head of Locks 18, 17, 16, at _ewark .................... 12 30.4

Plane 12, at Newark .............................. 13 100.4

Lock 15, above Newark ......................... 13.9 109.5

Lock 14, near Bloomfield ............................. 119.8

Plane 11, near Bloomfield ...................... 19 173.7

Pompton Feeder, Mountain View ............ 35.2 174.9

Lock 13, near Pompton River ....................... 131.7

Plane 10, near Pompton River ................. 38.3 237.9
Plane 9, Montville .................................... 322

Plane 8,Montville ................................ 42.5 388
Lock 12, near Boonton Falls ................... 43.6 393.9

Plane 7, Boonton Falls .......................... 44.1 480.7

Lock II, Boonton ................................ 44.5 439.0

Locks 10, 9,Powerville .......................... 45.5 504.5

Lock 8, Denville .................................. 48 511.8
:Plane 8, ]_ockaway ................................ 50.6 563.1

Locks 7, 6, at Dover .............................. 54.2 581.2
Locks 5, 4, above Dover ......................... 55 590.2
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Distance. Elevation.
Miles. Feet.

Head of Plane 5, above Dover ............................. 55.6 665.2

Lock 3, near Baker's Mills ........................... 673.2

Plane 4, Baker's MiPs ............................ 57.5 725.4

Locks 2, 1 near Drakesville ......................... 735.5

Plane 8, near Drakesville ...................... 61.1 783.5

Plane 2, Drakesville .............................. 61.4 863.5

Plane 1, Summit ................................... 62.6 915

Hopateong Feeder ................................. 63.5 913

Foot of Plane 1, Great Meadow .......................... 64.7 856.9

Plane 2, Stanhope ................................ 66 786.9

Lock ], near Sayres .................................... 774.7

i Plane 3, near Sayres, Waterloo ................ 67.8 719.7
I Plane 4, Old Andover ........................... 68.6 639.4

Lock 2, Guinea Hollow, Saxton Falls. ...... 71.7 6S0

Plane 5, near Port Murray ..................... 82.6 567.]_

Plane 6, Monte l_ose, Port Colden ............ 84.5 516.9

Lock 3, near Monte Rose, Washington ............ 506.8-

Plane 7, Pohatcong ............................... 87.6 433.4

Lock 4, near North Village ..................... 94.5 423.3

Plane 8, Hulsizers, Stewartville ............... 96.2 361.2"

Plane 9, near Lopatcong ........................ 92.7 261.8-

Plane 10, near Greene's Mills .................. 100.1 216.6

Lock 5, near Greene's Mills .......................... 208.2

Locks 6, 7, near Greene's Mills ...................... 190.2

Plane 11, Delaware River, Easton ............ 102.3 155.2

The width of the canal at surface is generally about 40 feet, at bot-
tom 25 feet, add the depth is 5 feet. At Little Falls, the Passaic is

crossed by a stone aqueduct bridge about 45 feet high. The Pomp-
ton is crossed by a low aqueduct. At Powerville, the canal locks it_
boats into and out of a pond in the river, so that the flow of canal
and river is commingled, and at the bead of Boonton plane, the canal
is used for a short distance as a head-race for the water-power of the
J. Couper Lord estate, the whole flow of the river being taken into
the canal during dry seasons. The owners of this water-powerare
entitled to all of the flow of the canal at this point, excepting what is
needed for purposes of navigation between here and Pompton feeder.
Near DenviIIe, the Roekaway is again crossed by an aqueduct bridge,
and at Dover, boats are locked into the river and the flow is again
commingled. On the western slope, the canal and Musconetenng
river are much cemmingled until 8axton Falls is reael_d, but from
this point to the Delaware no streams are taken into the canal
excepting some minor branches of the Museonetcoug and Pohatoong r
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and also Lopatcong _reek. The boats used upon the canal have a

length over all of about 87 feet, and a width of 10 feet 5 inches.

They welgh, empty_ from 16 to 19 tens e and their loads average
71 tons.

The canal is supplied with water from Lake Hopatcong at the

summit, which has 25.4 square miles of drainage area and storage
amounting to about 18.5 inch_s on the water-shed, by a feeder about

1 mile in length, which ie uavigable_ and at the head of which boats

niay" be locked into the lake. Before the building of the railroad to
Lake Hopatcong, connecting with the Ogden Mine railroad, there

were ore docks at Nolan's point on the lake, 2.6 miles above the out-

let, and the canal received a considerable amount of freight from this

point. Lake Hopatcong, at 14 inches per annum on its water-shed,
would furnish 26.16 cubic feet per second eontlnuously_ or in erdiuary

dry years, 31.8 cubic feet per second could be drawn. On the Mus-

eoneteong, below the lake, ieStauhope reservoir, abo used to supply

the Morris canal. It has an area of 339 acres and a water-shed,
exclusive of that of Lake Hopatcong, of 4.9 square miles, and it
would furnish 5.05 cubic feet per second. Messrs. Cross and Howell

state that the Stauhope mill has rights to a ltow from these water-

sheds, and that an opening of 10 by 86 inches is kept for the purpose
of supplying the mill. We are unable to verify this, but found

an evidence of such an opening at Stanhope. Such an opening
under 3 feet head would deliver about 20 cubic feet per second,

which would be a very large proportion of the whole available flow.
Bear pond, on a branch of Lubber's rnn, is another reservoir of

the canal, having an area of 38 acres and a drainage area of 0,58
square mile, It can be drawn down 12 feet, and will furnish 0.6

cubic feet per seeond_ or 0,7 in an ordinary dry year. Cranberry
reservoir, on another branch of Lubber's run, has an area of 154

acres, a water-shed of 8.02 square miles, and will furnish 3 cubic feet

per second in the driest year, 3.5 in an ordinary dry year. Green-
wood lake is another important reservoir of the canal which we

have already described in our treatment of Wanaque river. At 14
inches per annum upon its water-shed it will furnish 28 cubic feet

per second. In an ordinary dry year 34 cubic fee_ may be drawn.

These figures 'are all for continuous draught throughout the year.

_T_bg,._._-_¢-_Tt, btt i_"_-_t'_]'not "mo_e _l_a'l/7"ni'_nths, but the-\
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canal remains full during the winter, although the draught is, of
course, much lighter.

The water from Greenwood lake flows down the Wanaque, and
Pompton feeder draws its water from a pond which receives also the
flow of the Ramapo and Pequannook. This feeder is navigable, and
the Ramapo river is, also, up to Pompton Steel Works, and the canal
delivers freight at this point. The feeder is 4 miles long, connecting
with the canal proper at Mountain View, on the east bank of the
Pompton river. At the head of Pompton feeder our gaugings show
a draught of from 40 cubic feet per second in November to 49.5
cubic feet per second in September, and observations indicate a
draught of about 50 cubic feet per second for July, August and Sep-
tember, 40 cubic feet for October, :November, May and June, and 30
cubic feet per second from December to April, making the average
about 38 cubic feet per second for the year. At the aqueduct at
Mountain View, which is just west of the mouth of the Pompton
feeder, we have observed that the flow varies from 0 to 18 cubic feet
per second, probably averaging 8 cubic feet per second, which is the
amountrequiredforlockage. Messrs. CroesandHowell, inDecember,
1878, observed a flow of 62.83 cubic feet per second eastward from
Mountain View. It will be noted that if our abuve summer draught
to Pompton feeder is added to 8 cubic feet through the aqueduct, it
makes a total of 58 cubic fe_t per second_ or a little lees than this

gauging. At Little Falls aqueduct our gaugings seem to indicate a
summer flow of 58, and a winter flow of 47 cubic feet per second.

Our gauglngs also give 55 cubic feet per second flow eastward from
Lake Hopatcong and 73.5 cubic feet per second drawn through Hu-
pateong feeder, indicating a flow westward of 18.5 cubic feet per
second. Below 8axton Falls the average opening of the gate drawing

water from the river in_licates a draugbt of 36.4 cubic feet, to which
we must add ]ockage of 8 cubic feet per second, giving a total of
44.4. At Washington, in October, 1890, we observed 41.4 cubic feet
per second.

Most of the water used by the canal is to make good the leakage.
Owing to the manner of construction an_[ the location of the canal,
which is largely on side hills, this leakage is large, and may be seen
through_,ut the leu_th u£ the cana|_ running away in small rivulets

to the stre_r.Js. Messrs. Croes and Howell made measurements in
1878 a_./1879, indicating a leakage of 1.74 cubic feet per eeeond

/
r, /

/
/

/ NEW JERSEY GEOLOGICAL SURVEY



WATER-_UPPLY. 195

leer mile. They also estimated that the amount of water required for
lockage at Bloomfield at the time of the heaviest known tratfie_which
aggregated 6,571 lockages in 200 days, would require a continuous
_ow of 7.95 cubic feet per second.

We have made studies of the plane at Washington, which has a
length of 1,000 feet and a lift of 73 feet, and represents a fair aver-
age of the planes on the canal. The wheel operating the plane works
under a head of 47 feat. Gaugings of the flame made during the
passage of a loaded boat show that 484 gross horse-power was used
for 330 seconds to accomplish the lift. To haul up the empty cradle
requires 268 gross horse-power used 248 seconds. This indicates the
_se of about 283 horse-power 330 seconds to haul up the loaded boat
alone, the weight of which was 90 tons, and indicates the eflld_ency
vf the wheel to be only about 30 per cent. Probably it is actually
somewhat higher than this if working continuously. If we suppose
that the loekages noted above at Bloomfield were one-half loaded
])oats going eastward, and one-half empty boats going westward, we
find that on the west slope of the canal this amount of traifie would
require 5.4 cubic feet per second of tlow to operate the plane. The
total lift of the planes being 691 feet_424 gross horse-power con-
tinuous must'have been used in all. On the east slope about 60 per

cent. of the power per foot fall used on the western dope would he
reqaired_ and the total lift of the phase is 758 feet, so that the total
_powerused here would be 280 horse-power continuous, making a total
of 70i horse-power used to operate the canal during the season of
heaviest traifie. This amount of horse-potter does not appear in our
table in the appendix of developed water-power. It will be noted

•Chat the amount of water used by the planes is considerably tess than
that estimated for lockages by Messrs. Cross and Howell. The
above 8 cable feet per second required for lookage must be allowed
for throughout the whole extent of the canal.

From Hopateoug feeder 1o Sax_on Falls, in the Museonetooug
valley, we have seen that the canal and river flows are commingled,
and the leakage of the canal flowing into the river is used again for
the canal. :From 8axtou :Falls to the Delaware is 80.6 miles, and
the leakage at 1.74 cubic feet per mile amounts to 18.44 cubic feet
per second, making 26.4 cubic feet per second for leakage and loekage
combined. This is 17.8 cubic feet in excess of what we have noted
above as the supplying capacity of Stanhope reservoir and Bear pond
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and Cranberry reservoirs combined. Our gaugings show 18.5 cable
feet per second drawn westward from Lake Hopatcovg. From Lake
Hopateong eastward to Pompton feeder is 28.3 miles, and the leakage
and loeksge combined amount to 57.2 cubic feet per second, agreeing
well with our gaugings, which show 55 cubic feet. From the head
of Fompton feeder to Newark the distance is 27.2 miles and the
leakage 48.3 cubic feet per second. It is to be noted that the loekage
in this case is provided for by the average amount flowing through
Pompton aqueduct, so that the above leakage is all that must be
actually furnished from Pompton, and this agrees quite closely wit_
our gaugings of summer flow. If the canal had to rely entirely upon
its reservoirs above noted, it would appear that there must be a
shortage of water during the driest period_ but the opportunities
afforded at various points for drawing from other streams make it
improbable that these reservoirs are the sole r_liance. They could

readily be made to furnish all of the water required during an ex-
tremely dry time_ but whenever the various streams furnish a sufll-
¢ien_ly large flow to admit of it without interfering with the rights of

other users of the water, .the draught from the reservoirs could be
very much diminished, so that we cannot gather from the use of
these reservoirs upon the Morris canal any warrant for supposing a
larger total amount of water collected than we have estimated Jn our
tables.

RED SANDSTONE STREAMS.

We now come to a class of streams which differ in a marked

degree, in all important respects, from those of the Highlands. The
average elevation of the Highlands may be taken at about 850 feet, '
while that of the Red Sandstone plain does not exceed 200. This
difference in elevation alone would account for a difference of about

9.degrees in mean temperature. Our table of mean annual tempera-
ture shows an actual difference of 3.2 degrees_ corresponding to an

increase of 16 per cent. in evaporation_ and this is about the amount_
of difference in evaporation actually shown between the gaugings of
the Pequanuoek and those of the Hackensack and Raritan. The
position of the Red Sandstone plain will be best understood by refer-
ence to a geological map of the State. It presents two distinct types
of topography, the glaciated and the onglaclated, the former being

NEW JERSEY GEOLOGICAL SURVEY



WATER-SUPPLY. 197

to the northward of the moraine linej which runs through Morris-
town, Plainfield and Perth Amboy, is heavily covered with drift, and
has about 30 per cent. of its area forested, some of this being the
heaviest timber in the State. The southwestern portion of the plain
has practically no sand or gravel, and only 12 per cent. in forest, is
highly cultivated and largely under-dralned, having practically none
of the marshy areas of the glaciated portion. Saddle river, the
Haokeusack, Elizabeth and Rahway rivers have their water-sheds
upon the glaciated portion, while the Raritan and a few minor
branches of the Delaware drain the remainder. These latter streams

carry a large amount of silt, tho soil being highly soluble, and the
red color gives them an especially objectionable appearance during
floods. The northeastern streams receive a large portion of their
waters after they have been filtered through the sands and gravels_
and are somewhat less muddy, although by no means free from this
objection. We present herewith three tables representing diffesent
types of flow. 1_o. 54 is based upon the flow of the Hackensack, to
which it especially applies, but is also applicable to the Elizabeth and
Rahway. No. 55 applies to the larger streams of the Lower Raritan
water-shed, and No. 56 to some of the smaller branches of the
Raritan and the Delaware. Sacldle river belongs to this class of
streams, but has already been considered under the Passaic water-
shed, and being somewhat peculiar in its position and topography_
we have considered it best to apply to it Table No. 53.
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The Haekeneaek rises near Haverstraw, in Rockland county, New

York, and flows due south, emptyltlg into the head of Newark bay,
about 34 miles, in a direct line, from the source. The total area
drained is 201.6 square miles, of which 64.1 lies in the State of New
York. The river is tidal and navigable to New Milford, 20 miles
from the mouth. The lower part of the water-shed is occupied by
tidal meadows 4 miles wide by 10 miles long, and having an area of

19,846 acres. These meadows are generally only two or three inches
above the level of high tide. They occupy the entire width of the
lower water-shed, excepting less than a mile on either border. Above
the head of tide at New Milford the water-shed includes 114.8 square
miles, and of this about 60 per cent. is in forest. By the census of
1880, the population was 216 to the square mile for the whole water-
shed, and 125 for the portion above New Milford. This is a subur-
ban populationdistributedin a number of smallvillages,and is
steadilyincreasing.The water-shedish_avilycoveredwith drift,
sand and gravel,especiallyin the flatterportionsof thevalley.
There is also a little marshy land near the streams, including about 3
per cent. of the whole area. The only natural lake of any size is
Rockland lake, in New York, within half a mile of Hud_u river.
It is 1.75 miles wide by 2 miles long. There are quite a number of
good-sized mill-ponds along the stream and its branches. The general
elevation of the water-shed ranges from 0 _o400, and averages about

200 feet. A trap ridge forms the eastern and northern boundary,
and throughout the entire distance from Jersey City to Haverstraw,
the l=Iaekeneack drainago extends to within half a mile of the west
bank of Hudson river. The accompanying table of gauging_ has
been compiled from data furnished by Charles B. Brash, C.E., and
from rainfall records of the United States Weather Service :
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FLOW OF HACKENSACK RIVER AT NEW MILFORD.

Drainage area, 114.8 square miles.

F_OW IH CUBICFEET PER
SECOND.

MONTH. _

1890.

January 302
February .................................... 357
]_iarch. 50_:
A ril ......................................... 372

_lP_y .......................................... 361)
June .......................................... 292

July ......................................... 129'
August ....................................... 120
September .................................. 186
October ...................................... 287
November ................................ 207
December ................................... 247

1891.

January ..................................... 522
February ................................... 556
March ....................................... 446

April ........................................ 263
.May .......................................... 139
June .......................................... 85

July .......................................... 70
62

August .....................................
September ................................. 79
October ...................................... 59
November ................................... 94
December .................................. 150

1892.

January ....................................
February .................................... • ...........
March .......................................

April ........................................
May ..........................................

Rain--Inches. Flow_Inches.

January, 1890, to December, 1899 ........ : ........... 53.79 31.69

June 1890_ to May, 1891 ................................. 53.08 32.41

December, 1890_ to l_7ovember, 1891 .................. 41.86 25.95

June, 1891, to May, 1892 ................................. 38.43 17.55

Year ending Octoher_ 1884 .............................. 44.84 18.31

Year ending October, ] 885 .............................. 41.70 24.86
Year ending October, 1886 .............................. 44 17.58

Year ending October, 1887 .............................. 48.09 19.41

Year ending October, 1888 .............................. 52.52 32.25

Year ending October_ 1889 .............................. 57.74 21.64

Year ending May, 1891 ................................... 53.08 32.41
May, 1892 ................................... 38.48 17.55
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Average excess of evaporation over that given by the Passaic
formula (E equals 15.50 plus 0.16 R) is 3.8 per cent.

We have no observations of maximum flow, but the following
shows how the highest observed summer and winter maxima com-
pared with those upon the Raritan, Ramapo and Passaic at the same
time.

_A_MU/_ FLOW IN CUBIC FE_.'T PER SECO._D F_R _UARE _[ILE*

May, 1890. October, 1890. January, 1891.

tiackensack ................................ 4.9 4.7 17.3

Rarltan ...................................... 4.6 8.1 27

Ramapo ...................................... 4.8 5,2 28.5

Pas_c ....................................... 36 4.1 1°.4

The Januaryflowisseentobe largerthenthePassaic,butthis
may onlymean that,becauseofthehighertemperature,thesnowand
ice were melting more rapidly upon the Hackeneack, The compari-
son with the Raritan is fairer, and shows considerably less flow. The
summer maxima did not differ much from the Raritan and Ramapo.
It is not probable that the maximum flood.flow on the lower part of
the water, shed exceeds 40 cubic feet per second per square mile.
The minimum shown in the above table is 0.19 cubic feet per second
per square mile. This was for a single day, and may easily have
been due to the holding back of water in some of the mill-ponds.
It does not appear probable, from a study of the records, that the
natural flow falls much below 0.25 cubic feet per second per square
mile. The ground-water curve, shown in Plate VI., was deduced from
these gangings, and shows a high rate of flow,decreasing quite rapidly,
however, at times of extreme depletion of the ground-water. It is
probable that this rapid decrease takes place at about the time that
the ground-water becomes nearly exhausted from the beds of gravel.
The gronnd-flow appears to he very similar to that shown by the
higher water-sheds of southern :New Jersey, ,such as the Batsto.
Table _7o. 54 is based upon this stream, and is especially applicable.

Water._pply.--The Haekeneaek Water Company, Re-organized,
supplies Hoboken, Hackeneack, and several other towns from this
stream by pumping at New Milford. The storage is only trifling iu
amount_ excepting as that affordedby the bhain of mill-ponds above

_._.is.a_ail_ble.....This.companyreportsanaveragedrangJ_to£6,900,000 ' "_:_"• ,] *(

gallonsdaily.A't0.25:ct_l)icifect"persebon_l:l_rgq_r_ :mile..tl_: ---_::_,7_---_
minimum yieldofthestreamatNew' Milford,flowingnatnr_lly_ "":

% V
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would be 18,600,000 gallons daily. With storage equal to 4.91
inches on the water-shed, the available supply would be 65,600,000

gallons daily. Sites for this storage could probably be found without
difficulty upon the water-shed. The water is a_rated before using.
The stream is said not to get as muddy as other red sandstone
streams.

Wafzr-powsr.--The Haekensaek is considerably used for water-
power, but the fall along the stream is quite moderate. It has the
reputation of being very steady during dry weather, with a well-
sustained flow. We estimate the power at New Milford at 8.4 horse-

power per foot fall during 9 months of the ordinary dry year.
Pascaek creek, the largest tributary, drains 28 square miles, and the
Hackeneack, above the junction with the Paseack, 58 square miles.
At Harrington Park the available power is 4.2 horse-power per foot
fall, at Rivervale 3.8 horae.power_ and from 8 to 12 horse-power
is improved a_ these points, the pondage being good. The Paecaek
at Bopper's mill, at Westwood, gives 1.97 horse-power per foot fall.

Musquapsink creek drains 7 square miles, and above this branch the
power of Paseaek creek is 1.46 horse-power per foot fall. These
water-powers on the Hackensack are, some of them, probably nearly
two centuries old, having been developed for saw and grist mills at
an early date.

.Drainage works --_ome attempts have been made in the past to re-
claim the tidal meadows on the lower Hackensaek. Four thousand and

forty.five acres, bounded by Passaic river, the Hackeuesck and Saw-mill
creek, were embanked and partially improved by the lqew Jersey Land
Reclamation Company about 1869, but the undertaking seems to have
been abandoned. A very small amount of drainage is received by these
meadows from the bordering upland, and the water to be removed
would be practically only what falls upon the meadows themselves
less evaporation. The conditions seem to be favorable to their im-
provementj and if the soil should be found adapted to market-garden-
ing, they would become valuable because of their nearness to markets.
The results of a survey of these meadows wilt be found in the annual

report of 1869. These surveys show that from about the line of the
Newark turnpike notth_'el/ia_m_tlk sn_t of be area was

_ u ol@'¢ed_ _p b_o_e_uN! _k_w tt_rrow strip_through- -.
•_Lt_'o_ttltt_.Wf,_3_ _,_% areek, about three-
_rt_t: eff_iJmlil* _. itt_iftout_ . The trot of the underlying
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material is mainly blue mud, some of which includes peat, and the
prevailing depth of the mud is about 10 feet, but in places it is more
than twice this. The marsh was sounded to these depths by a slender
iron rod, usually put down by the strength of one man, but some-
times requiring two, indicating generally a not very firm material.
It was concluded at that time by the late Dr. George H. Cook that
the difficulties to be encountered in the drainage of these meadows
were much less than those met with in Salem county, where very
considerable areas have been successfully reclaimed.

The smaller fresh-water marshes above New Milford seem to be

due mainly to a lack of fall from the edge of the marsh into the
stream. As these are in the midst of a fine residence district, their
drainage is to be desired as a sanitary measure. Those at Clceter,
for instance, on the Tienekill, have a fall along the stream of ten feet
in one and one-half miles, and their drainage would seem to be
merely a matter of clearing out and deepening stream channels. In
all such drainage works, where marshes are bordered by banks of
gravel discharging large amounts of ground-water, provision should
be made to intercept these waters by drains along the foot of the
bank conveying the water directly into the main ehanuel. The satu-
ration of many marshy areas is due mainly to this free discharge of
ground-water into the marsh along its whole border. There being
no channel for such water to reach the stream, the marsh becomes
saturated with the water seeking an outlet.

ELIZ &BETII RIVER.

This stream rises in the city of East Orange. It is tidal to El_za-
beth and navigable for small craft. Above Elizabeth the area of the
water-shed is 19.4 square miles, and it is heavily covered with drift,
especially about Salem and Union. The stream is of comparatively
little importance, excepting that it is used as a source of water-supply
for the city of Elizabeth. Table No. 54 is applicable to the flow of

this stream. It shows the capacity of the stream in the driest months,
without storage, to be 2,886,200 gallons daily. Elizabeth at present
uses 3,500,000 gallons daily, but a portion of this has recently been
drawn from the wells at Nethcrwoed. In 1890 the average con-
sumption of water was reported to be 2,500,000 gallons daily, and
this was drawn entirely from Elizabeth river. There is a small
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amount of storage at Lake Ursino, which is the reservoir of the
water works, and in the mill-ponds above_ so that this amount was

probably readily obtained.
We estimate the power at Salem at 0.95 horse-power per foot fall.

The pondage here and above makes the 2.2 horse-power used by the
inill there always available during working hours.

RAHWAY RIVER.

The east branch of the Rahway rises in the city of Orange and the
west branch between First and Second mountains, and the general
course of the river is southward. From the source to the mouth is
about 16 miles in a direct line. The river is navigable to Rahway,
which is the head of tide, about 9 miles from the mouth. The

Rahway proper drains 4l square miles, and its principal branch,
Robinson's brook, drains 22.8 square miles_ making 63.8 square
miles for the total water-shed above Rahway. The water-shed has a

large and rapldly-increaslng population. It is generally well covered
with glacial drift. Our observations indicate a minimum flow of 0.2
cubic foot per second per square mile. The maximum probably
ranges somewhere between 40 and 50 cubic feet per second per square
mile.

Water-supply.nOn the west branch of the Rahway the city of
Orange has a storsge reservoir between First and Second mountains
having a capacity of 375,000,000 gallons. The dam is an earthen
embankment with a masonry heart-wall, and is 875 feet long by 40

feet high. The drainage area tributary to this reservoir is 5 square
miles in extent. The area of the reservoir is 64 acres. The storage
amounts to 4.5 inches on the water-shed, and as this reservoir has

steeper slopes and less drift than the main river_ Table No. 55 is ap-

plicable. We find that this reservoir will fnrnish_ in the driest
period, 2,200,000 gallons daily.

The city of Rahway is supplied from Rahway river at a point just
above the town_ by pumping, without storage. We estimate the mini-
mum flow of the river at this point to be 5,297,000 gallons daily.
This water is said to be naturally very satisfactory, and appears to be
very pure. The population is increasing very rapidly upon the
water.shed_ and the lower part of the stream is not likely to be further
utilized as a source of water-supply. Some of the smaller communi-
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ties in this thickly.settled portion of the State might possibly find it

well worth whil6 to consider the plan of owning outright a small

gathering-ground which they could effectually protect from contami-
nation in the future. Sueh a plan, where a suitable location is to be

had close at hand, may be considerably cheaper than going to a dis-
tance, and offers greater security against pollution. Some of the

small branches of the Rahway might be utilized in this way, and in
fact many of the smaller water-sheds which are largely covered with

drift would be suitable for such use, as such land is usually of little

value where it is not becoming a residence.section. As instances, we

may call attention to Normahiggin brook, at Brauchvill% having

about 2 square miles of drainage area, which would supply, with
storage, 1,140,000 gallons daily. The headwaters of the south branch

of the Rahway above Iselin embrace an area of 7 square miles, with

an ultimate capacity, with storage, of 3,997,000 gallons daily. Both
_f these areas have quite a large proportion of forest.

Water-power.--A_t the lowest mill site on the Rahway 2.9 horse-
]power per foot fall is available for continuous power, and this site

with 10 feet fall is not at present occupied. The succession of ponds
above would make this practically 6 horse-power for working hours,
or 60 horse-power for this mill site. At CranFord we estimate 2.7

horse-power available. From 5.5 to 6 horse-power per foot fall is

in use between these ponds during working hours. Robinson's

branch, at Rahway, will furnish 1.6 horse-power per foot fall during
9 months of the ordinary dry year, and the mill here uses about 2

horse-power.

RARITAN RIVER.

The total area of the water-shed of this stream is 1,105.3 square

.miles. It is the largest stream of the State, excepting the Delaware,
but is not nearly so important as the Passaic, from the fact that no
considerable portions of the waters are united into one channel until

they are within '7 miles of the head of tide-water, and but 17 feet

above sea-level. The Passaic at Little Fails unites the drainage of

772.9 square miles at an elevation of 158 feet, while the Raritan, at
l_ritao, has but 468 square miles, at an elevation of 49 feet, and

Bound Brook 875 square miles, at an elevation of 17 feet. Never-

theless, the Raritan basin is a productive agricultural section, and a
large amount of water-power is utilized along the various branches.
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The flood-flows have a peculiar interest because of the populous and

highly-cultivated condition of the valleys, which renders them more
destructive_ and consequently makes a knowledge of the laws govern-
ing them more essential.

The water-shed is fully described in the physica ! description of the
State, and its character is better shown by a study of the topographic
maps thanitcan possiblybe by any writtenexplanation.A few
factsnotsoapparentmay bepointedout,however,in discussingils

flow.Thereislittleground-storageanywhereon thewater-shed,
exceptingontheMillstone,partof whichisa sand-hillstream,wltt_
some of thecharacteristicsof southernNew Jerseystreams; but

enoughof theareaisonsteeptrapand redsandstoneslopestogive
eventhisbrancha prettyhighrateofflood-flow.Only 13 percent.
of theshedisinforest.Of the879 squaremilesabovethepointof

gauging,about150 squaremilesareaison a highly-cultivatedpart
of theHighlandsandon thetrapridges; about98 squaremiles,in-
eludingthewater-shedof theupperMillstone,ison theflatclayand [
marl district, and the remainder on the low, level, red sandstone plain. I

The central portion of this water-shed is highly cultivated, and,
quite large areas are almost entirely deforested. The forested por-
t/ons, which are embraced in the 13 per cent. above noted, lie largely
upon the trap ridges. The river is tidal to a point about 2 mile_
above New Brunswick and is navigable to that city, distant about 12
miles from the mouth. This part of the river has been improved by
the United States government. The depth of water to New Bruns-
wick is about 10 feet at mean tide. South river, a branch of the
Raritan, from the south, about 7 miles above its mouth, is also navi-
gable to Old Bridge. The table of gaugings accompanying are the
results of a record kept at the Delaware and Raritan canal dam_
about 5 miles above New Brunswick, by William Fisher :
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FLOW OV Tn_: _A/ClTA_ AT _OtTNI) :a_OOK, 1890-3.

Dralnage area, 879.0 squat_ miles.

J_'LOW IN CUBIC FE]_I _ PER

8FAJO_D,

MOFtTH,

7

]890.

February 17th to 28th .................... 9 : 77'. 40q 1,938
March ....................................... kl: 1' 811 87', 4fl27
Aprll ......................................... L24 ; 26! _7, ],773
May .......................................... :.9, 00 75_ 1,489
June ............................................ 3: 82, _6_ 1,040
July ............................................ 1: _2! _91 898
August ........................................ 5: _0_ _9_ 1,205
September ................................... 3! _2_ t9_ ],064
October ...................................... _.Oq 131 _5(, 2,360
November ................................... 3( J 771 FS] ])016
December ................................... :.lt _ 52( t6I l)ti54

1891.

January ..................................... 4.91 2_ r4( 12( 3,738
Febrnary .................................... 3.4_ ( )5( _9_ 2,931
March ....................................... 4.47 1( [4_ )8C 3,404
April ........................................ 1.6_ _ 13( il_ 1,276
May ........................................... 5_c '3_ _4_ 480
June .......................................... 24 i0_ I3 189
July ........................................... 2S 126 80 218
August ....................................... 94 _ )04 48 716
September ................................... 8_ _ i64 153 878
October ...................................... 43 :04 :08 328
November ................................... 54 _ 74 :0l 428

December .................................... 2._6 8 115 ;32 1,798

1892.

January ..................................... _.57 ,>2 80 90 3,482
February ................................... ].31 5 82 20 ])066
March ............... _....................... 2.59 7 41 95 1)974
April ........................................ ] ..?,5 1 93 77 985
May .......................................... 1.47 3 77 13 1,_20
June ........................................ 1.60 0 27 43 1)261
July ........................................... 57 2 64 80 434
Augt_st ........................................ 47 2 0I 80 358
September ................................... 31 11 80 244
October ....................................... 24 01 22 183

November .................................. 2.)8 !O 98 22 l_718
December ................................... 1.29 2 10 09 983

14
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FLOW OF TI{E l_,Kl_,ITdllg AT BO_.D BTCOOK_ 1800-3--Continued,

Dra nsge area, 819.0 square miles.

_LOW IN CUII[_ FEET PI_

1893.J_nuary ..................................... ._.I [2,514 9 1,608

February .................................... LI, [5,772 1 8 3,494
?,I_rch ....................................... i.2 i9,125 8 4,016
April ........................................ L0, [0,091 8 3,152
May .......................................... L3_ [9,987 7 1,515
Juae ........................................... 6 2_130 9 504`
July ........................................... 4: 820 9 328
August ........................................ 41 5,893 189 11105
September .................................. 7 3,284 157 559
October ....................................... 01 4`_494 180 724,
November ................................... L51 7,$52 291 1,190
December ................................. LT', 5,698 180 2_004

Raia--I_ehes, Flow--lneh_.

June to lgovember_ 1890 ................................. 25.76 9.78

I)ecemb_r to May, 1891 ................................... 23.99 17.23

June to November: 139I ................................. I8.86 3.29
J

5_e_r 1890-i ....................................... 42.85 20,52

December to M_y, 1892 ................................... 22.13 13.55

June to November, 1892 ................................. 21.84 5,37

"z_ z391-2........................................""_3._7 lS,9_

December to May, 1893 ................................... 23.64 20.13

June to November, 1893 ................................. 26.03 5,88
J

Year 1892-3 ........... ............................. 49.67 25.81
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I_U_BER OF nAYS TeE RARITAI_ STOOD &T GIV_]N STAGES DURIN(_ 1j414 D_.YS.

O O O O O

Faow in inches on water-shed i_

24 hours ........................ 125] .10{ .07_ . .021 .015t .14
Flow in inches per month ......... 3.81 3.05 2,28 1.52 .76 .46 _ ,42
:Flow in cubic feet per second pc:

square mile ....................... 3.35 2,69 2.02 1.34 .67 .40 .35

i

1890, 318 days ........................ 33 62 106 163 273 318 313
1891 ...................................... 56 66 38 113 169 220 247
1892 ...................................... 19 30 46 89 235 252 ] 252

1396 ...................................... 43 63 121 167 240 2641 271

Averages ........................ 39 57 94 199 "--239 275 I 23_

Passaic averages--same years ..... 53 86 120 174 249 290 [.........

aln making up these average_ the figures for 1890 have been inoreaSed 15 per cent, to make
_bem approximately correct for a full year.

Table No. 55 of flow is based on the Raritan, and applies especially
to this stream. In the above table showing the stages of the Raritau,
the last column will be seen to correspond to the monthly flow avail-
able during 9 months of the ordinary dry year, as shown in Table
:No. 55. The previous column corresponds to the same figures for
ehe Passaic as shown by Table l_o. 53, and it will be noted that dur-
ing these two years the actual number of days at which the Raritan
stood above this stage agrees closely with the number of days that
the Passaic stood above its corresponding stage. Our 17 years'
record on the Passaic showed that, taking the flow bj, days, the flow
available for 9 month_ of an ordinary dry year, as computed by us,
was really available for 9 months in the year on an average through-
out the whole period. The above-noted resemblance shows that the
Raritan also, when taken by days, gives the available flow for 9
months of an ordinary dry year on an average 9 months in the year.
On these tables, and similar tables for other streams, we have based

our conclusions that our estimated available horse-power is really
available on an average 9 months in the year. It will be noted that
this does not agreeexactly with our computed flow for an average
year, which shows the flow for 9 months somewhat in excess of the

flow for 9 months of an ordinary dry year. The reason of this is
that the average year, as we have previously remarked, is not a
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natural year, but it really eliminates the dry period which is almost;
sure to occur during some part of every year.

The minimum flow of the Raritan was observed by the late Ashbel

Welch, C.E., at the Delaware and Raritan canal dam, during a very

dry time, to be 180 cubic feet per second. Our table above shows a
minimum of 122 cubic feet per second, which is at the rate of 0.14

cubic feet per second per square mile, and this, we have reason to be-
lieve, is pretty close to the absolute minimum for 24 hours.

The flood discharge of the Raritan is at a very high rate, and the
stream is a fluctuating one. This is no doubt partly chargeable to
deforestation, but the lack of graveis and sand upon the water-shed,

and the consequent small ground-storage, also contribute. The shape
of the water-shed, too, has a good deal to do with this result. This
is such that all the upper branches focus at a point near Bound
Brook and discharge their flood-flows almost simultaneously, instead
of delivering one at a time, as is the ease of long, narrow water-sheds
when the branches are pretty evenly distributed along the main
stream. The following table of floods which occurred during four
years covered by the gaugings gives a good indication of their fre-
quency. The river is just about bank-full at 7,000 cubic feet per
second discharge at the point of gauging, and nothing less thala

8,000 cubic feet per second would be regarded as really a freshet :

FLOODS OH THE _A_ITA_ OVF.RBXHK'FULL F_O_ 1890 TO 189_--FOU_ YEARS.

_laximum Cubic Feet
Date. per Second. nuration.

March 23d, 1890 ..................................... 17,818 5 days.

October 24th, 1890 ................................... 7_133 1 day.

December 18th_ 1890 ................................ 7,520 1 day.

January 12tlb 1891 .................................. 16fl67 1 day.

January 28d, 1891 ................................... 28,746 1 day.

March 10th_ 1891 .................................... 10_142 1 day.

March 13th_ 1891 .................................... 7j895 1 day.

March 24th_ 1891 .................................... 7,131 1 day.

December 25th, 1891 ............................... 7,654 1 day.

January 3d, 1892 .................................... 22,760 1 day.

January 14th_ 1892 ................................. 12_514 2 days,

January 19th, 1892 ................................. 7,126 1 day.
June 10th, 1892 ...................................... 10_927 1 day.

November 16th, 1892 ............................... 20,698 2 days_
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?*Iaximum Cubic Feet
Date. p_rSecond. Duration.

January 2d, 1893 .................................... 1_514 2 days,
April 15th, 1893 ..................................... 8,448 1 day,

April 2/._h ]893 ...................................... 10,091 2 days.

May 4th, 1893 ........................................ 10#87 3 days.
November 5th, 1893 ................................. 7,852 1 day.
December 4th, 1893 ................................. 7,166 1 day.

Taking floods over 8,000 cubic feet per second in the above list,
which happens to be the same minimum used for the table of floods
on the Passaic on a slightly smaller water-shed, we find in all 13
floods during 4 years, one ranging as high as 23,746 cubic feet per
second. During the same period there were bnt 5 on the Passaic,
and the highest of these had a maximum discharge of 11,701 cubic
feet per second. As the total discharge of the Raritan in inches on
its water-shed during this period was less than that of the Passaicj
this gives a good illustration of the fluctuating character of the flow
from the Raritan water-shed. The following supplementary table
gives the list of floods from 1873 up to the beginning of our gaugings,
mostly collected by Mr. D. H. McLaury, of New Brunswick, and

although not complete, gives some assistance in forming an idea of
their frequency and relative height for recent years. Heights are
given above high-tide mark at Albany street bridge, or in some cases

at the Raritan Landing bridge, and some idea of the corresponding
rise above may be gained from the rise in 1882, which was 12 feet at
_ew Brunswick, 18 feet at Raritan Landing, 14.2 feet on the canal
dam, and about 16 feel at Bound Brook. A_rise of 13 feet at Raritan

Landing corresponds to a flow of 52,000 cubic feet per second, of 8
feet to 24,000 cubic feet per second, of 7 feet to 18_000 cubic feet per
second, and of 4 feet to 7,500 cubic feet per second. The rise at
New Brunswick is, at the most, one foot less, ranging down to about
the same at lower stages :

I_LOODS O_ THE RAR1TAI¢ AT NEW BRU_ISWI_CK,

Date, ]freight ia Feet. Remarks,

July 30, 1873 .......... 4.25 ............ Rain, 5.94 inches_ from 27th to 29th.

August 14, 1873 ......... 4.50 ............ 5.29 inches raln, on 14th,

.September ]8, 1874 ......... 9.00 ............ %10 inches, from 15gll to 18th.

_arch 26_ t876 ......... 6.00 ............ 3.33 inches, on 25th and 26th.

_eptember 18_ 1876 ......... 5.00 ............ 2.57 inches, on 17th, after wet period.
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Date. He_ht in Feet. t{emarks.

October 5_ 1877 ......... 6.50 ............ 4.gO inches rain, on 4th and 5th_ after

month of dry weather.

September 24, 1882 ......... 12.00 ............ Rai_, 1184 inches in 4 days. No greater

freshet during the century.

August 4, 1885 ......... 8.75 ............ Rain, 8.30 inches, on the 3d,

February 12, 1886 ......... 9.00 ............ Raitl, 2,5 inches, with melting snow and lie,

January 15, 1887 ......... 3.75 ............ Rain of 1 inch ; thaw and break-up of river.

February 19, 1887 ......... ---. ........... Over banks; rain, 1.52 inches, and thaw.

July 23, 1887 ......... 8.00 ............ Rise at Raritan Lauding; rose rapidly at

midnight; 1+43 inches rain after a wet
period.

August 2, 1887 ......... 4.00 ............ After 6 weeks of very sultry weather, a.
shelver of 4.62 inches in 1 hour and 15-

minutes.

January _ 1888 ......... 6.00 ............ From December 28th to January let, 3.82

inches raiu_ with melting snow and ice.

February o_, 1888 ......... -- ........... Over banks; rain, 1.60 inches I and thaw.

July 5, 1888 ......... 3.60 .......... Heavy shower.

September 20, 1888 ......... (?) ............ A flood ; no record of height.

December 18, ]888 ......... 4.00 ............ Rain of 3 inches_ on ]Tth.

January 7, 1889 ......... 4.90 ............ Raiu_ 1.82 inches, on 6t5, with thaw.

April 28, 1889 ......... (?) ............ Rain, g.67 inehes_ 26th to 28th.
June 1, 1889 ......... 4.20 ............ Rain, 220 inches, _Iay 26th to June ]st.

August 15, 1889 ......... 5.50 ............ Showers of 2.56 inches, f_llowing wei period.

November 28, 1889 ......... 8.00 ............ Rise at Raritan Lauding. llain of 2.54

inches_ 27th to 28th, following.

There have been three great floods on this river during the century,

completely throwing in_ the backgrouufl scores of other freshets
which would otherwise be eo_sidered heavy. The first occurred.

_7ovember 24th, 18t0_ the second July 17th, 1865, and the third

September 24tb, 1882. Of the last, I have been able) by careful

inquiry, to obtain fair measurements at the Bound Brook dam. It
began to rise about 3 P. M. of the 22d, had covered the canal bank

at the dam, 11.5 feet above the crest, Saturday, at 3 P. _., and reached

a height of 14.2 feat above the crest at 5 _. _. of Sunday, the 24th,
when it was at its maximum, falling within the river banks again by
7 A. M. of Monday. The overfall at the dam was drowned, so that

the head for computation is reduced to 12.7 feet, and conditions were

such that the safest computation is that for a free overfall with this

head. This gives the following ra_es of flow, bank-full of the river
at this point having been ascertained to be a flow of 7,000 cubic feet

per second.
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September 22d, 3 P. _ .......................... %000 cubic feet per second.
23d, 3 I".M.......................... 35,500 " " "
24th, 5 x.M ........................... 52,000 " " "
25th, 7 A. _.... ....................... 7_000 " " " "

Thh gives a total discharge for these 64 hours of 6,489,000,0C0
cubic feet, or 3.36 inches on the water-shed. This amount of water

would cover Middlesex county 10 inches in depth. It is at the rate
of 59.3 cubic feet per second per square mile maximum discharge.

There was a break in the canal at Bound Brook during this flood,
but the effect of this would be so trifling on the general result, or
even the maximum discharge, that it may safely be neglected. We
noted, in our discussion of this flood on the Passaic, that the total
discharge amounted to 3.13 inches on the water-shed. The above
shows almost the same total amount discharged. In our estimate of
flow during the second year of the driest period in Table No. 55, the
cause of this great flood is well shown, although the rainfall there
given is not exactly as it occurred on the Raritan water-shed. It is
so similar, however_ that it is not necessary for us to make a special
computation for the Raritan. From April to August, inclusive, the
total evaporation, as shown in Table No. 46b, had been 16.85 inches,
and the total flow, as shown by Table No. 55, 4.67 inches, making a
total draught upon the water-shed of 21.52 inches, whereas the rain-
fall had only been 15.29 inches_ and the difference of 6.23 inches had
beezi drawn from the ground-water. This went on increasing until
just before the storm which caused the flood, and when the heavy fall
of 12 inches came it was sufficient to make good this depletion of
ground-water and still leave 4.73 inches upon the water-shed of sur-
plus to flow off. The ground having taken up all that it eould_ this
surplus rushed into the streams and caused the greatest flood of the
century.

The flood of 1865 occurred on July 17th. The cause of this flood
does not appear directly in the rainfall record at New Brunswick, but
we find that the ground had been continuously full of water up to
this date, and it is mentioned that heavy thunder showers occurred,
beginning at 5 P. M. on the 16th. Taking the average of the monthly
rainfall at Paterson_ Newark, New York and New Brunswick, the
total flow-off for the month of July would have been 2.18 inches on
the water-shed. There is evidence in some of these records that the

showers spoken of were very much heavier on the upper water-shed
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than they were at New Brunswick, and such heavy showers, falling
on the surfacewhen it was already full of water, were undoubtedly
the cause of His flood. It rose with great rapidity, reported to have
been at one time at the rate of 6 inches in about five minutes at

Bound Brook. This would indicate the presence of a flood-wave at
that time moving down the valley.

The late Mr. Lawrence Vandervser informed me that it was

reported that in i810 heavy rains began on the 9th of November,
continuing at intervals until the 24th, when the flood reached its

, height.
We have been at some pains to establish the relative height of these

three great floods in 1810, 1865 and 1882 to see if any increase in
the maximum flood-discharge could be discovered. Mr. John D.
Field, of New Brunswiok, saw the freshet of 1810, and was fully
familiar with the flood-marks along the river. He is of the opinion
that it was probably equaled by the later floods, but never exceeded.
Mr. D. F. Vermeule is also familiar with the lower part of the river,
and thinks that the flood of 1865 was not so high as that of 1882.
Mr. Lewis D. Clark, at Bound Brook, has marked most of the high
freshets, and _ays the freshet of 1882 was 2 feet higher at his house
on the river bank than that of 1865. The total rise here in 1865
was 16 feet. He also thinks that the freshet of 1810 was 3 feet lower

than that of 1882. Others give the difference to be from 10 inches
to 3 feet, but at the greater figure it would be fully accounted for by
the building of the dam below, in 1883, which caused a difference of
5.5 feet in the height of the river immediately at its site, raised the
ordinary level a foot or two at Bound Brook, and restricted the flood
outlet to the opening between its high abutments at the river banks.
Mr. Lawrence Vanderveer, of Griggstown, says that the water was
2 feet higher at the mouth of Bedea's brook in 1882 than it was in

1810, from known marks of the early freshet; but this may also be
due to the clam at Bound Brook. Altogether the weight of evidence
_s to the effect that the floods of 1810 and 1882 were of about equal
volume, and the t]ood of 1865 was somewhat below the others. It
is well established that there were no others nearly so high in the
intervals, although there was a high one at the time of building the
dam in 1832 or 1833, and others in 1836 or 1837 and 1858.

In the weather record kept by the late P. V. D. Spader, E_q., at
New Brunswick, extending from 1847 to 1890, the freshets of 1865
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and 1882 are mentioned, the former being noted to be the "greatest
eince 1810."

Water supply.--The Raritan carries a large amount of red mud
when it is swollen. It would require settlement, and possibly filtra-
tion, before being suitable for public water-supply. O_herwise it
<]oes not seem to be a bad water, judging from the results of our
chemical analysis. Above the canal dam to which we have referred,
it would always be possible to draw 180 cubic feet per second with
the present pondage. This amounts to 116,329,000 gallons daily.
At Raritan we estimate the dry-season flew to be 42,330,000 gallons
<laily. The water is pumped at this point to supply Somerville and
Raritan, the present use being reported at 800,000 gallons daily.
"Water-power is used for pumping. This water is filtered.

Wa_er-power.--At the bead of tide at Raritan Landing there was
formerly a dam across the river and a mill site. This was destroyed
_oythe construction of the Delaware and Rsritan canal, and the com-
pany substituted for it the right to 200 horse-power to be drawn from
the canal under about 14 feet head. This would amount to 126

cubic feet per second. The Norfolk and New Brunswick ttesiery
Company are said to be entitled to the use of about 60 cubic feet per
second from the canal. This is used on about 11 feet fall. The

wheels in place there, as reported, would call for about 176 cubic
£eet per second. Oar gaugings show, during the daytime, a flow of
9.54 cubic feet per second through the canal, and an average flow of
about 180 cubic feet. We estimate about 45 to be needed for leakage
and lockage over and above the amount of loekage from the upper
level of the canal. This would leave 135 cubic feet per second con-
tinuously available for power, equal to 15.34 horse-power per foot
i'all, and if used with the full 17 feet head available at New Bruns-
wick would give 260 horse-power. We estimate the power available
for 9 months of the ordinary dry year to be 36 horse-power per foot
fall. Allowing for leakage and lockage, if this amount could be
passed throughout the canal to New Brunswick, it would give, on 15
feet fall, 465 horse-power, or twice this for 12 hours per day.

At Raritan we estimate 19.2 horse-power per foot fall, and we find
20.2 horse-po_ver improved at the Rarltau Water Power Company's
plant. This consists of a crib dam 240 feet long by 4 feet high, and
a raceway 3 miles long built about 1840. The fall is about 15 feet.

The rental is somewhat indefinite, but seems to approximate _28 per

NEW JERSEY GEOLOGICAL SURVEY



218 GEOLOGICAL SURVEY OF NEW JERSEY.

horse-power per annum. Between this and the mouth of the Mill-
stone there is about 11 feet fall unimproved, with not very goo_
opportunities for development.

MINOR BR&NCHF_ "OF THE RARITAIff.

Mill brook enters the Raritan below New Brunswick, from the
north. It has a drainage of 5.4 square miles, and its headwaters are
in the glacial moraine. At Eggert's grist-mill, on this stream, the
drainage area is but 3.5 square miles, and the fall about 20 feet_
Our table would make the total available power for 9 months of the
year only about 2.9 horse-power in all, or about 6 horse-power for
working hours, but this mill appears to be able to do a large amount
of work and keep one stone running a good deal of the time, so that
it would appear that this stream has a larger flow than is shown by
our estimate. This mill is not included in our canvass of water-

power, its omission not having been noticed until after the printing
of Appendix I.

Bound Brook has an area of 61.5 square miles, included in which
is the city of Plainfield. It is made up of Ambrose's brook, Bound
brook proper, and Green brook_ which do not become one until within
a short distance of their junction with the Raritan. Ambrose's brook
has a water-shed of about 12 square miles, including an agrieultura_
section of the red sandstone, with very little ground-storage. This
stream belongs to the type, the flow of which is shown in Table 56.
It has little value for either water-supply or water-power. Bound
brook, above the mouth of Green brook, drains 24.4 square miles_
and has a good deal of sand and gravel on its water-shed. To this
Table No. 55 applies. At :New Market we estimate the available.
power at 0.94 per foot fall_ or about 2 horse-power for working hours.
There is a grist-mill here with 8 feet fall. Green brook flows through
the city of Plainfield. The western part of its water-shed is on the
trap ridges known as First and Second mountains, and the eastern
side contains a considerable sand area, which is quite flat, and on
which the city of Plainfield is situated. Stony brook is a branch
issuing from First mountain, west of Plainfield. To this Table No.
56 is applicable. This water-shed would be suitable for a gravity
supply if it could be entirely protected from future contamination.
It is adapted to become a gathering-ground for such a supply if ira
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area can be owned outright, or otherwise controlled. At an elevation
of 200 feet it has 5.2 square miles of water-shed. At the lowest
monthly flow, which could be made available with very small storage,
it will supply 114,400 gallons daily. With 7.26 inches storage it
will supply 2,964,000 gallons daily. Blue brook, which issues from
the mountain at Scotch Plains, is similar and has, above 210 feet
elevation, 6.3 square miles of water-shed, and will supply 188,000
gallons daily at the least monthly flow, or 3,591,000 gallons daily
with full storage. As we have mentioned in the ease of some of the
branches of the Rahway, the setting apart of such areas as this for

gathering-grounds might be a practical solution of the difficulties of
securing pure local supplies in this densely-populated northeastern
section of the State.

Middle brook has a total area of drainage of 18.7 square miles.
At a mill near the mouth it was stated that the power was available

only one-quarter of the time during 3 months of the dry season of
1881. This indicates that during that time it did not exceed .008

horse-power per foot fall per square mile_ which is a sufficient test of
the applicability of Table No. 56. The village of Bound Brook is
supplied from the east branch of this stream, the drainage area being
about 10 square miles and the storage 10,700,000 gallons. By Table
No. 56 we estimate that with this storage 1,850,000 gallons daily

will be abvays available. With 7.26 inches storage, 5,709_000 gallons
daily could be obtained. The elevation is about 175 feet. The other
miuor branebes of the Raritan have no importance_ and the larger

ones we shall now consider separately.

SOUTH RIVER.

This is the lowest important tributary of the Raritan. It rises 7
miles southwest of Freehold, near the Ocean county line, at a point
20 miles due south from where it empties into the Raritau at Sayre-
ville. It is tidal and navigable to Old Bridge and drains 182.8
square mihs, receiving all of its affioeu_s from the east. Twenty-five
per cent. of the water-shed is in forest_and the population is 88 to
the square mile. This is a sandy and gravelly water-shed with large
ground-storage, and belongs to the southern New Jersey type o{
sand-hiU streams. The curve of ground-flow used in computing
Table No. 54 is applicable to such streams_ and as the evaporation
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and rainfall resemble that of the red sandstone plain, this table may
.be used in computing the flow of South river.

Water-supply.--As a whole, this stream is not suitable as a source
of public water-supply, buL some of its minor branches may be ex-
cellent sources for local supply. Those which show a considerable
outcropping of clay and marl, however, should be regarded with
some suspicion, and earefully examined before adoption. The more
.sandy or gravelly water-sheds may furnish water of excellent quality.

Tenncnt's brook is one of these, and is now used to supply the city
of Perth Amboy. The consumption is said to be 1,100,000 gallons
daily. The water-shed is about 10 square miles, and there is suffi-
cient storage to make the least monthly flow available, which would
be equal to 1,230,000 gallons dally. With storage equal to one inch
_)n the water-shed, 2,500,000 gallons daily, or, with 2 inches storage,
3,400,000 gallons daily would be available. It is doubtful if storage
could be got to amount to the full 7.26 inches necessary to utilize 12
inches per annum.

Deep run, the next tributary south, has a drainage area of 15
square miles, generally similar to that of Tennent's brook, with
somewhat better opportunities for storage. This would also be a
good source of supply, and will furnish at the least monthly flow
1,845,000 gallons daily. With storage equal to 2 inches on the
water-shed, 5_100,000 gallons daily may be obtained.

Manalapan creek, above Jamesburg pond, drains 27 square miles,
:and will furnish at the least monthly flow 3,300,000 gallons daily, or
with storage equal to 2 inches on the water-shed, 9,100,000 gallons
daily. This, while it may be satisfactory as a source of supply_ would
require somewhat closer scrutiny than the streams previously men-
tioned before adoption. On this South river water-shed, as on many
others, the plan of selecting carefully from the smaller water-sheds

and carefully watching and fully utilizing the same, is much prefer-
able to drawing the supply from a larger stream, although thereby
the expense of storage may be avoided.

Water.power.--South river is highly esteemed as a water-power
stream, having the reputation of greaL steadiness during the dry
season. It is a good illustration of the difference between the type
_of streams represented by Table No. 54 and the flashy red sandstone
water-sheds represented by Table No. 56, some of which may be
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found at no great distance from South river among the tributaries of
the Millstone.

At Bloamfield mills, we estimate 6.4 horse-power per foot fall
available during 9 months of the year. Ninety horse-power is ordi-
narily used on the 7 feet fall, the pondage here and above being suf-
ficient to make this available during working hours. Manalapan
creek, at Spottswood, having a water-shed of 42 square miles, will
give 3.1 horse-power, and at Jamesburg, from 27 square miles, 2
horse-power per foot fall. There are a number of mill-powers in use
on the upper branches, but usually rather small.

LAWRENCE'S BROOK.

This is the next tributary, rising near Monmouth Junction and
flowing northeast 11 miles to the Rari_u, jus_ below New Brunswiek_
It drains 45 square miles, 17 per cent. of which is in forest, and the
population is 59 to the square mile. The principal importance of
this stream lies in the fact that it furnishes the water-supply of the
city of New Brunswick, which is pumped from Weston's mills, about
one mile above the mouth. The water-shed lies partly on the red
sandstone and partly upon the clay district, and is largely overlaid
with drift gravels, giving a ground-storage like that upon which
Table No. 54 is based, consequently this table is to be used in com-
puting its flow. The city of New Brunswick, in 1893, used an aver-
age of 1,521,097 gallons daily, from 35 to 86 per cent. of the amount
used in each month being pumped by water-power. This water is
satisfactory in quality and is used without treatment. We estimate
that at the lowest monthly flow the stream will furnish 5,500,000
gallons daily. The facilities for storage are very fair. With storage
equal to 2 inches on the water-shed, the available supply would be
15,600,000 gallons daily, and with 4.91 inches, 25,700,000 gallons
daily could be obtained.

Water-power.--At Weston's mills, we estimate the power of this
stream to be equal to 3.3 horse-power per foot fall available for 9
months, or 49.5 horse-power day and night upon 15 feet fall. At
Milltown, on 34 square miles, 2.5 horse-power per foot fall is avail-
able. At this point a considerable amount of manufacturing is
carried on.
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MILLSTONE RIVER.

This is the next and one of the most important branches of the
Raritam It rises close to the source of South river, 26 miles south-
southeast of its junction with the Raritan above Bound Brook. The
stream is 35 miles in length, and between its easternmostand western-
most sourcesthe distance is 30 miles. The fall along the main stream
from the junction of Stony Brook to its mouth, a distance of 17 miles,
is only 26 feet. The upper Millstone, above the junction of Stony
brook, partakes of the general nature of the southern New Jersey
sand-hill streams, and has large ground-storage. To this part of the
stream Table No. 54 is applicable, while No. 56 should be applied to
the red sandstone, and No. 55 to the main stream below the mouth
of Stony brook.

Water.supply.--Like the Raritan, the lower Millstone is quite a
muddy stream when swollen, and could not be used as a source of
water-supply without settlement or filtration, although in other
respects our analyses indicate a fair potable water. The population
is 78 to the square mile, and 9 per cent. of the water.shed is in forest.
We estimate the least monthly flow above Millstone village to amount
to 29,600,000 gallons daily. The red sandstone branches are less
desirable as a source of water-supply than the main stream. Some
of the branches of the upper Millstone might afford water of very

fair quality.
Wa_er-power.--At Wcstou, from 283 square miles of drainage, we

estimate 11.6 horse-power per foot fall available, and just below the

iunction of Stony brook_ from 164 square miles, 6.7 horse-power per
foot fall. We find along the main stream from 8 to 20 horse-power

improved. Sixteen feet out of 26 feet total fall is in use. Royce's
branch has a drainage of 18 square miles, and belongs to the type of
streams whose flow is indicated in Table No. 56. It is not at all

improved. Five-tenths horse-power per foot fall is available at its
mouth. Six Mile run is another stream on the same type, draining

16 square miles. Forty.five hundredths horse-power per foot fall
should be availsble at its mouth.

Beden's brook, draining 49.9 square miles, is another of the same
class, which is also very little used. It is noticeable how little power
is developed on streams of this type, compared with that improved on
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streams belonging to the class included in Table No. 54, or the High-
land streams, of equal water-shed s a fact which our figures of flow
f_llly explain. Stony brook is another stream of the same class. It
has a water-shed of 64.8 square miles. Mill-owners report that in
1881 the stream was practically dry from 3 to 5 months, and no
attempt was made to run the mills. This statement is corroborative
.of the results shown by Table No. 56. At the lowest mill, t_om 52
_squaremiles drainage, 1.45 horse-power per foot fall is available, or
about 3 horse-power for working hours.

On the upper Millstone, as we have remarked, Table No. 54 applies,
and the whole stream, with 98.8 square miles drainage, we estimate
will afford from its least monthly tlow 12,200,000 gallons daily, or
vcith 2 inches storage 34,400,000 gallons daily, being about 58 cubic
feet per second. With storage amounting to 4.91 inches, which
probably could be obtained with little difficulty, 56,500,000 gallons
•daily, or 87 cubic feet per second would be available. This stream
with Stony brook, which with 7.25 inches storage would supply 57
cubic feet per second continuous, making for the two streams 144
cubic feet per second, might possibly be utilized for the supply of the
proposed ship canal across the State. We have seen also that the
upper Millstone might be suitable as a source of water-supply. It
is not as desirable for this purpose as some of the Atlantic coast
_streamsof southern New Jersey, and is not very likely to be utilized
so long as such waters as those of the Highlands or Delaware river
are available, and this remark applies equally well to the waters of
the lower Raritam

The main affluent of the North Branch, which is known as Lam-
ington or Black river_ rises less than a mile east of the foot of Lake
Hopatcong, and 25 miles due north from its junction with the Rari.
tan. The lower portion of the water-shed is on the red sandstone
plain, having a general elevation of about 250 feet_but the principal
and upper part is upon the Highlands, with an average elevation of
about 750 feet, ranging as high as 1,1O0 feet. The whole drainage
of the North Branch includes 191.6 square miles, 15 per cent. of
which is in forest. The Highland portion has about 30 per cent. in
forest. The population averages 72 to the square mile. To the
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Highland tributaries Table No. 51 applies, and to the lower stream
Table No. 55.

Water-supply.--The Highland portion of this stream is one of the
desirable gathering-grounds of the State for a gravity supply. Lam-

iagton river above Pottersville drains 33 square miles. This are_
includes a marsh along the stream 7 miles long and one-fourth to.
three-fourths of a mile ia width. The peaty matter from this marsh

gives the water a brownish color, which gives rise to the name Black
river, but the color is slight and would probably disappear after set-
tlement. Above 500 feet elevation the drainage includes 31.4 square

miles, which with "7 inches storage will supply 21,000,000 gallons
daily. This storage may be obtained in the ravine above Potters-
rills and on Tauner's brook. When the iron mines at Chester andr

Hacklebarney are in operation there is a considerable amount of mine
water poured into the stream, and this also would require esttlement,
but the mines are not likely to cause much trouble in the future.

The North Branch above the junction of Psapaek brook drains

29.1 square miles above an elevation of 140 feet, which, with 7 inches
storage, will supply 19_800,000 gallons daily. At the junction of
Barnett brook, an elevation 6f 400 feet can be obtained with 17

square miles drainage, which will supply 11,300,000 gallons daily.
The north branch of Roekaway creek has a drainage area of 12.5

square miles above 400 feet elevation at Mountainvilh, from which,
with 7 inches storage, 8,300,000 gallons daily may he obtained. This
is in all respects an excellent gathering-ground.

Water-power.--At the mouth of the North Branch we estimate 7.8
horse-power per foot fall, and just below the junction of the Lam-
ington river 6.35 horse-power. We find the average about 10 horse-
power improved. There is a total of 30 feet fall, of which 10 feet is
improved. Above Lamington river the North Branch has a higb
flood discharge. We estimate 3.2 hores-power per foot fall availabler
and below the mouth of Peapack brook 2.9 horse-power. Below
Burnett's brook we estimate 1.fl horse-power. Between this and the
mouth of Peapaek brook there is a fall of 220 feet, 38 of which is

improved. It is said that floods last about 86 hours from the begin-
ning of the rise to their subsidence within the banks, and that the
stream becomes quite muddy when swollen. At Roxitions there is a

water-power in use which is said to have been originally improved ia
1680.
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Peapaek brook has 13 square miles of water-shed which is not
very desirable as a source of water-supply. We estimate the power
at the mouthj from this brook ahme, at 0.9 horse-power per foot fall,
but the mill there draws part of its power from the North Branch.

Lamiugtoa river drains 92 square miles, and we estimate 46 horee-
power available at Burnt Mills for each foot fall. This stream rises
quickly, and is said to become very muddy when swollen. At Pot-
tersvilte, it is quite free from mud, aud the total duration of floods is
said to be about 36 hours. At this point, we estimate 2.2 horse-
power per foot fall, and at Milltown, near Chester furnaee_ from 23

square miles, 1.5 horse-power. The fall between these two points is
420 feet, of which 105 is improved. Three hundred feet remains
available, with an average of 1,8 horse-power per foot fall available
during 9 months of the year.

Roekaway creek drains 39.4 square miles, or, at the junction of
the North and South Branches, 36 square miles, giving 1.8 horse-
power per foot fall available_ and we find 3.3 horse-power improved.

SOUT]_ BRANCH Ol _ T_IE RABITA.N.

This stream rises in Budd's lake, the only natural lake upon the
Rarltan water-shed. Another of its branches, Dral_e's brook, rises
at the foot of Lake Hopatcong close to the source of the North
Branch. It is 42 miles long, encircling the Water-shed of the North

Branch on the northwest and _outhwest. It drains 276.5 square
miles_ of which about 100 square miles is in the Highlands, with an

average elevation of about 750 fest_ranging as high as 1,200. The
remainder is on the higher portion of the red saudston% between 500
and 800 feet in elevation, with an average of about 400 feet.

Wafer-_upply.--A small amount of water is pumped from the
South Branch to supply Flemingtou, the pump being located at Ker-
shaw & Chamberlain's mill. Above High Bridge, Table No. 51
applies, this being purely a Highland water-shed, with a drainage
area of 67 square miles. The elevation here is 260 feetj and with 7

inches storage the stream will supply 44,700,000 gallons daily.
Above Califon, at an elevation of 500 feet, the stream drains 55.5

square miles, and will supply, with the above storage, 37,000,000
gallons daily. The necessary reservoir capacity may be obtained on
the main stream just above Califon, at Flauders, and just below the

15
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month of Turkey brook. The latter reservoir would have 11.3

square miles drainage, and would supply 7_400,000 gallons daily at
an elevatian of 800 feet.

Budd's lake is a beautiful sheet of water, nearly one and one-half

miles long by three quarters of a mile wide. It has a water-shed of

4.5 square miles and will s_pply 3,000,000 gallons daily. Its eleva-
tion is 933 feet.

Spruce run has an area of 12 square miles above Glen Gardner at
440 feet elevation, and will supply 8,000,000 gallons daily with 7

inches storage. The other branches of the South Branch have little

importance.

These H_ghlaud headwaters of the Raritan will furnish an aggre-

gate gravity supply of 90_000,000 gallons daily above 400 feet eleva-

tion. They are second to the Passaic headwaters in desirability and
about on a par with the Museonetcoug.

Water.powcr.--At the mouth, we estimate 13.8 horse-power per
foot fall. Above the mouth of Neshanic river, from 186 square

• miles drainage, 9.3 horse-power per foot fall is available, and at

Hamden 145 square miles of drainage area will give 8 horse-power.

Between these latter points we find from 15.5 to 20 horse-power
improved. There is a total fall of 80 feet, of which 45 is in use.

Above Clinton, with 112 square miles of drainage, we estimate.7.5

horse-power availablej and at High Bridge, 4.6 horse-power. At
Califon, we estimate 3.8 horse-power available for each foot of fall.

Between this and High Bridge there is 220 feet fall, of which 74
feet is in us% leaving 146 feet with an average of 4.2 horse-power

per foot fall, day and night, for 9 months of the year, still to be
developed.

We estimate the power of Spruce run, at Glen Gardner, 0.83

horse-power per foot fall. At the lowest mill on Neshanic river,

Tahle .No. 56 gives 1.54 horse-power. This latter stream and all of
the red sandstone branches upon the Rariten water-shed belong to the

class of streams the flow of which is given in Table No. 56.

DELAWARE AND RARITAN CANAL.

This is the mast important artificial waterway of the State. The

r/ main canal runs from the head of navigation on the Raritan_ at New
Brunswick, to the Delaware at Bordentown_ a distance of 43 miles.
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DELAWARE RIVER.

Thisstreamrisesin theStateof :NewYork,inthewesternCats-

killregionneartheeastlineofDelawarecounty,theremotestsource
beingnearHobart,atan elevationofabout1,900feet.Itsdrainage
intheStateof New York isnearlyco-extenslvewithDelawareand
Sullivancounties.Itformsthelinebetween:NewYork and Penn-

sylvaniafornearlyI00 milesabovePortJervis.At thenorth-
easternmostcornerof :New Jersey,at thejunctionof Neversink
creek_thetotaldrainagearea,includingthe:Neversink,isabout3,600

equatemiles.The elevationoftheriverat thispointis411feet.
ThencetotheDelaware:capes_a distanceof 245 miles_itformsthe
boundaryof theStateof:NewJersey.The totallengthoftheriver
to the capes is 410 miles, and above the head of the bay 360 miles.
It is navigable with a low-water depth of 5 feet to Trenton_ 130
miles from the capes, having a depth of not less than 22 feet at half

tide up to Camden, 100 miles. Its drainage area above the head of
tide and navigation at Trenton is 6,916 square miles, and below the
mouth of, and including the Schuylkill_ 10,100 Equate miles. Above
the head of the bay the portion of its drainage area within ihe State
of :New Jersey amounts to 2,345 square miles, or about one-fifth of

the whole, and the tributaries of the bay drain 1_060 _quare miles,
making 3,405 square miles in all, or 45 per cent. of the whole State
lying within the Delaware basin.

It will be seen from the above figures that this is the most important
stream of the State, and that the interest of New Jersey in the stream,
including all from Port Jervls to the bay, is a large one. The head
of the bay we consider to be at Reedy island, 51 miles from the capes.
Of the :NewJersey branches of the Delaware, Flat brook, Paulinskill,
Pequest, Lopatcong, Pohatceng, and Musconetcong rivers belong to
our Kittatinny valley and Highland class of streams, the flow of
which is given in Tables :Non. 51 and 52. These streams we have
already considered. The branches below the mouth of the Muscenet-
tong to Trenton are small, and all belong to the class of flashy red
sandstone streams, the flow of which is given in Table :No. 56.
These we will consider later. The branches of the Delaware from

Trenton to Camden, and those below Camden each form a class by
themselves, and will be taken up hereafter. The more important

/
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These stages agree well with those of the Connecticut, and the
further agreement in low seasons and fiood-d_eharges leads us to be

guided by the valuable record of flow of this stream in computing the
flow of the Delaware. The flood of 1869 rose 32 feet at Shapnaek

island, below Dingmau's Ferry. At Walker's Ferry it was 2 feet
lower than in 1841 ; it began to rise at midnight of Sunday, reached

its height Monday at 3 e. _., and was within its banks again Tuesday
afternoon. There was a high freshet on April 1st, 1854, on the

upper Delaware. December 15th, 1878, there was a freshet which
was nearly as high as that of 1869 at Smith's Ferry, according to
Mr. D. H. Smith. This freshet rose 20 feet at Carpenter's Point.
Mr. Smith _ys an ordinary freshet requires a day to reach its height_
stays at its maximum only an hour or two, and recedes in another day.

The collection of fuller flood.notes of this stream is desirable, an_

a careful study of its flow should be made. Almost everywhere the
flood plain of the river has been built up to the height of maximum
floods, for with its rapid current the stream tears away great volumes
of earth, and as soon as the water spreads over the fiats, and the cur-
rent is checked, this detritus is deposited.

At Centre Bridge a mark was made by Col. Simpson Torbett an(_
Martin Coryell for the very low water of 1831, and since then, in
1879 and 1881, very low stages have been referred to the same mark.
The mark is on the :New Jersey abutment of the bridge. In 1831
the water was 12 feet below this mark; in 1879 12.5 feet, and in

1881 13.21 feet. (See Climatology, page 375.)
During the preparation of this repor_ a series of ganginga has been

made at Centre Bridge, at different stages of the river, for deter-
mining its discharge for given heights. From the results of these
gangings and observed slopes of the river at various stages, and

recorded high-water marks of various floods, we have been able, by
the use of the Kutter formula, to prepare the accompanying table of

discharges, showing maximum and minimum flows at various dates :
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CO._IPUTED FLOW OF THE DELAWARE AT CENTRE BRIDGE.

Drainage area, 6,790 square miles.

Dry-Season Flows.

"_ CUBTC FEET PE_ SECOND.

DATE. "_ _'_ _ _ _ _ _ _

&utumn_ ]831_.".............. 0. 1.20 1,599 1,919 0 1,919
_ovember_ ]879* ........... --.50 1.05 1_230 1,291 575 ],866
_eptember, 1881"............ --1.21 .82 850 697 575 1,272
November 3d, I892 .......... 24 ............... 2,350 440 2_790
_eptember_1894............. --.3i 1.05 1,344 1,411 310 1,721

Freshets.

January 8th, 1841_......... 25.2 11.68 21,716 253,643 1,0001 254,64_
June 8thj 1862_.............. '.)3.2 11.19 19,934 223,064 575 223,639

Assumed Rise ........... 20.6 9.81 17,645 173,097 575 173,672
January_ 1891 ................ 15. 8.38 12,857 107,142 200 169,142

• November 5tb, 1890........ 9.74t 5.80 8,42_ 49,623 575 50,198January 14th, i892 ......... 9.2_ ....... 48_500 200 48,700
A.gu.:24th,1801........... 8_3 580 "'_;_i" _5,_13 675 _6,068
January lath, 1892 ......... 7.82 ................. 36,400 200 36,600

............... ,...... 85,800 36,2 0_uay 24th, 1892...................... _3,900 440 34,840
*All gaugings before 1890 only approximate.

The feeder had broken its banks ; this is approximate,

Inasmuch as the highest velocities above shown exceed those usually
given as sufficient to cause gradual destruction of a river-bed of strati-
fied rock, we wish to call attention to one assumption in making up
this table which may not be accurate. This is, that the height of the
river-bed has remained unchanged since 1831. There is a fair prob-
ability that it has been lowered somewhat, and if so, the effect would
be to make the discharge above given for 1831 somewhat greater than
it should be. It must not, therefore, be too confidently assumed that
the flow in 1881 was less than that in 1831, but even if such should

be the case, it would be accounted for fully by the fact that the
drought of 18B1, as shown by the rainfall records of Philadelphia_
in Table No. 11, was by no means so severe as that of 1881, con-
scquen*_lywe have no warrant for the assumption that the minimum
flow of the river is decreasing.
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Still worse is it to draw inferences from the height of the river
alone, because it neglects the fact that in 1831 no water was being
diverted from the river into the canals, as was the ease in 1879 and

1881. The canal flow given in the table includes that of the Dela-
ware and Raritan canal feeder on the New Jersey bank_ and that of
the Delaware division of the Pennsylvania canal opposite.

The flood-flows in the table include two of the great floods of
Prof. Merrlmau's list previously quoted, consequently we have the
means of judging of the approximate discharges of the other floods
in the list. That of 1786 may be estimated at 175,000 cubic feet

per second. Those of 1801_ 1814, 1836, 1839 and 1843 from
140,000 to 150,000 cubic feet per second, and that of 1832 at
115.000 cubic feet per second. It should be noted that in dealing
with the floods on the Passaic and Raritan we consider nothing less
than 8,000 cubic feet per second, or about 9 cubic feet per second per
square mile. The equivalent for the Delaware at Centre Bridge
would be 55,000 cubic feet per second. Our table above gives every
rise from August 24th, 1891_ to December 30th, 1892, including
those as low as 34,000 cubic feet per second. The accompanying
diagram of flow for this period gives a better idea of the fluctuations
of the stream, especially if we compare it with the Passaic diagram
for the same time. The ttucmations are quite sharp and frequent.
It is to be noted that Mr. Welch remarks that there have been two

floods since 1841 nearly as high. This probably refers to the floods
of 1862 and 1869. Our table shows that of 1862 to have been two

feet lower at Centre Bridge. It may be inferred, therefore, that the
flood of 1869 is the one to which Mr. Welch referred as having been
nearly or quite as high as that of 1841. Mr. Welch has remarked
that the flood of 1841 must have discharged 50 per cent. more than

the flood of 1787, by which we assume that he meant the flood of
1786, recorded by Prof. Merriman, and is seen to be in accordance
with our tlguree, as we estimate 175,000 cubic feet for the former
and about 255,000 cubic feet for the latter flood. I-Ie also says that
the flood of 1841 probably discharged nearly twice as much water as
any previous floods since 1787, and as we find nothing recorded in
this interval exceeding 150,000 cubic feet per second, it will be noted
that our figures for 1841 are really about 67 per cent. in excess of
those reported in the interval Our rainfall curves in Plate L seem to
_uggest an explanation of this fact, as the Philadelphia record indi-
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cates that prior to 1841 there had been quite a long period of low
rainfall_ but in that year a maximum was reached. We also find

that the next maximum, slightly greater than that of 1841, occurred

about 1868 or 1869. Consequently we find nothing in the history of

the great floods of the Delaware indicating that there has been any
increase that is not explained by heavier rainfall.

The conditions which bring about extreme floods are usually either

a heavy fall of warm rain upon the water.shed when it has already a
heavy covering of snow, or else when the ground is so frozen that it

cannot absorb any water ; or, secondly, in summer the fall of rain to

the extent of six or seven inches in excess of what the ground has the

capacity to absorb. When such conditions occur a heavy flood must
result, and it cannot be prevented by the presence of forests or the

uncultivated condition of the water-shed. So with the extreme dry-
season flow of a stream. It is determined by the rate at which the

earth will deliver up its water at a time when this water is drawn far

below the level at which it can be influenced by forests or crops.
These figures for the Delaware seem to indicate, therefore, that we are

not to look to any change in the extreme high floods or in the ex-

treme low-season discharge, but the te_timqny given by Mr. Welch,
and much similar testimony, nevertheless undoubtedly has a founda-

tion, and these we believe to rest in a chang% not in the extreme, but

in the intermediate stages, as we shall explain more fully later. We

may note, in this connection, that the earliest flood upon the Delaware

of which we have record occurred in 1692. The language in which

it is recorded, in Smith's History of New Jersey, Chapter XII, is

suggestive, and may be profitably quoted. The "falls of Delaware"
are at Trenton :

"The first settlers of the Yorkshire tenth in West Jersey had
several of them built upon the lowlands, nigh the falls of Delaware_
where they had now lived, and been improving near sixteen years;
they bad been told by the Indians their buildings were liable to be
damaged by freshets, and the situation of the place must have made
it probable. They had, however, got up several wooden tenements
and outhouses which, in the spring, were accordingly generally demol-
ished. The snows suddenly melting above caused an uncommon
overflow of the river ; there have been many great floods since_ but
none quite so high ;* it came upon them so unexpectedly that many
were in their houses surrounded with water_ and conveyed to the
oppQsite shore by neighbors from thence in canoes. The water con-

*This wa_written in 1765.
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tinued rising till it reached the upper stories of some of the houses,
then most o_ all of them gave way and were dashed to pieces; many
cattle were drowned ; beds, kettles and other furniture were picked
up on the shores below ; the frights and damages were considerable ;
two persons, in a house carried away by the sweeping torrent, lost
their lives before they could be got out. This aeddent taught the
owners here to fix their habltaUons on higher ground, and was what
is commonly called the great flood at Delaware falls."

We have adopted the maximum and minimum flows shown in our
table above for the Delaware. The former is at the rate of 37.5

cubic feet per second per square mile and the latter 0.19 cubic feet
per second per square mile. The flood-flow from a large water-shed
like that of the Delaware, having its branches distributed at intervals

along the main stream, is invariably at a lower rate per square mile
than for smaller water.sheds. We may illustrate the reason for this

by a single example. The drainage areas of the Delaware above
Call:coon and of the Lehigh river at Easton are about equal, ahd it

appears that floods reach their maximum at these two places in about
the same time from the beginning of the rise. The distance from
Call:coon to Easton, however, is 100 miles, and we have seen that it
takes a raft, during a rise of from 5 to 10 feet, from 24 to 30 hours
to traverse this distance, floating with the current. It will be seen
that this gives sufficient time for the Lehigh flood to be entirely dis-
charged before that from Call:coon reaches Easton, consequently the
two floods pass down the lower river in succession, and the duration
of a flood on that part of the stream is longer but the rate of dis-
charge is less.

The aeeompanyivg table of gauglugs at Stockton, or Centre Bridge,
covering over 16 months, indicates that the evaporation from the
Delaware water-shed is about 17.7 per cent. less than what we have
observed for the Passaic, Croton and Sudbury, whereas the difference
in mean temperature would account for a difference of 11,5 per cent:
only. In the absence of a longer period of gaugings, we prefer to
adopt the evaporation deduced from temperature, as this will give a
flow which will be on the safe side. We have used the above gang-

tugs in connection with the series previously given for the Connecti-
cut river to determine the ground-flow curve for the Delaware, shown
in Plate VL

We have estimated the flow of the Delaware to be as shown in
Table No. 57.
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FLOW OF _E_AWARI_ RIVER AT S'TOOKTO_'_ _*. J.

Drai_ge area_6 790 squ_xemiles.

FLOW IS CUBIC FEET PER

SECOND,

1391.

24th to 31st ....................... 45,513 2,_90
1.93 1.11 13,{)75 3,395 6,776
3.12 .72 8,075 3,045 4,236

l_ovember .................................. 2.67 .92 23,575 3,045 5,569
D_cember .................................. 4.59 2.54 24,600 8,700 14,800

1892.

January ..................................... 5.31 4.78 48,700 2,900 28,120
February .................................... 1.03 1.56 17,300 5,750 9,700
March ........................ ;.............. 3.64 2.35 27,500 8,800 13,773
April ........................................ 1.55 3.02 36,240 9,640 18,421
M_.y .......................................... 5.81 2.65 34,340 7,990 15,573
June ......................................... 592 2.03 28,040 7,990 16,040
July .......................................... 3.55 1.36 15,640 4,740 8,027
kugus_ ....................................... 4.52 2.21 28,640 5,040 12,971
September ................................. 2.71 .97 9,840 3,940 5,880
October ...................................... 61 .53 3,600 2,490 _,104
_ovember .................................. 5.65 1.67 23,940 2,790 10.923

December .................................. , 1.60 2.14 10,090 6,640 1_,591

Rain--Inches. Flow--Iuches,

December to May, 1891 ........................ 21.98 16.90

June to November, 1891 ........................ 22.90 9.37

44.94 29.27

NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



NEW JERSEY GEOLOGICAL SURVEY



242 GEOLOGICAL SURVEY OF NEW JERSEY.

will amount to 2,G80,000,000 gallons daily. While we have no com-
plete surveys of this area, from what we know of it, it is believed
that this storage could be readily obtained. At the State line, the
water-shed, including Neversink river, is 3,600 square miles, and we
estimate a minimum flow of 673 cubic feet per second, or 435,000,000
gallons daily. At the least monthly flow shown in the table, 457,-
000,000 gallons daily is available, and with storage amounting to
5.07 inches, 2,400_000,000 gallons daily may be obtained.

Water-po_Jer.--In the past, the rafting, and earlier, the flat-boat
navigation of the Delaware, and also the fishing interests, have had
an importance considerably greater than the water-power, and, in
consequence, legislation has favored the former at the expense of the
latter. Under the changed conditions which now exist, it is probable
that it would not be difficult to obtain a modification of the laws

more in conformity with the present relative importance of these
various interests, and more i_tvorable to the development of water-
power. Under the present conditions, it is difficult to build proper
dams. While it may be possible to dispense with high dams, it is
very necessary that they should be reasonably _ight, so that the whole
of the minimum flow may be made availab/e. :For the most part,
conditions are favorable to development by means of low dams and
long raceways, although casesexist where high dams would be prefer-
able. There seems little doubt that a large amount of water-power
on the Delaware could be profitably utilized. A great deal is being
done in the West, where the natural difficulties are greater than upon
this stream, and it" it had not been that fuel was much cheaper
here, there can be little doubt that the Delaware would have been
much more fully otilized. Much of this power is favorably situated
for electric transmission _o Trenton and other manufacturing points,

or for use as a raotive power for electric railways.
The first developed water-power of any importance upon the river

is that of the Trenton Water-Power (3ompany, consisting of a low
and leaky dam of stone and timber, containing a chute for the pas-
sage of rafts I and a raceway six and three-quarter miles in length.
The dam is at Scudder'a fails, at an elevation of 21 feet, and a llst of

the water-power is given in Appendix I. It is used on heights vary-
ing from 9 to 14 feet, and a total of 796 gross horse-power is rented.
The rental is said to be approximately equivalent to $50 per gross

horse-power per annum, but varies somewhat, the preference being
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given to some of the original lessees. Th_s water-power comFany
waa originally incorporated as the Trenton Delaware Falls Com-
pany in 1831, and the works were considerably improved in 1866.
We estimate that the power actually used is equal to 55 horse-power
on 1 foot fall, or about 484 cubic feet per second. We estimate the
least natural flow of the river to be 1,314 cubic feet per second, and
deducting the above amount and _$B cubic feet per second diverted
_or the use of the canal, we still have 447 cubic feet per use.end
unused at Trenton at the time of minimum flow, or 50.7 horse-power
per foot fall, and the amount becomes as little as this probably not
oftener than once in a generation. We estimate the total available
power during 9 months of the year, exclusive of the amount
used by the Trenton Water-Power Company and the canals, to be
447 horse-power per foot fall. Eight feet fall may be readily
_)btained by a low dam and short raceway, so that we have at the
minimum 406 horse-power, and for 9 months of the year, 3,576
horse-power. The lowest flow in an ordinary dry year would give
256 horse-power per foot fall, or 2_048 horse-power on 8 feet fall day
and night. The same amoun'_of power per thor fall is available at
any paint from Trenton to below the dam at Scudder's falls, the total
fall of the river in this distance being 21 feet. Five feet of this fall

could be readily developed at Gould's rift, just below the Reading
railroad bridge, giving _50 horse-power at the lowest stage of the
fiver, 1_280 horee-power at the lowest for ordinary dry years and
2,_00 horse-power for 9 months of the year, exclusive of the amounts
used by the Trenton Water-Power Company and the canals. Just

above Scudder's falls, it would be practicable to build a dam 15 feet
in height and still to leave room for the passage of floods without
interfering with the canal and railroad. Such a dam would back
water to the foot of Welles falls, and would develop 1,575 horse-
power at the minimum flow of the river, as we have here to allow
oaly for the water diverted through the cartels. Seven thousand
five hundred horse-power would be available on this fall during 9
months of the year. At the head of Welles falls, at Lambertvill% we
estimate, after allowing for canal diversion, a minimum of 103 horse- :-" _
power per foot fall, aiad for 9 months of the year, 494 horse-power. _!
There is a fall _f 14 feet here in a distance of 1,500 fset_which would _ _.:._:_

awe a mmtmum o_ 1,442 horee-power, cad for 9 mouths of tlxe year, ...... _---_
6,900 horse-power day and night.
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SOUTHERN NEW JERSEY STREAMS.

The remMning streams of the State all have a strong family likeness,

owing to a marked similarity in the topography and geology of their

water-sheds. Practically all of these a_e below 200 feet elevation.

They are flat and consist mainly of sand and gravel, consequently we
need but two curves of ground-storage for the whole district. These
are shown in Plate VL The one for streams of low relief and

smaller ground-storage is based partly upon the flow of the Rancocas,

as shown in the tables of gangings which we give later, and partly

upon other data. The second type, based on the gangings of Great

Egg Harbor river, is suited to the larger streams, having a consider-

able amount of swampy area upon their water.sheds or a higher and
bolder relief. It will be seen that the flow of these streams for a

given depletion ef ground-water is much larger than that of northern

New Jersey streams. A part of the heavy run ef the streams dnricg

the earlier months is undoubtedly from swamp.storage. The woeded
swamps of southern New Jersey are full of fallen logs, peaty matter

and absorbent mosses, which retain the water almost like a large lake.
This water finds its way gradually out to the stream, and finally, in

very dry times, the swamp becomes drained to a great depth, as evi-

denced by the depth to which fire penetrates when they become

ignited at stmb seasons. At the beginning of the dry season this

swamp-water is constantly replenished by the ground-water coming

in from the higher areas of sand and gravel. It is no doubt the final

depletion of this swamp-storage which is marked by the rapid fall of
the flow curve when storage depletion has reached four or five inches,

but the lowest flow which we have any record of for these streams

does not fall below 0.3 inch per month. For all of this part of the

State the temperature is about the same, so that evaporation is every-
where 14 per cent. in excess of that given by the Pustule formulae.
In our analysis of rainfall we have seen that the average varies suffi-

ciently to divide the district into three subdivisions. These are
designated as Branches of Delaware below Camden, Branches of

Delaware, Camden to Trenton, and Ceas_ streams. Manrice river has

been included in the latter class, as, although it is in the basin of the

Delaware, it partakes of all the climatic and topographic features of
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Great Egg Harbor, Mulllea and other coast streams. This last large
aubdlvision is divided into two types of stream, one for each of the

classes represented by the two storage curves which we have noted.
The two subdivisions on the Delaware slope are both represented by

the curve of smaller storage-flowj consequently each of these is repre-
sented by one flow table only. Tables Nos. 58, 59, 60 and 61, there-

fore, show the several types of flow of seathern New Jersey streams.

It is instrnotive to compars the above tables with those for northern

:New Jersey streams. The better-sustained dry-season flow is very

apparent, but nevertheless the total run-off from these streams is seen
to be less than for those of the north. The heavy draughts upon

,ground-storage, of course, have to be made good at the end of a dry

period_ and the result is shown in the relatively lighter run-off of the

_second year of our driest period, although the first year shows a

larger total ffow in the face of the much larger evaporation, as will
be seen by comparing with Table No. 51 or 52. Another effect of

this large yield of water from storage is the greater capacity for

_bserbing heavy rains, such as that of the second September of our

driest period. It is noticeable that in southern New Jersey, during

that September, our tables show a stream yield of 9_.32 to 1.78 inches
against from '_.27 to 6.90 inches for Kittatlnny valley and Highland

streams, or the Delaware. Of course the great evaporation has its
effect here also, but the difference is mainly due to the large depletion

vf ground and swamp-storage. There is no lack of evidence of this
much lighter flood-flow. We find it everywhere in the small

preparations made for the overflow of dams, dependeiJcc often being
had almost entirely upon flood-gates to carry away the surplus water_

and the limited bridge opening, the long embankments of sand and

gravel thrown boldly across the valleys in a manner that would mean

disaster in a few months if attempted on our northern streams, and

in many similar constructions which stand intact here for centuries.
Such evidence is conclusive as to the small flood-flow.

The maximum discharge of these streams appears to rarely exceed

25 cubic feet per second per square mile. We have remarked that
the total run-off'of these streams is less than that of northern :New

Jersey, but this is made up in a measure by the fact that their more

equable flow enables us to utilize a given amount with less storage.

The streams which we have gauged are excellent types of nlJ, and we
have procured some data for other streams sufficient to prove that
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_hese gaugings fairly represent their flow. .ks we have remarked,
these gaugings we have made the base of the storage curves in
Plate VI.

TRIBUTARIES OF DELAWARE--TRENTON TO
CAMDEN.

The flow of this group of streams is shown in Table No. 58, based

_pon gaugings of the Batato and Rancocas. They lack the great
swamp-storage peculiar to some of the coast streams, but neverthe-
less have a large yield from ground-storage.

ASSANPINK CREEK.

This stream rises near Clarksburg, Monmouth county, and flows
almost due west 17 miles, joining the Delaware at Trenton. It
drains 89.6 square miles, 27 of which is on the red sandstone, and

.the balance upon the clay and marl region, including a very level
:area in all respects similar to that drained by the upper Millstone.

The stream is not a desirable one for water-supply, owing to the
agricultural character of its water-shed and its flatness. It is also
rather muddy. We estimate the power at Whitehead's rubber-mill
at 4.9 horse-power per foot fall for 9 months of the year. From here
to the Delaware the total fall is 40 feet, most of which is utilized.
At the mouth we estimate the available power at 6.75 horse-power
per foot fall.

CROSSWICKS CREEK,

The headwatersof thisstreamarenearWrightstown,10 miles
southeastof whereitemptiesintotheDelaware,nearBordentown.
It drains139.2squaremiles,almostentirelyincludedin themarl
regionoftheState.Itsheadwatersareona verylevelplain,while
thelowerportiontraversesa smallvalley50 or 60 feetdeep,and
usuallylessthan halfa mile wide. The principaltributaryis
Doctor'screek,risingnear the headwatersof the Assanpink,at
Clarksbnrg,andflowingwest13milestoitsjunctionwiththeCross-
wicksatYardville.
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Water-supply.--The highly-agricultural character of this water-

shed is not favorable to its purity for water-supply purposes, never-

theless the chemical analyses which we give in a later chapter do not
indicate any serious natural impurities. The water is used for the

supply of Bordentown and has not given entire satisfaction, but this

is believed to be due to unwholesome marshes on the lower portion of
the stream and to local sewage contamination. We estimate the total

supplying capacity of the stream, without storage, at 23,600,000 gal-
lons daily at its mouth. At Groveville, above the junction of

Doctor's creek, we estimate the total flow, without storage, at 18,400,-
000 gallons daily, or with storage to the amount of 57,000,000

gallons per square mile, 51,500,000 gallons daily. A considerable
amount of storage could be procured along the main stream.

Doctor's creek will supply, without storage, 4,500,000 gallons daily

at its mouth and 2,900,000,000 gallons daily at Allentown. It is
probably, on the whole, less desirable than Crosswicks creek.

Back creek is a small tributary of the Crosswicks, near its mouth.

It will supply at Lowry's mill-pond 1,340,000 gallons daily without

storage. The result of a chemical analysis of this stream is also
given in a later chapter.

Water-powe_.--Below the forks of Doctor's creek, we estimate the

available power of Croeswicks creek at 9.3 horse-power per foot fall.

The stream is navigable, however, up to Groveville for canal boats,

and power cannot well be developed below this point. At Grove-

ville, we estimate 8.1 horse-power per foot fall, which is just the
amount utilized. At Crosswioks, we estimate the available power for

9 months of the year at 8 horse-power per foot fall. This is the
amount practically in use here also. Just above this place, 20 feet

fall could be improved without interfering with any improvements
upon the stream. This would give 160 horse-power day and night

for 9 mouths of the year, and in the driest month, 65 horse-power

day and night. At .Wainford, we estimate 6 horse-power per foot
fall. Twenty feet fall could be had here also, giving 120 horse-

power for 9 months of the year. The amount of power which has

been developed on this stream ranges very close to our estimates oi
available power for 9 months, and indicates that the judgment of
good millwrights has not been at fault.

On Doctor's creek, at Yardville, we estimate 2 horse-power per foot
fall. The pondage is good, and at/east twice this amount is no doubt
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available for working hours. At Allentown, we estimate 1.3 horse-
power per foot fall, which is also probably double for working hours.

13lark's ereek.--This is a small stream, draining 22 square miles,
and its water-shed contains a good deal of marl. The water has a
green color and is not of use for water-supply. At the lowest mill
site, we estimate 1.6 horse-power per foot fall, there being sufficient
pondage to double this for working hours.

Assiscunk creek.--Thls stream is generally similar to Black's creek.
Its Indian name signifies muddy or dirty creek, and it is not worthy
to be considered as a source of water-supply. There is at present no

power developed upon this stream, which is somewhat remarkable.
At the first bridge above Burlington, the drainage being about 40
square miles, we estimate 3 horse-power per foot fall available for 9
months, and as much as 20 feet fall could be improved, giving 60

horse-power day and night.

RANCOCAS CREEK.

Excepting Mauriee river, this is the largest tributary of the Dela-
ware from the State of New Jersey. Its total drainage area is 801.4
square miles. The main creek is tidal on the North Branch to Mount
Holly, and on the South Branch to Lumberton. It is navigable,
with 4.5 feet depth at low water, to Centerton. The stream forks 7
miles from its mouth, and the South Branch, its principal affluent,
drains 167 square miles. Its headwaters are upon the pine plains of
the Tertiary formation, and consequently it partakes more of the
character of the coast streams than the other streams of its class.

We have a short series of gaugings of the Rancocas at Pemberton.
While these gaugings would be too short of themselves to afford a
reliable indication of the flow of the Rancoeas, they are long enough

to show us the similarity of this flow to that of the Batsto, for which
we have a much longer record.
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FLOW O_ NORTH BRANCH OF RANCOCAS _T PEMBERTOI_ I 1890.

Drainage area, 111.7 square miles.

March ...................... 300

_2aril ..... 192
y ...... 148

June ..... 183
Ju|y ......................... 182
August 120

Total

For this series we are indebted to Mr. Anthony J. Morris, of
Pemberton.

C0_IPARATIVE FLOWS FOR I,I_IE PERIODS--APRIL TO AUGUST,

Rain. Flow. Lossof Rain,

Inches. Inches. Inches.

l_ancocas, 1890................................... 19.01 7.92 11.09
Great Egg Harbor_ 1890...................... 19.85 8.38 11.49

There had been large draught upon ground-water during this

period, which was not replenished at the end of August.
By means of these comparative figures we are enabled t_oestablish

the relation of flow of the Rancoeas with that of the Batsto and

Great Egg Harbor. The Rancocas and Great Egg Harbor, for 1890,
show very nearly the same flow and evaporation for a glven rainfall,
and the Great Egg Harbor and Batsto show a like resemblance, as
we shall see later. This is enough to convince us that the evapora-
tion for the three water-sheds is practically the same. The flow of

I the Rancoeas is that shown by Table :No. 58.
Water-supply.--Like the coast streams of southern New Jersey,

although the upper portion of the Rancocas is quite free from sedi-
ment, it has a brownish color, quite pronounced when the water is
seen en masse, but scarcely apparent in a small vessel. This color is
usually ascribed to the cedar swamps, and is probably of a peaty
nature. Cedar swamp water has a slightly aromatic flavor like that
of cedar wood, and is highly esteemed by many for its medicinal
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qualities. Indeed, it is this which has given Brown's Mills, upon the
north branch of the Rancoeas, a reputation as a sanitarium. This

color is rather prejudicial to the water when used for domestic supply,
although there is little doubt that it is by no means injurious. The
waters of the Raneocas are used for the supply of Mount Holly.

The headwaters above the villages of Pemberton, Vincentown and
Medford are naturally good, wholesome gathering-grounds for water-
supply. They are wooded and almost entirely uncultivated, and,
like other streams of this region, practically no water ever finds its
way over the surface, but passing through the sand to the streams, is
thoroughly filtered and purified. We estimate the supplying capacity
of the North Branch at Mount Holly, without storage, to be 22,900,-
000 gallons daily. Above Brown's Mills, the water-shed is 26 square
miles, and we estimate the dry-season flow of the stream, without
storage, to be 4_370,000 gallons daily. This is an extremely flat
water-shed, and opportunities for storage are lacking. Mount Misery
brook and the North Branch together, at their junction at New Lis-
bon, drain 106.3 square miles, and will supply, without storage, in
the driest season, 17,800,000 gallons daily. The South Branch, above
Vincentown, will supply 9,000,000 gallons daily without storage.
There are some opportunities for storage upon this water-shed, and
perhaps enough to utilize 10 inches per annum. The headwaters of
Haynes' creek, above Taunton, issue from the gravel hills near
Berlin_ and the water is pure and free from the brown color to which
we have alluded. Streams of this portion of the State which do not
flow through cedar swamps are wonderfully elear_ and are known as
white-water streams. These headwaters above Taunton and similar

streams would afford a water-supply of the best character.
Water-power.--There are no opportunities for mill sites on the

tidal portion of the stream. At Mount Holly, we estimate the power
of the North Branch for 9 months of the year at 10.2 horse.power
per foot fall, and just below the forks of Mount Misery brook, near
_ew Lisbon, it is 7.95 horse-power per foot fall. Between these two

points, the total fall is 35 feet, all of which has been improved in the
past, but one mill site at Birmingham, with about 5 feet fall, is not
at present in use. At Brown's Mills, there is a large mill-pond_
which is now used only as a part of the pleasure grounds of that
well-known resort. We estimate the available power here at 1.95
horse-power per foot fall. The fall is 9 feet and the pondage sufficient
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_o concentrate the entire flow into working hours, giving double the
above-estimated power. At Hanover furnace, we estimate 0.75 horse-
power per foot fall. Here, also, there is, or was until recently, a
'large pond, and the fall is 10 feet. This is the site of an old ehar-
_oal blast furnace, with grist and saw-mill, and the power is not at
present in use.

Mount Misery brook, at :New Lisbon, will give for 9 months 5.6
_horse-powerper foot fall, and about 9 feet fall could be developed, or
15 feet by eliminating the power at Lower Mill. At the site of the

old Mary Ann furnace there is 8 feet fall not at present in use. The
water:shed is 38 square miles, and the available power 2.85 horse-
power per foot fall. Just above this, at Mount Misery, a saw-mill
was erected as early as 1723. Indeed, many of the sites on the
Rancocas date back to about the beginning of the lath century, and
one as early as 1680. An important power was built at Pemberton
in 1752 to operate a forge, saw and grist-mill.

The south branch of the Raneocas has an undeveloped fall of about
feet below the mill at Eayrstown. By including the Eayrstown

mill-site, a total of 14 feet fall could be obtained. We estimate the
available power below the mouth of Haynes' creek at 10.4 horse-
power per foot fall, so that at this site 145 horse-power for 9 months
of the year, or 59 horse-pewer at all times, could be obtained with
sufficient pondage to make twice this amount available for 12 hours

per day. At Eayrstown, the water-shed being 62 square miles_ we
estimate 4.65 horse-power per foot fall for 9 months, and at Vineen.
town 4 horse-power per foot fall. Just above the present mill-site
at this place 10 feet fall could be improved.

Haynes' creek has below the lowest mill nine or ten feet fall unim-

proved, and we estimate the available power at 5.77 per foot fall.
There is no undeveloped fall suitable for any considerable amount of
power above this point.

PENSAUKEN CREEK.

This creek drains 35.4 square miles. The water-shed is populous
and highly cultivated, and the stream is tidal for about half of its

length, consequently it has little importauce. Mooreetown is supplied
from its headwaters, but the quality of the water is said to be unsatis-
factory. The average flow at the mouth of the stream is 34,900,000
_gallonsdaily, and the least monthly flow 5,900,000 gallons daily.
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COOPER_S CREEK.

This stream rises in the gravel hills north of Berlin, aud flows
northwest 12 miles to the Delaware at Camden. It is tidal to the

forks at Haddonfield, and the lower portion of its water-shed is popu-
lous and highly cultivated. Above Haddonfield both branches are
more wooded, but there are outcrops of marl upon both. We
estimate the average flow of the creek at Camden at 40,000,000"
gallons daily, and the flow for the driest month at 6,800,000 gallons
daily. Above the pond at Haddonfield the flow for the lowest montt_
is at the rate of 3,050_000 gallons daily, and with storage amounting
to 3.28 inches it will furnish 8,600,000 gallons daily.

The only part of Cooper's creek which is worthy of serious con-
sideration as a source of water-supply is North Branch. Its water-

shed is 11.7 square miles, and the flow for the driest month 1,960,00@
gallons daily, or with 3.28 inches storage it will yield 5,660,000"
gallons daily. The opportunities for storage are very good, but, like
all other streams with marl outcrops, it should have careful inspection
before being adopted as a source of supply.

The North Branch is almost entirely undeveloped for water-power

purposes. Near Ellisburg, 20 feet fail could be readily obtained, and
the available power for 9 months would be 0.87 horse-power per foot
fall. As good pondage could be obtained, this would give about a5.
horse-power for 12 hours daily during 9 months of the year. On
the main creek, at Haddonfield mills, we estimate 1.35 horse-power

per foot fall day and night for 9 months. A corn-mill was erected
on this site as early as 1697.

TRIBUTARIES OF THE DELAWARE--CAMDEN
TO BRIDGETON.

This class of streams are distinguished by being tidal for more.
than half their total length, which averages about 15 miles. They

generally flow through U-shaped ravines, the bottom of which is
marshy. The lower portion of the water-shed is usually a very low_
level plain of sandy loam, and the headwaters are in the sands and
gravels of the Tertiary formation. Owing to the small water-she&
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above the head of tide, they have but little importance for water-
power purposes. Another peculiarity of this district is, that it is the
one showing the least difference between the average rainfall and
average evaporation, as may be seen by consulting the small lable at
the end of Table ]No.46. The average flow-off of these streams is,

consequently, smaller than that of any other class in the State. :For
the driest period, they show about the _ame results as other southern
]NewJersey streams. Their rate of flow per square mile of water-
shed is shown in Table ]No.59.

BIG TIMBER CREEK.

This stream rises near Cross Keys and _]owsnorth.northwest to the
Delaware river, at Gloucester, its total length in a straight line being
13 miles. It drains 59.3 square miles aud is tidal to Good Intent, or
about half its total length. The North Branch, above Clementon_
and the main stream 7above Grealoch, have sandy or gravelly water-
sbeds_ and consequently should afford good local water-supplies. We
estimate the average flow of the creek at its mouth to be 55,400,000
gallons daily, and in the driest month, 9,980,000 gallons daily.

Water-$_lyply.--Above Clementon, the water-shed of the :North
Branch is 5.5 sqtmre miles, which will yield, in the driest month,
925,000 gallons daily without storage. With 3.28 inches storage,
2,620,000 gallons daily may be obtained. The South Branch, above
Grenloeh, or Spring Mills, drains 15.5 square miles, and wiU yield,
in the driest month, 2,610,000 gallons daily, or, with 3.28 inches
storage_ 7,400,000 gallons daily. The portion of the headwaters of
Timber creek suitable for water-supply embraces in all 23 square
miles, at an elevation of about 40 feet, with a capacity of 14,700,000

gallons daily with storage. Such water.sheds might be utilized _o
supply some of the towns near at hand, b_lt they should be controlled
by purchases of land bordering the streams, as we have indicated in
the case of some of the branches of the Rahway. These headwaters,
while they are naturally quite secure from contamination, partake of
some of the acid character of southern New Jersey streams, although

generally in a less degree. They are usually free from the brown
color of cedar swamp streams.

Wuter-p_neer.--The power of Big Timber creek is well utilized,
although the fall is not large At Granloeh_ we estimate 1.08 horse-
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_ower per foot fall for 9 months. The only undeveloped site of any
importance seems to be near the upper bridge at Chews Landing, on
the North Branch, where 30 feet fall and good pondage could be had,
although this would destroy the power at Laurel mills. We estimate
for this point 1.35 horse-power per foot fall, which would give, on
.80 feet fall, 40 horse-power day and night_ or 80 horse-power for 12
hours daring 9 months of the year, with a minimum of 34 horse-
.power for 12 hours.

MANTUJL CREEK,

Rising east of Glassboro this stream runs 13 miles northwesterly
to the Delaware at Paulsboro. It drains 51.2 square miles, and above
Hur_ville it has a gravel water-shed, but below it lies upon the marl
region, llke other streams of this class. Woodbury is supplied from
its headwaters. The report of the water department of 1893 men-
tions some complaints of bad taste and odor at a time when the
reservoir was frozen over, but the water was then examined by
.chemists and pronounced free from danger. We also note that the
boilers at the pumping station were corroded, and had to be renewed
at that time. The works were built in 1886. We are not advised
as to whether this corrosion waS due to the water.

Above Hurffville tile water-shed is 13 square miles, and we esti-
mate the flow for the driest month at 2,180,000 gallons daily. With
-8.28 inches storage 6,400,000 gallons daily could be obtained. A.beve
the pond near Pitman Grove, Chestnut branch has 4.4 square miles
•of drainage, and we estimate the daily flow for the driest month at
740,000 gallons, while 2,090,000 gallons daily could be obtained with
starage. While there may be some other small branches which would
afford good supplies of a limited amount, the rest of the water-shed

is open to suspicion, and should nut be accepted without eareful
examination.

The stream does not offer large opportunity for the development of
water-power, but near Mantua it would seem possible to develop 20
feet of fall with excellent pondage. We estimate for this point an
available power of 2.3 horse-power per foot fall day and night.
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RACC_ CREEK.

This is the next stream south, of any size or importance. Rising
3 miles southwest of Glassbore it flows 15 miles northwesterly to the
Delaware at Bridgeport. It is navigable _o Swedseboro, and tidal for
more than half its length. As its water-shed is almost entirely upon

, the marl region, it is not worthy of serious consideration as a source
of water-supply, although some smaller branches with sandy or

gravelly water-sheds and free from marl outcrop might be entirely
unobjectionable. The water-powers developed are generally smallr
and the only opportunity for further development is at the firs_ bridge
above Swedesboro, where 20 feet fall could be obtained without inter-
fering with existing mill-sites. The available power here would be
1.64 horse-power per foo_ fall, making 32.8 horse-power eontinuons_
or 66 horse-power for 12 hours, with a minimum of 28 horse-power
for 12 hours.

OLDMANS CREEK.

This stream rises close to the source of Raccoon creek, and flow_
16 miles west-northwest to the Delaware river. It is tidal for more

than half its length. Above the mill-pond at ttarrlsonville the
water-shed is sand or gravel and nearly half wooded, so that it would
afford a good gatherlng-ground. The area of this portion is 10,
square miles, and the daily flow for the driest month 1,680,0(D gal-
lons, which could be raised to 4,760,000 gallons daily with storage.
There is still some undeveloped fall for water-power below Harrison-
ville_ but the power of the stream is small.

SALRM CREEK.

This stream rises near Pittsgrove and flows west-northwest 14
miles, and when within about two miles of ths Delaware it turns
southward and flows, by a meandering course, a distance of 8 miles
measured in a straight llne, nearly south, to the Delaware at Salem.
tlt the point where it turns south it is connected with the Delaware
by a navigable canal built first about 1800. This canal has a length
of 2.02 miles, is 100 feet wide at the surface of the water, 75 fee_
wide at the bottom, and 5 feet dsep. The creek is navigable t_>
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$harptown, within 8 miles of its source, which is also the head of
• tide.

Water.supply.--Above Woodstnwn the water-shed is sandy or
gravelly, the portion below being upon the marl region. Above
Eastlake the stream drains 14 square miles_ with a daily flow of
"2,350,000 gallnns during the driest month, which could be increased
to 6,660,000 gallons daily with storage. There is a good deal of
forest on this upper portion of the stream.

Wager-power.--At Sbarptown, the lowest mill-site on the stream_
we estimate for 22.6 square miles drainage 1.6 horse-power per foot
fall for 9 months, and at Eastlake 1 horse-power per foot fall. There
_isabout 12 feet fall unimproved between Sharptown and Wondstown,
and this is practically the only undeveloped site.

Dralnage.--Thcre is a large area nf tidal marsh upon the lower
portion of the creek, much of which has been successfully embsnked
and cultivated. This improvement began as early as 1700. Of
•31,780 acres of tide marsh in Salem county, 15,225 acres have been
improved in this way, and the most of this is along Salem creek.
This improvement has been'greatly to the advantage of the appear-
_anceof this part of the county. As these meadows are at or slightly
above the level of high tide, and the rise and fall of the tide is six
feet, they have only to he embanked to keep out the water at high
gide, and provided with tide sluices, so that between mean and low
tide they may discharge the water which falls upon them, and the
drainage is effected in this way without pumping. After being
.embanked and drained for some years these meadows shrink or settle
some three or four feet in places, and the banks are then cut and the
meadows allowed to bc flooded for a period of years. The sediment
•collects upon them quite rapidly, and in this way they are restored to
their original fertility and value.

ALLOWAYS CREEK.

This stream rises near Darctown, close to the headwaters of Salem

creek, and flows west.southwest 16 miles to the Delaware, entering
opposite Reedy island, which is generally regarded as the head of
Delaware bay. It is tidal above Quinton, or for about half its
length, and this lower part traverses, by a sinuous course, a very low,
level plain. The entire water-shed lies upon the Tertiary sand and
gravel.
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Water.su2ply.--Above Alloway pond, the stream drains 21.9'
square miles and has a daily flow of 3,680,000 gallons during the "
driest month, which could be increased to 10,400,000 gallons with
storage. This portion of the water-shed is well wooded. Deep ru_
and some other small branches also afford good gathering-grounds.

Water-power.--At Alloway, we estimate 1.53 horse-power per foot
fall, and, as the pondage is large, this is all concentrated in 12 hour_
daily. There is little opportunity to develop any excepting very
small powers upon this water-shed.

STOW CREEK,

This stream rises in the wooded gravel hills of the eastern part of"
Salem county and flows southwest and south to Delaware bay, the
source being only 10 miles in a direct line from the mouth. It is
tidal for more than half its length and drains a total of 42 square
miles, all of which is on the Tertiary formation. It has little
importance, although its headwaters are well adapted for local supply
if they should ever be needed.

CO_A_SRY CREEK.

Rising near the headwaters of Alloways creek, in Salem county,
tbls stream flows for 13 miles nearly due south to Fairton and thence
west 8 miles to Delaware bay. The city of Bridgeton is at the head
of tide and navigation, 9 miles in a direct li_e from the mouth, but
following the windings of the creek, the distance is 19 miles. The
stream drains 105.4 square miles, and above the head of fide, at
Bridgeton_ 45.8 square miles. This embraces an agricultural region,
about 13 per cent. being in forest, but this area is decreasing and the
cultivated area increasing. Table No. 59 applies to the flow of*the
Cohansey.

Water-su,p.pl_l.--The headwaters of the stream above Cedar Grove
are well wooded, especially near the streams, and would probably be
fairly well suited to be a source of water-supply. The area drained
is 19 square miles, and we estimate a daily flow of 3,190,000 gallons
in the driest month, or 9,000_000 gallons with storage. Bridgeton
draws its supply partly from wells and partly from a branch at East,-
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lake, draining 6 square miles. We estimate a daily flow of 1,800,-
000 gallons fur the driest month. The lake affords some storage.
Little creels, above the pond at Fairton, hss a sandy and well-wooded
water-shed of 8 miles, for which we estimate a daily flow during the
driest month of 1,344,000 gallons, which could be increased to 3,808,-
000 gallons with storage. Such supplies as these, and that afforded
by some other branches of the Cohansey, might well be secured and
controlled in their present desirable condition in view of the gradual
dieappearanee of forests and increasing cultivation of this region.

Water-power.--There is a good water-power improvement at
Bridgeton, consisting of a dam across the Cohansey_ raising the water
some 19 feet_and a raceway 1 mile in length. One hundred and
ninety-five gross horee.power is improved here, the fall being from
14 to 16 feet. We estimate 3.2 horse-power per foot fall continuous,
or twice this for 12 hours, available for 9 months. At Cedar creek,
we estimate 1.33 horse-power per foot fall continuous during 9 months.
There is still 20 feet fall unimproved above the Bridgeton water-
power, which would give about 100 horse.power for 12 hours daily
during 9 months of the year.

COAST STREAMS.

The Atlantic slope of southern New Jersey has a width of from
20 to 40 miles, while much of the Delaware slope in'not more than
15 miles wide, consequently the coast streams are_ as a rule, much
larger and more important than the tributaries of the Delaware,
The tidal portions of these streams are about the same length as upon
the Delaware branches, consequently the area of water-sheds above
the bead of tide is much larger and the streams are, consequently, of
greater economic value. The average rainfall of this coast district is
also heavier than that of the Delaware slope, while evaporation is at-
the same tale, consequently the average flow per equare mile is
larger. These streams are distinguished further by being everywhere
bordered by cedar swamps, the growth of which is very dense. The
bottoms of these swamps consist, for a great depth, of fallen logs,
between which is an accumulation of deep mould and mosses, the
whole forming a great absorbent sponge, well calculated to retain
large quantities of water to he fed out gradually to the streams. The
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uplands are everywhere sandy, with very small areas of cultivated
land, the timber being mostly pine, but often with a considerable
growth of oak brash. This forest is not at all dense, and generally
the sun has quite free access to the surface of the earth--still more
so as the area is being constantly burned over by forest fires.

The consequence of these conditions is, that water flowing over
the surface of the earth is practically an unknown phenomenon,
unless when, very rarely, the ground happens to be covered with a
coating of ice. As a rule, the whole water, even in quite heavy rain-
falls, is stored in the sand and swamps and gradually fed out to the
streams. It follows that the dry-Ecason flow is much better sustained
than upon any other class of streams with which we have dealt.
The quite general brown color of this water is probably also due to
these cedar swamps. This color is quite noticeable in the streams and
ponds, and it appears to be, to a considerable extent, due to peaty
matter in fine particles in suspension. We have mentioned, in the
case of the Raneecas, the entirely wholesome character of this water
despite this color. A few of the smaller branches of these streams
which are not bordered by cedar swamps, but flow directly out of the
sand, are remarkably dear and limpid, and are known as white-water.
As we shall see when we take up the chemical composition of these
wa_ers, they are all slightly acid.

In Plate VL will be found two curves of storage-flow for these
streams. The lower curve is based upon the flow of the Rancocas, and
is adapted to those streams, having very flat water.sheds or lacking a
large amount of swamp-storage. The curve showing high flow is
generally applicable to the larger streams, and we are disposed to

attribute this higher flow largely to the swamp:storage, and the sud-
den dropping off of this fl0w when the depletion has reached about five
inches is believed to mark the point where the swamps have become
drained of their water. The great depth to which they are sometimes
thus drained is evidenced by the burning down of forest fires when a
swamp takes fire in very dry weather. These fires often burn to a
depth of several feet, and yet, in a very wet time, the same swamps
are almost impassable because of water. Table No. 6t is based upon
the high curve of storage flow which is derived from the gauglugs of
Great Egg Harbor river, and is adapted to the water-sheds having
the higher relief or larger areas of swamp, while Table No. 60 is
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based upon the curve of lighter storage-flow adapted to streams
without swamp-storage.

The assumption that the rainfall daring the driest period will be
as low as that shown by the Philadelphi_ record daring 1881 and
1882, is perhaps too severe to apply to all of the larger water.sheds
of this coast region. Our condusion in the chapter on rainfall was,
that any station would he subject to droughts as severe as that shown
in the Philadelphia record, yet an examination of the records during
these dry periods shows that no two stations, taken together, show
any such severe drought. On the other hand, our Sudbury records

are proof that an area of 75 square miles was actually subject to as
severe a drought during 1882 and 1883. The region which we have
now under consideration, however, is one of large rainfall. A study
of the records indicates that this large rainfall begins at the inner

edge of the tide-meadows along the seashore, where the land generally
rises quite abruptly from 30 to 60 feet, or even higher, this height
being increased by a pine forest to about 100 feel At about this
line, as we have said, there seems to be quite a rapid increase of rain-
fall as we move _rest_rard, and going still further inland, the rainfall
gradually becomes lighter again. Under the conditions which exist,
it does not seem probable that any drought so severe as that of the
Philadelphia record can extend over an area as large as 100 square
miles. In consequence of these facts, we have taken the average
rainfall at Vinelaud and Philadelphia together during the dry years
of 1881 and 1882, and again during 1885 and 1886, and computed
the flow on this basis. The results are showu in Table Nu. 61 A.

While the total rainfall and total flow-off are much less for the period
from December, 1884, to November, 1886, than for the previous one,

we find, nevertheless, that the period in 1881 and 1882 embraced the
longest series of dry months, and we have adopted this as representa-
tive of the driest period applicable to water-sheds of over 100 square
miles in extent, but for small water-sheds Table No. 61 should
be used.

_AURICZ roVER.

.Although this stream empties into Delaware bay, it lies upon the
Atlantic slope, and has the climatic, topographic and geologleaI
features of the other coast streams, with which it has in consequence
been grouped. Xt rises near Glassboro, flowing due south 38 miles
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to the Delaware hay. It is navigable and tidal to Millville, 24 miles
from its mouth, following the windings of the river, with a depth of
about 7 feet at tow water. There is a bar across the mouth of the

river_ but inside of this the channel is for much of Lheway 20 feet deep.
This river is the rendezvous of a large fleet of oyster schooners which
work the beds in Maurice cove. The entire area drained is 386.4

square miles, and above the head of tide, at Millville_ 218.4 square
miles. Sixty-seven per cent. of the area was forested in 1886, but
this area is gradually decreasing with the clearing up of farms about
Vincland. Table No. 6t applies to the flow of this stream, although
for the small branches of less than 10 square miles of drainage area
we would recommend the use of Table No. 60.

Water-supply.--The city of Millville is supplied from the largo
pond on the river at that plac% and the water is pronounced satis-
factory. It is used without treatment. We estimate the least
monthly flow at Millville at 36,700,000 gallons daffy, and with 3.11
inches storage, 125,000,000 gallons daily could be obtained. The
pond at Millville affords about one inch storage upon the water-e/aed_
and if utilized for storage would maintain the flow at 0.45 inch
monthly in the driest time, furnishing 55,900,000 gallons daily.
There would be no difficulty in procuring storage to the amount of
4.68 inches if it should be needed. Many 5f the branches of the
stream would afford wholesome supplies, but all the data necessary to
determine their supplying capacity will be found in Appendix II.,
and the tables of flow herewith.

Watev-_wer.--The plant of the Millville Manufacturing Com-
pany is one of the finest water-power plants of the State. A pond
926 acres in extent is formed by a dam of earth about 12 feet wide
on top and with slopes of about one and one-half to one, with a
masonry overran and timber apron. The water is raised by this
dam 26 feet, and the length of the structure is 2,200 feet. This is
the largest entirely artificial body of water in the State. A draught
of 4 feet upon this pond will afford 0.32 inch storage on the
water-shed, and in consequence the power is an exceptionally good
and steady one. By Table No. 61, we estimate the power available
for 9 months to be 21.8 horse-power per foot fall day and night.
The minimum power would be 6.55 horse-power per foot fall7and
the entire flow can be concentrated into working hours, or 60 hours
per week. With the above pondsge, however 7 the power can be
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maintained at 13.1 horse-power per foot fall, or 26.2 horse-power for
12 hours daily for every day of the ordinary dry year. The fall is
about 22 to 24 feet. In the Census Report of 1880_ it was stated
that 690 gross horse-power was in use and said to be available for 10
or 11 months of the year. In Appendix I. will be found the amount
of power at present in use. Supplementary steam-power, amounting
to about 300 horse-power, is in use in the cotton faotery and
bleachery. There is no doubt that to this water-power is to be
attributed at least a part of the great prosperity of Millville during
re_ent years.

At the first bridge above Millville, although the site is not so
advantageous, by a somewhat similar development, 24 feet fall could
be improved with 194 square miles of water-shed. We estimate
19.4 horse-power per foot fall available here day and night for 9
months of the year, and a minimum of 5.8 horse-power per foot fall.
At Willow Grove, the water-shed is 80 square miles, and the table
gives 8 horse-power per foot fall for 9 months of the year. Above
the site previously mentioned, and near the crossing of Landis
avenue, 17 feet fall could be improved with an available power of
11.4 horse-power per foot fall. In Appendix I. will be found a list
of powers above Willow Grove, all of which are good ones, although
considerably smaller than those we have previously mentioned.

On the west branch, or Muddy run, the drainage above the pond
at Rosenhavn is 53 square miles, and the available power 5.3 horse-
power per foot fall. At Centreton it is about 42 square miles, giving
4.2 horse-power per foot fall There are several good small powers
on this stream. At the site of the old Buekshutem forge, there is 9
feet fall, with large pondage and about 32 horse-power for 12 hours a
day during 9 months of the year. This site is not at present in use.

Manantieo creek is tidal up to Clark's mills. This is an aban-

doned site with 6 feet fall and 3.9 horse-power per foot fall, with fair
pondage. This stream rises in, and flows through the wilderness lying
between Millville and Mays Landing. In the past, there have been
two or three saw-mill sites above this, but the power is not large.
Manumuskin creek will furnish at ]Pries' mill 3.54 horse-power per
foot fall. There is good pondage and 8 feat fall, so that probably 56
horse-power can be had during working hours for 9 months. At the
old Cumberland furnace site, above, there is a large pond and 9 feet
fall_ giving 3.16 horse-power per foot fall for 9 months of the year.
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Drainage.--The tidal portion of the river flows through a belt of
tide marsh about a mile in width, and considerable areas of this have
been embanked and cultivated. We are informed that this improve-
ment was very profitable, and that the possession of a proper amount
of improved meadow would add from 50 to 100 per cent. to the
value of the neighboring farms, as they afford excellent grazing,
.enabling the farmers to keep cattle, which it is almost impossible to
do profitably on the uplands. It is said that 55 bushels of wheat
per acre was raised on some of this improved meadow, aud that it is
adapted to all kinds of grain and hay, and will pay interest on $300

per acre. It is said to sell at from $100 to $150 per acre when in
good condition. A considerable part of the banks has recently been
allowed to fall into bad repair, owing to disagreements among the
owners.

STREAMS OF CAPE MAY CoUNTy.

With the exception of Tuekahoe river, which forms its northern
boundary, this county is destitute of streams of large size, but some
small ones have been thoroughly utilized. In consequence of a
scarcity of water-power during the period in the past when steam-
power was less generally used than at present, the inhabitants had
recourse to tide-mills and wlnd-mills to a much greater extent than
elsewhere in the State. There is a tide.mill still in existence at

Dennisville and one at Cold Spring, another near Tuckahoe being
abandoned. The 1850 edition of Gordon's map shows also one at
Palermo, near Beesley's Point. This map shows four wind-mills
along the seashore road, and two on the bay shore. One of these
near 8eaville was still standing about 1885. Table No. 60 may be
applied to the flow of all the streams of this county.

TUCKAHOE RIVER.

This stream rises in the wilderness, 7 miles west of Mays :Landing
and 16 miles northwest of where it empties into Great Egg Harbor
bay. It flows south 9' miles, and then eastward 12 miles. It is tidal
and navigable for small craft to head of river, above Tuckahoe.
Tuckahoe is 9 miles from the mouth, following the course of the
river, but about 6 miles in a straight llne. This part of the river
flows through a broad area of tide marshj with no well-defined
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water-shed flue. Above Tuekahoe the drainage area is 60.2 square
miles, and above head of river about 30 square miles. By Table
No. 60 we find 2.33 horse-power per foot fall at this place. There
is now a mill-site with 5 feet fall here. Just below this, at the site

of Old .ZEtna furnace, the water-shed is 37 square miles, and the
available power for 9 mouths 2.9 per foot fall. Ten feet fall could
be improved here with good pondage, giving 57 horse-power for 12
hours daily. At Hunter's mill, wlth about 19 square miles of
drainage, 1.5 horse-power per foot fall is available for 9 months.
This is an abandoned mill-site, with a good pond and about 5 feet fall.

GR_AT EeG _A_OR SLYER.

This stream rises just west of Berlin and flows 38 miles southeast
by a very direct course to the head of Great Egg Harbor bay, 5
miles from the seashore. It is navigable and tidal to Mays Landing,
14 miles from the mouth, following the course of the stream. For
almost the entire course from the head of tide to the source of the
river, the slope is very uniform, rising 5 feet per mile. The branches
all converge slowly toward the maln stream, and both are bordered
everywhere by strips of cedar swamp from one-half to one mile in
width, with practically no slope toward the stream. The upland i_
generally about 40 feet higher than these swamps, and is made up of
sand and gravel. About 88 per cent. of the whole water-shed is
covered with forest, composed of white cedar in the swamps and a

rather sparse growth of pine on the uplands, with oak underbrush.
Forest fires through this growth are of frequent occurrence. There
are no natural lakes, and practically the only ponds of note are Wey-

mouth mill-pond, having an area of 205 acres and maximum depth
of 13 feet, and Mays Landing pond, 333 acres in extent, with
maximum depth o£ 1_ feet, both of which are on the main stream.

The maximum flow observed at Mays Landing from high-water
marks and weir computation, gives a flow of 4,756 cubic feet per
second, being at the rate of 22 per square mile, and the minimum
flow at the same place is 59 cubic feet per second, or 0.27 per square
mile of water-shed. Gaugings have been made at Mays Landing_
the record having been kept by the courtesy of the Mays Landing:
Water-Power Company, the results of which are given in the follow-

ing table. It is instructive to compare these gaugings with a shorter
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FLOW OF G_EAT EGG HARBOR l_IV_ AT ._IA_S LANDING_ 1890-2.

Drainage area, 215.8 square miles.

FLOW IN CUBIC FEET PER

SECOND.

*_ONTH.

_f

1890.

February 16th to 28th .................. 2.41 ;3 :2 383
6._ :7 447

I_arch ....................................... _3
April ........................................ 3.8_ i I _4 8 470
l_Iay .......................................... 3.7] ,1 0 348

June ......................................... 2 3_' ,2 6 244
July ............................ 5.1,'- _2 '1 249
August ...................................... 5.31 1 7 273
September .................................. 6.0( 6 4 203

i October ................................ 6.3( 6 0 313
_%¢ember ................................... 7] 5 2 255
December ................................. 4.4(: 8 0 284

1891.

January .................................... 6.1_ 867 346 542
February .................................. 6.22 78l 508 705
March ....................................... 6:43 1,043 538 932
April ......................................... 2.31 819 324 560
May .......................................... 3.03 357 222 313
June ........................................ 3.33 304
July .......................................... 7.85 362
August ..................................... 5.74 313
September ................................. 2.12 273
October ..................................... 3.68 232
November ................................. 2.25 290
Decetuher ................................... 4.30 325

1892.

January ................................... 4.98 536
February .................................... 1.95 394
]VIarch ....................................... i 6.10 395
April ........................................ i 3.22 J 342
_ay .......................................... I 4.86 433
June .......................................... 2.27 233
July .......................................... 6.35 1 220
August ...................................... 4.q0 1 273
September ................................. 1.40 139
October .................. _................... 35 69
November .................................. 7.74 75
December .................................. 2.14 1 205

Rain. Flow.

June 1890, to May, 1891 ................................. 54.52 25.33

December, 1890, to i_ovember, 1891 .................. 53.65 25.93

December, 1891, to November_ 1892 .................. 47.92 18.03

18
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RAIIqFALL1 EV&PORATION_ STORAGE DEPLETION) COMPUTED AND OBSERVED FLOW
IN INCH_ ON DRAINAGE AItE&,

Grea_ L_g Harbor River.

_ .

March, 1890 ................................ fidk
April full.
May ......................................... 1.18
June ......................................... 8.74
ffuly ......................................... 5.00
August ...... 5.14
September .................................. 3.54
October ....................................... 54
November, 2.24

June to _ovembe_, .........

December .................................... 05

dannary, 1891 .............................. fall
February full.
March ....................................... full.
April ................ 94
May 2.26

December to May .................. _ l............

Ju_e 4.06
July .......................................... 3.81
August ............... 3.80
September ................................. 5.29
October .... 4.18
November 4.18

dune to3Tov_ber ......... ) I............

Dec, 1890, to Nov., 1891 ......... _ I............

December., 2.18
January, 1892 ............... full.
February ............................. 70
]_[areh full.
April .37
May ................................... 70

Decembex to May ..................

June ......................................... .3.87
July 8.91
Augus_ ........................ 4 91
September .................................. 6.37
October ..................... 7.44
November ........ 2._7

June to November ..................

Dee., 1891, tr_ Nov.. 1892 ........ 18.
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series on Batsto river for a drainage area of about 69 square miles.
It will be found by the following table that the flow-off for these
ewo water-sheds agrees very closely for a given rainfall, notwith-
standing the marked difference in the size of the water-shed :

FY_3W O_ GREAT I_GG HABBOR .AN_) BATSTO RIVERS C05[PAtz, ED.

June to :November_ 1891-- Rain. Flow. Differeue_

Great Egg Harbor .............................. 24.97 8.70 16.27
Batsto .............................................. 24.75 8.70 16.(}5

December, 1891, to May,1892-
Great Egg Harbor .............................. 25.41 12.71 12.70
P_t6to ............................ _................. 24.44 1L96 12.43

J_ne, 1891, to May, 1892-
Great Egg Harbor .............................. 50.38 21,41 28.97
Batsto .............................................. 49.19 20.66 28.53

A12ril, 1891, to March, 1892--
Gre_t Egg Harbor .............................. 47.64 21.90 25.74
Batsto .............................................. 46.39 20.81 26.08

EV _OI_ATI01_.

• J o
June, 1891_ to May_ 1892_

Great Egg Harbor ............................... 50.38 26.90 27.41" --1.56
Batsto ................................................ 49.19 28.87 26.97* --1.56

April, 1891, to March, 1892-
Great Egg Harbor ............................... 47,64 26.87 25.74 ............
Batsto ................................................ 47.39 26.14 26.08

* Corrected for loss to ground-water in last column.

In the latter part of this table it will be seen that there is good
agreement between the observed evaporation and that computed per
square mile, especially for the last period, which is the only one for
which we have gaugings on both streams beginning and ending with
full ground-water.

As the conditions on these coast streams ahow the widest departure
from the conditions on the Passaic, Croton and Sudbury, it may be
well to make a more careful comparison of the results of this series
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of gaugings with the computed flow /or the same period as deter-
mined by our formuls_. This we have done in detail in the table-
fol|owlng the table of gauglngs. This exhibit shows a general exces_
of computed over observed flow of 12 per cent. from December to.
May, and a deficiency of 4 per cent. from June to November, with
an excess of 8 per cent. for the year ; or, if we exclude the first
period, for which rainfall data are less satisfactory, the last two years
show 7 per cent. excess of computed over observed flow. Some of
this is doubtless due to leakage at the point of gauging, but it i_
mostly to be attributed to the fact that we have adopted a uniform
excess of 14 per cent. throughout the year over evaporation shown
on the Passaic. The following table has been prepared from the
Climatology of _ew Jersey. It gives _rst the average yearly and
seasonal temperatures for the Red-sandstone Plain and Highlands
taken together, as these approximately represent conditions on the
Passaic water-shed, l_ext we give the same data for the southern
interior and coast__s these two together represent fairly the region
under consideration. It will be seen from this that the difference in

evaporation will not be uniform throughout the year as we have
assumed, and instead of a uniform rate of 14 per cent. excess over the
Passaic evaporation, we should have allowed about 8 per cent. in
spring, 11 per cent. in summer, 19 per cent. in autumn and 19 per
cent. in winter. Had this been done the above discrepancies would'
disappear, but since the final result would not be seriously affected
we have decided to adhere to the more simple method of applying the
even correction throughout the year.

TE)il[PERATUR]_ ]_Y SEA_NS 1 II_ _EGRI_ES F2,.H_ENHEIT.

Year. Spring. SumPter. Autumn. Winter.

RedSandstonePlainandHighlands... 49 47.1 fi9.4 51 28.5
Southern Interior and Coast ............... 52.4 _8._ 72,1 55.5 33.1

Difference in Temperature ................. 3.4 1.8 2.7 4.5 4,6

Difference in Evaporation ................. 17_ 9_ 13.575 22.5_ 23_

The facts brought out by the gaugings, however, are striking evi-
dence of the paramount in_tlence of temperature upon evaporatio_
and the flow of streams, and of the delicacy with which streams

respond to slight difference therein.
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We are aware of the fact that a more refined and accurate formula

for computing evaporation from rainfall and temperature than the

_ne we are using is quite possible. It is more cumbersome in appli-

.cation, however, and requires more accurate temperature observations

than are generally available, consequently we have hesitated to intro-
duce or apply it.

Table No. 6 t applies to the Great Egg Harbor water-shed, giving

,safe results everywhere. For portions of the water-shed exceeding

100 square miles we may, for the driest year, apply Table 57o. 61 A,
'but such application should he after more careful consideration.

Water.supply.--The water of this stream has the usual brownish

_color peculiar to its class, but the analysis which we give later indi-

cates a remarkably pure water, although slightly acid. Storage
.could probably be found sufficient to utilize 14 inches per annum,
and while the reservoirs would usually he rather shallow, it is not

believed that this would cause any deterioration of the water, judg-
ing from present indications. It must be remembered that in this

sandy soil a very slight depth of water is usually sufficient to destroy

all vegetable growth, and shMlow ponds ususlly keep as sweet and
pure as the deeper ones. At Mays Landing the :stream drains 21.5.8

square miles, and we estimate the average ttow to be 224,400,000

gallons daily. In the driest year, with storage, the stream will supply

143,8007000 daily. The minimum flow is 36,400,000 gallons daily.

At Weymouth, the drainage being 192 square miles, the average flow

is 199,000,000 gallons daily, and the minimum 32,250,000 gallons
.daily. With storage, 128,000,000 gallons daily may be collected.

The elevation here is 37 feet. At the highway bridge just below the
New Jersey Southern railroad crossing the main stream drains 51

square miles, having a minimum flow of 8_570,000 gallons daily,

and a capacity with storage to supply 29,100,000 gallons daily, the
elevation being 70 feet.

Hospitality Branch drains 50.5 square miles, having a minimum

,/tow of 8,480,000 gallons daiiy_ and a capacity with storage of
28,800,000 gallons daily, the elevation being 40 feet.

South river, at the site of Monroe furnace, has a mini/hum flow of

:37190,000 gallons, and with storage will supply 107830,000 gallons
daily. The elevation is 12 feet.

Stepheu's creek, at Estelhrille, has a minimum flow of 1,695,000

gallons daily, and a capacity with storage of 6,000,000 gallons daily.
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Babcock's creek, at Maya Landing, including Watering Race, or
North Branch, has a minimum flow of 3,965,000 gallous, and with

storage will supply 12,100,000 gallons daily.
Water.power.--There is but a small amount of power developed

on the Great Egg Harbor, as will be seen by Appendix I. Altboug]_
the fall is not great, several opportunities exist to develop water-
power. The plant of the Maya Landing Water-Power Company, at
the head of tide, is a well-equipped one. Power is used to operate
a large cotton mill. The fall varies somewhat with the tide, ranging
from 10 to 1L5 feet. The dam is of earth, with a substantial stone

overfall and a large pond. The wheel plant here has been recently
enlarged, but up to 1890, 180 horse-power was in nse_and was said
to be always obtainable, with a little waste over the dam, the power
being used 64 hours per week. This is equivalent to a power o_
.029 horse-power per foot fall for each square mile of water-shed_
entirely harmonizing with our computed flow during the driest
period. The present wheel plant being much larger, is not fully
supplied with water throughout the year. We estimate the power
available for 9 months at 21.6 horse-power per foot fal]_ und for
months, 35.7 horse power per foot fall day and night.

At Weymouth_ there are a paper-mill and saw-mill, with 13 feet
fall, and 160 gross horse-power is said to be developed. We esti-
mate for 9 months 19.2 horse-power per foot fall, the pondage being
good. At the head of Maya Landing pond, 10 feet fall could be
developed, with about the same power per foot as at Maya Landing,
or 200 horse power in all for 9 months.

Below the mouth of Hospitality Branch, the drainage being 156
square miles, 15.5 horse-power per foot fall is available, and about
15 feet fall could be developed, or 227 horse-power in all. Dear the
crossing of the Dew Jersey Southern railroad, on the main stream,
we estimate the available power at 5 horse.power per foot fall.

I-Iospitality Branch, near its mouth, will furnish 5 horse-power per
foot fall for 9 months, and 15 feet fall could be developed.

Deep run, at its mouth near Weymouth, will furnish 2.26 horse-
power per fdot fall, and 20 feet fall could be developed with good
Pendage, so that 90 horse.power could be used for 12 hours daily.

South river, at Monroe furnac% will furnish 1.9 horse-power
foot fall, and 15 feet fall might be developed. At Estellville,
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Stephen's creek has an available power of about 1 hm'es-power per
foot fall on 6 feet fall, or 12 horse-power for 9 months and 20 for 6
months for working hours. Babcock's creek, at Mays Landing, will
furnish, for 9 months, 2.1 horse.power per foot fall, and 12 feet
fall, with good pondage, could be developed.

PATCOIqG cREEK.

This is a tributary of Great Egg Harbor bay, at a point just
below the mouth of the river. It is about ten miles long in a direct
line from source to mouth, and for half its length is tidal. Above
the lower mill-pond at Bargaintown it drains 19 square miles, and
applying Table No. 60 we find the minimum flow to be 3,200,000
gallons daily. The ponds afford considerable storage, so that more
than this amount could be actually drawn. The maximum amount

available with storage is 10,800,000 gallons daily.

AnsEcos cuE_x.

This stream drains, to the bridge at Absecou, 18.3 square miles,
and above the lowest mill-pond at the head of tide 12 _quare miles.
Table No. 60 applies, and we find at the lower pond a minimum flow
of 2,016,000 gallons daily, and a capacity with storage of 6,850,000
gallons daily.

MULLICA RIVER.

This is the largest stream of the Atlantic coast group. It drains
in all 570 square miles, and excepting the Delaware is the third
stream in size in the Slate. It rises,near Ateo and flows 32 miles

east-southeast, measuring in a direct line to the.head of Great hay,
6 miles from the sea. It is tidal and navigable for 20 miles, follow-
ing the very sinuous course of the river. The depth of the channel
through Great bay is not much over four feet at low tide, but in the
rlver'it increases to about 20 feet, ranging to 40 feet. The lower 7
miles of the stream is bordered by tide marshes, which reach a width
of 4 miles near the mouth. Its principal tributaries all converge at
Batsto, at the head of tide. They are the Batsto, Atsion_ Mechesea-
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tauxin, Nescoehague and Hammonton brook, embracing a total
drainage of 22[.6 square miles. This portion of the drainage area
is quite similar to that of the Great Egg Harbor in its topographical
features. The streams are all bordered by strips of cedar swamp, and
they converge slowly as they flow down the gently-sloping plain.
:Eight miles from the mouth of the riverj following the s_reara, but
only half as much in a direct line, it receives its principal tributary
from the north, known as Wading river. This stream rises west of
Woodmansle, and 22 miles a llttle west of north from it_ mouth. It

is navigable and tidal about 8 miles, this part of the stream being
bordered by a narrow sSrip of tide marsh. It drains 189 square
iailes, or one-third of the whole basin of Malliea river. This tribu-
tary and its branches are also much bordered by cedar swamp, but
this is more disposed in compact and isolated areas than in regular
strips along the streams. Less than 10 per cent. of the whole drain-
age area of Molllca river is cleared, and on Wading river less than
2 per cent., the remainder being forested with cedar in the swamps
and a rather sparse growth of pine on the uplands. Sum_ clearing
is being done at Egg Harbor City and Hammonton, the cleared areas
being brought _nder cultivation.
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FLOW OF BATSTO RIVER AT :B._TS'rO.

Drainage area, 69.7 square miles,

_ FLOW IN CUBIC FEET PERSECOND.

1891.

,prll ........................................ 2,24 2.05 287 92 127
_ay .......................................... 2.92 1.44 112 70 86
une ......................................... 3.68 1.17 126 70 72

laly .......................................... 7.]2 1.79 197 59 109
_ugust ....................................... 5.(}9 1.46 124 64 88
eptember .................................. 2.86 1.62 226 67 101
_ctober ..................................... 3.76 1,55 13I 52 94

November .................................. 2.24 1.11 88 55 69
December ................................. 4.11 1.42 116 52 85

1892.
Ianuary ..................................... 4.79 2.38 259 46 141
?ebrllary .................................... 1.99 1.40 111 75 91
_arch ....................................... 5.59 2.92 265 07 175
_-pril ........................................ 3.99 1.70 151 77 181
Vlay .......................................... 487 2,14 168 91 ' 128

tuque ....................................... 234 .97 111 3S I 63
July .......................................... 5 31 1.04 ] 29 42 62
kugust ...................................... 4.55 .80 68 34 43
_eptember .................................. 1.45 .69 49 3I 39

Rain--Inches, Flow--Inches.

June to November, 1891 ................................ 24.97 8.70

December to May_ 1892 ................................ 24.44 11.96

June, 189], to May, 1892 ................................ 50.3S 20.66

April, 1891, to March_ 1892 ............................ 46.39 20.31

Gaugings have been made of the flow of Batsto river, at Batsto,
with the co-operation of Joseph Wharton, Esq., and the accompany-
ing table of flow gives the results of this work. An extended com-

parison of the results of these gaugings with those for the Great Egg
:Harbor river during the same period has been made in our discussions
of the latter gaugings already given. A more extended and detailed
study shows that this similarity extends throughout, so that for a
given depletion of ground-water both streams show the same rate of

flow per square mile of drainage area, and the same ground-flow
curve answers for both. This is the curve on which Table No. 61 is

based, which table consequently applies to the flow of the Batsto, and
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by inference to all other branches of the Mulliea, while Table No.
61 A may be safely applied to the larger areas for the driest period.

Water-supply.--The waters of Mullica river, while they have the
characteristic brownish color of these southern New Jersey stream

waters, have in a markecl degree the advantages of tminhabited
gathering-ground and perfect natural sand filtration; conditions
favorable to great purity and softness. We estimate the average flow
of the whole stream in{o Great bay at 593,000,000 gallons daily,
and the minimum flow at 95,800,000 gallons daily.

Batsto river above the dam at Batsto, drains 69.7 square miles.
It has an average flow of 72,500,000 gallons daily, with a least flow
of 11,600,000 gallons, and a capacity with storage to supply
46,400,000 gallons daily.

Atsion river above the pond at Batsto drains 73.15 square miles
and has an average flow of 76,000,000 gallons daily, with a minimum
of 12,300,000 gallons. Its supplying capacity with storage we esti-
mate at 48,700,000 gallons daily.

The _eseochague above the dam at Pleasant Mills drains 34.99
square miles. Its average ]tow is 36,400,000 gallons and its mini-
mum 5,870,000 gallons daily. With storage its supplying capacity
is 17,200,000 gallons dally.

The total drainage of tile bcadw_ters of the Mu]lica sbo,:e Batstc*
embraces 221.6 square miles, with a total average flow of 230,000,000
gallons and a minimum flow of 37,200,000 gallons daily, and a
capacity with storage to supply 147,000,000 gallons daily.

The west branch of Wading river drains 97.12 square miles. Its
average flow is 101,000_000 gallons daily and least flow 16,400,000
gallons daily'. Its supplying capaci@ _rith s_omge is 64,700,060
gallons daily.

The east branch of Wading river drains 66.45 square miles, anc_
has an average flow of 69,200,000 gallons daily. Its minimum flow
is 11,200,000 gallons daily, and with storage it will supply 44,300,000
gallons daily.

Bass river will afford a local supply of conslderable amount.
Nacote creek above the pond at Port Republic drains 17 square
miles, and we estimate its minimum flow at 2,850,000 gallons daily
and its supplying capacity with storage at 9,700,000 gallons daily.

Water.power.--There are in all but 14 mill sites at present on this
water-shed, whereas in 1850, Gordon's map shows 27 sites, of whioh
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20 were occupied by mills--probably mostly small saw-mills--and 7
by iron furnaces.

Batsto river, at Batsto, has an old furnace site, with 9 feet fall,
now occupied by a small grist and a saw-mill. We estimate 7 horse-
power per foot fall for 9 months, or 70 horse-hower in all, day and
night. There is good pondage, so that probably twice this would be
available for 12 hours daily. The Pleasant Mills Paper Company
occupy a site with 10 feet fall on Hammonton brook, the Nescochague
being diverted into the pond by a raceway and a large storage pond,
so that the mill receives water from 53.3 square miles on Hammon-
ton brook and the Nescochague and 73.15 on the Atsion, or 126.5 i_
all, giving 12.65 horse-power per foot fall for 9 months, but with the
large pondage, twice this is available for working hours. At Atsion,
on the site of the old Atsion furnace, there is 9 feet fall not at pres-
ent in use. The drainage area of Atsion river above this point is
25.09 square miles, and the Meeheseatanxiu has been diverted by a
raceway, adding 18.62 square miles, making 48.7 square miles in all.
We estimate the power available for 9 months at 4.37 horse-power per
foot fall, but as there is good pondage, more than this will be avail-
able for working hours.

On the east branch of Wading river, at Harrieia, there is a paper-
mill which has recently suspended operations. It has 12 feet fall,
and the west branch of Wading river is diverted into the pond by a
canal, giving a total tributary water-shed of 155 square miles. We
estimate for 9 months 15.5 horse-power per foot fall, or 186 horse-
power in all, day and night, the pondage being sufficient to make
much more than this available during working _hours. At Martha
furnace site, just above, on the east branch, or Oswego river, there is
an abandoned site with 12.5 feet fall and 64 _quare miles drainage,
giving for 9 months 6.4 horse-power per foot fall day and night.
About 2 miles further up, 10 feet fall and 60 horse-power could be
developed.

On the west branch of Wading river, 1 mile above where it is
diverted to the paper-mill at Harrisia, 15 feet fall could be developed
with 90 square miles drainage, giving 9 horse-power per foot fall day
and night. At the the old Speedwell furnace site, 8 feet fall is avail-
able, and Shoal branch, being diverted to the pond by a canal, the
drainage area is about 50 square miles, and 5 horse-power per foot
fall, or in all 80 horse-power for working hours could be obtained.
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There are large areas of valuable cranberry bogs under cultivation
upon the cedar swamp bottoms of Wading river and its branches.

:Nacote creek, at the large pond at Port Republic, will furnish 1.9
horse-power per foot fall, 6 feet fall being available. The pondage is
large enough to give 23 horse-power for 12 hours daily.

SMALL STREAMS OF OCEAN COU-NTY.

In general, Table No. 60 may be applied with safety to all these
_treams, although in some cases the flow may be as high as that
shown by Table No. 6l.

Tuekerton ereek.--Above the mill-pond at Tuckerton, tais stream
drains 11.9 square miles, and we estimate a minimum flow of 2_000,-
000 gallons daily. The capacity with storage is 6,800,000 gallons
daily. About 0.9 horse-power per foot fall is the available power for
9 months, the fall being 7 feet with good pondage.

Westecunk ereek.--Above the pond at West Creek village this
stream drains 21 square miles, and we estimate the minimum flow at
8,530,000 gallons daily. The capacity of the stream with storage is
12,000,000 gallons daily. The power available at this point for 9
months is 1.6 horse-power per foot fall, and the fall being 6.25 feet
about 20 horse-power may be had for working hours. There are
large cranberry bogs at Staffordville on this stream.

Manahawken creek, or Mill oreek.--Above the large pond at Mana-
hawken village this creek drains 19.7 square miles. The pond
has an area of 98 acres, and we estimate the minimum flow at

_,300,000 gallons daily. With storage the stream will supply
11,250,000 gallons daily. The power available for 9 months we
estimate at 1.5 horse-power per foot fall, and the fall is 8 feet, so that
with a large pondage 24 horse-power is easily attainable during work-
ing hours.

.Forked river.--The north branch of this stream above the village
bridge drains 14.7 square miles, and we estimate the average flow at
15,300,000 gallons daily, the minimum flow at 2,470,000 gallons
daily, and the capacity with storage 8,400,000 gallons daily. The
power available for 9 months is 1.1 horse-power per foot fall, the
fall being 8.5 feet at the saw and grist-mill, giving about 20 horse-
power for working hours.

Cedar oreek.--This stream drains 55.8 square miles above the vil-
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lage bridge, and Table No. 6I may be safely applied, as the stream is
bordered throughout by cedar swamps. We estimate the average
flow at 58,000,000 gallons daily, the minimum flow at 9,370,000
gallons daily, and the supplying capacity with storage 31,900,000
gallons daily. The power available at this point we estimate at 5.6
horse-power per foot fall for 9 months, and about 15 feet fall could
be developed with large pondage, giving 84 horse-power day and
night, or 168 horse-power for 12 hours daily.

At Double Trouble caw-mill there is 6 feet fall with large Pondage.
The drainage being 45 square miles, 4.5 horse-power per foot fall, or
27 horse-power continuous, and twice this for working hours may be
obtained during 9 months. Further up the stream there are two
good ponds at the site of the old Dover forge and the Farrago forge
at Bamber, both of which are now used for saw-mills.

TOMS RIVER.

This stream rises at Clarksburg, near the source of the Assanpink
and Millstone, in Monmouth county, and flows southe_t to the head
of tide at Toms River village, a distance of 20 miles in a direct line.
Thence eastward, 5 miles to Barnegat bay, the river extends as a
shallow estuary, from 5 to 10 feet deep and about 1 mile wide at the
mouth, being practically an arm of Barnegat bay. The water-shed
lles almost entirely upon the Tertiary sand and gravel, and has an
area of 163.8 square miles. The upper portion resembles the more
southerly streams of this group, the water-courses being everywhere
bordered by strips of cedar swamp, and the uplands from 40 to 60
feet higher and wooded with the characteristic pine growth of this
section. On the lower portion of the water-shed, there is a little
variation in the topography. The stream and its branches are bor-
dered by flats half a mile or less in width, from which the uplands
rise quite abruptly at first by steep banks about 30 feet high. Fur-
ther back, the uplands rise from 60 to 80 feet above the stream
valley. Only 6 per cent. of the water-shed is cleared of timber.

Table No 61 applies to the flow of Toms river and its branches.
Water.supply.--The water is of the same general character as the

other streams of this group. We estimate the total flow at Toms
River bridge at 170,000,000 gallons daily daring the average year,
and the minimum flow at 27,500,000 gallons daily. The whole
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water-shed has a supplying capacity, with storage, of 112,000,000

gallons daily.

Above the confluence of Ridgeway Bmanch, the stream drains 58

square miles and has an average flow of 61,400,000 gallons daily, a
minimum flow of 9,900,000 gallons daily and a capacity, with stor-

age, to supply 33,750,000 gallons daily.

Ridgeway Branch is the principal affluent and rises near Collier's

Mills, on the west line of Ocean county. It flows southeast by

east, jolning Toms River 3.5 miles above the village. It drains 64.9

square miles and has an average flow of 67,500,000 gallons, a mini-
mum of 10,900,000 gallons and will supply, with storage, 37,200,000

gallons daily.
Union Branch is the principal affluent of Ridgeway, which it joins

2 miles above the mouth. This branch drains 30 square miles and

has an average flow of 31,200,000 gallons daily, a minimum of

5,040,000 gallons daily and, with storage, will supply 17,220,000

gallons dally.

Davenport Branch drains 34 square miles. It has an average
flow of 35,300,000 gallons, a minimum of 5_720,000 gallons and a

eapaeity_ with storage, to supply 19,400,000 gallons daily.

Water-iaower.--There are at present on this water-shed but 12

mills at 9 mill sites, with an aggregate of 288 net horse-power. In
1850j we find 19 mills and Manchester and Phoenix iron furnaces

using power on the stream and its branches. Here, as elsewhere in
this portion of the State, this decadence of water-power is due to the

exhaustion of the timber-supply, causing the abandonment of saw-

mills and to the change of conditions in the iron industry, which

caused the abandonment of the small charcoal furnaces. Owing to

the configuration of the lower valley, the opportunities for the

development of water-power are exceptionally good on this stream.

At the erosslng of the highway from Toms River to Manchester, a
development very similar to that at Millville would furnish 25 feet

fall with a pond 4.5 miles long and half a mile wide. The drainage

area is 129 square miles, and we estimate the power for 9 months at

12.9 horse-hower per foot fall, or 322 horse-power day and night,
which, with the pondage mentioned, would give 644 horse-power for

12 hours daily. This power, in the very driest season, would never
fall below 193 horse power for 12 hours daily. Just above the con-

fluence of Ridgeway Branch, the available power of the stream is 5.8
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horse-power per foot fall, and 15 or 20 feet fall could be readily
developed. At White's bridge, the stream will furnish 4.5 horse-

power per foot fall, and facilities are good for developing ] 5 feet fall.

On Ridgeway Branch, at the site of the old Phoenix furnace, about
one mile above the mouth, 6.4 home-power per foot fall is available,

and 15 or 20 feet could be readily developed. At Manchester pond,

,on Union branch, we estimate 2.1 horse-power per foot fall, there

being 14 feet fall with good pondage, so that about 60 horee-power

is available for 12 hours daily during 9 months of the year.
On Davenport Branch, at Van Schoick's mill, we estimate 3.4

i_orse-power per foot fall, or twice this for working hours for 9
mouths of the year.

It will be seen that Toms river presents exceptionally good facili-

¢ies for developing water-power, and an aggregate of 1,000 horse-
_ower could be easily obtained.

METEDECONI_ RIVER,

This is the last of the coast streams as we go northward which has
its water, shed wholly upon the Tertiary sand and gravel. The lower

-4 miles of the river is a shallow tidal estuary like that of Toms river,

having an average width of about half a mile, and really forms the
head of Barnegat bay. From the head of tide at Barmville to the

_ourea of the river at Charleston Springs is 16 miles in a direct line,

the general course of the river being east-southeast. The river has

two branches, which rise close together and alternately recede and

approach each other, the distance apart nowhere much exceeding 3
miles, and being in some cases less than one. They do not finally
come together until within about a mile from the head of tide.

The Sotith Branch flows through Lakewood, and the "whole area

drained above the head of tide is 73.9 square miles. The relief of

the water-shed is considerably bolder than upon the previous streams

•of this class. The streams are bordered by a very narrow strip of
wooded swamp, the aggregate area of swamps being quite small, and
the uplands rise in many places with considerable abruptness from 75
to 100 feet above the stream valleys. The uplands are covered with

the characteristic pine growth of the Tertiary plain. But 32 per
_cent. of the whole area is cleared aud under cultivation. "

Table No. 61 may be safely applied to the Metedeeonk.
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Water.supply.--The water of the South Branch is used at present

to supply Lakewood to the extent of 280,000 gallons daily, all of the

water being filtered. We estimate the average flow at Burrsville at

76,800,000 gallons daily, the minimum at 12,400,000, and the sup-

plying capacity, with storage, 42,300,000 gallons daily. The North

Branch drains 43.2 square miles, with an average flow of 44,800,000

gallons, a minimum of 7,250,000 gallons, and a capacity to supply

24,600,000 gallons daily, with storage. South Branch, at Lskewood,
has an average flow of 25,500,000 gallons daily, a minimum of

4,120,000 gallons and a capacity to supply, with storage, 14,000,000

gallons daily.

Water-power.--At Burrsville there is an old mill-site with 9 feet

fall and a large pond. We estimate the power for 9 months at 7.4

horse-power per foot fall, or 66.6 for the fall given, twice this being
available for 12 hours daily. The North Branch at Lane's mill will

give 3.8 horse-power per foot fall for 9 months, and the same stream
at Lakewood 2 horse-power per foot fall, and 10 feet fall could be

developed, or 40 hores-power for 12 hours daily during 9 months.

The South Branch, near its mouth, will furnish 2.9 home-power

per foot fall, and 10 feet fall might be improved. At Lakewood we
estimate 2.45 horse-power per foot fall. There is 9 feet fall with

good pondage, so that 44 horse.power may be had for 12 hours daily

during 9 months, or 75 horse-power during 6 months. The power
here is used for pumping water and running the electric light plant,

the largest use being in winter. At Bennett's mills we estimate 1.8

horse-power per foot fall, and the fall is 9 feet with good pondage, so

that 32 horse-power is available for 12 hours daily.

MANASQUAN RIVER.

This stream rises southwest of Freehold, 17 miles from its moutb_

and flows southeasterly. From the inlet to the head of tidej a dis-
tance of 5.5 miles, is a tidal estuary from one-quarter to one-half a

mile in width, with an area of 1,216 acres, l_Ianasquan inlet fur-
nishes a restricted outlet to the sea. This portion of the river is quite

picturesque,thetopographybeingmuch bolderthanthatof thepre-
viouswater-sheds.The streamhas a well-definedvalleyalongits

lowercourse,about two mileswide and from 100 to150 feetdeep.

There iscomparativelylittleswamp and the upper portionof the
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water-shed is quite highly cultivated, only 32 per cent. of the whole
being in forest. The cultivated portion of the water-shed is largely
on the marl district, and the stream is in consequence, when swollen,
muddier than those more southerly. The whole area drained is 80.5
square miles.

Wa_er-supply.--It will be seen from our description above that
the stream is less promising as a source of water-supply than those
we have previously described. The average outflow of feesh-water at
Manasquau inlet is 83,600,000 gallons daily. At Upper Squan
bridge, above the head of tide, the average flow is 67,300,000 gallons
daily, and the minimum 10,900,000 gallons daily.

Water-power.--At Upper 8quart bridge the stream will furnish

during 9 months 6.5 horse-power per foot fall. Thirty feet fall
could be developed here with fine pondsge, giving 195 horse-power
continuous, or 890 horse-power for 12 hours daily. This site is con-
venient to be used for electric lighting, &e., along the seashore.

SMALL COAST STREAMS OF MONMOUTH COUI_TY.

Wreck pond.--This has a water-shed of 12.8 square miles and an
average inflow of 13,300,000 gallons daily, the minimum being
2fl50,000 gallons daily.

8hark riner.--Thls stream flows into the Shark River bay, which
has an area of 1,018 acres, with a restricted anduncertain outlet to

the ocean, which is sometimes closed by storms, temporarily. The
drainage of the river to the head of the bay embraces 16.9 square
miles, of which 59 per cent. is weeded. The average flow is
17,550,000 gallons daily, and the minimum 2,830,000 gallons daily.
With storage the stream will supply 9,670,000 gallons daily. There
is some marl along the main stream.

The North Branch above the pond at Kisner's grlst-mill drains
5.92 square mile_. The minimum flow is 990,000 gallons daily,
and with storage the stream will supply 3,390,C00 gallons daily.

Deal lake.--This lake has an area of 144 acres and receives the

drainage from 6.1 square miles, giving an average flow of 6,340,000
gallons and a minimum flow of 1,025_000 gallons daily,

Whale.pand brook.--This stream is used as a source of water.sup-
ply for Long Branch. It is reported that 1,000,000 gallons daily is

19
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used, the supply being filtered. The stream drains 5.1 square miles,

giving an average flow of 5,300,000 gallons and a minimum of
855,000 gallons daily. The maximum available with storage will be

2,910,000 gallons daily. There is already some storage in use.

Shreu_sbury river.--This is really a large, shallow, irregular bay,

having an area of 2,202 acres above Seabright bridge, and receiving
the flow of several small tributaries. The drainage amounts to 29

square miles, and covers a populous and cultivated area. The average
inflow of fresh water amounts to 30,200,000 gallons daily.

NAVF_INK RIVER.

This stream rises near Freehold and flows 17 miles northeast to

Sandy Hook bay. It will be observed that its course is at right

angles to the general course of the Atlantic coast streams. The
lower 7 miles up to Red Bank is a tidal estuary about three-quarters
of a mile wide and 250 acres in extent. The entire drainage area is

95 square miles, and this lies almost wholly in the marl region and
is highly cultivated. The water-shed is also populous. Its topo-

graphy is entirely different from that of the Tertiary water-shed and
resembles somewhat that of some of the trlbutarles of the lower

Delaware. The stream and its branches traverse narrow, flat-bot-

tomed ravines, bordered by high banks and are sinuous in their

course. Table No. 60 applies to the flow of the Navesink and its
branches.

We estimatetheaverageflowintoSandy Hook bay at 98,850,000

gallonsdaily,notincludingtheShrewsbury.

Waler.supply.--Itissufficientlyindicatedby theabovedescription.
thatthisstreamisnot fittedto become a sourceof water-supply_

althoughsome of itssmallbranchesmightaffordgood localsupplies.

We estimatethat Swimming river,at Red Bank, dischargesan

averageof 68_000_000gallonsdailyand a minimum of iI_000,000

gallonsdaily.

Wa_sr.power._Swimming river affords some good opportunities

for the development of water-power in moderate amounts on its upper
courses. At Red Bank, a dam 1,300 feet long would develop 30 feet

fall with large pondage. We estimate that for 9 months, 5 horse-

power per foot fal]_ or 150 horse.power day and night, and 300 horec-
power for 12 hours daily could be obtained, and the minimum flow
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•of'the stream would furnish 2 horse-power per foot fall, or 120
horse-power for 12 hours daily.

The water-power at Tinton Falls is one of historic interest. This
was the site of Lewis Morris' iron works, established not later than

1682. The drainage of the stream above this point embraces 12.25
square miles, and the fall is 28 feet. For 9 months, 0.94 horse-
power per foot-fall, or in all, 52 horse-power for 12 hours daily can
be obtained, and for 6 months, 94 horse-power for 12 hours daily is
available. It will be seen that this was sufficient for what would be

regarded as a good-sized plant at that period.

SMALL BI{ANC_ES OF RARITAN BAY.

These streams lie entirely on the marl region and, in general, are
of little economic importance. It is not necessary to take them up
in detail. Table i%. 60 applies to their flow.

SOME GENERALIZATIONS AS TO WATER-SUPPLY.

LEAST MOI_THLY AND _NI_UM FLOW.

We have, in our foregoing estimates, dealt with the average flow
of the stream during the driest month. It should be remembered
that many streams are likely to fall below this amount for as much

_s two weeks. In Table No. 42, we have given a list of observed
minima for the various streams. We may compare these with the
computed average flow during the driest month.

Table No. 51, applying to Kittatinny valley and Highland streams,
gives a least monthly flow at the rate of 81,000 gallons daily per
square mile. In our remarks following Table No. 42 we conclude
that the natural minimum of these streams ranges between 0.10 and
0.15 cubic foot per second per square mile, or 64,627 to 96,940 gal-
lons daily. It is evident, therefore, that on this class of streams, in
order to always obtain the rate given as the least monthly flow, a
small amount of storage must be provided equal to about 100,000
gallons per square mile.

Table No. 62, applying to such streams as the Pequest, shows a
least monthly flow at the rate of 140,000 gallons daily. These
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streams occasionally fall as low as 97,000 gallons daily, so that s'tor-
age to the amount of 650,000 gallons per square mile would be
needed. The flow of the Passaic is given in Table No. 53 at the
rate of 127_000 gallons daily per square mile for the driest mouth.

The least observed is I23,000 gallons daily per _quare mile, so that
storage to the amount of 60,000 gallons per square mile would be
needed in order to hold the stream up to the average flow of the
driest month. Table No. 54 applies to the Hackena_ck and northern
red sandstone streams with large ground.flow. It gives the flow
during the driest month at 123_000 gallons daily, and when allowed

to flow naturally it appears from our observations that this class of
streams do not fall below this. It may be remarked here that it is
the rule with streams of large ground-storage that their flow is more
evenly sustained during the dry months_ and they do not fluctuate to
the extreme low limits of those with more limited ground-flow.

Table No. 55, for the Raritan, gives an average flow during the

dry months as low as the lowest flow which has ever been observed.
For the class of stream to which Table No. 56 applies_ it will be

best to provide storage amounting to 330,000 gallons per square mile
]u order to obtain the average flow during the driest month at all
times_ since these streams are likely to run entirely dry during two
weeks. The flow of the Delaware is given in Table No. 57 at
127,000 gallons daily per square mile daring the driest month,
whereas the actual observed minimum is 110,000 gallons daily per

squaremile,sothat255,000gallonspersquaremileof storageshould
beprovidedinordertoobtaintheaverageflowforthedriestmonth
duringeverydayofthatmonth. The southernNew Jerseystreams
allhave largeground-storage,and when fl_wisgnaturallywill
always furnish the average daily flow for the driest month, but in all

cases the possibility of water being held iu ponds above should be
considered.

Plate 10 shows the comparative fluctuatldns of the Passaic and
Raritan, of about the same size, and of the Neshaminy and Batsto.
This exhibit gives a good indication of the relative steadiness of
the different classes of streams if we remember that, other things

being equal, smaller water-sheds invariably fluctuate more than larger
ones. These diagrams are all plotted in depths on the water-shed in
24 hoursj so that we may compare the proportional flows per square
mile of water-shed. A still more instructive exhibit is the diagram
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12 thebesperannum theywould havefiledattheend ofthetwelfth

month,which must beregardedasmuoh more satisfactory.

Next,theCroton_from June,1870,to January,1871,a periodof

8 months, shows a total flow of 3.98 inches, while a draught at the

rate of 14 inches per annum would amount to 9.33 inches, leaving

5.35 inches to be drawn from storage_ and the reservoirs drawn to

this extent would not fill again until the following November, thus

remaining drawn down a period of 17 months. Again, the same
stream, from May, 1880, to June, 1881, would not more than com-

fortably fill its reservoirs at the end of the fourteenth month if drawn

at the rate of 14 inches per annum. This is certainly strongly sug-

gestive that during the still drier period in 1881 and 1882 we could

not have collected more than 14 inches on the Croton water-shed. 7" " ..F_.-.
Turning to the Passaic, from May, 1880, to January, 1881, a r

period of 9 months, the total flow-off was 5.54 inches, whereas a
continuous draught at the rate of 14 inches per annum would have

required 10,5 inches, so that 4.96 inches would have been drawn
from storage. :In this case, the reservoirs would have filled in

March, the eleventh month after the draught began. At the end of

November, 1881, the depletion of reservoirs would have amounted
to 5.11 inches, but in this ease it would have filled at the end of the

eighth month. The only reason that the Passaic does not exhibit as

small a dry-season flow as the Sudbury is_ that its rainfall in no case

falls so low. This may be, and we believe it is, due to the larger

size of the water-sbed_ as we have previously pointed out that the

most extreme droughts shown by our records are probably limited to

about 100 square miles of area, and some part of a large water-shed
is quite sure to receive some heavy showers during these protracted

dry periods. It follows that we have no warrant for supposing that

on a portion of the Passaic water.shed as small as that of the Sud-

bury the rainfall will not fall as low as the record upon that water-
shed indicates, or as low as the dry period shown in the Philadelphia

record during 1881 and 1882, on which we have b_ised the dry-
period flow shown by our tables. The same is true of the Tohickou,

Neshaminy and Perkiomeu. Our records there show a larger flow

only because the rainfall is larger_ and our studies indicate that not

only is it likely at some time to fall as low as that of our driest
period, but that in this case these streams would not yield as large a

quantity of water as the Sudbury, since the evaporation is about one-
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tenth larger. Right here, it may be well to also call attention to the
danger of reasoning that because these streams show a larger percent-
age of rainfall flowing off during the period of comparatively large
rainfall covered by the gaugings, they will continue to show the same
larger percentage in ease the rainfall falls as low as that upon the Sud-
bury in 1882 and 1883, The real relation between rainfall and
stream-flow is that shown by our formula (Fequals 0.82 B minus
15.50), excepting as this amount might be augmented by draughts
from ground-storage, thereby discounting_ in a measure, the rainfall

receipts of the following year. Oar conclusions are, that all these
streams obey the same law and that, given a water-shed no larger
than the Sudbury, they will all be subject to as light a flow-off as

\ that shown in 1882 and 1883, which we have cited above. :For such
waier-sheds_ we consider our estimates of yielding capacity to be the
very highest that can safely be adopted. Indsed_ we are disposed to
recommend that in general a margin of 2 inches per annum under
these estimates should be allowed where it can conveniently be done,

as this will insure a more reliable and healthful supply. The waste
which will result in the years of larger flow should not be regarded
entirely as a loss. Some waste from storage reservoirs is, on the
whole, desirable. Furthermore, floods may be regarded as nature's
method nf washing down and purifying the gatherlng-grounds. In
many eases, very long periods of low reservoirs will result in an
inconvenient increase in objectionable vegetable and animal micro-
organisms.

SELECrtolv OF SOURCESOF SUPPLY.

In another chapter our exhibit o£ the water-supply of the State
now in use shows that all but a comparatively insignificant amoun_ is
drawn from our streams. The results of chemical analysis leave little

doubt that stream-waters are by far the best for domestic consump-
tion as a rule. In selecting gathering-grounds for the supply of a
city, it is of the first importance that the geolngieal and topographical
conditions should be favorable to purity. If otherwise, it will be
almost impossible to maintain this supply in a satisfactory condition.
The very best waters of the State are those from the Arehrean High-
lands. Not only is this true, but these streams are generatly at a
sufficient elevation to afford a gravity supply to our cities, thus saving

NEW JERSEY GEOLOGICAL SURVEY



WATER-SUPPLY. 297

the expense of pumping. Next to this, from a hygienic point of
view, come the waters of the Tertiary pine plain in southern New
Jersey. The character of these water-sheds is such that a most
_horough natural filtration is in constant operation, and it is almost
impossible for any considerable impurities to find their way from the
"water-sheds into the streams. Next in rank come the waters of the

Kittatinny valley, then those of the red sandstone plain, and finally
those of the clay and marl region. Indeed, the latter are practically
the only streams which are ever objectionable in their natural state,
and even here many of the smaller streams have sandy and gravelly.
water-sheds, and form fair gathering-grounds.

Next in importance in the selection of sources of supply, and only
next because danger from this source may easily be remedied except
in a few grave cases, comes the avoidance of sewage pollution ind-
<lental to populous water.sheds. This form of contamination should
be avoided at any cost. No chemical analysis should be made the
basis for eoutiuuiug the use of a supply so polluted at any point near
"thesource of pollution. Such waters may be used for a considerable
.period without causing any serious trouble, and yet, without a
moment's warning, they may breed a disastrous contagion. The
effects observed in this connection by the Massachusetts Board of
Health at Lawrence, from the sewage of Lowell, 10 miles above, on
the Merrimae, indicate that even a small amount of sewage may cause
disease. ]In fact, the prevalence of typhoid at Lawrence appeared to
be directly traced to a few individual cases oecurriog on one of the
'branches of the Merrimae, and from which the germs were corn-

' municated through the water-supply drawn from the river. This,
however, is one of several similar cases. Even should a chemical

and geological examination show no evidence of danger in a sewage-
contaminated supply at a given date, this is no warrant for the con-
cluslon that such water will continue to be safe for any length of time
in the future. The extreme rapidity of increase of micro-organisms,
which sometimes tal_es place in water under examination, is suggestive
of these possibilities.

In this connection, it may be well to point out the proper place of
chemical and microscopic analyses. There is no doubt that a con-
siderable uncertainty exists even among the best authorities as to
what confidence is to be placed on the results of these analyses, or,
indeed, as to how they should be interpreted. Even the best and
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most careful conclusions reached seem to be occasionally contradictec_
by the facts. It is not dit_eult to discover and count the minute
animal and vegetable organisms which exist in water, but as yet it i_
by no means certain always which of those are and which are not
harmful. Unfortunately these uncertainties are sometimes made the
basis for belittling or ignoring the warnings of such analyses_anff,
frequently at the expense of large communities. The very reverse
course would seem to be the wisest and most sensible one. Our

ignorance in these matters should only breed the greater caution. In
the absence of better data, we may perhaps go so far as to say that n_
source of supply which is repulsive to the natural instincts of intelli-
gent persons should be tolerated. The senses of sight_ smell and taste
should always be exercised for our protection in the absence of other

means, and only the most thorough and conclusive proof that such
repulsive waters are not deleteFlons should be so,intent warrant for
continuing their use.

In all cases a thorough physical examination should go hand-in-
hand wlth chemical and microscopic tests. The latter may be valu-
able guides as to the character of the water and the proper methods
of treatment to be adopted, but they can never take the place of the
former. If there arc visible sources of eontamination_ or even well-
grounded suspicions that such exist, the failure of chemical analysi_
to indicate any danger should scarcely be accepted as conclusive as t_>
the purity of the supply ; but, on the other hand, if such analyses
indicate daugsr_ the source should be avoided, unless the cause of con-
taminat'mu can be discovered and removed.

_othing can take the place of original purity of the source of sup-
ply. Filtration, a_ration and all known methods of treatment, when
applied to purify polluted waters, are at best uncertain in action when
faithfully carried out, but doubly so under conditions which obtain
in ordinary operations. Their legitimate province is not purification,

of contaminated waters, but to supplement nature when her work has
not been effectual. Thus the waters of our red sandstone streams

often carry a considerable amount of disagreeable sedimentj although
they are otherwise pure, soft and wholesome. Filtration and settle-
ment will do much to improve such waters, and indeed will often.
render them thoroughly desirable. This sediment has also sometimes
been successfully precipitated by the use of alum, but this treatment
also is only desirable when carefully regulated. Again, many streams
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do not have sufficient fall, and flow in smooth, quiet currents through
their ehannels_ so that they do not obtain the. thorough a_cation of
our Highland streams_ which boil and tumble over their stony beds.
There is evidence that such waters may be substantially improved by
artificial a_ration.

Apart from the above considerations, which are mainly sanitary_
hardness sometimes renders waters unfit for domestic useDand some
waters may even be so extremely hard as to be unhealthful, but as a
rule this is not the case with New Jersey stream-waters. Some waters

also have a decidedly corrosive action on steam-boilers and cooking
utensils. Some of the southern New Jersey waters are subject t(>
criticism on this ground. If the waters are otherwise in all respects
desirable, however, it is probable that means could be found to
counteract this action. It is a matter which should have consider-

ation in the choice of a source of water-supply.
In almust any section of the State some small streams may be found

issuing from swamps which have a disagreeable taste and odor, and
are to be avoided. This peculiarity is one easily deteeted_ however_.
and such streams are, moreover, quite rare.

CHEMICAL ANALYSES.

We have had a few analyses made for this report, and to these we
have added some ,others previously made by the Survey and some
from other sources. The purpose is to give a general idea of the
chemical composition of the various waters of the State in their
natural condition, and no attempt has been made to make such
studies as would indicate the presence of sewage pollution or other
artificial contamination. The conditions of such pollution change so
rapidly that such studies could not be of permanent value as an aid
to the selection of a proper source of supply. We have added, for
purposes of comparison, a few analyses of waters in the neighboring
States, We have intended that this exhibit should, on the whol%.
form a standard of purity for New Jersey stream-waters better than
any arbitrary standard which may be set up. We would especially
condemn the use in this State uf any standards which have been set
up as applicable to less favored portions of the United States, as a
considerably higher standard may be possible here. We have quoted r
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in the third table, however, the standard given by Dr. Albert R.

Leeds, of I_oboken, the we|I-known authorityon thissubj_c2,_hjoh

may be found convenientfor generalreference.

_NALY_ES OF STRE_[-WATERS _t_ADE FOR T]_L_ REPORT)

BY PROF. ALRERT _. CH_TER.

Par¢_ in _00,000,

_ I _,

Total solids, ........................... 10.40] 6.71 4.31 3.81.
Inorganic (salts) 4.361 4.10 2.06 2,04
Volatile organic ............... 6.041 2.61 2.25 1.77
_illca ............ " .941 .29 .74 .53
Oxides of iron and aluminium .... 391 .15 .15 .17
Calcium oxide .................. 1.481 .45 .12 .15

.021 .29 .02 .10
.14[ .271 .17 .15
,081 .17 ,03 .08

Sodium chloride .....................................
Hardness 4.101 2.451 1.231 1.65
]Reaction ................................ acid. Iacid. I acid. acid,

These samples a[! taken directly from the streams.
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_OME AI'_TALYST_S OF XVATt_R LARGE]bY pOLLI_*I'ED CO_dPAP, ED WITH THE SA/*IE

STBEA_IS UNPOLLUTED.

Parts per 100,0O0.

I AMMONIA.

_2

O

August 31st 1876. I]1_Passai% Jersey C ty Iut_ke, h
/Passaic, Jersey

Average ....

P_tssaEc

Average .................................

September_ 1883.
'Passaic, unpolluted,

_I)ela_are at Frarxkfor_, 1683-5, 17
ssmples ........ 9 .308

.Delaware at Byram, 1883-5, 44 sam-
ples ............... 315

Delaware, unpolluted, st _Vater Gap_
1883-5, 13 samples ...................... 289

:Schuylkill, Spring Garden
Station, 1883.5, 58 samples_

Average ................................ 22
Maximum ....... 1 .96
Minimum ............................... 08

NOTB.--The Passaic, in 1876, from Geological Survey Report, 1876 ; for 1894, from
_presentment of Hudson county grand jury, and at Two Bridges, 1883. the average
-of the two analyses from Report of Commissioners of State Water-_upp_y previously
_:glven, thls waler belvg un polluted. Delaware and Schuylkill from Dr. Leeds' report
"to We.ter-Supply Department of PMladeiphia.

In the first tables of analyses, we have included only waters which
are not seriously polluted, and, exeeptivg possibly the Elizabeth and
Rabway rivers, they may be considered pure stream-waters. The
last table gives waters known to he seriously polluted, aud is given
here for ready comparison, although it will be more fully referred to
a little later when we consider the subject of stream pollution.

The first column, showing total solids, is not of great practical
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importance, although Dr. Leeds thinks that these should not excee&
20 parts in 100,000. The volatile organic matter represents the por-
tion of the solid matter which disappears on combustion of the tota}
solids. It is a general measure of the amount of organic matter, but-
not all of this is necessarily deleterious. More importance is to be

placed upon the showing of ammonia and chlorine.
.Free ammonla.--This is, usually, mainly a product of the decom-

position of organic matter: A small amount is normal and appear_
even in rain-water, and this is partly drawn from the air: Any con-
siderable amount of free ammonia is a cause to suspect contamina-

tion. By Dr. Leeds' standard, it should not exceed 0.012 parts i_
100,000. It will be seen that the Upper Passaic, at Hanover, and'
Elizabeth river exceed this in the analysis. We have not recom-
mended either of these sources after a physical examination, bu_

paper mills may be the cause of the excess on the Upper Passaic.
In our table of polluted waters, it will be seen that the Passaic, ab
Belleville, shows 0.067 parts of free ammonia in 1894. None of the

analyses of the Delaware approach the limit, but the Schuylkill is
often much in excess.

Albuminold ammonia.--This represents animal and vegetable mat-

ters present in the waters and in process of decomposition, by which
process free ammonia is produced, consequently it is more to be
dreaded than the latter, as at certain stages of decomposition such
matter becomes very dangerous to health. Dr. Leeds' limit is 0.028,
which is exceeded only in the ease of Elizabeth river and some
streams which we know to be seriously polluted--the Passaic, at-
Beileville, showing 0.063 and the Schuylkill sometimes as high
as 0.031.

Chlori_e.--This is not only an accompaniment of sewage pollution,
but is a measure of fl_e amount of such pollution, although not

always of the danger to be apprehended therefrom. A certain
amount is normal, and in order to make the determination of chlorine

of the greatest value it is necessary that this normal amount be deter-
mined. This has been thoroughly done in Massachusetts by the State

Board of Health, and is shown by a map in the report of 1890. For
the western half of that State, it does not exceed 0.10 tnud eastward_
to within about 25 miles of the ocean, increases slowly to 0.20, but

nearing the ocean, it increases rapidly to about 0.65, which is even
exceeded in a few cases. Dr. Leeds gives the maximum allowable at one
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part in 100,000. In general, our streams of known purity do not
exceed 0,80, and there is no increase observable in southern New

Jersey stream-waters nearer the ocean. In fact, all southern New

Jersey waters seem very low in chlorine. Studying the amount of
chlorine shown and keeping in mind what we know of the principal

sources of pollution and the relative populousness of the water-sheds,

this appears to indicate closely the relative purity of the streams of
the State.

Of the polluted waters, the Passaic shows about 5 parts in 100,000

at Belleville. The very large amount shown at high tide is un-

doubtedly due tn sea-waters, but eves at lew tide it is _een t_ be much

more than is admissible. It is also interesting to observe that the

unpolluted Passaic at Two Bridges shows only 0.4 part of chlorine.
It may be well to state here that the e_mparison of these three sets of

analyses of the Passaic seems to be perfectly fair, as they are all at

about the _ame time of the year, and all made during a low stage of

the river. The figures given at Two Bridges are the average of the

Pompton and the Upper Passaic, two streams of about equal size,
which meet here to form the Passaic. The Schuylkill shows an

average of 0.523, and a maximum of one part chlorine, and we may

remark, with respect to the Schuylkill, that it is fairest to compare

the maximum figures with the figures for the Passaic, which are
probably about a maximum. It is interesting also to note the steady
increase in the amount of chlorine in the waters of the Delaware as

we descend the stream.

We cannot do better, in this connection, than to quote the remarks

of Dr. Leeds as to chlorine in the Philadelphia report :

i_Every increment of sewage to the waters of a flowing stream is
represented by a permanent increase in the percentage of' chlorine.
On the other hand, such increments may not be represented by a per-
manent increase in the organic constituents, the latter being repre-
sented in the analyses by the ammonia, nitrogen acids and oxidizable
organic substances. Instead of an increase, the factors repr_seatlng
the organic constituents may actually diminish in amount. They in-
crease when the prOCessesof natural oxidization in a flowing stream
are inadequate to cope with the burden of sewage, whilst they
diminish (even though the absolute quantity of sewage added is very
large) when the reverse is the ease. But in either event, the per-

• • _, fcentage of chlorine goes on steadily increasing. (Report o the -,
Chief Engineer of the Philadelphia Water Department, 1885, page
386.)

20
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It is apparent_ therefore, that the presence of chlorine in more than
normal amount is sufficient cause for the rejection of a water in case
the source of pollution cannot be removed, if we do nnt care to take
the chances of trusting to oxidization and purification of streams thus

polluted.
Nitrates and ni_dtes.--Pollution by sewage being practically the

addition of nitrogen compounds to the water, the process of purifica-
tion of this water consists of the oxidlzatioa of these compounds, and
when this process is completed they become nitrates. Nitrites indi-
cate that this work of purification is in progress but is not complete,
consequently their presence is a mo_e serious matter than that of
nitrates.

Sulphuri_ ac/d.--This is not particularly injurious, but its presence
is a matter of inteiest to the users of steam-boilers if it is in any
considerable amount.

Lime and magne_ia.--If these are present to an amount exceeding
4 parts in 100,000 the water is hard, but if less than this it is con-
sidered a soft water. In some instances our analyses show the hard-

ness of the waters. The only cases among the pure stream-waters
where the hardness seems to be appreciable are the Peqnest and
l_lahway. The Highland streams arc all remarkably" soft waters,
and those of' southern New Jersey are apparently as soft as rain-
water.

Those who wish to study the subject of ebemleal analyses of stream-
waters and the results of some of the latest and best work therein,
cannnt do better than consult the labors of Prof. T. M. Drown, in
the Reports of the State Board of Health of Massachusetts, to which
we acknowledge indebtedness.

_REAM POLI_UTION.

While most of our Highland streams, those oF the Kittatinny val-
ley, the Delaware above Trenton and the streams of the Tertiary
plain, are as yet unpolluted, it is evident that many of them are now
threatened with sewage pollution, and they will not long remain in
their present purity unless the small Wwns along their courses are
restrained from using them as an outlet for sewage. In the High-
lands, we have the following places which are at present most to be
feared : On the Ramapo, Suffern and Tuxedo Park, in New York.
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The latter already hrs a small sewer emptying into the stream. On
_he P_uanuook, Bloomingdale and Butler together form, practically,
the only threatening center. On the Rockaway, Boonten may be
disregarded, as any supply from that stream should he, and readily
could be, drawn off above this place, but above this we have Rock-
away village and Dover, the latter of which, at least, is contem-
plating sewerage. Port Oram and Hibernia are both mining towns
and are not increasing in population. While they should not be
ignored, they do not threaten serious pollution. On the Upper
Passaic and Whippany, we have Morristown, Madison, Chatham and
Summit, all of which are growing quite rapidly_ and these, with
Boonten, threaten the Passaic above Paterson. On the _J[useonet-

_ong, Haekettstown has a water-supply, and it is probable that some
_rouble will be caused from sewage in the future. Kittatinny valley
streams are threatened by Washington, Belvidere and Newton, but
not to any serious extent at present.

While at present the Delaware above Trenton appears to be a
wholesome and safe source of supply, the fact must not be disregarded
that on the portion of the river below Easton and on the Lehigh
there is a large city and town population supplied with water, and
while not many of these places are at present sewered, there is little
doubt that they will be in the near future. The following table gives
the population and the amount of water supplied to these towns.
Although we do not wish to be understood as measuring the danger
from l_llution directly by the amount of such pollution, the proportion
of sewage to the whole flow of a stream is nevertheless strongly sug-
gestive and helpful, especially if we remember that this dry-season
flow does not increase, while the amount of sewage increases, as a
rule, more rapidly than the increase of population, which, for the
towns we are considering, is about 30 per cent. in each decade. The
average flow at Trenton during the driest month is 880,000,000 gal-
lons daily, so that the proportion of sewage of these towns, measured
by the water-supply of 1890, to the whole flow of the Delaware
during the driest month, is about one part io 90. It is apparent, from
the table, that the worst pollution on the Delaware above Trenton is
at the mouth of the Lehigh. On account of the numerous rapids,
conditions are favorable to oxidization and purification, and the river
must gradually improve below this point, as the additional amount of
sewage received is i_significant. Above Easton, the Delaware is, and
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promises to be for some years, all that can be desired for purity.
The population of the water-shed above Lambertville is 69 per
square mile and above the Water Gap it is but 32 per _qoare mile.
The Lehigh alone has a population of 120 per square mile.

X0_NS ON TEE D_Ir,AWARE ABOVE TRENTON WHICH TIIREATEI_ pOLL_JTIOlq.

Population, Water-Supply.
18_. OalJo_s Daily, 1890._*

Lambertville_ N. J ............................................... 4,142 500,0(30

Hacketts_own, N. or.............................................. 2,417 100,0C0

"Wastlington, N. J ................................................ 2,834 100_000

Pbillipsburg t N. J ............................................... 8r644 300,000

Easton, Pa ......................................................... 14,48]. 1_500,000

South Easton_ Pa ................................................. 5,016 40_000

Bethlehem_ P_. ................................................... 6_762 650_000

South Bethlehem, Pa ........................................... 10,302 _ 700,000
West Bethlehem, Pa ........................................... 2,759

Allentown, Pa ..................................................... 25,228 2,400,000

Catasauqua, Pa .................................................. 3p_04 50,000

Slatiogton, Pa ..................................................... 2y716 324,000

Lehighton, Pa ..................................................... 2,959 200_000 (est.)

Maueh Chunk and East Maoch Chunk, Pa ............... 6,873 490,000

_tazelton (part of), Pa ......................................... 8,000 350,000

Total_ Lower Delaware and Lehigh ................ 107,437 _704,000

Belvldere_ _. J ................................................... 1,768 200_000

Stroudsbt_rgh and East Strvudsburgh, Pa ................. 4,238 6,0OD

Milford, Pa ......................................................... 793 60,000 (est.)

Port der_i_ _,', Y ................................................ 0_327 ][_200_000

Honesdal% Pa ..................................................... 2_816 100,000

Deposit, _, Y, ..................................................... 1,530 300,000

Delhi_ _. Y ....................................................... 1,564 100,000 (est.}

Total, Delaware above ]_3aston..................... 22,036 1_966_000

Tota/_ De|awar_ above Trenton ...................... 129,473 91670,000

On the Delaware below Trend:onconditions are much more serious.

Trenton is now being seweredp and measuring the sewage by the
average amount of water supplied during 1893 it will amount to
5,610,000 gallons daily, and the population is increasing at the rate
of 60 per cent. every ten years. The flow of the river duriug the
driezt month at this place is 880,000,000 gallons daily, so tha b disre-
garding the sewage received above, which may he considered as all
oxidized at this point_ the Trenton sewage will amount to 1 part in
157, or at the very lowest stage of the river 1 part in 120.

*From the Manual of kmer/0an Water-Wc_rks.
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Including all towns from Trenton down to the mouth of the
Schuylkill, and those on the Schuylkill up as far as Norristown, we
find a city population of 1,240,000 by the census of 1890, which is
increasing at the rate of over 25 per cent. in 10 years, and the vol-
ume of eewage_measured by the water-supply in 1893, is not less
than 200,000,000 gallons daily, while the average flow of the river
during the driest month is not over 1,283,000_000 gallons daily.
The sewage is therefore about 1 part in 6. It is apparent that the
condition of the water above Philadelphia, in the Delaware, will be
much worse during the flood than it is during the ebb tide. It would
also seem that in a deep channel such as this, with a smooth_quiet
current, the opportunities for oxidizatlon must be limited. The

preservation of this lower portion of the Delaware in a sufifieiently
pure condition to serve as a safe source of water-supply would appear
to be hopeless. As in the case of the Lower Passaic, little more can

be hoped for than to reduce the pollution below the point where it
will render the stream a nuisance to the surrounding district. It
should be remarked that the condition of the Delaware is now much

worse than it was 10 years ago, when the analyses were made which
we quote in our table.

The streams of the red sandstone plain northeast of the Raritan
are also for the most part becoming rapidly contaminated. The
worst ease is that of the Passaic below Paterson. In our table of

analyses of polluted streams we gave results for 1876 and 1894, both
in August, at Belleville; and also for the unpolluted stream at Two
Bridges early in September, 1883. As these were all times of low

water the comparison is a fair one_and taking the average for high
and low tide in 1876 and in 1894 the effect of increasing pollution is
apparent. The total solids appear to be about the same, but the

latter analyses show a larger proportion of volatile organic matter.
Even at low tide the total solids exceed those at Two Bridges by 50
per cent. Between the two dates the river at Belleville shows an
enormous increase in both free and albuminoid ammonia. The
chlorine appears to be about the same, but it is probable that this
indicates a larger proportion of unoxidized sewage only, and that the

•river has reached its limit of capacity to purify itself. It is quite
evident that the danger of using this water is n°wmany times greater
than when it was first condemned in the reports of the Survey, in

11876. It is interesting, in this connection, to show the population
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and extent of the district from which this pollution comes. This is
done in the following table, which shows further the percentage of
increase in population and the total volume of sewage as measured by
the figures of water supplied during the last year :

SOURCES OF POLLUTION OF THE LOWER PASSAIC.

ATea Jn Per _ent. Water Sup-
Square Population, Increase, plied--Million

Town. _liles. 1890. 1880-1890. Gallons Daily.

Newark .................. 2] .00 ]81,830 33 21,100_000

Esst Orange ............ 3.90 13,282 59 } 1,500,000Bloomfield ............... 6.73 7,708 35

Orange .................. 2.14 18,844 43 1,500,000

Montclair ............... 6.18 8,656 69 200,0[_0'

BelIeville ............... 2.93 3,487 16 ...............

Franklin ................. 3.49 2,007 25 ...............

Passaic ................... 3.24 13,023 99 1,400,000

Acqvackanonk ......... 11.34 2,502 47 ...............

Paterson ................. 8.47 78,347 54 13,000,0Off

Harrison ................. 1.31 3,338 ...... 600,000

Kearny .................. 10.23 7,064 ...... 196,500

81.01 340,153 42 39,496,500

It will be seen that this distric_ has ao average population of 4,200
per square mile_ and that it covers an extent of 81 square miles_
mostly between Passaic river and the crest of Orange mountain. It is
not only nearly all sewere(], bat the slopes are steep and every facility
is offered for surface drainage to the streams. As the average flow of
the river during the driest month is 120,500,000 gallons daily, the
above sewage represents one-third of the whole flu% which is truly
an alarming condition. Even if we exclude :Newark entirely, it will
be seen that pollution amounts to about one part in six. Farther-

more, it often happens in an extremely dry period t&at the whole
flow of the river is retained in the ponds above Paterson for a period
of thirty-six hours, which greatly aggravates the conditions in the
lower channel. It will be seen that the conditions are quite bad
enough to account for the results indicated by the analysis of 1894,
and that any attempt to preserve the purity of the Passaic below the
falls in a sufficient measure to render it a safe source of water-supply
will be a vain one. Indeed, it will be found necessary in the near
/future to conduct as much as possible of this sewage to Newark bay_
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thus relieving the river channel, as a measure of health to this popu-
lous bordering district.

It may be laid down as a rule that, especially in the red sandstone
district, but generally everywhere in the State_ the preservation of

any water-supply drawn from the tidal portion of our rivers will be
an impossibility.

All of the red sandstone streams are in more or less danger of con-
tamination, but the streams of the Tertiary plain are not only

naturally protected from serious pollution, but there are very few
centers of population above the head of tide to be guarded against.

While it may not be wise to attempt to redeem these wholly-pol-
luted streams, there is abundant necessity that steps should be taken
to guard the choice gethering-grounds of our Highlands. These are
pre-eminently the sources to which we must look f_r the future

water-supply of the State_ and the time when they will all be needed
is apparently not half a century distant. Indeed, they are already
coming rapidly into user and to allow them to be contaminated from
the threatening sources which we have called attention to will be
unpardonably short-sighted.

VALUE OF ELEVATION OF THE SOURCES OF SUPPLY.

If the source of a water-supply lies high enough to deliver the
water to a city by gravity a very material saving is effected, amount-
ing to the coat of pumping. This varies with the duty of the
pumps, the cost of coal and with the amount pumped_ being less for

large than for small .plants. The city of Philadelphia pumps all its
large supply and keeps careful records of the cost of operation, which
will give us a good idea of the average cost for recent years for large
plants. :From 1887 to 1893, the average cost of pumping by steam-
power amounted to $3.89 for each million gallons raised 100 feet.
:For greater lifts the cost will be proportional. This cost includes
labor, fuel, supplies and repairs, but nothing for depreciation, interest
on cost of plant or taxes. The average quantity raised during these
seven years ranges from 60,000,000 to 150_000t000 gallons daily. A
portion of this supply was also pumped by water-power, and for this
the average cost was $l.21 for 1,900,000 gallons raised 100 feet.
The total cost of pumping for 1893 was about $356,000. Jersey
City, in 1891, expended $149_465.48 for wages_fuel, supplies and
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repairs in pumping the supply of that city from the Passaic. Appar-
ently the cost here was not less than $9 per 1,000,000 gallons raised
100 feet, although we have not the exact figures. The amount

pumped was about 21,000,000 gallons daily. During five years, or
from 1889 to 1893, the average cost of pumping at the New Bruns-
wick water works has been $4.46 for 1,000,000 gallons raised 100

feet, 69 per cent. of the water being pumped by water-power and 31
per cent. by steam.power. The quantity pumped ranged from an
avelage of 1,250,000 to 1,500,000 gallons daily for each year.

In general, it is probably safe to assume that the cost of operation
of a steam pumping plant will not be less than $5.50 for each
1,000,000 gallons raised 100 feet with good modern machinery and at
the average cost of coal during the last five years. The actual cost
of pumping throughout the State is very considerably in excess of this.

We may assume that the water will be required to be raised a
height of 200 feet, including friction in the mains. It will therefore
cost for a pumped supply about $11 for each 1,000,000 gallons con-
sumed, or $4,020 per annum for each 1,000,000 gallons daily. O_her
things being equal, this will be the value of a supply by gravity over
one which must be pumped.

HIGHLhND WATER-SHEDS THE STATE G&THERING-GROUNDS.

The results of our studies will be seen to be that the Highland

water-sheds are the best in the State in respect to ease of collection,
both because of facilities for storage and a smaller amount required

for a given yield ; in geological aud topographical features favorable
to purity; in scantiness of population, which in general shows a
tendency to decrease; in elevation, sufficient to afford a gravity
delivery, and in actual softness and purity, as shown by the results
of the chemical analyses. We cannot too strongly enforce the
remarkable excellence of these gathering-grounds and their peculiarly
favorable location close to the great urban population of our north-
eastern counties. In addition to the advantages already enumerated,
these water-sheds lie at sufficient elevation to furnish water to the

remotest town of the State without pumping. The following table
shows the watsr-sheds included in this district, the elevation at which

the waters may be drawn off, their area in square miles and their

supplying capacity with storage:
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offers the same security as this from future pollution. Many small,
gravelly water-sheds in the day and marl district are equally well
adapted to such treatment, and it offers a solution of a problem which
for our smaller communities threatens to become a perplexing one as
population increases, and they are forced to abandon their near-by
sources of supply.

r_s_iIOWATEt_surrLYSYSTEMSOr"_W JrZ_SS'_0LAF_IFIEDBYSOURCES,

.¥orghern 81ream_ by Gravity.

TOWN. STREA_, REMARE_.
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FO_LIC WATER-SUPPLy _Y_TEbl_ 0F NEW JERSEY CLASSIFIED BY _OURCES--_On.

Delaware River 5ff p_ml)i_g

_ .4 g
a g

TO'WN.

¢I_mdem.
,, U_atist_ct_ry.

¥o11_.
_ordgnlown .......... "

,, Iin_atisfactory.
ge_'e_ly ...........
_lverioe ae_l _ ..............

1Largely from ini_l-

_rotal from Dela_vare ............. I
tratiorl w¢$11.

Nouthern _lrva_s by Purnp_ng.

l_ew Brunswick ....

16,550 gallou_ daily
to Nou_h Alflaboy.

gr/dgeton .............. East lake .............. hlso wells.Mlllville ...................... Maurice river .........

_,on_ Branch ............... Whale Pond brOOk, Monmouth BeaChMount Holly ............... Raneocas ...............
WOodbulT .............. . ..... also.

Un_atisfacto W.

_Ierchcutvllle ..............
State Reform SchOOl ....
Wenon_h ....

Total from Sou_herla Btrea_as ..... 5,77{k597

lZrom Open Wel_s.

_ontc_ir .....................................
Red Bank .......................... _........, $,656 ,000 .............. Also tube wells.

Bo_h Orange .......................................... 3_1_6 45( ,000 .............. Also a tube well.
125,0_0 gallon_
daily t_ South

_a_e May City ........................................... _,_ _ _ 000 .............. Orange.
Madisoa .................................... , ............... "2,0_0 000 ..............
Primeet_n ........................ a,422 660 .............._awrenceviI e Schoo ............. ....... "'"''""'/ _ ooo..............

* E_tiraated,
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P*JBLIC VCAT_R-S_PpLY SYSTEMS OF _EIV JERSEY CLASSIFIED BY $OU]_CES_C0n.

From Tube l_l/s,

wood, partofsup-
ply toElizabeth.

Asbn_y PaTk................
Vtnelaod .....................
Keyport .......................
Freehold ......................

Atlantic Highlands ......

Ocean City ...................
Seabrlght .....................

47,919

_Vrom C_nbl_zed Sources.

Atlantic City ............... Abseeon creek and
tube wells .......... 1_,055 4 _ 000 ,None.

Elizabeth ..................... Eliza'oeth river and

filtered_
_,_ 9 _,500.000

* Estimated.

SUMMARY.
F_pulattou. Daily Consumption--

1_90. Gallons.

Northern Streams by Gravity ............... 225,835 22,930,000

Northern Streams by Pumping .............. 421,845 47,843,000

Delaware by Pumping ......................... 142,636 17,210,464

Southern Streams by Pumping....: ......... 79,616 5,776,597

From Open Wells .............................. 26,967 1_540,000

From Tube Wells .............................. 47_919 5,938,300

From Combined Sources ..................... 50,819 7,600,000

Total for the State ........................ 995,637 107,840,861 • r.

) "
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DAILY CONSUMPq_ION BY WATI_R-S]_EDS.
Oalteas.

Hackensack W_ter-shed ............................................. %90%000
Passaic Water-s_ed above Patersou ............................... 34,910,000

P_alc Water-shed below Paterson ............................... 28_100,000

Delaware above Trenton ............................................. 6,110,464

Delaware below Trenton ............................................. 11,100,000

WOR_[S IN PROORES_ Ol_ PROPOSED I ETC,

TOWN. SOURCE. _ RE_[ARKS.

Boonton ................................ Stony brook ........ 4,500 Under construction,
Newton ................................. Morris pond ........ _,003 Under construction.
Glassbero ........................................................ "2,000 Proposed.
ttlghtsto_n ................................................... ],875 Proposed.
Clayton ......................................................... 1,807 ?reposed.
Riverside ....................................................... _1_800 _nder construction.
Egg Harbor City ............................................. 1,439 _ontract given.
Deckertewn .................................................... 900 _roposed.
Pemberton ...................................................... 834 [n progress.
Point Pleasant ................................................ 800 ?reposed.
Sea Isle City ................................................... 766 ?reposed.
Westwood ...................................................... 500 _rauchise granted

Total ...................................................... 20,224

* Estimated.

The above tables are prepared from answers to inquiries directed
to the proper authorities in each case, and are quite complete. In a
few eases, where no response was received, the consumption was esti-
mated from the reports in the Manual of American Water Works,
compiled by the "Esgineering :News." There is at best a wide range
in the accuracy with which records of water-supply are kept, ranging
t°romnone at all to the most accurate statistics.

In 1882 this Survey made a similar canvass, the results of which

were published in the report for that year. From this and the above
table we have compiled the table following, which shows the growth

"'_" - of the public water-supply of the State for twelve years. We have
estimated the population supplied in each ease from census returns
and the rate of increase shown thereby, and the result is probably
fairly dose to the truth. This table enables us to examine the
changes which have taken place in this_ w'_MT_c_
of the greatest activity in the introduction of publie water-supplies :
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I._TCREASE OF POPULATION SUPPLIED AND _VATER CO_NSUIKPTION.

TItvh'eYears.

1882. 1894.

TOW_. _ "_
="_ _ o.o .=

JerseyCityaadtownssupplled. 222,108 23,000,000 103
I%wark...... 204,558 20,100,000 93
Paterson....... 13_000,000138
Hoboken group.................... 6,900,000 66
Camden.............................. i 10,000,000 149
Trenton ...... 5_010_4fi475
Elizabeth.... 2,000,000 3,500,000 83
East Orangeand Bloomfield.. None. ],500_000 60
Orange None. 1,650,000 76
New Brunswick.................... 1,521,097 79
Towns of less than 15,000 in-

habitantsnormallysupplied 8,545,fi00 60
All other towns.................... 12,513,300 120

Total .... "_,923-_ 1,114,40_107,840,361 97
*Includes Hoboken and gaekensaek only.
%Includes Chambersburg, annexed later.

A police census in 1894 gives 20,338.
Inel uding ol_ly those in r_hieh the use of lvaler has become general, an d excluding summer

_tnd winter re, orts and uncertain returns.

There is an increased per capita consumption for all towns except-

ing Jersey City and the Hoboken group. In the case of Jersey City
ehere is a use or" about 5,000,000 gallons daily by large industrial

establishments, which has probably not increased nearly so fast as the
increase in population daring this period. This will partly account

for the decrease per capita, probably. In the case of the Hoboken

group of towns supplied by the Haokensack Water Company, Re-
organized, the comparison for the two periods is made between

Hoboken and Haekeusack only in 1882, and the same places, with a
number of smaller residence towns at the present dat% and the

smaller consumption of these places must be allowed for. It is not
nnlikely that the same causes which we have mentioned in the case

of Jersey City operate here also. A new gravity supply greatly
superior in quality to the old one has been introduced in Newark

recently, and has been attended by a rapid increase in per capita con-
sumption. Taking all other towns together, we find that the increase
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in per capita supply averages close to 33 per cent. during this period,
ranging from 10 per cent. in Elizabeth to 48 per cent. in Camden.
The causes of this increase are partly a much more general use of
water, or, in other words, a larger number of water-takers in the total
population, and also to an increased use due to sanitary appliances
and sanitary measures. In some cases there is little doubt that the

amount used is unnecessarily large, and could be reduced if necessary.
In general, the per capita consumption increases with the size of the
city. There are probably few places of their size in the United
States where the consumption is larger than that shown above for

! Paterson and Camden. The per capita consumption in 1894 in New
York City was about 95 ; in Philadelphia 160 and in Chicago 150_
according to an estimate made by ,cEngineering News." It will be
noticed that the figures for New York are close to those shown by
:Newark, and to the average for the whole State.

The last group in the table classed "All Other Towns" have not a
normal supply, or the supply does not bear a normal ratio to the
population. Several of these are not fully supplied. For some the
returns are considered doubtful, and still others are summer and
winter resorts where the average number of people actually supplied
is largely in exceSsof the resident population shown by the census.

Trenton was first supplied in 1783; Morristown in 1799 i :Newark
about 1800; Burlington in 1804, and Mount Holly in 1846. These
five places appear to be the only ones supplied with water up to 1850.
From 1851 to 1860 water was introduced in Jersey City, Camden,
Elizabeth, Hoboken, Paterson, Bordentown and Hackettstown in the

order given, making in all 12 places supplied in 1860. From 1861
to 1870 only :New Brunswick, Flemington and Millville were added_
making 15 in all, while in 1882 thirty-one places were supplied, and
in 1894 the total has risen to 81. It will be seen that at present there

are very few places with a population of 1,000 that arc not supplied
with water.

ESTIMATEDFUTURECONSUMPTION.

The urban population of the State is increasing at the rate of 40
per cent. in each decade. It is, of course, impossible to say how long
this rate of increase will he maintained, but it seems quite probable
that it will not be very considerably less for several decades to come.
As the present per capita consumption'would seem to be ample for
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the real needs of the people, we may estimate the increase in the tots}
daily consumption to be at the above rate als% or 40 per cent. in each.

decade. This gives the following estimate of water needed to supply
the State during the next 50 years :

Population Supplied. Gallons Daily.

1894 ............................................. 1,114,403 107,840,361

1904 ............................................. 1,560_000 ] 51_000,000

1914 ............................................. 2_180_000. 27.1,000,000

1924 ........................................... 3,050,000 296,000,000

1934 ............................................. 4,270,000 414_000,000

]944 ............................................. 5,980,_00 580,000,000

WATER-POWER.

We have already shown, by means of our observations on the Rari_

tan, Passaic, &e., that our estimates in the tables of horse-power
available during 9 months of the ordinary dry year, are, in reality_
available on au average 9 months in 12 throughout long periods

covered by our gaugings_ and we may safely assume that this is the
real value of our assumed available horse-power. During these

months in each year the power will, as a rule, be always available. _

This, it is to be understood, is the gross horse-power. The efficiency

of the best wheels in use is about 80 per cent. under experimenta]_
conditions, but with the conditions that obtain in actual operation,

even with the best modern wbeels thoroughly well set_ 75 per cent.
of the gross horse-power will be all that can be realized as net horse-

power, and it will be more conservative to consider 70 per cent. as
the amount really effective. The economy of the use of water-

power is to be measured by the cost of producing one:horse-power by
steam. This, of course, varie_ with the price of fuel and the effi-

ciency of the engines and boilers. With coal at $3 per ton on the

ground at the boilers, Dr. Charles E. Emery estimates the cost oi_ "
operating expenses per horse-power, including repalrs, supplies, fuel

and labor annually at the rate shown in the following table. The
first column gives the operating expenses per year, as above explained_

and the second column the entire capital necessary to set up the plant

and maintain one horse-power per annum_ estimating interest at tho.
rate of 5 per cent.:

21
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COST 0F ONE NET IIORSE-PO_VER PER Y_AR OF 310 DAYS OF 10 HOURS EACII.

COSt Of O[le Hole-rower

in Wages , Fuel_ Repairs, Capital iqecessary to ]_f&intaln

Total HorSe-Power Supplies, IDsurance One Horse-Power at 5 per
in Use. and Taxes. cent, Interest.

75 $37.65 $891.52
100 36.27 856.74
150 32.25 764.67
200 29.80 708.79

For continuous power, the cost of operation will be almost exactly
twice the above.

It will be seen that the cost varies with the size of the plant, and
this is found to be true in general practice. A very large power

plant is that used for pumping water at the city of Philadelphia, and
the following figures have been computed from the records of the
Philadelphia Water Department from 1887 to 1893, inclusive, and
give the actual yearly cost of producing one continuous horse-power
under conditions extremely favorable to a low cost. This includes
labor, fuel, supplies and repairs for one net horse-power per annum :

Cost of steam-power ........................................................ $78 53
Cost of _ter-power ........................................................ 24 47

Saved per horse-power by water-power .......................... $54 0fi

It is safe to say tha_, excepting by an improbable decrease in the
cost of coal, there are very few cases in which the cost of one horse-

power will be less than that shown by the above figures. In fact, it
is known to be considerably greater at most of our establishments
using steam-power. It is, perhaps, unwise to multiply figures, and
it will suffice and be measurably accurate and certainly conservative
if we assume that the cost of produdng one net horse-power per
annum will be at least $50 less by water-power than by steam-power

for continuous power day and night, and for working hours annually
at ten hours daily we shall not he far oat of the way if we assume
the saving at $25 per net horse-power, not including interest on the
east of plant, depreciation, taxes or insurance, which may, for our
present purposes, be assumed to be equal in both cases.

The cost of installing a steam plant with all appurtenances may be
taken to range from $80 to $90 per net horse-power for plants of
from 100 to 200 hoese-power. If we capitalize the above saving of
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operating expenses at 6 per cent. per annum, and add the cost of
the plant, the average capitalized value of one continuous horse-
power may be taken to be $920 if measured by the cost of steam-
power, consequently, other things being equal, we may lay out in
•leveloping water-power $920 per net horse-power; or, estimating
_he effciency at 70 per cent., $644 for each gross horse-powe_"of c_n-
%inuouspower before water-power will cost as much as stsam-power.
_t will often be possible to develop for much less than this even

when only the minimum power of the stream is taken into account_
_andthe surplus power during the wetter months of the year, if it can
,heprofitably used,'_ill be suffeient to give a g_od profit on the out-

'lay. There are so many determining factorS in the problem, hew-
.ever, that it is impossible to lay down any general rule as to the com-
parative economy of the use of water-power. Some industries can
profitably use power which is available 9nly six months in the year,
and they are ustt_liy those employing a large amount of power in
proportion to the number of the operatives, sash as paper and flouring
mills. By taking advantage of favorable conditions, there is no doubt
_hat there is still a field for the development of water-power in the
State, and this field promises to be enlarged with the introduction of
electric transmission, which will give more latitude in the location of
establishments using water-power t thus doing away with one of its
occasional disadvantages.

In view of the above facts, therefore, all of the figures which we
give are to be regarded rather as illustrations than as actual measure-

ments of what may be profitably expended in developing water-power
or of its actual value as applied to specific cases. As our estimated
available power is for only nine months of the year, if it becomes

necessary to furnish auxiliary eteam-power_ a less s_m can be ex-
pended profitably in the development of the water-power plant. If
we assume an average cost of $90 per net horse-power to cover the
installation of a steam plant, and $78 per annam as the operating
expenses of steam-power, and $25 per annum for water-power, the
outlay admissible in developing a water-power plant before it becomes
as expensive as stesm-power will be about as follows i'or 100 net
horse-power under the different conditions assumed. From this it
appears that the outlay may be from $66,250 to $97,333, and, in the
second case, which is a fair average asSumption, _86,617. As there

NEW JERSEY GEOLOGICAL SURVEY



324 GEOLOGICAL SURVEY OF _EW JERSEY.

are very many opportunities to develop this amount of power for
much lessthan this ouflay_the resulting saving must be weighed againe_
any possible disadvantages of location, larger capital needed, &c. :

ADMISSIBLE OUTLAY I_ DEVELOPI_ 0)IE HU_tgRED NET HORSE-POWER OF

WAT_R-POWER I_EFORE IT B_COME$ AB EXF_/¢SIVE A8 _TEA_-POWE_ A_D
0pF.RATING F_XPF_SF_ 0_ T_E 8_I_ UI_DER Y)IFFER_)/T D_._REF_

OF ]_ER_f_NEJ_C_ OF WATER_POWI_.

In]ant with steam-power only.

Cost of plant ....................................................... $9,000

Interest on same at 6 per cent, .......................................... $540

Operating expenses at $78 per horse-po)ve_. ......................... 7sS00

Tola_ eosh exc_usice of depceciatioa ......................... $8_840

Plant wiih water-power only.

. Admissible vest of plant ....................................... $97_333
Interest on same at 6 per cevt ........................................... $5_840
Operating expenses at $25 per horse_power .......................... 2_500

Total cost, exclusive of depreciution ......................... $8_840

Plant with water-power 9 months, and auxi|iary steam-power 3 montha_ averaging
20 horse-power with a maximum of 70 horse-power for use in the driest month_
being the usual conditions oa New Jersey streams. -

Admissible cost of _vater-plant .............................. $86_617

C_st of 70 horse-power steam plant ........................ 6,300

Total cost of plant .................................... $92_917

Interest on same at 9 per cent ............................................ $5_575

Opexati_g expenses, 20 horse-power_ steam, 3 _ontbs, at $78

per annum .............................................................. 890

Operating expenses, 100 horse-power, water_ 9 months, at $25

per annum .............................................................. 1,875

Operating expenses, 80 horse-powe 5 water, 3 mon_hs_ at $25

per annam ............................................................. 5(10

Total armual cost, exch_sive of depreciation ............... $8_340

Plant with water-power 9 months a_d steam-power 3 months.

Admissible cost of water plant .............................. $66_250

Cost of steam plant ............................................. 9_009

Total ............................ . ......................... $75,250

Interest ca same at 6 per cen¢. .......................................... $4_515

Operating expenses, 100 horse-power, water, 9 months ........... 1,875
Operating expenses, 100 h_rue-power, steam_ 3 months ........... 1,950

Total cost of operating, exclusive of depreciatioa ........ $8_340
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RENTAL V_LUE OF WATERoPOWER.

Perhaps no better standard of that value exists than the figures of
rental per horse-power given in the census report on water-power_
1880, for the leading water-powers of the United States. The fol-

lowing list is extracted relating to powers in this section of the
country :

TURNER_S _'AZ,LS_ _t&_A(3H_ETTS,

Connecticut River. T_trne_"s Foils Company, O_mer.

Available power equMs 17,600 the_3retieal horse-power in low water of ordinarily
dry years, night and day.

Bates for 2owe_'.--Usual rate has been $7.50 per annum per horse-po_er (not fur-
ther specified), but there is no established rate for the future.

BELLO'WS FALLS_ VERMONT.

Connecticut Riv¢l'. BelIowa Falls Canal Company, Olv*_er,

Available power equals 12_000 theoretical horse-power in lo)v water of ordinarily
dry years_ night and day,

Ra_ jbr Power,--Nominal rate_ $7.50 per annum per horse-power (not further
specified).

UNIONV_ LLE_ CONNECTICUT.

aVa_vaington R_:v¢¢'. Union Water-Pov.:er Oo_,_p(_y, Olcaer.

Available power equals 860 theoretical horse-po_ver in low water of ordinarily dry
sears, night and day. r

.Pvatesybr Potcer.--Perpetual lease at $175 per mil|-power per annum, u mill-power
being 7½ cubic feet per second under a head of 18 feet, or 15.3_ theoretical horse-

s2ower--tbat is_ the price is $11.35 per tbeoretleal horse-power per annum.

OCCUM, CONNECTICUT.

Shetucket l_irer. 2_r_dch llS_ter-Power Company, O_mer.

Available power equals 290 theoretical horse-power in low water of ordinarily dry

years_ night and d_y.

l_tes .for Pou_r_--Tweuty dollars per annum per horse-power (not further

specified).
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B,kRRE_'I_S JUNCT_0N_ _kSSACItUSETT$.

Su'ift River. Barrett'_ Jltnc_io_ Water-Po_ver Compalty, Owner.

Available power equals 200 tbeoretlcal horse-power in law water of ordinarily dry

years, night at_d day.

_atesfor Power._Nine dollars per a_num per horse-power (not furtber specified).

BIRMllqGH A]_ 1 O0_L'CT1CUT,

F_ousatonie River. Oosatonic Wa_ec Compal_y_ Owner.

Available power equals 1,375 theoretical horse-power in low-water of ordinarily
dry years, night and day.

.Rates for Pen,at.--Power leased for 99 years, per square foot. -Permanent u.aler_

$20 per annum per theoretical horse-power; seeo_ld 8_t_plus, $8 per annum per theo-

retical horse-power. Company does not gaararztee power in any case.

AN$O_]A 1 _OIgNECTICUT.

_Yat_gatuek Rirer. Ansonia J_and and Water-Pov:er Company, Owner.

Available Po_ver.--Total e_ctive (rated) power of wheels bJ use, 1,600 horse"
power,

i_ttcsfor Potver.--Water leased by the square foot, t_nder a bead of 30 inches, esti-

mated to produce 80 theoretical horse-power. -Permanent _cater, $600 per annum per

square foot; aurp/us _ates, $250 to $500 per annum per square foot ($20 per annum,

per horse-power).

COHOF_ .NEW _fORK*

3[oha_k _irer. The Cbhoes Company, O_vne_.

Available power equals 9,450 theoretical horse-power in low water in ordinarily

dry year% night and day.

Rates for Po_er.--Perpelual ]ea_e of land and power with reserved rent amounting
to $14.67 per annum per theoretical horse.power.

LOCKPOR_ 1 I_EV_ YORK.

Erie C_i LockTortHydraulic Ctnnpany,O_er.

Available power equals 2,590 to 3,238 theoretical horse-power.

Rates for Power.--Ferpotual lease or absolute purchase. Price, from $8.33 to-

$11.11 per annum per theoretical horse-power.
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P/'_SAICj IqEW JERSEY,

]_assaic River. Dundee Water-Ptw_er and Land 6bmpany, Owner.

Available power equals about 800 theoretical horse-power in low seasons of ordi-

narily dry years, night and day.

Rate*for Powe?'.--About $33.33 per annum per gross or theoretieal horse-power,
for 12 hours a day.

PATERBOIq I N'EW JERSEY.

Passaic Ri_.er. Society for _stablishing Useful Mc_nufacturcs, O_,ner.

Available power equals aboat 2_150 theoretical horse-power in low season of ordi-

narily dry years_ night and day.

.Rate, for Power.--Seven hundred and fifty dollars per annam per square foot of

eriflee, under'a head of 2.75 feet to center, equivalent to about $36 per annum per

theoretical or gross horse-power.

RARITAN) NEW JERSEY.

Rf_vltaa River. l_aritan Water.Power Coral)aUg_ Ow*_er.

Available power eq,als 216 theoretical horse-power in low season of ordinarily
dry years, night and day.

2_ates for _°ower.--I(omlnuI prlc% $300 to $400 per annum per square foot of

orlfiee_ under a head of 30 inches to center of orifice.

TRENTON I _]_W JERSEY'.

Delaware River. Treulor_ Water_Po_er Compa*Jy_ Owner.

Available power equals 3,000 to 4_500 theoretical horse-power in low season_ of

ordinarily dry years, night and day.
Rates for Power.--Tliree and four dollars per square inch, under a head of 3 feet;

equivalent to about $37.50 and $50 per annnm per theoretical horse-power.

_'REDERICKSBURG t VIRGINIA.

.Rapahannoek River. 2'rederieksbur] ]Vate_Power Compan_ O_r.

Availuble power equals 3,000 to 4,500 theoretical horse-power in.low season of

ordinarily dry years, night and day.

f$alesfor _Power.--From $5 to $15 l_.r horse-power (not further specified}.
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_ANCHESTER_ VIRGINIA.

James ]_ive_. City of Ma,_hester_ Ou,aer.

Available power cannot be stated.

.Rates for Po_er--Fifty-year leases at $4 per annum per square inch of (_rifice_

trader a bead of 3 feet i corresponding, theoretically, to between $29.60 and $42.10

per annum per theoretical horse-power, according as the till is 22 or 14 feet.

We find from the above that the highest rentals are obtained in our
own State, and that these range from about $30 to $50 per annum
per gross or theoretical horse-power. Thirty dollars would be a con-
servative rental value for the more populous portions of the State,
and there are very few places where it would be less than $20 per
annum with the excellent transportation facilities which now exist
everywhere.

COMPARATIVE ECONOMY OF STORAGE RESERVOIRS AND

A UX[LIARY STEAM-POWER,

Water has often been stored in order to maintain the flow of a

eteeam during the dry season for water-power purposes. We may
_)btain an approximate idea of the economy of this from the following
figures. Let us take, for example, Table No. 53, on page 157. We
find that we can obtain for 9 months from 1 square mile .044 gross
horse-power for each foot of fall, or at 70 per cent. efficiency .031
horce-power for each square mile of water-shed. In order to main-
tain this throughout the driest period, we shall need 1.14 inches of
storage, or 19,800,000 gallons. For one net horse-power, therefore,
we shall need 640,000,000 gallons, and at $170 per 1,000,000 gallons
(being Mr. J. J. R. Croes' estimate of the average cost of storage on
the Croton water-shed, which is, however, a high allowance for
storage for water-supply purposes), this would cost $108,800. To
provide auxiliary steam-power and operate the same for three months
it will cosb capitalized at 6 per cent., $415 per net horse-power. It
is therefore evident that storage at these figures would not be as
economical as auxiliary steam-power until the fall was 262 feet.
Probably with a less fall than 100 feet it will rarely be as economical
to store water as to provide an auxiliary steam plant, even under the
most favorable circumstances.

It is evident that water-power requires a larger original outlay
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than steam-power, and there is no doubt that the necessity for larger
capital frequently mill{ares against its employment, even when econ-
omy of operation is undoubtedly in its favor.

Peter Hascnclever, of the London Company, has the credit oI

inaugurating the practice of utilizing the Highland lakes for storage
for water-power which prevailed so generally during the progress of
early iron manufacturing in the State. We find the following curious
reference to this in the report of a commission sent out from England
in 1768 :

"He is the first person we know who has so greatly improved the
use of the great natural ponds.of this country, as by dammivg them
to secure reservoirs of water for the use of the iron works in the dry
_eason, without which the best streams are liable to fail in the great
droughts we are subject to."

This is one of the many references which we have found indicating
that the "great droughts" were as troublesome during the last as
_hey have been during the present century.

EVAPORATION--GROUND-STORAGE EFFECTS OF
VEGETATION.

THE LAWB WHICH GOVERN EVAPORATIOI_.

We gave, at the beginning of out'report, certain experimental
measures of evaporation. It will be noticed that we have made

rather sparing use of these, although they have been valuable guides
in making up our evaporation formu|a. We have concluded, from
the results of these studies, that as a rule it is impossible to even
approximate in experience the conditions which exist on a large scale
in nature. We believe, therefore, that there is only one way to
obtain an accurate estimate of the water evaporated and consumed
by vegetation under the conditions which obtain in nature, and that
is by careful gaugings of streams with known drainage area, accom-
panied by rainfall measurements and temperature observations. This
is conducting our evaporation experiments on a larger scale, and
under conditions which can be obtained in no other way. Inasmuch
as our evaporation formulae are obtained from the results of the best
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measurements of this kind which are availablej they should give u_
valaable knowledge of evaporation as it actually exists within the
State, although we do no_ claim for these empirical fermul_e absolute
accuracy,

Our estimates of evaporation for the average, the ordinary dry and
the driest year, for various parts of the State, are given in Table

No. 46 (page 114 st s_9.) These inetade, under the term "Evapor-
ation," direct evaporation by the atmosphere_ and also the water con-
sumed by vegetation, a large part of which is also thrown off eventu-

ally to the atmosphere. Our studies appear to indicate the primary
and overpowering influence of temperature upon the amount of water
evaporated. In this our resahs conflict with a rule that has been
much followed, of considering the evaporation to vary with the
topography of the country, for this is the real meaning of the esti-
mates which make the available run.off of streams vary from 80 or
90 per cent. o[ rainfall on steep mountain slopes to 40 per cent. on
flat, cultivated lands and prairies. We shall now endeavor to further
illustrate and elucidate our reasons for subordinating the effects of
flatness, marshiness, cultivation, &e., to the more potent effect of
temperature.

The following table is prepared from data quoted by M. Becquerel,
from _huble 5 in his admirable paper on the effect of forests upon
climate, stream.flow, &e., a translation of which is given in the report,
upon forestry made in 1878 to the Ualtecl States Minister of Agri-
culture by F. B. Hough. it may be said here that this paper
admirably digests and draws all the legitimate conclusions possible
from experimental data obtained under the usual conditions, and we
prefer to refer the reader to this and other parts of Mr, Hough's
report rather than quote extensively from experiments upon evapor-
ation from soil in forests and in open country, and similar observa_
tious which we do not believe are applicable to our problem :
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_A.FACITY FOR AII_RpT_(3N ANI9 YIELDING UP 0F WA.TER POSSESSED BY

Wa.RIOUS -_OIL_.

Water Absorbed Percentage of Parts of W_ter tm
by 105 pa_ts _f Y/_e_ _va_o- 100 Farts t)f S_k

8oil _ftsr Drying rated in 4 Hours Evai)or_tedi]a
ut 4__ or 55v. at 56.7° F, 4 Hours,

Silicious s_nd ...................... 25 88 22

Gypseous soil...................... 27 ............
Calcareous sa_d ................... 29 75.9 22

Barren clay ........................ 40 52 21
Fertile clay ......................... 50 45.7 2"_
Loamy clay (or clayey soil) .... 60 _4.9 21
Pure day.... .................... 70 ............
Fine calcareous _,_il............... 85 2S.6 24
Ilumus .............................. 190 20.2 38
Magnesian soil..................... 156 ............
Garden soil......................... 89 .._.........

This table shows that the sapaeity of different soils for absorptiow
_salmost inversely as their capacity fur giving up water to evapora-
tion, and we have brought out by the third column a curious faot
that the ratio of the water evaporated in a given time to the whole.
volume of soil is very nearly a constant one, averaging 22 per cent.r
excepting in the case of humus, where it is 88 per cent., but it must
be remembered that this is based upon the dry soils, whereas the vol-
ume of humus when wet is considerably greater. We shall have
more to say later as to the part played by th_s humus in the effect of
forests upon the flow of streams. The lesson ,_hieh we wish to
enforce from this table at present is, that from all these different
kinds of soil, the aetuul amount of water evaporated in a given time.
is very nearly the same. It may be inferred tha_ the kind of soll
has much less to du with the amount of evaporation than has the
temperature.

It will be seen that our evaporation formuhe arej in every case,
made up of a constant and a variable term, the variable being a pro-
portion of the rainfall. The reason for this is explained by the dif[er-
enee between evaporation from water and that from land. This i_
probably, in our latitude, at least, about the same as the difference
between the average of Mr. Fitzgerald's table of evaporation from
water and our evaporation for the average year on the Passaic water-
shed_ the latter being the result of actual observations of the differ-
ence between rainfall and total run-off on the Sudbury, Croton an_
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Passaic, This gives us 39.6 inches per annum from water, against
22.7 inches from land, the latter being about 57 per cent. of the
former. This relation varies, howeverj for different seasons, the
above figures being yearly averages. Our evaporation increases or
decreases slightly with the rainfall, therefore, because of a more
rapid evaporation when the ground is full of water, and particularly
when the surface is actually wet. In excessive, heavy rainfall, the
water may actually stand on the surface in shallow pools, which has
still more effect in quickening evaporation.

We have not the means at band by which to accurately separate
the demands of evaporation proper from those of veggtation, and we
doubt if there can be at_y sn_ accurate apportionment, as we must
remember that the exbalation of moisture by the plants goes to help

satisfy the demands of a dry atmosphere, consequently if there were
no vegetation it is not improbable that the evaporation from the bare
earth alone would equal the combined draught of vegetation and
evaporation shown by our table.

If we remember tha_ from November _o April the demands of
vegetation are practically nothing upon the Passaic watershed, this
may be taken as a measure of the evaporation from earth under a
temperature equal to the average of these slx months. From the
table on page 117 we find the total evaporation for these months dur-
ing the average year is 4.91 inches, or 2.45 inches for each three
months, the mean temperature during this period being 35.7 degrees.
We may estimate, therefore, the proportionate evaporation for each
season of the year, exclusive of the demands of vegetation, to be 2.45
inches, increasing 5 per cent. for each degree the temperature is above
3_.7 degrees, and decreasing at the same rate for lower temperature.
In this way we have computed the first column of evaporation in the
following table. The next column is that of the average year on the
Passaic water.shed, including the demands of vegetation, and the last
column, showing the difference between these two, gives the probable
demands of vegetation alone on this assumption. We see that the
total amounts to about 6 inches per annum, and taking the growing
season only, which may be regarded as including the months from
May to August, it is 5.44 inches, or at the rate of 1.36 per month :
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from the figures for the Raritan could be accounted for by a slightly
lower temperature. The Hackensack and the Raritan, therefore,
respond equally well to the difference in mean temperature, although
the former has 60 per cent. in forest aud a considerable extent of

marsh land, and the remainder is not under a very high state of culti-
vation, whereas the Raritan water-shed is only 13 per cent. in forest,
is entirely free from marshes and is very highly cultivated. It will
be noted that in this comparison there is an absolute lack of any cor-
respondencobetweentheamountofevaporationand thecharacterof

thevegetationof thewater-shed,itssoilortopography.
The GreatEgg Harborand Batstorepresentthewidestdivergence

which we havereachedfromthemean temperatureof thePassaic,
&e. We estimate that this difference should cause an increase of 14

per cont. in evaporation_ and we find from our gaugings that the
evaporation is actually increased to even a greater extent than this,

due to the fact that the difference in temperature is not equal
throughout the year, in the face of the fact that 88 per cent. of these
water-sheds is in forest and only 12 per cent. under cultivation. We
haveherenotonlyconvincingevidenceoftheparamountinfluenceof
temperature,but,as in theeaseof theHighlandstreams,itisseen
thattheresponseof evaporationtotemperatureisdelicateandexact.
It seems, therefore, that the data which we have in haud go far to
.prov'ethat evaporation is effected principally by temperature, and to
an entirely subordinate extent by the character of the vegetation or
the topography of the water-shed. The force of this is apparent
when we bear in mind that rainfall, less evaporation, as we have
.considered it, gives the amount of water which will flow off in the
streams.

It becomes interesting to note what rainfall is necessary to be just
equivalent to the demands of evaporation and vegetation. We have

¢ given in the previous table the temperatureof the Passaic water-shed
by Seasons. By the use of this we may arrange our evaporation
formula by seasons. They become as follows :

Winter ................. : ......... E equals ( .09 + .10 _) (.05 T-- .475)

Spring ............................. 2i' " (3.22 4- .13 R) (.05 T-- 1.36)

Summer ............. :............. _ ,' (8.12+.'27 t/) (.05 T--2.51)

A_tu_n........................... E_ " (3.17+ .14n) (.05_-- 1.595)
Year .................. ._ ..... E e uals (15.50 -F- .16 :_ _-- - "_
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If we now introduce into these equations the proper values for T_
and make E equal R, we obtain the following values of rainfall
needed to equal the evaporation :

Highlands and Passaic Red Sandstone Southern
Kittatmuy Valley. Water-shed. Flain. New Jersey,

Winter ................... 97 1.10 1.16 1,27

Spring ................. 3.19 3.70 3.91 4,3L
Summer ................. 9.46 11.12 11.97 13,37

Autumn ................. 3.21 3.96 3.90 4.31

Year ............... 16.83 19.61 20.94 23,26

It is seen that, excepting in summer_ the rainfall in the State wil}

usually be largely in excess of evaporation, but if the summer ralnfal]
is less than about 12 inches it will be entirely evaporated. Inasmuch
as most of our streams carry off about 2 inches of ground-water per

month, we shall require 6 inches in excess of the above for each
season in order to maintain fall ground-water_ but we may remark
here that we shall show more fully later that this condition is not
desirable for healthful vegetation. Indeed, we shall show that the
water drawn from the earth by stream-flow is not at all necessary,
but in fact is detrimental to vegetation. There are two distinct
operations by which depletion of ground-water is brought about.
There is the draining process, which relieves the ground of water
which fills the voids, and there is the drying process of evaporatio_
aud vegetation, which takes up the remaining water held in the earth
by capillary attraction.

It will be noted that for the more productive part of the State,
having a mean temperature of about 50 degrees, about 20 inches per
annum of rainfall is needed to satisfy the requirements of evaporation
and vegetation. It is of interest that our evaporation formuke so

closely conform to general observation, which is to the effect that for
about this temperature less than !_0 inches of annual rainfall is

accompanied by an exclusively pastoral condition of the country, and
when the rainfall becomes as small as 14 inches vegetation practically

disappears. These facts in all respects agree with the indications of
our evaporation formula. In Kansas, when the rainfall sinks as low
as 20 inches, it also has a distribution through the season to some

_eg.tcat like that oE-the above table, or about as follows : Winter, 2.7;

spring, 4.7; summer, 7.9, and autumn, 4.7 inches.
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Whi]e they are not exactly germane to the subject of water-"

supply and water-power, these facts which we learn from the condi-
tion of vegetation, in a general way, confirm the accuracy of our

assumptions. They are, besides, of the greatest economic importance,
so that we may be pardoned if we pursue them a little farther, as our

formu]_e are probably the first attempt at computation of evaporation

based upon proper data. From Table iNo. 46 we have prepared the
followingtableof seasonalralufalland evaporation.As thegrow-

ingperiodisconfinedalmostexclusivelyto springand summer, we

havenotconsidereditnecessarytoincludetheotherseasons:

sPnI_O ASD SU.,_MF,R RA]m.'ALL AND EVAPORATmN.

A_eray_ Year.

SPRING, SUMMER.

Kittafinny valley and Highlands ......... I +6 -b2.20
Passaic waler-shec] ............................ +1.13

Red.sandstone plain .......................... 12 12 ___ .;2Trenton to Camden .... 5, 13 .
Camden to Bridgeton .................... 5. 12, 13. -- .31
Coast streams ............ +6, 13 + ,06

Ordinary 1)ry Year.

Kinatinny valley and Highlands ......... 8.731 3.91+4.8211 11.841 9.991+1.85
Pas, am water shed ............................ 8.911 4.45 +4,4611 12.13_ 11.37] + .74

Trenton toCamden ........................... 5.13 +4.20 I 12.63] ]3.12[-- .49

 a d oto,  d etoo........................ 13.17 13.27 -- ,10Coast streams ................................... 0.69

1)riest Year.

Kittatinny valley and Highlands ......... 7.15 3.72 +3.431/" 6011 8.56 I-2.55
" Passaic water-shed ............................ I 7.151 4.201+29511 6.0i I 8,581-357

Red sandstone plain .......................... [ 7.15[ 4.41[+2,74[[ 6.01[ 10,15[--4,14
Trenton to Camden ........................ ] / _ I _j _ I I_ -

_2
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The conditions shown in the above table may be described as fol-

lows : The average year presents those which are most favorable to
the generally-abundant vegetation of the State; the ordinary dry
year gives conditions of scanty rainfall, but not such as to cause gen-
erai distress to plant-growth, while the driest year makes exceedingly

distressing conditions, and such that, it" they were continued, would
change the whole character of the vegetation of the State. This was
baaed upon the year 1881, which was not only a ruinous one for
ordinary crops, but caused the death of numbers of forest trees, and
those which did not actually die had their foliage browned as if by
fire in many portions of the State. The same thing happened in a

part of northern _ew Jersey to a less degree, in 1894, when the con-
ditions of rainfall and evaporation were as follows :

189t. Rain. Evaporation. Difference.

Spring ....................................... 9.45 4.45 -_-5.0{]
Summer ...................................... 6.22 9.80 --$.58

The deficiency above shown for the summer is about the same as
that;on the Passaic water-shed for the driest year. Should these con-

ditions cantinue, it is evident that our forest growth would become
scanty. Here again it is interesting to compare those conditions
which prevail in the west, at about the line where the forest growth
eease_ to be abundant because of scarcity of rainfall. Thi_ is at

about 32 inches annually in the neighborhood of Kansas, whereas the
rainfall for our driest year is 31.63 inches. The rainfall and com-

puted evaporation by seasons in Kansas at about the limit of abundant
forest growth is approximately shown in the following table :

Computed

Temperature. Rain, Evaporation. Difference.

Winter .......................... 29 4.3 1.4 -_2.9

Spring ........................... 54 7.6 5.7 41.9
Summer ........................ 75 12.6 14.4 --1.8

Autumn ........................ 54 7.5 4.6 -}-2.9

Year ...................... 54 32,0 26.1 -}-5.9

The actual effect on vegetation of such dryness is probably the
more accurately shown by the depletion of the ground-water, which
we shall consider hereafter. The roots of some of the plants pene-
trate t-oa great depth, and ar'ee'-o-_snse__tract moist_rre_'_
to a corresponding depth. Thus the roots of common clover, a corn-
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paratively small plant, have been traced to a depth of four feet. In

extremely dry times we have known the earth to become entirely dry
to a depth of at least three feet, and there is no doubt that in some
soils on the higher portions of a water-shed this depth is considerably
exceeded.

GROUND-WATER.

Onr flow from storage_ as shown by the storage curves which we
have used in computing the flow of streams, includes, in addition to
the ground-water, some water drawn from ponds and swamps which
couldnot be separated.We haveseenthatthePaulinskillhasa
pondstorageamountingto0.7incheson thewater-shed.Itismuch
_ees on other Kittatinny valley water-sheds. The whole Passaic,

during the period covered by our gaugings, had about 10 square
miles of water surface, or 1.2 per cent. of the whole, and an average
draught of 24 inches on these ponds would give 0.29 inch on the
water-shed. The Ramapo has 1.2 per cent. of water surface'; the
Wanaque 3.4 per cent. ; the Pequannock 1 per cent, and the Eocka-
way above Boonton about 2 per cent. of water surface. The Rarltan
has almost none, as is the case for the southern streams, although
these have large swamp-storage. This pond.storage has some effect
upon the storage curves, ae we have remarked, but as the draught is
somewhat irregular it was necessarily to a large extent eliminated, so
that in the main the storage curves represent natural ground and
swamp-storage. The depletion of ground-water is usually due to
evaporation and drainage to streams combined, but if we consider the
demands of evaporation to be just equal to the rainfall, and on thi_
assumption compute the flow of different streams for a series of
months, we shall have a pretty accurate idea of the amount of water
which may be extracted from the earth by drainage alone_ and also a
good measure of the relative capacity of different kinds of soil and
subsoil for feeding the streams.
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I

FLOW FRO_I GROUND-WAT]ER _'HEN RAINFALL EQUALS EVAPORATION.

I[HIGHLANDS HACKEN- S:_ALL RED

AI_D KITTA- PASSAIC SACKA_D P'ARITAN SAND_TONE I COAST
TINNY WA_ER- N. E RED WATER" WATER. I STREAM_.

AI] EY SHED. SANDSTONE, _HED, _]IEDS. I

First ...................... 1.20 1.16 1.60 1,60 1.43 .#t [ .94 1.7S
Second ................... 55 ,54 ._S 2,53 ,64 ),$8 1.32 &14

Third .................. 39 2.1, .40 2.1, .77 3,30 .45 .26 I 1.58 4.4_Fourth .................... _2 2 4' .SS 2 4 .73 4.08 .85 2 8' .20 L78 5,46
Fifth ....................... 27 2T, .32 2.71 .65 469 .80 .14 [ 1.92 [ 609
Sixth'. ............ 25 2 _ .31 30_ .b4 523 .27 6.55

Seventh ................. ! ,23 .30 83_ .40 5.63 .25 693

Ei@th....................22 .29 .$4 5,_7 .2_ 77:_
Ninth ..................... 2t .28 J 6.25 I "2_2'

Total .............. 8.95 , 4.14 I ZT$ I ......... i

As the growing season lasts abou_ four months, or from May ta
August, and the depletion of ground-water usually begins about May
]st, we have, in the figures for the fourth month above, the amonn_
of water extracted by the streams alone, when, as is not at all nnusna}
daring these months, the rainfall is only equal to the evaporation.
It will be noted from the total for nine months that the capacity of
the streams for depleting ground-water is limited. As we have pre-
viously remarked, the water included in the above table is drainage,
or the surplus water held in the voids, and not needed for plant-
growth. In fact, this water is that which is troublesome to the
agriculturist, and when nature has not provided a ready outlet for it
he finds it necessary to underdrain his fields and thus remove it.
He has found it necessary to remove it to a depth of about three feet,
and in order to effect this he usually places such drains at a depth of
four feet. Its presence probably prevents the necessary penetration Of
air into the soil to oxidize its organic matters. A soil which is not
deprived of this water of drainage has a low temperature, a difference
of 10 degrees having been observed at a depth of 7 inches between
drained and undrained soils. We may expect, therefore, that a
country in which the depletion of ground-water is large will be
characterized by a warm soil, as is the cane with southern New Jersey.

We may conclude, therefore, that the water drawn off by streams
is not, as a rule, any part of that]Iwhich is necessary to support the
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demands of vegetation, bnt that these demands may be supplied from
the water held in the soil after such drainage is effected.

The following table shows the extent to which ground-water is
actually depleted in different sections of the S_ate during our average,
ordinary dry and driest years :

4_._'ERAGE DEPLETION OF GROUND-WATER AT EI_D OF E$.CH _[ONTH, 5IEASUR_D By TH_ I.gCHES
OF P*&IN_E]_DED TO REpI, E_'ISH IT.

A e'er_g_ l_ar.

:Kitto, ttun V_lleF [LTIdthe H/ghlgnds ..................
Passaic _ter-_hed .............................................

1.t .8
Ngl'It_lt Wat er-_aed ................................................ 5
Salall Red gandstone Water-sheds .......................
TreI_ton to C&_o.dgn .............................................
_oastSlreams .................................................... g.6 2.2 .78 fnlL

Ordg_lary Dry Year.

e_

_ittati_ny Valley a_d _Ilghlaud_ ........................
Passe.it W&ter_shed ..............................................
Hackensaek Wa_er-shed ..................................... "nil'.
_arll_n Water-shed .............................................
Small Red Sandstone Water-sheds ......................
Trento_ to C_d_ ...............................................
_oa_t Streams .....................................................

Drie_l Period.

Kittatinny Valley and Highlands .....
Passaic Wate_'-shed ............. k _5

_iiii:
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Unlike the previous table, which shows the possible draught by
drainage alone, this table shows the combined effects of drainage_
evaporation and vegetation. The average year probably represents
the extent of depletion consistent with the best development of our
vegetation. It begins with May and extends through the autumn_
and, in southern New Jersey, through the year. The ordinary dry
year is probably not far from the limit beyond which vegetation suf-
fers badly, and the driest period represents extremely hurtful condi-
tions, and which if continued would result in a change of the char-
acter of our vegetation.

The actual depth into the soil to which this depletion penetrates
cannot well be ascertained. The depth to which the drainage extends
is much greater than that to which actual dryness of the soil pene-
trates. The percentage of voids in sand amounts to about 25 per
cent. of the whole mass, and closer soils have about 10 per cent. of

voids, so that the average depletion will range from four to ten
times the depletion measured by the depth of water extracted, or may
be assumed to average about seven times. For an average year,
therefore, in northern New Jersey it will extend from 9 to 24 inches,
and for the driest year from 42 to 56 inches. Upon a given water-
shed the depletion will range from nothing along the stream lines to
probably about twice the above amounts along the ridge ]ine_ conse-
quently it is probable that the above depletion for the average year is
quite sufficient to cause a drainage of 36 inches on the uplands_
which we have seen to be necessary to perfect vegetation, In
southern New Jersey a part of the depletion is from swamp-storage,
but probably the ground-water is depleted to the extent of t0 inches
in the driest time, or to a depth of from 24.5 inches in the average
year to 70 inches in the driest year. It will be noticed that the
ground-water is loweml for a much longer period in southern New
Jersey than in the northern part_and it is not improbable that this
bears some share in the well-known dryness of the winter and spring
climate.

EFFECT OF I_ORESTS UPON STREAM-FLOW.

We have already called the reader's attention to the report upon.
forestry made by F. B. Hough to the Commissioner of Agricnltur%
in 1877, which embodies practically all that it is desirable to
say as to the results of the ordinary experiments upon this subject.
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As we are able to approach it from a somewhat different standpoint,

however, and, in view of the prevailing and commendable interest in

the preservation of our forests, a brief summary of our findings in
this connection may not be amiss.

We believe it will be helpful to the cause of forestry in the future

if the effects of forests upon stream-flow are more carefully and
accurately stated.

First, it is necessary to be careful in accepting too implicitly
popular opinion upon the subject. We have heard everywhere

throughout the State emphatic declarations that within the memory
of the relators there had been a decided shrinkage in the volume of

streams, and this is almost always attributed to deforestation. On

the Raritan, the fact is cited that it was previously customary to

freight goods by boat as far up as North Branch, and indeed, in 1736,

members of the writer's own family conveyed their household goods
by this means up the Raritan and up Green brook as far as the pres-
ent city of Plainfield, this being then the most available means of

transportation. It is claimed that this could not be done at present.

It must be remembered that by the construction of the Delaware and

Raritancanal,in 1833,veryconsiderablechangeswere made in the

regimenof thelowerstream_and ifitwerenot forthesechangeswe

canseenothingto preventnavigationof therivertoa considerable

extentat preseat_duringa partof the year,by such boatsaswere

theninuse. The greatimprovement in methodsof transportation,

however,and consequentchangeof thepointof view,make sucha

propositionnow seemridiculous.We usethisasan illustrationof a

classoffactswhich areadvancedtodemonstratetheshrinkageof the

Rancocasand otherstreamsoftheStatewhich wereonceconsiderably

used for shippingproduce. We cannotregardsuch evidenceas
conclusive.

As to the claims of shrinkage in the volume of streams during the

memory of personsnow living,we must remember thatifthishas

taken placeitcan hardlybe chargedtodeforestation.The census

returnsshow thatsince1850 theimproved landintheStatehasin-

creasedonly330,000acres_or7 percent.of thewholelandarea_and

thisisconfinedtoa few loealities.Itisperfectlysafetosaythatin

northernNew Jerseytherehas been practicallyno increaseinculti-

vatedlandfora periodof 50 years.Again,we havefound thatthe

largeforestedareasof the northernportionof the Stateconsist
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mainly of a growth of from 35 to 45 years, and we are disposed to
place the period of maximum deforestation at about 1850. This was
brought about by the large demand for charcoal for the then numer-

ous iron works of thetSmte, a_d the method of cutting timber was to
include everything in sight. We are told that at about this time
large areas of the Highlands presented a perfectly bare appearance.
In view of these facts we are compelled to conclude that if the alleged
changes in the stream are a fact they cannot be due to deforestation,
unless it may be in the case of the Delaware. A good foundation for
this prevalent opinion that the volume of the streams averages less
than formerly may be found in our diagram of rainfall, Plate I. If
these persons contrast mentally the dry period which has prevailed
since about 1875 with the wet period between 1855 and 1875, their
opinion would be amply justified so far as the decreased flow of the

streams is concerned, and the reason is apparent.
We bare already shown, in our remarks upon the laws which

governed evaporation, that there is nothing in our obeervations of
stream-flow which indicates that forests or other vegetation have any
marked effect upon the total annual evaporation from a water-shed.
Indeed, if such a difference in this respect as is sometimes claimed
actually existed, we should expect to find the prevalence of forests
in regions where the rainfall was too light to support other vegeta-
tion. This does not appear to be the case, and indeed it would seem
to be rather the reverse.

Again, we must not expect to be able to show any increase in the
height of extreme floods from deforestation, for these are usually due
to a peculiar combination of circumstances which are beyond the con-
trol of forests, and precisely the same thing is true as to the lowest
flow. We shall not be able to show any decrease in this, but we may

show that moderately-heavy floods are more prevalent_ and periods of
very low flow more frequent and longer extended.

It does not follow from the above that the beneficial effects of

forests are to be depreciated. On the contrary, they can be and

should be put upon grounds that are incontestable. Their effect in
holding and preserving the soil upon slopes is very well known, and
besides this they create a mass of humus and absorbent matter upon
the surface which has an effect upon stream-flow, and the general
evils resulting from deforestation are a matter of careful observation
and record, so that too much stress cannot be laid upon the desira-
bility of preserving a proper area of forests.
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So far as they affect the flow of streams we consider their most
"valuable service to be that they squalize the flow, which they
_udoubtedly do to a marked extent. Something of this appears to
be traceable in the difference between the greund-flow curve of the
_Sudbnry, with about 14 per cent. of forest, and that of the Passaic,
with about 44 per cent. The extremely low ground-flow of the
iNsshaminy, which is largely deforested, appears to be also in part
.due to the same cause. These curves are shown in Plate IV., page 82.

The study of these curves shows that in every case, almost, it is
the water-shed on which is the largest proportion of forest which
_showsthe largest flow from ground-water. Thus, the Sndbury curve
falls below that of the Croton, and still more below that of the Pas-
saic. The Nsshaminy and Tohiokon have the smallest amount of
forest and the lowest curve of ground-flow. While we know that it
is not entirely due to forests, it would seem to be indicated that they
bear an important part in bringing about the result. Turning now
to Plate VI., at page 126, and remembering that we should compare
only streams having approximately the same-sized water-shed, we
tlnd of the Raritau and Passaic that the latter shows a much better-

sustained flow for the latter part of a dry period. The same thing is
true of all the other streams which are properly comparable, and the
possibility that forests have an important bearing in this respect upon
,the flow of streams is strongly suggested. If we now turn to the
_able of flow from greund-water when rainfall equals evaporation, on
page 340, we have a measure of the effect of such increased flow from

ground-water. Compare, for instance, the Passaic and Raritan, and
we see that although the total flow from ground-water on the Passaic
is less than that upon the Raritan, after the fourth month the flow of

the Passaic is considerably larger, averaging about 20 per cent. in
.excess of that of the Raritan. While the much larger flow of the
coast streams is mainly due to other causes, it is still suggestive of
Chenature of the real benefits which result to streams from a preva-
lence of forests. As to the effect upon floods, this follows as a
.sequence of the increase in ground-flow. As an illustration, let us
take the flow of the several classes of New Jersey streams during
:September, 1882, a month in which great floods prevailed all over the
northern part of the State. If we assume the rainfall everywhere at
this time to have been the same as that of Philadelphia, or 12.09
inches for the month of September, as we have done in the driest

period of our several tables of flow, we have the following table :
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RAINFALL AND FLOW-OFF I_ FLOOD _fONTH 1 SEPTEMBER 1 188_.

Rain fall_ less
Evaporation. Flow-OilY.

Kittatinny valley and Highlands .......................... 8.51 7.27
Passaic ........................................................... 8.04 5.69

Northern red sandstone ..................................... 7.74 3.58

Raritan .......................................................... 7.74 4.73

Small red sandstone .......................................... 7.74 5.75

Delaware above Trenton .................................... 8.51 6.90

Branches of Delawarej Trenton to Camden ............ 7.47 2.32

_ " Camden to Bridgeton .......... 7.47 2.32

C_ast streams, large ground-storage ....................... 7.47 1.32

The total flow-off for this month is seen to vary from 7.27 to 1.32
inches, whereas the excess of rainfall over evaporation ranges only
from 8.51 to 7.47 inches. The great difference in the amount of
water flowing off is due to the difference in the amount absorbed by
the earth, which ranges from 1.24 inches in the Highlands and Kit-
tatinny valley to 6.15 on the coast streams. All through this table,
it is seen that the flood-flow must vary in volume inversely with the

capacity for ground-storage, consequently anything which tends to
increase this capacity tends to decrease the volume of floods. The
modifying action of forests upon such storage is certainly limited to
within the range of conditions exhibited by the northern New Jersey
streams. It happens at times, on all of these, that a heavy rainfall
occurs when the ground-storage is full, and the result must be
flood. The maximum rate of flood-flow on these streams occurs with

such exceptional conditions as these, or when there is a heavy fall of
rain upon a large accumulation of snow or upon frozen grounds. It
is for this reason that we have taken the position that we must not
look for a decrease in this maximum rate of flow to be brought about-

by forests. The above showing indicates, nevertheless, that the aver-
age of floods will be reduced and the frequency of their occurrence
materially decreased by forests.

There is, furthermore, little doubt that the very large storage-flow
of the southern New Jersey streams is in part due to the forests,

especially in the swamps. This effect is produced in part by the power
for large absorption of water and slow parting therewith, which is
peculiar to humus, as shown in the table previously quoted from
Becquerel, and in part to the retention of water by absorbent mosses
and by the inequalities of the surface which are characteristic of
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forests, and which hold the rainfall until it can take advantage of the
facilities afforded for its percolation into the subsoil through the
channels provided by the roots of the trees. We cannot better illus-
trate how beneficial this equalizing effect may be than by suggesting
to the reader a comparison between the computed flow of the coast
streams during the driest period, as shown by Tables Nos. 60 and 61,
and the flow uf the smaller red sandstone watersheds during the same
period for the same rainfall, as shown by Table No. 56. He is like-
wise referred to the diagram of comparative flow of the Batsto and
Neshaminy during the same period, shown in Plate X, page 292.
The result of such increased capacity for natural storage and equali-
zation of flow is a very much more serviceable stream for water-power
or navigatioo, and the requirements of artificial storage in order to
utilize a given amount of water per square mile are very much lesst
although the total run-off of the stream during the year is not neces-
sarily any greater.

From a sanitary standpoint, it has been suggested that the most
desirable condition of a water.shed is about that of our Highland
country, with clearings near the streams to the extent of 20 or 25 per
cent. of the whole area, which freely admit sunlight and air. This
is probably preferable to a solidly-wooded district, especially if these
clearings are kept in grass. It may be remarked that at present
there does not. appear to be any danger of farther deforestation upon
our water.sheds, unless it may be from fires in the southern portion of"
the State.

EFFECI_ OF CULTIVATIONUPON_TREAM-FLOW.

These effects cannot be very marked upon the total quantity of
water flowing in a stream for a given rainfall. This follows from
our previous conclusions. :No such effect is found in the recorded

gaugings, any differences of flow there observed being more satisfac-
torily accounted for by temperature. We also found that the removal
of the water held in the voids of the soil does not interfere with, but
is beneficial to vegetation, which is best supplied from the water held
by capillary attraction, and such capillary water can have but little
effect upon stream-flow. It is highly probable, however, that the
tilling of the soil greatly increases its absorbent capacity, and proba- _-"
bly increases materially the total flow from ground-water. On the
other hand, thorough drainage and underdcainage quicken the dis-
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,charge of such waters, thus producing a large flow at the beginning
of the draught upon ground-water but a decreased flow for the later
months of a dry season, cons_uently the periods of extreme low flow
are longer upon cultivated water-sheds. An instance and an excel-
lent illustration of this fact may be seen in the ground.flow curve of
_he Rarltan as compared with that of the Passaic in Pate VI., at
page 126, also in the table of flow from ground-water_ on page 340.

As between cultivated and barren water-sheds, therefore, the culti-
vated will show the steadiest conditions and the best-sustained dry-
season flow, but as between cultivated and forested water-sheds the

forested will produce the best results, the stored ground-water being
more slowly fed out and evenly distributed over the dry season. It
follows also that floods will be most severe upon barren areas, but as
between cultivated and forested areas there will probably be no
marked differences in this respect. It is readily seen that of all
_clas_.s barren water-sheds ace the most undesirable, consequently

there follows the urgent necessity of preserving forests upon slopes
:and all areas which are not adapted to agriculture.

Cultivation undoubtedly, both from constant distribution of the
:soil and the use of fertilizers, as well as the attendant pollution from
barnyards and the increased population, may render waters less pure
and wholesome.

GEOLOGY OF THE STATE IN REL_TI01W TO STREAM-FLOW.

The accompanying geological map will be of use in connection
with these studies because the geological formations are the key to
the character of the streams, as they are to the topography, climate

.and other physical characteristics of the State. As a rule_ the water-
sheds which lie upon the same geological formation will be found to
have a strong resemblancc_ both in the character of the flow and in
the chemical composition of the waters. We have followed these

geological formations of necessity in grouping our streams. The
Kittatinny valley and Highlands group corresponds exactly with the
boundaries of these formations. So we have the Red Sandstone plain

group ; and the Trenton to Camden and Camden to Bridget_n group
:_ .are mainly subdivisions of the Cretaceous or clay and marl region,

while the coast streams coincide generally with the Tertiary. The
£rst two divisions are crossed by the moraine line, and over all of the
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country north of this there is much scattered drift_ composed of
boulder earth_ sands and gravels, which sometimes cover the under-
lying rock to a depth of hundreds of feet. Glacial action has often
stripped the decomposed rock and soil from the ridges and filled the
valley with debris, and many of the lakes here are formed by drift
dams which fill the valleys. The areas north of the moraine are
invariably much more generally forested than those of the same
formation south.

The Paleozoie formation consists largely of slate and limestone
rock_, which are as a rule covered with a good soil, and the valley bot-
toms are usually fine grazing land. The upland clearings are devoted
to general farming, the distribution "of vegetation being generally
about that shown in Table No. 19, page 88. The elevations i_
Kittatinny valley range from 400 to 1,000 feet, and on the mountain
which runs parallel to the Delaware along the divide between that
strsani and the Paulinskilt, from 1,200 to l,g00 feet. The valley has
about 22 per cent. of its area in timber, and the mountain 60 per
cent. The waters of this district, if we judge them by the analysis

given for the Pequest, are rather hard. They are also more turbid
than those of the Highlands.

The Archa_an formation is co-extensive with the Highlands, which
range from 500 to 1,500 feet in elevation, and eonsist of a number of
parallel ridges and vMhys. Northeast of the moraine they are well
wooded, forest covering about 75 per cent. of the area, and ranging

, as high as 90 per cont. in some townships. Southwest of the moraine
the average is not over 30 per cent. of forest, which is mainly on the
slopes too steep for cultivation. This portion is well covered with
soil and quite highly cultivated. The underlying rock is gneiss, with
a little slate and limestone in some of the valleys.

The Red sandstone formation, or Triassie_ is a rolling plain_ the ele-
vations ranging from 0 to 900 feet, but for the most part the country
is below 300 feet. The underlying rock is mainly shallow, of an
argillaceous character, which, in plaeea, becomes a sandstone. It ha_
a red color. Northeast of the moraine line this region is densely
populated, and about 40 per cent. is in timber. There is less highly-
cultivated land than wouM be supposed from its populous character.
Southwest of the moraine, the country is of an agricultural charac-
ter and highly cultivated, the average in forest being only 13 per cent.r
and for large areas in the valley of the Raritaa not over 3 per cent.

NEW JERSEY GEOLOGICAL SURVEY



_50 GEOLOGICAL SURVEY OF _EW JERSEY.

The distribution of vegetation is well shown in Table _o. 18, page
37. The stream-waters of this region are good when not artificially
polluted, but they carry a large amount of red mud when slightly
swollen.

The Cretaceous formation, or clay and marl region, is a level belt
_f country, the elevation rarely exceeding 200 feet. The portion
northwest of a line drawn from Bordentown to P,aritan bay_ at a
point about midway between Keyport and South Amboy_ is nearly
all clay, overlaid with sand and gravel, which reaches a considerable
depth in the northeastern portion. From 40 to 60 per cent. of this
is wooded. The remainder is made up of alternate strips of marl
and sand and is the most fertile portion of the State. An average of
about 8 per cent. of this is wooded, and the remainder is in a high
state of cultivation. Because of this and the prevalence of marl and
clay outorops, the streams are_as a class, the least desirable for water-
supply, and are frequently quite turbid. There are conspicuous
exceptions to this rule, however, as portions of the district, being
more sandy and gravelly, partake largely of the character of the
Tertiary formation and furnish excellent water.

The Tertiary formation has been quite fully described under the
heading of coast streams. It is a country of silicious sand and
gravel soil, the sand being in some places much like that of the sea-
shore. It is covered with a scanty growth of pine on the uplands
and in the swamps by cedar, which is often dense_ and with which
the streams are nearly all bordered. The waters are very soft and

pure, but usually have a brownish tinge.
The Geological Atlas, on a scale of one inch to the mile_showing

the surface geology of the State in detail, which is now in prepara-
tion by this Survey, will give fnlhr and more accurate data of a kind
which has a more direct bearing upon stream-flow, and will be valu-
able to those who wish to study these conditions more minutely.

A BRIEF $UM_f&RY OF STREAM'S'LOW.

For the use of those who do not need to go more fully into the
subjech bat who wish to have conveniently at hand the leading faots
regarding the streams of the State, the following summary may
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i_rove useful. We have endeavored to include in it the facts most
_ommonly needed for preliminary or general esLimates:

RAINFALL AND A_[0LrNT OF RAIN FLOWING OFF.

At6rag¢ Year.
Rain--Inches. Flow.oa--I uches.

g(itiatinny valley and Highland streams ..................... 44.fl9 24.41
Delaware above Trenton .......................................... 45.29 24.75
Passaic water-shed ................................................... 45 21.30

Red sandstone streams ............................................. 45.94 21.72

Branches of Delaware, Trenton to Camden .................. 47.22 20.66

" " Camden to Brldgeton ................ 45.88 19.61
_Coast streams ......................................................... 49.10 21.88

Driest Calm_dar Year.

:Kittaiiuny valley and Higbland streams ..................... 31.63 16.82
Delaware above Trenton .......................................... 31.63 17.43

Passaic water-shed ................................................... 31.63 15.53

Red sandstone streams, Hackensack ........................... 81.63 17.68
" " Rarltan ................................. 31.63 16.25

" " small streams ......................... 81.63 14.83

:Branches of Delaware, Trenton to Camden .................. 31.63 17.62

" Camden to Bridgetou ................ 31.63 17.62

_oast streams with moderate ground-flow ..................... 31.63 17.62

" " " large ground-flow ........................... 31.63 18.65

Driest Eighlz_,g Consecutive 21fonths.

l_Iighlands and Kittatinny valley streams ................... 51 21.06
Delaware above Trenton ................................ : ......... 51 21.24

Passaic water-shod ................................................... 51 17.97

Red sandstone streams, Haekensack ............................ 51 " 19.28
" " Rarltan ................................ 51 17.03

" " small streams .......................... 51 16

Branches of Delaware, Trenton to Camden .................. 51 15.87

" Camden to Brldgeton ................ 51 15.87

C_ast streams with moderate ground-flow ..................... 51 15.87

" " large ground-flow ........................... 51 17.14

The average flow daily during the driest month on each of these
_streams, and the probable flow for the driest day when not held back
_iuponds, are as follows :
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FLOW IN GALLONS DAILY FOR ONE SQUARE MILE OF WATER-SHED.

Average for Driest
Class of Streams. Driest Month. Day.

Kiuatinny valley and Highlands with ordinary water-sheds... 81,000 81,000

" " " large ground-flow ....... 140,000 110,000,
Delaware above Trenton .................................................. 127,000 110,00(}

Passaic ....................................................................... 127,000 110,000

Red sandstone streams, Hackensack .................................... 123,000 122,00(}
" Raritan ........................................ 84,0C0 84,000"

" " small streams ................................. 22,0(J0 5,000'

Branches of Delaware, Trenton to Camden ......................... 168,000 120,000'
" '_ Camden to Brldgeton ........................ 168,000 120,000

Coast streams with moderate ground-flow ............................ 168,000 120,00(}

" large ground-flow .................................. 168,000 168,000"

If we collect the surplus water of wet months in storage reservoirs
and draw upon these during dry months, then we can draw from on_

square mile of water-shed the following average amounts of water
daily during the driest periods :

GALLO.NS DAILY COLLECTIBLE WITH STORAGE FR0_NfONE SQUARE MILE.

Kiltatinny valley and Highland streams ........................... 666,094
Delaware river above Trenton .......................................... 666.094

passaic river ................................................................. 666,094

Red sandstone streams ................................................... 579,9_$

Branches of Delaware, Trenton to Camden ......................... 570,938

" Camden to Bridgeton ....................... 476,090

Coast streams ................................................................ 570,938

WATER'POWER AVAILABLE FRO)[ ONE HUNDRED SQUARE MILES OF WATER-SHEI)

ON. ONE FOOT FALL DURING AN AVERAGE OF NINE MONTHS IN
EACH YEAR AND DURIIqG THE DRIEST MONTI_.

Theoretical Horse-Power.
ForN_ue Driest

Class of Streams. Months. Month.

Kittatinny valIey and Highlands, ordinary streams ............ 6.9 1.4
"" " steadiest streams ............ 6.8 2.5

Delaware above Trenton ............................................... 7.9 2.2
Passaic river ............................................................... 4.5 2.2

Hackensack river ........................................................ 7.3 2.2

Rarltan river ............................................................. 4.1 1.9

Poorest of red sandstone streams ................................... 2.8 .4

Streams from Trenton to Camden ................................... 7.5 3

Streams from Camden to Brldgeton ................................. 7 3

Coast streams, ordinary ................................................ 10 3

" " poorest .................................................. 7.7 3
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WATER-POWERS.
From a Canvass Made in 1890-'Q1.

This list is intended to include every water-power in use in the
State, and also such as have been recently used to an important extent,
but are now unoccupied: The net horse-power is obtained usually
from the capacity of the wheel-plant, taking acco,nt of its eondi_on.
When this was impracticable it was taken from estimates of the
owners or managers, or from the amount of work being done in the
mill. The gross horse-power was estimated from the net, and shows
the amount of power needed to drive the plant. In estimating it the
general efficiency of the wheel-phnt, or in cases where the net power
was taken from work performed, the efficiency of the whole of the
machinery was considered. This gross horse-power, giving the
amount of water actually needed to drive the mill, taken with what
was learned us to the number of months in which full power could
be used, furnishes an indication of the usual flow of the stream.

There are difficulties met with in making such a canvass as this,
which render entire accuracy difficult to attain. It is believed that
this is a fairly accurate presentation of the interest, however, as it
stood at the date of making the canvass.

The power is divided among the several industries as shown in the
table. Grist and flooring mills use 39.5 per cent. in northern, and
49 per cent. in southern knew .Jersey ; 42 per cent. of the whole
power of the State. The average power of these mills is 28.6. Saw,
turning and other wood-working establishments use 10 per cent.
north, and 23 per cent south, or 13 per cent. for the State. Their
average power is 15.6 horse-power. The mills classed under fabrics
and fibres use 14 per cent. of the power, having an average power of
74.6. Paper mills, being large users of power, are placed under a
separate class from fabrics and fibres, to which they really belong.

(3)
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They use 10.7 per cent., with an average of 118 horse-powcr each.
Iron-working mills use 10 per cent., and average 65 horse-power.
Miscellaneous manufacturers utilize 11 per cent._averaging 56.5 horse-
power each and including a great variety of industries, among which
may be mentioned the manufacture of photographic lenses, grinding
of soapstone, driving of pumps for supplying water to cities, and of
electric-light plants. Paterson, Trenton, l_ew Brunswick, Passaic,

Millville, Somerville and Raritan, Lakewood, Wenonah and l_utley
have each a water-power pumping-plant for water-supply. Boontoa
and Lakewood have electric-light plants run by water-powcr.

Classifying the northern streams by entire @atcr-sheds, we have :

No. of Net
mills, horse-power.

Delaware above Trenton ....................................... 186 6_658
WaZlkill ........................................................... _5 598

Passaic .............................................................. 216 8,924
Hackensack ........................................................ 25 404

Elizabeth ........................................................... 2 36

l_ahway ............................................................ 15 356

l_aritan ............................................................. 171 5j993

The Passaic stands at the head of the streams, in both total horse-
power and horse-power per square mile, the latter being 11.3. This
refers to the streams as here grouped, however, for the Museouetcong_
taken separately, shows 12.9 per square mile. Of the other Dela-
ware streams_ Flat brook shows 2.1, Panlinskill 5.4, and the Pequest
6.1 net horse-power per square mile. The Wallkill has 2.8 and the
Raritau 5.4 per square mile. The southern streams should not be
expected to show nearly so much power per square mile, as the fall is
much less and the country more sparsely settled. Crosswicks creek
shows 4.7 ; the Cohansey, 3.6 ; Metedeconk river, 3.5 ; Assanpink

creek, 3.4; bIanrice river, 2.8; Rancoeas creek, 2.3; Great Egg
Harbor, 1.4, and Mullioa river, 1.0 horse-power per square mile.
For the e_atire State, taking the land-surface at 7,514 square miles_
the average is 4.11 net horse-power per square mile.

ESTIMATEDVALUEOF UTILIZEDWATER-POWER.

The total amount of power in the State is 30_870 net horse-power.
If we assume an efficiency of 70 per cent._ which is about what is
obtained with good wheels, we shall have a gross horse-power of
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44,100. In reality more lYoweris required to run the above plantd,
as the average efficiency is below 70. Taking this power to be worth
an average rental of $22.50 per horse-power per annum, or about
two-thirds the rate at Paterson, Passaic or Trenton, we have a total

rental of $992,250. Capitalizing this at 10 per cent. would give a
value of $9,922,500 for the water-powers of the State. If we add
to this the value of the buildings and machinery in the 903 mills

using water-power, I do not think the most conservative estimate
would make a total of less than $20_000,000 to top.resent the value
of the water-power plants of the State.

In order to fully appreciate the importance of this interest, how-
ever, we must consider the great wealth which has been brought to

us by the development of these powers. Paterson, now a city of
78,347 inhabitants, with large industrial interests, was created by and
has grown up around the water-power of the Society for the Encour-
agement of Useful Mauufaetures. Trenton, with 57,458 inhabitants,
and another of our most flourishing manufacturing centers, was only
a village when the water-power was created, which formed the nucleus
of its rapid growth in population and wealth. Passaic, with 13,028 ;
Bridgeton, with 11,49.4; Millville, with 10,002 inhabitants; Lam-
bertville, Boonton and several smaller towns, owe their being and

industrial importance directly to this cause.

LARGE WATER-FOWER PLAINTS OF NEW JERSEY,

_et _I.P.

Stream. Location. Fall in feet, in use.

Pa__salc.............................. Paterson .................... 66 1,760

Passaic. ............................ Passaic ..................... 22 1_2,'15

_,ocka_vay ......................... Boonton .................... 101 970
Delaware ........................... Lt_mbertville .............. 9.5 to 18 747

S¢_uth branch of Raritan......lfigh Bridge ............... 47 730
Maurice river ..................... Mlllville ................... 22 690
DeLaware ........................... Trenton ..................... 9 to 17 589

Musconetcong. .................... 1_iegelsville ................ 20 430

Musconetco_g ..................... Warren l'al)er Mills ..... 48 360

Great E_g IKarbor ............... Mays Landing ............ 10 342

Musconetcong .................... Hughesville ............... 27 340
l_assaic ............................. Little F_tlls ................. 14 320

l_equannock ....................... B_ttlcr ...................... S0 260

Rockaway ......................... Old Boonton ............... 30 2S0

_Vadltlg river ..................... Harrisla ..................... 12 225
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APPENDIX II.

THE DRAINAGESYSTEMSOF NEWJERSEY.

AREAS_ PERCENTAGE O:F FOI,_EST_ POPULATION. THE AREAS AND

DRAINAGE AREAS OF LAK]_S AND PONDS.

D {49}
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DRAINAGEAREAS,FORESTEDAREASAND
POPULATION(x88o)OF STREAMBASINS.

I'*_ '_

I--

WALLKILL, TO STAT]_ LINE .................................... Ii0.I 201 41
Poehuck creek_ to State line ....................................... 53.7 55] 25

Wawayanda lake .................................................. 6.51 641 35

Papakatiug creek ...................... _............................... 62.21 141 58

Walikill to Franklin Furnace ...................................... 31.31 51, 26

Morris pond ...................................................... 1.51 661.........

HACKENSACK RIVER, TOTAL WATER-SHED ......... _,01.61 _361 215

Hackensack above New Milford ................................ L14.8] _601 125

I/aekensaek above Pascack creek ........................... 58.01..................

Hackensaek in _ew York ......................... "............ , 64.1 ......... 152
Paseaek creek .................................................... 28,0 ....

Musquapsiuk creek ............................................ 7.01.................

PASSAIC RIVERp TOTAL WATER-SHED .................. 949.1 _'4_ 338

Passaic _iver above Dundee dam .................................. 822.4 .................

Passaic river above falls at Paterson ............................. 796.9 ......... 85
Passaic river above Little Falls ................................... 772.9 ......... I ........

I
Passaic river in New York .......................................... 148.6 ......... 42

Second river ........................................................... 17.21 191 1,409

Third river .............................................................. 14.41 231 276

SA.VLZm-v_, _orA_WA_ER-SHED............................ 60.71 _281 192
Saddle river in I_ew York .................................... 8.01......... i 84

Hohokus creek aboveHohokus .............................. 15.71 ' 341 59

*Percentageof portion IylZ_gwithin NewJersey,
(511
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_r

POMPTO_ RIVE_t 1 TOTAIJ WATER-SHED. ......................... _

RAMAPO RIVEIt_ TOTAY_ WATER-SHED ..................... _8

Ramapo in New York ...... 52

WANAQUE R1VER_ TOTAL WATER-_HED.., _0

Wanaque in New York .......... 22

Greenwood lake, total water-shed ........................... 26

Greenwood lake in _ew York .... 22

PEQUANNOCK I_VEIL,., 42

Pequanncck above Macopin intake...

Macopiu lake ........ 30

Peq_annock to Oak Ridge reservoir ........................

Stickle pond .........

Mossman's brook to Clinton reservoir ......................

Haak's pond ........

Cedar pond

Buck-a-bear pond ....

Dunker pond .... 15

_OC_AWAY XlVm_, TOTAr_ WATXR-S:_XI_... 110

Rockaway above Boonton ....... 113

Stony brook .........

Shongum pond .... 138

Beaver brook .....................................................

Splitrock pond

Green Pond brook .......... 51

Green Pond brook to Middle Forge .............

Green pond to outlet ..........

Rockaway above Port Oram .... 42

wmePA_Y mv_a ................ 124

Troy brook .......... 87

Whippany above Morristown ............ 107

* Percentage of portion lying within New Jersey.
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I_ASSNIC ABOVE eHATIfAM .......................................... 121

Passaic above Millingtoa ...................................... 144)

P_sale above Franklin ....................

ELIZABETH RIVEP, TO LA]KE URSIN0 .......................... 1_ 228

RAHWAY RIVER ................ 24 338

Roblnson's branch ....................................... 2_ 183

Rahway river above Rahway city .......................... 3( 350

West branch of Rahway above Orang 44 70

RARITAN RIVER ......... i_ 105

SOUTH R_V_R 2_ 83

_Manalapan brook to junction wlth Matcbaponix ...... 1¢_ 84

)iatchaponix brook. 14 86
I

BROOK ABOVE WESTON_S MILLS ................. 4_.0 I
LAWRENCE'S 39

/

_RIT_ ABOVE NEW BRUNSWICK...... 895.21 93
I

Bound Brook, including Green brook ..................... 61.5 330

Middle brook above Chimney rock ......... 16.t 43
_ ILT_,%'T0 NE R f'.rER ......... 78

Beden's brook 59

Stony brook ...................................................... 79

Millstone above forks of Stony brook ...................... 75

_ORTM BRANCH OF RARITAN. .................................. .. 72

Lamlngton or Black river .................................... 80

Lamlngton above Pottersville ............

Rockaway creek ....................... 66

:North Branch above forks of Lamington .................. 79

North Branch above Peapack brook ..................

SOUTH BRXr_CH OF RAR_TAI_...................................... 79

South Branch to Ca/iron .................................

Sou'h Branch and Turkey brook ....................

Neshanic river ............. 81

NEW JERSEY GEOLOGICAL SURVEY
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O.

including Mulhoekaway creek ............... 41.21 83Spruce run_

Budd's lake ........................................................ 4.5 62:

1_A'qF_INK RIVER ...................................................... 05.0 ...............

Swimming river above Red Bank ........................... 65.4{ 5g
[

Hockhockson brook above Tinton Falls ............. 11.71 51

SBR_WSBUEY mV_R TO SEABRIGHT BRIDGE ................. 29.0'i .............

WHALE POND BROOK ................................................. 5.1t 151

DEAL LAKE .............................................................. 6.1;,

_HARK RIV_ 1 TO BRIDGE AT HEAD OF BAY ................. 16.9J 162

WRECK POND ............................................................ 12.81 t1_

MANASQUAN RIVER .................................................. 80.5]

Manasquan above Upper Squan bridge ................... 64 7[ 82

METEDECONK ABOVE BURB_VlLLE .............................. _8.91 _5.

43.2 ..................

•North Branch of Metedeconk ............................... 24,5 75 1_

South Branch of Metedeconk ................................ 29.5 ..................

South Branch of 5fetedeconk above Lakewcod ........

TOMS RIVER ABOVE VILLAGE BRIDGE ........................... [63.8 94 17
Toms river above l_idgway branch ........................ 58,0 ..................

Toms river above Whitc's bridge ........................... 40.0 ..................Ridgway branch ................................................. 64 0 .. .

Union branch ..................................................... 30.01

Horieou branch to Maneh_ter pond ....................... 21.0l

Davenport branch to Van Schoick's mill .................. 34.0[

CEDAR CREEK ABOVE VILLAGE. ............................... _5.8[ 7

Cedar creek to Double Trouble .............................. 44.8J

FORKED RIVER ABO_FE VILLAGE .................................14.7{ 7

MILL CREEI_ ABOVE MANAHAWKEN ............................ I9.71

WESTECUNK CREEK ABOVE WEST CREEK BRIDGE .......... ,21.0] 5

TUCKERTON CREEK ABOVE TUCKERTON ....................... 11.9( 2,$

MU'LX_CA RIVE_ .......................................................569.gi 29-
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_B

Bass river above New Gretna road .......................... 16 8 95 Ii

Wading river .................................................... 188.9 97 7
East branch of Wading river ........................... 65.5 98 6

West branch of Wading river .......................... 92.1 99 7

Mullica river above forks of and including Batsto _ 221.6 88 19
river .......................................................... j

At_ion and Mechescatauxln to Batsto ......................

Ba_to river to Batsto ........................................... 69A

_qescochague to P|easant Mil]s ............................. 3,5.C

_:Iammonton brook to Pleasant Mills ....................... 18.3

ABSECOI_ CREEK ABOVE ABS_CON ................................. ]8.8 8

PAT_0NG CREEK ABOVE _TEELMAN_VILLE ..................... 22.1 53

ORr_T EGG HARBORroVER....................................... 337.7 21

Great Egg" Harbor river above Mays Landing ........... 215.8 26

Great Egg Harbor river above Weymouth ............... 192.0

Great Egg Harbor river above New Jersey Southern
railroad .....................................................

Hospitality branch ............................................. 50.5

Babcock's creek, Mays Landing .............................. 21.2 12

Deep ran to forks ........................ ;.......................

So_th river, _Ionroe forge ...................................

Stephen's creek to Estellville ................................. 10.5

a'VCKA]ZOEmv_ ...................................................... 15

Tuckahoe river above Tuckahoe ............................. 9

_aVmC:_ mvrm ....................................................... 386.4 72

Buckshutem creek ..............................................

  nu °. inor o.............................................136"'I
,_an_oticoo_eek.................................................i _._l"_91_g_ao_iceriver_bovo_i_vil_e................................t 216_4_671_

I "/ I
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co:_A_sm _ CR_EK ...................................................... t05.4 20 140

Cohansey creek above Br_dgeton..... ........................ 45.8 13 54

I)EL,_.WARE RIVER IN I_EW JERSEY .................... _44.8 30 129

ALLOWAY$ CREEK ABOVE HANCOCIK_S BRIDGE ............... 51.6 58

Alloways creek above Alloway ..............................

s_,L_ CRE_K ......................................................... 123

Salem creek above Sharptown ................................ 112

OLD_AN1S CREEK ...................................................... 52

Oldmau's creek _,hove Auburn .............................. 46

RACCOON CREEK ................................................ , ...... 9i

Raccoon creek above Swedesboro .......................... 68

Raccoon creek above Mu|lica Hill .........................

MANTUA CREEK ................................................. , ..... 106

Mantua creek above Berkeley ............................... 83

B]:G TIMBER CR.EEK .................................................. _

North branch of Big Timber creek ........................ 68

South branch of Big Timber creek ......................... 62

coo_,'s OUE_K ....................................................... 208

Cooper's creek, south branch ................................. 62

Cooper's creek, north braach ................................. 65

PElqSAUKEN CREEK .................................................. 109

South branch of Pensauken .................................. 118

Norlh branch of Pensauken .................................. 71
!

RANCOCAS CREEK ...................................................... 58

South branch of Raneocas ................................... 40

Haynes creek ...............................................

South branch above Vincentown ......................

North branch of Raaeocas .................................... ] 62
---:N_orth branch to New Lisbon ........................... [

Mt. Misery brook to _ew Lisbo_ .................... I
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ASS_SCU_K C_EEK ............ 58

BLACK'S CREEK TO MA_SNIELD SQUARE POND ...............

eNO_WIEKS CREEK .................................... , ............. 52

Crosswick_ cr_k to Walnfora ................................

Doctor's creek to Yardville ...................................

Doctor's creek to Allentown ............................

_ck creek to Lowry's pond ..................

A_A NPIIW/_[ORENK .................................................... 253

Assanplnk to Lawrence station ..............................

Miry run ..........................................................

JACOB'S CREEI_ ......................................................... 72

ATuEXSO _K E_7 CREEK .................................................. 60

WICKEC_EOKE CREEK ................................. , .............. 67

LOCXATONG C_EEK...._ ............................*..........*...... 4_

NICHISAKAWICK CREEK ............. , ............................... 45

lq KRI_OIqAKE CREEK ................................................ 46

HAEIHOKiKE CREE_ ................................................. 4%

MUSCONETCONG RIVER .............................................. 71

/%_usconetcong above Haekett_town ..........................

_V_u_cvnetcong above Saxton Falls. ..........................

Musconetcong above New Hampton ........................

l%[usconetcong above Warren Mills ........................

Lubber's rm* ...................................................... 15

Lake Hopateong ................................................. 30

PO_ATEON(_ CREF.K .................. .............................. 129

LOPA TCOIW(9OREEK ....................................................

P]_U]_T RIVER ......................................................... 58

Pequest at Towusbury .................................... __...,

--_-'_''"_@_u_a$, Tranquility ......................................... ; _ ,
tBeaver brook ...................................................... 47 ,._ ,r,

NEW JERSEY GEOLOGICAL SURVEY



58 GEOLOGICAL SURVEY OF NEW JEI_EY.

-- r

Beaver brook at Hope ....................................................

PAULINSKILL ........................................................... _I _ 54

Paulinskillat Bal_ville......................................................3]

Swartswood lake ................................................. 33

Culveds pond ..................................................... 30

Long pond .................................................. 30

FLAT BROOK .............................*...........*.................. 31

Big Flat brook to Forks ...............................................

Little Flat brook to Forks ...................................

_Delaware at Port Jervis ...........................................

Delaware below mouth of I_'eversink ............................

Delaware at \Vater Gap, above Broadbead's creek ............

Delaware at Belvldere, below Pequest ...........................

Delaware at _aston, above Lehigh river...

Delaware at Easton,below Lehigh river .... i

Delaware at Bull's Falls...

Delaware at Lambertville ................

Delaware at Se.dder's Palls .....

Delaware at Trenton .............

Delaware at Philadelphia .......... I
Delaware below mouth of Schuylkill ............................ I

• These areas of the Delaware water-_hed are taken from Prof. Leo. I_. _wain's report In Yol-

nine 1_, Tenth Cerises, al_d appea_ to be tmne_.rly correct as existil_g _urveyBwill admit of.

z_
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SURFACEAREAANDTRIBUTARYDRAINAGE
AREAOF LAKESANDPONDS.

o

Area of Water Drainage Ar_.-.-

ATLANTIC COUNTY. Surfaee-_Acre6. Square Miles.

Bargalntown, lower pond ........................................ 73 20.66

Bargaintown, upper pond .......................................... 57 11.77
Gloucester lake ....................................................... 85 23.58

Mays Landing mill-pond .......................................... 333 215.8
Pleasant "'"'Mtlls_south pond- ........................................ 51 ._ .......
Weymouth mill-pond ............................................... 205 192

BEROEI_ COUNTY.

Franklin lake ......................................................... 89 2.41

Rotten pond ........................................................... 25 1.06

_URLINGTON COU/_TY,

Atslon mill-pond ..................................................... 77 43.71"
Batsto, east pond ...................................................... 89 69.7

Brown's Mills pond ................................................ 45 27.03
Hanover Furnace pond ............................................. 103 13.12

Harrisville mill-pond ............................................. 20l 155

CUMBERLAND C0UI_TY.

Bridgeton mill-pond ................................................ 85 45.8

Millville mill_pnnd .................................................. 926 21_._
Willow Grove mill-pond .......................................... 118 .......

ESSEX COU24TY.

Orange _eservolr ...................................................... 64 4.80

GLOUCESTER COUNTY.

Clayton mill-pond ................................................... 69 7.84
Malaga Furnace pond ............................................... 92 27.96

MIDDLESEX COUNTY.

Weston!s Mills pond ................................................. 64 45

*Inctudes 18._ from Mechescatauxin by a canal,

(59)
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Area of Water, Drainage Area--
IffO_'MOUTH COU_NTY. Surface--Acres. Square Miles.

Como lake ............................................................. 50 1.26

Deal lake ............................................................... 14_: 6.16

Silver lake ............................................................. 14 .26

Spring lake ............................................................ 18 .30
Sunset lake ............................................................ 18 ......

Takanassee lake (Whale pond) .................................. 29 5.1

Wesley lake ........................................................... 18 ......

MORRIS CO Ul_TY.

Budd's lake ............................................................ 475 4.5

Demnark pond ...................................................... 172 4.5
Dixon's pond ......................................................... 35 3.5
Durham pond ......................................................... 47 ......

Green pond ........................................................... 460 1.7

Hopatcong lake ...................................................... 2,443 25.4

Middle Forge pond .................................................. 96 10.1

Moosebaek pond ...................................................... 21 .......

Petersburg mill-pond ............................................... 53 .......

Shongum pond ........................................................ 70 29
Splitrock pond ........................................................ 315 5.3

Stickle pond .......................................................... 110 1.7

OCEAN COUNTY.

Carasaljo lake (Lakewood) ........................................ 97 24.80

Cook's pond .......................................................... 22 .......
Little Silver lake .................................................. 16 .24

Manahawken mill-pond ............................................. 98 19.7

Old Sam's pond ....................................................... 28 .......

Twilight _ake ......................................................... 21 .......

PASSAIC COUNTY,

Buckabear pond ..................................................... 59 1.2

Cedar pond_ recently enlarged .................................... 218 1

Charlottesburgh mill-pond ....................................... 42 .......
Clinton reservoir--_ewark water works ....................... 423 9.5

:Dunker pond .......................................................... 17 2.7
Dundee lake ........................................................... 224 8.22

Greenwood lake (total area) ...................................... 1,920 28
Hank's pond ........................................................... 75 .7

Macopin lake ......................................................... 299 2.5

Mud pond .............................................................. 28 .......

/_egro pond ............................................................ 69 1.04
Oak Ridge reservolrj Newark water _vorks.................... 383 27.3

Pompton lake ......................................................... 196 159.5
Sheppard's pond ...................................................... 97 .76

'rice's pond ........................................................... 20 .65
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Area of Water Drainage A_ea---
SALE_ COUNTY. Surface--Acres, _'a_te _iles.

A]loway mill-pond .................................................. 122 21,9

SU_EX COUNTY.

Bear ponds ........................................................... 38 .53

Buckmire I_nd ....................................................... 10 .75
CatCh pond (near Sti[lwater) .................................... 14 .40

Cranberry reservoir .................................................. 154 3.02
Culverts pond ......................................................... 436 6.3
Davis pond ............................................................ 14 .51

Decker pond (Pochuck mountain) .............................. 76 .38

Franklin Furnace pond ............................................. 55 31.3
_ewltt's pond ........................................................ 35 5.15

/_opewell Furnace pond ........................................... 24 1.01

Howelt's pond ......................................................... 26 .21

I=[unt's Pond ........................................................... 37 2.12
_lifl_s pond ............................................................ 36 3.33
Lane's pond, or Grlunell lake .................................... 67 Ll5

Little pond (Swartswood) .......................................... 100 3.11

LOng pond (near Culver's Gap_ .................................. 299 2.5
LOng pond (near kndover) ............. . .......................... 117 4 76
Long pond (Kitta/inny mo_ntaln) .............................. 13 .48

L0sea pond ............................................................ 137 .......

Marcia lake .......................................................... 23 .14

Mashipaeong pond ................................................... 46 ,77

Morris pond ........................................................... 136 1.5

Mud pone} (Hamburg mountain) ................................. 28 .35

Panther pond ......................................................... 41 .47

Quick pond ........................................................... 43 .50

Roe pond ............................................................ 23 .......

:Round pond (Kittatinny mountaln_ ............................ 33 .29

Sand pond (near Coleville) ........................................ 65 .65
Saudpond (Hamburg mountain) ................................. 32 .48

Stag pond ............................................................... 23 ,30

Stanhope reservoir ................................................... 339 4,9

Stickle pond ........................................................... 35 .87

Stoker pond ........................................................... 95 1.15
Sezarlswood lake. ..................................................... 505 td 3

Turtle pond .......................................................... 13 .lO
Waterloo pond ........................................................ 63 .......

Wawayanda lake ..................................................... 240 6.5

White Iake ............................................................ 17 .......

Wbite's pond .......................................................... 11 .......

Wright's pond ....................................................... 31 3.36
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AreaofWater D_.inageArea--
_ARREN COUNTY. _urface---Achg&_q11_e Miles.

Allamuchy pond ...................................................... _6 l.gO

Catfish pond ........................................................... 81 .65

Cedar lake (near Blalrstown) .................................... 27 L2G

Glover's pond ......................................................... 13 .2_

Green's pond ..................................... _.................... 117 5.15

Sandpond.............................................................. 14 .69

Shu_ter pond .......................................................... 14 ,64
Silver _ak_ ............................................................ _5 3.37

Sunfish pond ........................................................... 41 .31

White pond ............................................................ 67 ,67

,¢
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