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THE GEOGRAPHY OF NEW YORK CITY'S
WATER SUPPLY: A STUDY OF INTERACTIONS

ANASTASIA VAN BUEKALOW

CITY must often look outside its own boundaries for is warer.
Smaller communities can usually obtain an adequate water supply
from local ground or surface waters, and even a large city can meet

its water needs from local sources if it 1s near a large river (London, Phila-
delphia, Washington, Pittsburgh, and St Louis) or lake (Chicago and
Buffalo). New York City, however, has no nearby lake and no usable river;
for the Hudson River, beirjg an estuary, is brackish.! And f_'arf}r in the nine-
teenth century the city began to outgrow its local ground and surface water
supplies. It has therefore had to go gradually farther and farther afield, eventu-
ally as much as 125 miles, to @p the surface waters of other watersheds.
New York first did this as early as 1842, when the Croton water system
went into operation. This ended the use of local wells and ponds for public
supply i Manhattan (New York Ciry did not then mclude the other bor-
oughs), though some Manhattan industries sull use water from their own
private wells, Other parts of the present city continued to depend on local
sources for a longer time: the Bronx unol 1t was annexed o the ary m
1874 (west Bronx) and 1805 (east Bronx); Richmond until it received
Catskill water in 1917; parts of Brooklyn until 1947, when pumping for
public supply was stopped because of depletion of the ground water; and
parts of Queens even today.” However, the inadequacy of the local sources

! Farther up the Hudson o laver of frosh water, brodghe in by mibutary strearms, Boats on top of the
brackish watcr, and from that fresh surtace layer woine Hudsm Valley communities [Poughleepsic,
Rensselaer, and Waterford, for esample) mke thew public warer sppplies Trestunent s necessaey, of
cotttse, b connteract the Biely heavy polludion. Tu the cardy (g5, when the most recent expanson of
Mew York Clev's warer supply wae being plinned, some citizens” groupe favored a Hudson River source
imsteac of the Cannonsville Reservonrs However, the nearest the dry has come w0 wing Hudson River
water was ta build o cemporary pumping plant near Chelsea, to miles south of Toughkeepse, This
plant, capable of pumping too millien gmllons per day (mad) of Aver water inte the city syseti, wis
authorized by the sate Water Power and Control Commision for cmergeney wse only, in case of
shortage before completion af the bt two smges of the Defaware syicemy, and was not m be wsed arter
a7, It wis never siecded and has now been demalished.

* Wells of the fumaten Water Supply Company and che Mew York Water Service Corporation
provide the public wpply for parts of Queens, formishing an sverage of nearly 50 mid in recent
years, which is abour 335 per cent of the average duly consmmpnion of the entire city, Tittle addivonal
ground water {s naw used in the gy for peblic supply. Ciry-owned wells in Brooklyn bave long been
out of vse, and those in Queens and Mamo Coutities, with 3 dependable yishl of 7o mpgd, and i Rich-

» D Van Burkacow 15 assocate professor in the Department of {'it:n[u;:}' and
Geography ar Hunter College, New York Ciry,
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was felt in Brooklyn and Queens as early as the 1890's, and it is said thac
need for additional sources of water helped influence Brooklyn, at least, to
becoine part of Greater New York in 1898.% One of the first concerns of the
Greater City was to add to its water supply, which by then consisted of an
enlarged Croton system and the Bronx-Byram watershed.t Construction
of the Catskill system, authorized in 1905, was begun in 1967, and in late
tg1 5 Catskill water first reached the city, By the rime this system was com-
pleted in 1927, plans were already being discussed for the Delaware system.
Construction was finally begun in 1937 (court action and the depression
had delayed it) but was interrupted by World War IL Finally, n 1051, the
Rondout Reservoir was completed.® It was followed by the Neversink m
1952 and the Pepacton (East Delaware watershed) in 1955, The final stage,
the Cannonsville Reservoir (West Delaware watershed), now under con-
struction, is slated for completion m 1962

Thus New York City now depends on seven distant watersheds, Croton,
Bronx River, Esopus, Schoharie, Rondout, Neversink, and Fast Delaware,
and is developing an eighth, the West Delaware. Their dependable yields
are given in Table I, and their locations are shown on the map, Figure 1.
Within their combined area of 1960 square miles, half again as large as Fhode
Jsland, water is taken from more than a thousand streams, big and little. It
is stored in 27 reservoirs and controlled natural lakes and is broughe to the
city through more than 350 miles of aqueducts and wunnels (Fig. 1).

mond County, with a dependable yield of 5 mpd, have boen kept as stand-bys mrecent years. They were
iteed extendvely only m che dry peried of wgu-1950 (e 8, M, Perlmucer and Thesdore Amow:
Graund Water in Bronk, Mew York, and Richmond Counties, With Summary Thes on Kings and
Cheens Counties, Mew York Ciry, Mew York, New York State Depr, i Comservation, Water Power gud
Csizeed Comantseiin, Mall €133z, Albany, 1053) and 1 1047-1058 while the Delaware Agueduct wis
closet for cleaning. Mow thar Delaware water is availible, the Long lshand well water is not cosiclered
necessary. and thie ciry plans o sell it Long Lsland wells {see the New Yook Times, Feb, 2, 1ik),

L peell Suter: Engineering Reporr onthe Water Supplies of Long Lsland, Newr Yoek State Deps,
of Camservation, Warer Power and Coneal Commivon, il G2, 1037, p. 35

2+ This consisted of the Brone River watershed above Fensico 1am, from which water stll erters
the viry’s warsr-supply system, and the adjacent Byram Rivee watershed, From ju Byram Lake and
Wampus Pond a l:|-."1:||:ll.<!ub|£ '!,l'i.ﬂd of § Il'lgr.! could be led mto the Brons River h'}' a tummel and Gpen
cliammed, Flowever, sinee April 12, 1054, nore of this water has been alloawed tis enter the MNew Yark Cicy
systemn, Tri 1044 Dyram Lake was bonght by o restdent of M. Kiseo and presented o tha village, which
tad for many years mecabaut il of it public water-sepply needs by buying that very water from Mew
York City.

The Bronx-Byram waterdied, ton small 1o be shown deatly an Figure +, les dose 1o the southe
eastern edpe of the Crotan watershed, near the Mew York-Connecticat boundary.

£ Water fram the Rondour Reservoir, an Rondour Creek, reaches the ciry via the Delaware Ague-
duct, but Rondour Creek is o trihomey of the Hudson River, not of the Deliware. Suicly speking,
therefore, it s not part of the [Delaware system, and 11 was not subject to the limitations set upin (g3l by
the United Stares Supreme Court
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fim. 1+ —The sources of New York Ciry's water supply. Watersheds are shown by heavy Bowedaey; ey
A, Crown; B, Bsopus; € Schobatie: 1, Hondeur; B, Neversimk: B, B Pelaware; G, Wesr Delaware, Reser-
vairs are shown in black: key: 1, Silver Lake: 2, Hill View; 3. Kensieos 4. Ceoton; 5, Cross River: 6, Fast
Branch: 7, Middle Branch: &, West Branch: g, Ashokan; ro, Schohane: 11, Rondoor; 12, Meversink: 13, Pep-
acton; 14, Cannonsville {under consruction). Adapred from map in “The Wator Supply of the ity of
New York™ (iee test foomaze 13 belaw), PP- sa-41.
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Tantk [—Mew Youe Cirv's WatiesHeDs

AREA  DIPTNTABLE YIELD AREA  DESINDARLE YTULIY
WATHRSHLD (ogeeei.)  (pddl, gat, daily) WATURSTIED (s omi} (il gal. daily)
Ciraran 374 324 Meversink ul 1158
lironx River 13 § East Decliware 372 3758
Esopus 347 Jib% West Delaware? 450 31
Sehohare 114 izo
Rendour 0s e TOTAL 1,040 1,815¢

a Under constraction.

4 Additional water must be held o replenish the stream in dry weather (see text, p. 385).

¢ T ehis must be added the 5 med dependable yield that can be deawn from wells in the Borough af
Wichmon il necessary, which will make a total dependable yield of 1520 med availalle m ighe

Seuree: “Bref Descriprive Outline of New York Ciy's Water Supply Works" (Board of Water:
Supply, Ciry of New ‘r’aﬁ;, June, 1458). i

Tame I—WaTEnsiely PRECIFITATION
(I fiechies)

W ATERSHED AVERALL MINTALIN YLal MEAXIMUB VELI
Lang Tafand 43228 Z0pEH 1931 430 1 KRy
Cromm 4705l 129 ik {37 1
Esmpus- g2 — 1370 La5T 71.04 1928
Schoharie RN E NE 111 ] 12k
Rondmre JennyE 13.0% gt Ti54 10280
Meversink L4 3730 16341 Thiad4 1935+
East Delaware 457" 3338 1947 1443 18

Woese Delaware 41547 33.22 T 11.33 o8

Avernpesare for () 75 yearss () S yearst (¢} §1 years; () seyears; fe) 2o years. All pcrmdl.:nﬂ'whlii
1957, 1
Sources sand An. Repr, New York City Baord of [Wetes Sugply, resr; Aw Hepe, Neat York!
Pepe. of Water Supply, Gas and Elecricing, 150 (feer Crotom’s saaxaumum and minimum )

Several aspects of the physical and cnltural geography of the souree
areas have affected the amount and quality of the water available to New
York City and the construction problems encountered in building the dams
and aqueducts. And the development of this extensive water-supply system
has left its imprint on the physical and cultural geography of the source
areas and also of still more distant areas in the lower Delaware Valley. It
is with these interrelationships that the present paper is concerned.

HOW THE GEOGRAPHY OF THE WATERSHED AREAS
AFEECTS THE CITY'S WATER SUPPLY

Factonrs THat INFLUENCE THE AMOUNT OF WATER AvAILABLE

Precipiration. In the watersheds the average precipiation is well over 400
inches a year, but the amount received in individual years may vary a goo L
deal from the average (Table 11).

It is the amount of water available in the driest year on record that is
dependable vield of a watershed, the minimum with which a city m
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have to get along and below which consumption should be kept. Unfortu-
natcl}rf i many cities of the United Seates conswmption equals or exceeds
dependable yield, and no reserve is left for emergencies or for future growth
of the city.” Asa result there are water shortages from time to time, when the
wse of water must be curtailed. This is what happened in New York in
1949, Consumption was about 25 per cent greater than dependable yield
of the then existing facilities.” and a severe droughr n the summer and fall
cansed # serious water shortage. Disaster was prevented only by an intensive
water-saving campaign, which in abour three tnonths reduced the consump-
tion by nearly 25 per cent.® Completion of the Rondout, Neversink, and
Pepacton Reservoirs has increased the dependable yield (now 1510 mullion
mallons per day, counting ground-water resources on Staten Island bue not
on Long Island) comfortably beyond current consumption (1153 med n
1058)," and completion of the Cannonsville Reservoir will give a total
dependable yield of 1820 mgd, which it 1 thought will be adequate until
about the end of the century.™

In the rainiest periods the reservoirs cannot hold all the available water,
and large amounts spill over the dams and are lost. Carrying ca pacity of
the aqueducts also limits the amount of water that can reach the city. Thus
nature determines the minimum amount of water available to the city, but
man has determined the maximum, because the reservoirs and aqueducts
he has built will nor accommodate nature’s maximuon.

Interstate Character of the Delmpare River Draivage Basin. In the Delaware
system man has placed still another limic on the maximum supply available
to the city, this time by court decree. The Deelaware River serves as boundary
first between Pennsylvania and New York and then, for many miles, between
Pennsylvania and New Jersey, and its broad estuary lies between Delaware
and New Jersey. Its headwaters, however, from which New York City
takes water, are in New York State, and when the Delaware plan was First
announced in 1928, the npp:uvnl of the Water Power and Control Com-
mission of New York State was granted. Residents of New Jersey, Pennsyl-
vania, and Delaware were at once concerned lest they be deprived of water

% [n 144 ehils was true of 42 pee cent of the country's major public waner-supply syeems, acoarding
104 survey made by the Water and Sewerage Industry and Unlities Divisaon af the Dasiness and Defense
Services Admimiration of the United States Depaerment of Commerce {iee the News Yok Tenes, Apr
7o054)

Tgh A Repr, SNew York Lliry Fownd of Water Sapply, 1850,

VA Repr, New York ity Depe. off Water Supply, Cras it Elecieicity, 1950, P 105,

* Legter from Deparement of Water Supply, Gasand Elecrmany, City of Mew York, Jan. 22, 1950

e, B Kenndson: The Developinent of the Delaware Projects, Municiial Eugiicers fovr., Vol gz,
v dth guarterly e, ppooad- o referenis ol po 144
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for their needs. Accordingly, in 1929 New Jersey went 1o the United Statcs
Supreme Courr to enjomn New York City from taking any water from the
Deliware River or its tributaries. Pennsylvania acted as intervener. The
Court decision in May, 1931, permitted the city to take 440 myd, enough
anly for the first two stages of the Delaware plan (Neversink and Pepacton
Reservoirs), instead of the 6oo mgd originally proposed. Effores were made
to provide for the third stage. the Cannonsville Reservoir, as part of an mter-
state development of the river, proposed by the Interstate Commission on
the Delaware River Basin {Incodel) for power development and control of
floods and pollution as well as for water supply. New York, New Jersey,
and Delaware accepted the plan, burin 1952 Pennsylvania rejected 1r. There-
upon New York City reopened the original case before the Supreme Court
and asked for an additional so mgd from the Neversink and Pepacton
Reservoirs and 310 mgd from the proposed Cannonsville Reservoir, This
request was granted by a decision m 1954 In both Court decisions the city
was dirceted to release water from its reservoirs in dry periods, to maintain
4 certain minimum How in the main valley."

Factors THAT INFLUENCE THE QUALITY OF TIE WATER

(ieology. In the Westchester watersheds there are long, narrow outcrops
of metamorphased limestone, a soluble rock, bur most of the area 15 under-
lain by relatively insoluble schist and gness. In the Catskill and Delaware
watersheds most of the rocks are dark sandstones and shales, also msoluble.™
A result the water is soft, with only 17 parts per million of dissolved matter
i1 the Catskill and Delaware water and 4o-50 ppm in the Croton water."?
Both home and industrial users are thus relieved of the expense and difficulnes
caused by hard water.

Because of the composition of the rocks in the watersheds, New York
City's water conguns little or no dissolved Buorides. It has been widely
recognized by dental and medical authorities that about 1 ppm of Auorides
in the drinking water makes teeth more resistant to decay (but only if such
water is drunk in early childhood whle the permanent teeth are forming).

it For a good sominary of the Court decisions anch the lncodel effore here describied, see Kennison,
dyr, ik,

= P Berkey: Engineenng Geology of the City of Mew Yok, m BMew Yook Cioy amd Vicimiy,
Internatl, Cieol, Closor,, ronk Sess,, Dnited Srates, 1943, Gridebook o, Washngton, 1033, pp- 777133
[late 4 is a siemplified geolagical map of the Westeheseer and Camskill warersheds,

4 " The Water Supply of the City of Mew York [Origin and Achicvements of the Board of Warer
Supply, City of Mew York|” 1950, p. 42,

i Afrseasia Var Theckalows Fluorne an Uited States Water Suppties: Pilor Progect for the Atlas of
Diisenses, Ciearr, Revo, Vol 36, 1956, pp. 1771935500 esproially Plate 1.
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Lack of narural fuorides can easily be offset by addition of the desired
amount, a5 has been done m many community water supplies. Whether or
ot New York City's water will be so treated has yer to be decided. Some
groups strongly oppose this so-called “mass medication,”

in the Catskill and Delaware watersheds especially. the banks of the
streams and reservoirs consist in some places of easily eroded glacial clays.
During heavy rains chese are washed into the water and temporarily increase
its turbidicy.”

Fegetation. In the Catskill and Delaware watersheds large areas have been
set aside as state parks and Forest preserves, within which most of the surface

is covered with trees. Because the forests rotard soil erosion, and thercfore
siltation in the reservoirs, the useful lifetime of the reservoirs is prolonged,
and there 15 little need to treat the water for rurbidity. In Wesechester a
smaller part of the watershed is forested, but here, as in the Catskills, the
land clase to the reservoirs has usually been planted with evergreens (Fig.
3). These are ssed instead of deciduons teees because the thin, braad leaves
of the latter would tend to blow into the water, where they would clog
sutlets. discolor the water as they decayed, and so on. For these tree belrs
a program of planting, pruning, chinning, and insect control is carried on
by the Department of Water Supply, Gas and Electricity as part af the
maintenatice of the water-supply system. ™

Population Density. In 1950 the population densities per square mile in
thit various watersheds were a8 follows:"" Bronx-Byram, 18g; Croton, 128;
Esopus, 17; Schoharie, 26; Rondout, 173 Neversink, 10: Fast Delaware,
18 West Delaware, 30. Except in the Westchester area (Bronx-Byram and
Croton) these densities are very low, and there is relatively lirrle danger of
pollution of the water. Where this danger exists, the city builds and operates
sewape-disposal plants.

Size of the Systent. The large size of New York City's reservoirs, due both
to nature’s potentialivics and to man’s decisions. makes it possible for water
to remain in them for a long time—in the Catskill reservoirs for as much as
six months, in Kensica (the Westchester storage reservoir for the Casskill
and Delaware systems) for about three weeks. This permits natural purifi-
cation of the water before it finally enters the aqueducts on its way to the

15 §ee Berkey, up, df. [see foomate 12 abowve], p. vl

i Tyt city agencies are tesponsible for fhe water sepply: the Board of Water Supply, which de-
velops new sources of water and builds the recesary dams and aqueducts; and the Deparement af Water
Supply, Gas and Blecmicity, which maintains and operaces the system baile by the Tioard and builds,
miaintains, and operates the distribution sysem within the oty

b Pymre Water Sources of the ity of Mew York: Report of Engineering Panel on Water Supply
to Mayor's Comnuttes on Management Survey of the Ciry of Mew York, July, 1es1,” p. 28
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consumers, In 1954, for example, it was found that the period of storage in
Ashokan Reservoir reduced turbidity 62 per cent and bacterial count 71
per cent, ™

Facrors Tuar INFLupNcED THE CONSTRUCTION
OF THE Dams AND AQUEDUCTS

Cieology. The nature and peneral condition of the surface marerials and
bedrock in which dams and aqueducts are to be buile determine the kind
of structure required and the cost. Geological information, gained by surface
exploration and test drilling, s cherefore necessary during both planning
and construction. With foreknowledge of the difficulties that will be met
it is often possible to plan the route of an agueduct or the location of a dam
so as to avold some of them. Where they cannot be avoided, construcrion
can be planned to deal with them.

Beeause geological advice proved helptul in the construction of the New
Croton Dam, completed m 1905, the city has emploved geologists on the
Catskill and Delaware systems from the earliest planning stages. Their
carcful exploratory studies have discovered, for example, places where
ground water, seeping into the tunnels in large amounts, would complicare
E{?]l.‘itructiu]]; CAVLTIS i[l ]i]']'lcst(}l“.‘. t]-.lﬂt l]'l'igl'.”: “'l;::].l’ff_'rl. fl.'ETI.T'IUl Vk'ﬂ]]fr: TS S8
of deeply weathered rock, along faults or in places that had been protected
fl’{““ gln{.‘i:ll L‘r{'.l.‘ii(]“. l.'['i:tl: '\"L]L!td IC'l&ui.l—L‘ exira stmngthcning Gf- tL'Ennf'lS;
resistant rock formanions that a tunnel should avoid; thick covers of glacal
Illurﬂi:nl'_' ﬂ“.iJJg I:IL‘L'P Pl—cglﬂf_‘jﬂl AT E].ﬂ{_']ﬂ]]}? El—(]dﬂ:d ‘.r:LI[L‘}"S t]'.l:].t ‘Vl"ll.![".'l. rl.:f] Llil'rE
tunnels to be unusually deep o pass beneath them.™

Elevation of the Warershed Areas.®® The Catskill water drops from 500
feet above sea level in the Ashokan Reservorr to 295 feet ac che Hill View
Reservorr (the distributing reservoir for both Caskall and Delaware water),

WA, Wepr. New York Cirg Depe,oof Woater Sapply, Conoamd Eleerriity, 1050, ppo7r-72- 50 ato
F. E. Hale: Sanimbon and Purifianion of MWew York City’s Water Supplies. forr. Newr Hogland H e
Worrkes absers, Wl 55, 14, pp. 02-82. Inspite of the satorally high quality of the water, some treatmem
s necessary: ehlarination st lesst twice (but ouly foue pomazicls of chlorite are necded per mmilion gallons,
% n’_'l:lmp_'l:l'-:ll with go0 p:‘n:!:r]: pee slion I:I'H.”\.'IH\. needed 1Ny Midweern cittes]; aemtion to elimi-
nate gases thar cause unplessant odar o mate; sceasional addition of slum to precipitate sedinienes washed
in by heavy taind. A three laborarories amd in the field daily bacremal tesss are made, maling more than
L0003 Ve

W For demiled discussions of geological problems of chis sore see Herkey, ap o [see foomore 12
above|; T, 1Y Berkey and T, W, Fluhs: Engineering Geology of the MNew York Ciry Aquedocs, i
Guidehook ofF Fxcarsiony fis Annoal Meeting, Geolopuzl Sooery of Amenca, 1948 (edited by ."'.gnu;.
Creaghy Mew York, i048)

 Dara i this secoion were tken from " The Water 5|.|[JI|'|}' el Mew York |5 leitnse i
abowve), and Tobias Hochlerner: Mew York Ciop's Warer Supply o Crurside Compuinivies, foar. Amer. |
Marer Warks Assi., Vol. 37, 1944, pp. 754-704.
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g2 miles away, near the city line in Yonkers. Thus in the Catskill Aqueduct
the water can move downhill under the influence of gravity. But since the
drop is fairly slight, it was necessary to build about 8o per cent of the aqueduct
with just enough slope to make the water Aow. Where the surface is about
2t the level necessary for gravity flow, the aqueduct is a cut-and-cover
srructure—a channel cut into the surface and covered over with a mound of
carth. In higher areas the gravity-flow level is maintained through tunnels.
Where valleys cut below this level, the aqueduct goes under them in pressure
tunnels.

Flow it the Delaware Aqueduct is by gravity also, and the drop from the
outler of the Rondout Reservoir, flow line 840 feet above sea level, to Hill
View is even greater than that fram Ashokan. However, this aqueduct is 2
deep pressure tunnel throughout its length, for reasons discussed below.

Incidentally. the elevation of the distributing reservoirs determines how
nd where the water will be delivered wichin the city. Catskill and Delaware
water. distributed from the Hill View Reservorr, can Aow by gravity to all
parts of the ciry excepr the highest, where pumping is needed. In contrast,
Croton water, distributed from the Jerome Park Reservoir, elevation about
133 feet, can reach by gravity fAlow only the parts of the aty less than 40
fect in elevation. But since these consume only about one-third of the total
Croton supply, the rest must be pumped to higher arcas.”’ Long lsland well
water must always be pumped, of course.

Cultural and Physical Geography alony the Delaware Aguediecr Ronre. The
Delaware Aqueduct could have been constructed like the Cawkill—a
combination of cut-and-cover sections and runnels {gravity and pressure).
Hawever, because of various conditions along the route it was builc as 2
deep pressure tunnel throughout. By the time it was buile, in the late 1930,
villages, houses, roads. and other structures were miuch more numerous than
they had been in the carly years of the century, and property values had
preatly increased. Building deep below the surface avoided conflict with
these surface developments and climinated the necessity of paying high
taxes for surface rights of way. Only underground easements were needed.
West of the Hudson the agueduct crosses a number of deep valleys, under
which pressure tunnels would have been required anyway, and a number of
high ridges, under which deep runnels were necessary (the deepest of these

£ The Delawate Aquedict, connccred with the West Branch Reservolr of the Croton system, cn
nivw carry about 1oa med fram the higher Crotan reservoins 1o Eaill View, which reduces the cost of
StpAn Craen water from the Jerome Yark Reservoir,
K B

= B “The Water Supply . - - of Mew York" [ses foornote 13 abowel; Lawrence Ravite: Delaware
Watershed Connected with Ciry through #5-Mile Underground Aqueducs, Hall, Caeneral Contrdorors
Aigia, | March, 1048, ppo L5182 and “More Water for Mew ¥ork Cey,” ibid., March. 1937, pp- 40735
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is 2500 feet below the ridge crest). A deep pressure tunnel for the entre

build, and it will have lower maintenance
costs and grearer safety from damage. <

guided by surface conditions. F

length was therefore simpler to

hoice of the exact route was often
or building the access shafts (there are 31 of
these) room was needed on the surface, and both for this reason and to keep
down the cost of the sites the more heav

ily built-up areas were avoided
whenever pussih]u.

EFFECT OF THE CITY'S WATER-SUPPLY SYSTEM
ON THE SOURCE AREAS

Cirances oy Paysical CONDITIONS

The Upland 1Warersheds. Most obvious among, the physical changes in the
upland watersheds are the reservoiri—twelve m the Craton watershed,
wo in the Catskill system, and four in the Delaware.

These, with their
borders of pine trees

(another change ntroduced by the water system), add

greatly to the scenic beauty of the arcas and to their recreanional facilives.
By state law the city must al Lo

- boating, fishing, and ice cutting on the
reservolrs, subject to reasonable regulations.™ lee cutting is no longer carried
on, of course. But permits for boating and for fishing, from shore or boar,
are available free of charge from the Departient of Water Supply, Gas and
Electricity.

More localized 15 the change n Esopu

s Creek, which now carries, in
addition to its own w

ater, the water from the Schoharie Reservorr (Fig, 40
ander the mountain divide by means of the Shandaken
Tunnel, Becanse of the resulting great increase in the volume and
Esopus Creek, some a [jacent areas have been Hooded. ™

In the spring and summer of 1950 New York City tried to change condi-
ions in the Carskill and Croton watersheds in still another way-
rain making.™ As one of its efforts to ease the critical water shortage of
1940-1050 the city employed Dr. Wallace E. Howell, a metcorologist, to
wed the clouds over the watersheds with silver iodide. Tn 31 weeks Dr.
Howell carried out 16 seeding operations. During that period the rainfall
in some months was greater than average

diverted souchward

depth of

artificial

. and in the watersheds it was 14
per cent greater than in surrounding areas that had not been sceded. Whether

1. De L. Coffing: Sanitation of the Croatan Waterihe
PR 1440-tq42 and 1462

51 The Water Supply < . . of Mew York!' [see foomute 13 ehove|, p- 145

a5 Mo York Tinres, Apras; 1z 1T Crrwille:
pp- 25720

d, [Waser Works Engiveering, Wol, 23, 1942,

Wenther Made ta Order® Callier's, May 28, 1444,
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the increased ranfall was cansed by the seeding can never be proved, of
course, since natural variations in rainfall from year to year are marked.

The Leng Island Water Table. When ground water is withdrawn more
rapidly than it accumulates, the water table is lowered. Many parts of the
country have been damaged m this way, some of them seriously; a notable
example is western Long Lsland. ™ During the early decades of this century
the water table here dropped rapidly because of the combined effects of (1)
decreased replenishment as buildings and pavements covered more and
more of the surface and (2) increased use. Water was withdrawn both for
public use, from wells owned by the city and by several private water com-
panies, and for mdustrial use, from wells owned by the industries them-
selves. How great the overwithdrawal was becoming was not realized unul
1933, when a detailed survey of the island’s ground-warter resaurces revealed
that the water table was below sea level, more than 15 feet below in some
places, in an area of more than 40 square miles, including nearly all of
Brooklyn and adjacent parts of Queens. Sea water was infiltrating into the
wells and moving farther and farcher inland each year.

It was because of this situation that in 1933 the New York Seace Legris-
lature passed a law requiring that new Long Island wells vielding more than
100,000 gallons a day and not to be used for agriculture must be approved
by the state Water Power and Control Commission. When such new wells
are to supply water for industrial cooling and air conditioning, the warter
must be returned afrer use to the aguifer from which it was taken. This can
be done by pumping the water back through a recharge well (the method
commonly used in crowded Brooklyn and Queens because it requires little
surface area) or by allowing it to accumulate in a recharge basin and soak
back into the ground (the method often used in the more open areas of
Massau and Sutfolk Counties). The returned water has been found to be
2"=20” F. warmer than when it was first pumped from the ground and 1s
therefore less effective for subsequent cooling; however, anly where there
are numerous recharge wells close together is the effect marked. Nassau
County has also provided eleven recharge basing for the accumulation and
seepage of storm runoft discharged into the sewers.

In spite of these conservation measures, the water table continued o
drop for several years and in the late 1030’ reached levels as much as 35

* See, for example, M, L, Brashears, Jr: Anificial Recharge of Ground Water on Long lilind, Wew
Yark, fean, Geel,, Vol 43, 1046, pp. sog—s16; AL H. Tohnson and W G, Warerman: Withdeawal of
Ciroutud Witer om Long lland, New Yaork, Newr York Srae Dhept.af Cmreervation, Wer Poswer and Consral
Clomemissdon, Hall, GI-28, 10521 M. ], Lisczynski and A, ML Johnsan: The Water Table in Lomgr Bsland,
Mew York, in January 1931, ibid., GH=27, o513 N[ Lusczynskis The Reeovery of Ground-\Water
Levels in Brooklyn, Mew York, from to47 0 vage, 17 5. Geol. Swney Clirenler 167, 19353,
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feet below sea level. Recovery did not begin until about 1941 and was slow
at first. An element of gradual change was the decrease in the number of
plants manufacturing ice. As their business was curtailed by the increasing use
of electric refrigerators in homes, their pumping of ground water decreased,
from 18 mgd m 1936 t0 4 mgd in 1947, A more abrupt change came in
1947. In that year net withdrawal of ground water in Brooklyn was reduced
by more than half, because the city required the New York Water Service
Corporation to stop pumping from its Flatbush wells, source of the infamous
“Platbush™ water, Againse this unsatisfactory public supply—brackish,
corrasive, and hard-—there had been public outery for years, and the change
m 1947 to Caskill water brought rejoicing. It also initiated @ more rapid
recovery of the water table, which by the carly 1950"s had been raised above
sea level in the entire souds half of Hrﬂnk]}-‘n. In the norchwest, where there
are large industrial wells thar predate the conservation measures of 1033,
heavy industrial use keeps the water table well below sea level. And in western
Queens it stays slightly below sea level because of pumping for public supply
by the Jamaiea Water Supply Company and the New York Warter Service
Corporation.

ErrecTs 0N PropLe anD CoOMMUNITIES

Dyisplacenment af People and Their Works. To strangers driving past, the
city's reservoirs may look like natural lakes. Old-timers, however, cannot
forget that they are man's work. in a sense a new cultural landscape blotting
out the old one they remember so well. Inundated under many feet of water
are hundreds of farms, among them prosperous dairy farms in the valleys
tri[:utar:,r to the Deluware: resort horels and camps thar deew numerous
summer visitors to the mountain valleys of the Caskill and Delaware water-
sheds; more than 20 villages, with their homes, churches, schools, and
businesses; and more than 60 cemeteries. From these last some 10.000 bodies
were removed for burmal elsewhere. And from the Farms and villages some
6000 permanent residents have been displaced .

By state law the city 15 allowed 1o acquire the property it needs through
condemuation proceedings. but it is also required to pay generously. As a
matter of course it must pay the value of the property, buildings, and equip-
ment taken—and this requires a scparate negotiation for cach piece of
property, 557 of them in the Pepacton Valley alone, for example. But in

*! Exact figures for the areas covered by the Ashokan, Schoharie, Rondout, Meversink, and Pepacton
Reservoirs are friven in “The Water Supply . . . of Mew York" [see foothote 13 above], pp. 35and 76,
Seme fignres for the area that will be coverad by the Cannonsyille Resersvair are given i the New York
Fintes, Tuly 28, o
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addition the city must pay claims for business losses, loss of wages, and so

on, both to those whose property has been taken and to people in nearby
areas. In the Pepacton Valley there were 475 such claims.™

Benefirs to Local Conmunities. To residents in the watershed arcas the
city water system brings several benefies: an easily available water supply 1if
they wish to tap it; a real-estate tax income that may be sizable; and in many
localities sewage-disposal plants at no cost.

By state law the city must allow communities and water districts in
Delaware, Greene, Orange, Putnam, Schoharie, Sullivan, Ulster, and West-
chester Counties to take water from city aqueducts or reservoirs, subject
to reasonable regulation. The users must pay a reasonable rate for the water
and all casts of their connections with the city system.™ Use has been made
of this privilege chiefly in Westchester, where §8 per cent of the water
suppliu(l by communmines in 1957 came from the ary system.” To these
communitics, and to a handful west of the Hudson, the city furnishes an
average of nearly 50 mgd, for which it is pud more than $1.5 milbon yearly.™

Land owned by the city for water-supply use totals 73,000 acres, with
an assessed value of about $75 million. The 1057 state, county, town, village,
and school-district taxes on this land amounted to about $5.5 milhon* In
some localities the city's payments make up a large part of the total real-
estate tax mcome— oo per cent, for example, in the lietle village of Olive
in Ulster County, and 25 per cent even in the prosperous township of North
Castle in Westchester Couney. ™

By state law New York City can, with the approval of the state Healch
I Yepartment, sct up sanitary regulations in its watershed areas.™ This permits
the city (at its own expense, of course) to improve sewage-disposal facilities
on private property and, in villages with public water supplies, to build
sewage-disposal plants, which it must maintain and operate forever. Such
plants have been built in a number of places in all the city's warersheds, and
one was buile outside the watersheds at Port Jervis, N. Y., on the Delaware
River, as direcred by the United States Supreme Court m its decree of
131,58

T he Water Supply - ..o of Mew York™ [see foomote 13 abave|, pp. 4-5

# Hochleener, op. . [see foomote 20 abowve]. p. 758

» Mew York Timer, Mar, o, 19355

Mogese Ane. Hepr, Newe Yok Ciry Hoard of Waiee Suppldy, 1957,

5 the New York Timies, July 7, 1056, and Febronry 2, 198, sl annual repores of the Depariment
of Water Supply, Gas and Elecricicy.

W M Yook Tones, July s, 1gsc,

1 Thaddeus Merriman: Sanimton on the Catskill Watersheds: Riparan Ownership Creazes Inter-
esting Problams, Amer. Cirp Maps, Vol 31, 1054, pp t19-tzo.

» See Kennison, ap. it [soe foutmme 1o :||!M'|'.-'|.'.].

]
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EFFECT OF THE CITY'S WATER-SUPPLY SYSTEM
ON MORE DISTANT AREAS

ControL 07 YOLUME I[N THE DELawart anp I1s TRIBUTARTES

Water diverted from the Delaware headwaters for use n New York
City is permanently removed from the Delaware drainage system. And yet
because of the diversion the headwarers below the dams and the main valley
downstream from them have more water available for use, not less, as many
cesidents of the valley feared would be the case.™ Without the dams the
volunie of these steeams varied greatly. from flood stage, when there was
more water than could be used, to a mere rrickle m the dry summer months,
he dams help to reduce the volume of Aoods, with their destruction and
waste of warer, 25 was demmonstrated in 1955 when Hurricane Diane brought
heavy rains to the region. And the dry-season volume is inecreased by releases
of stored water from the reservorrs. For the main valley these were ardered
by the United States Supreme Court n its decisions of 1931 and 1954,
ATaNnes grl'il[ C[iL\ng]l (L] ]'l‘l';i"]tﬂ‘“t d 5P\‘Elﬁfd T]]i1]i]]]L1[1] ﬂ.i'YlV\r' {ﬂt:cﬂl‘ch!]g
ro the 1054 decision, 1525 cubic feet per second at the United States Geo-
logical Survey gauging station at Montague, N. J.). This is chiefly to provide
adequate water for commuiity water supplies, navigation, sewage disposal,
and pollution control; however, camps and resorts in the upper valley and
the shad-fishing industry downstream should also benefit. In the very dry
surnmer of 1957 these releases made up bout rwa-thirds of the average flow
of the river. Within New York State the minimum volume of the streams
below the dams is controlled m the sane way (Rondout Creck, a tributary
of the Hudson, is included), in accordance with regulations of the Conserva-
tion Department of New York State and the state Water Power and Control
Commission. These releases, made whether or not any are needed for the
inain valley, are solely for conservation of fish. As a result, the streams are
kept full even n droughts. In the dry summer of 1957, for example, 1201
million gallons of water were released daily from the Pepacton Reservoir,
and 145 million from the Neversink Reservoir, at a time when the natural
How in the streams would have been only 133 and 83 million gallons daily.

ConTROL OF SALINITY IN DELAWARE Bax

Salinity of the water in Delawire Bay, of great importance to the oyster

# Daes in this section were mken frisey . B, Heacox: Reservinrs v Prought, Sew Yorl State
Canservationist, Feh—Mar, 1058, p. 73 “Report [bo the Intepssace Commision on the Deloware River
Tasin| on the Utilization ol the Waters of the Detaware River asin, Malcolm Pimie Engincers, Albrght
il Friel, Tne, Comltng Engineers, Awgust ipin.”
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industry, is affecred by the volume of fresh water flowing in. The boundary
line between fresh and brackish water surges upvalley ar times of low stream
Aow and downvalley in floods. It is close to this boundary that the oysters
flourish best: for there the salinity is too low for their chief enemies—oyster
drills, starfish, and mussels. Some oystermen feared that New York City's
withdrawal of Delaware River water would caose a permanent upvalley
shift of the critical border zone, bringing saltier water to the oyster beds
they were working. Instead, the decreased variation m stream volume will
mean a decrease in the naturally great variation in salinity. This should
benefit the oyster industry, which yields five million bushels a year here and
is important to residents of both New Jersey and Delaware,”

The story of New York City's water supply is thus one of interactions:
between various elements of the earth environment within the watershed
areas: between man and the carth environment both locally and in more
distant areas; berween the city and individuals in the watershed areas;
between the city and other political units or agencies (the United States
Supreme Court, New York State and adjoining states, state agrencies and
departments, counties. townships, villages, school districts): and between
man’s resource needs and government regulations. On the one hand the
amount and quality of the water available to the city have been aftected
by the physical and cultural geography of the watersheds and by the political
organization of the main Delaware Valley. On the other hand the develop-
ment of the city’s water supply has atfected the physical and cultural geogra-
phy of the watersheds and of the Delaware Valley. In these more distant
arcas it has not influenced political organization, but the city’s own political
organization, resulting from the creation of the Greater City, may have been
partly influenced by water needs and developments. And both locally (on
Long Island) and m the Delaware Valley the urilization of water resources
has resulted in government regulation, which i 1ts turn has influenced the
availability of water.

T'o understand the geography of New York Ciry's water supply, we must
know the locational facts of where the water comes from, where it is stored,
and by what routes it reaches the city. And we must know deseriptive facts
about the source areas, But these facts, locational and descriptive, are only
the raw materials of geography. From them must come an understanding
of the interactions discussed above, a compound of physical, cultural, and
political geography.

# “Heporeon . the Delaware River Basin,™ p. 56




