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Part A - Municipal and Industrial Water Use

a. Municipal water use in 1955 The wa
™

R ate

ger day f“r a population of about E,OQQ,OuV per
the in. In addition, the City of New York an
rsey metropeclitan areas withdrew surface waters

rve a por‘latlon e 2 LLO wCG. This total population [ 5,500,000
,000 gallons of water per 4

m

eater llew

De;a”dre leer Serv;ce Area which also includes
City Metropolita: areas as well as contiguou

watier use averageq 2,697,900,000

. -~ ~
tion of 20,363,0600.

b. The per capita use of municipal water supplies within the

basin averaged 141 gallons per day and withia the Service Area, averaged
e
i

+ine the n

- < el oot v~ o4+ -
illecting tn lonali water use pattern Ol 4isu

G

e the source of seventy-nine percent
ies in the service ~rea. ZXighty-six
€ supplied fr.m

[~
facilities. A similar pattern of source and ownership exis
the basin.

c. Quality of municipal s The guality
of the municipal and industrial supplies i 1 ly good. However,
in the downstream areas more exter measures are |

reguired to remove the impurities 1] g from th

cunulative use of the basin waters ies and industries.

Tr.e waters of the upper basin diver r New i receive only i

minimal treatment of sedimentation an hlorination whereas the waters

withdrawn from the lower Delaware by Ph o a more com- ;
~ete treatment of coagulation, sedi and chlori-
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xiv
d. Self-sup industrial water use in 1955 Industry
withdrew an average of 3,000,000 gallons of water a day. In

addition, an estimated 3,Lv;,Uu\,qu gal;@ns per day was withdrawn
ling purposes by steam electric g

within the basin. Industrial use of water in the ;urh;:a of the
Service Area lying outside the basin was not included in this study.
The total industrial withdrawal of water was more than seven times
the mu:icipal withdrawal. However, included in the municipal use i:
176 million gallons per day supplied to industry or twenty five per-

ent (25%) of the total municipal use. The total industrial use with-
in the basin for all purposes was 5,500,000,000 gallons per day or ten
times the 537,000,000 gallons per day delivered by municipal supplies
for domestic and non-lndustr4a1 purposes.

e. Industry is a major water user in the basin with the pri-
mary metal, chemical, ard petroleum industries using the greatest
guantities of water. Surface water represented ninety percent (90%)
of the self-supplied industrial use irn-luding 160 million gaellons per
day of brackish waters and one hundred percent (100%) of the ccoling
water use by steam electric generation including 655 million gallons
per day of brackish waters.

f. The total municipal and industrial water use for the
Delaware ﬁ‘"er basin in 1955 was six billion gallons per day serving a
population of five million. For the basin this represents a withdrawal
rate of 0.5 million gallons per square mile of basin area, a rate of

thdrawal more than twelve times that for the United States as a whole.
This is indicative of the intensity of water use in the basin.

Part B - Stream Quality

€. Stream Quality from Headwaters to Trenton, New Jersey

‘The headwaters of the Delaware basin and the waters in the area from
Port Jervis to approximately Easton, Pa. are generally of excellent
guality and capable of supporting a variety of uses. Increased popu-
lation densities and industrialization in the vieinity of Easton, Pa.
and in the Lehigh Valley result in a slight degradation in the gquality
of the Delaware River below the confluence of the Lehigh River. "Average
sumier dissolved oxygen levels during 1957 decreased from approximately
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8.5 ppm immediately above Easton to 7.4 ppm below Easton. From Easton,
Pa. downstream to Trenton, N. J., the Delaware River receives waste dis-
charges from various communities and industries eguivalent to a popula-
tion of 143,000. Natural leaching and erosion products in addition to
the pollution load carried by the stream reguire increased water treat.-
ment by municipal and industrial users in this reach. Average monthly
herdness of the mainstream at Trenton during the summer months from
C~¢-1055 was approximately 80 ppm. Average monthly total iron at
Trenton during the summer months from 1948-1955 was approximat
rrm. For the same perlcu the turbi
Construction of dams and reservoir
T

temporarily increased the turbidi

h. Trends in Waste Loading and Stream Quality of the Del

a
Basin from its Headwaters to Trenton, N. J. In 1950 a populaticn of

£31,000 (in the area considered tributary to the Delaware River) after

(44
Q
©
B
o
'J
o
5

treatment contributed a pollution load to the Delaware River eag
& population of 220,000. " A decline in pollution locad cccurred there-

after as a result of the installation of major treatment works. Y
57 a population of 681,000 contributed a polluticn load equivalent tc
= population of 143,000. Approximately 50% of this tributary population
] ’ ~

was served by sewer systems. Of these

by faeilities providing secondary sewage treatment. It is estimated
tLat the population of the tributary area will increase to 765,000 in

a
, 927,000 in 1980 and 1,400,000 in 2010

ziox is expected to result in the fcllowing changes in pollution load-
] to the Delaware River.

is increase in pcpula-

(a) The pollution load will continue to decrease until
roximately 1962, as a result of the installation and expansion of
cevage treatment facilities serving the populations pre
et which time it is estimated that the load will be eguivalent to a
pepulation of 135,000.

(b) It is expected that after 19¢2 the rise in population
will surpass sewage treatment plant construction resulting in a gradual

4

increase in the pollution load to the stream.




Xvi

(c) The continuing rise in population will necessitate

the sewering of populations which previously utilized individual means
€ pop

of sewage disposal. This will result in pollution loadings to the
stream (regardless of the extent of treatment) where none existed in
the past. It is expected that the rate of increase in pollution load-
g will soon approach the rate of increase in population and by 1980
e total pcllution lcad discharged to the Delaware River will be at
e same level as that in 1950, equivalent to a population of approxi-
+
L%
5

ch ok b

n
W
1«
n

ely 220,000. By 2010, it is estimated that the total load to the
Delaware between Port Jervis and Trenton will be equivalent to a popu-
lation of about 300,000.

ma

i. From an examination of stream guality conditions as
determired by surveys made in 1929 and in 1957, it is concluded that
the increase in pollution load discussed above will not decrease the

ze dissclved oxygen content of the Delaware River from the head-
ers to Trenton below the present level of 7.0 ppm. The change in

ty over the twenty-eight year pericd (1929—1957) has been negli-
e. At no time during these surveys has the average disrolved
cen fallen below 7.0 ppm. Hence, it is expected that until 1980

11 te no change in water quality which may influence water

uses in this reach of the Delaware River. For the period ending in
2010, it is anticipated that the dissolved oxygen content at the
critical point (vicinity of Milford, N. J.) may fall to as low. as
5 ppm and possibly at times may fall below this figure. In general,
however, the Delaware River from its headwaters to Trenton can still
be expected to support a wide variety of water uses during the period

ending in 2010.

o O M O
\

M
0
™
7

J. Stream Quality from Trenton, N. J. to Delaware Bay

ed oxygen content of the tidal portion of the Delaware River
has been used as the primary indicator of stream gquality. Dissolved
-oxygen data collected over a nine year period (1949-1958) by several
governmental agencies was analyzed and the following conclusions were

(a) The predicted average dissoclved oxygen over this
nine year pericd ranged from a high of 9.4 ppm at Burlington Bristol
Bridge tc a low of 4.0 ppm at Marcus Hook.




varied from 6.4 ppm
Hock.

(c) Depending on the time of tide and the time of the
day considerable variations in dissolved
the day during which the minimum average

These variations resulted in extreme minimux i€
during a day ranging from 5.1 ppm at Burling Bris ge to Q.

opm at Marcus Hook.

k. Trends in

~r £ - b T -~ Ta) ¢ - - A 1
Delaware River from Trenton, . J. tc Delaw Trne trends ir
population contributing teo the municipal peliuticn load of the tidal

portion of the Delaware River have been determined for eignt principal
areas accounting i
charged into th

these areas will inc 255
and 4,120,000 in 1980. It is estimated that sewage treatment facili-

ties will remove the additional load contributed by
pepulation by increasing the efficiency of treatment
level of about 40% to 50% in 1955 and holding
This increase assumes increased interception of wastes. presently

5

at this 'e.,ﬂ‘ SRl |

L

arging to the estuary without treatment. The present level of

1 s S

- VoAal =
ll removal of potential pollution load 1s sbout 32%. The 20% removal
1..

cl’ D"

ws represents the efficiency of treatment plants in removing the load
which arrives at the plant and not the total locad which may criginate
from a given area. Industrial loadings to the estuary have been assumed
tec increase linearly at approximately the same rate as the population
increase. The total pollution load to the Delaware estuary decreased
from about 5,300,000 population eguivalent in 1950 to 4,600,000 popula-
tion equivalents in 1958. It is anticipated that the total pollution
cad discharged into the estuary in 1965 will be at the same level as
that in 1958 and by 1980 will increase to a load equivalent to a popu-
lation of approximately 5,600,000 people or slightly higher than the
level experienced in 1950.

1. The year to year changes in annual average dissclved

oxygen do not indicate any straishtline trend.: Annual average dis-
solved oxygen concentraticns at three stations (¢UrredAu¢e, Benjamin




bad to the stream decreased froum
TOIC L SO0 A5 3 19cR
LY 57 TO 4,000, D dn 27200,
s the magnitude ion load over the past twenty
mained at a provided essentially a status

< A~ T e -9 - - -
in alssc.lve expansion oI sewage treatment

Yorenigel paa R esin e ze YL g e 3 A T o < ¥y Jots
nas undoubtedly prevented a degradation of the dissolved
er temperatures during 1950-1957 have

3 nrira ) asr - - T-P S - R reC I
in annual average dissclved oxygen

Z3

ly larger than if the changes were due
T temperature alone. The annual average

T s 3 & 1 i
he variations in annuas

correlated significantly with the

7
1
sh water inflow at Trenton. Therefore
oncluded that the changes in annual average dissolved oxygen
i

957 were primarily a result of the changes in the fresh
water flow. Further, the changes in dissolved oxygen within any year

during 1950-1957 were affected by the changes in fresh water flow. It
is reccgnized that these changes in dissolved oxygen within a year are

also a result of the changes in water temperature and pollution load.
However, it is expected that within any given year the pollution load

will remain fairly constant thereby affecting the changes in dissolved
oxygen within a year to only a slight extent. Separation of the inde-

m. $Since the decrease in pollution loading accomplished dur-
ing 1950-1957 did not materially affect the dissolved oxygen, the in-
crease in loading for the period ending in 198Q, to a level approxi-
mately the same as in 1950, will not materially affect the dissolved
oxygen levels already established. As indicated previously it is be-
lieved that the year to year changes in annual average dissolved oXygen
which occurred during 1950-1957 were primarily a result of changes in
fresh water inflow. Therefore it was concluded that any future changes
in annual average dissolved oxygen will be due primarily to changes in
fresh water inflow. It was alsc concluded that since the changes in
annual average dissolved oxygen during 1950-1957 were primarily a re-
sult of fresh water inflow, the changes in dissclved oxygen within a
year were alsc affected b& the fresh water inflow as well as by water
temperature. Since the future changes in annual average dissolved
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o e

oxygen will be mainly a result of fresh water inflow it is expected
that until 1980 %he changes in dissolved oxygen within a year will
be primarily a result of changes in fresh water inflow and water

temperature.

n. The changes in dissolved oxygen within the average year
during 1950-1957 are described (2z illustrated in paragraphs j.(a),
(b) and (c)) using statisticsl methods. The results of the use of
these methods indicate that the dissol vea oxygen during any time of
year, day or tide can be computed with a high degree of confidence.
Since these chenges in dizzolvzd oxygea were a result of the same
factors which are expected to ianfluence the change within future years,
it is expected that the changes that have occurred within the average
year during 195C0-1957 will ramsia essentially the same throughout the
period ending ir 1680. I% iz the cres snticipatad that the descrip-
tion of the dissclved oxygen within the average year during 1950-1957
(as determined by the statistical aralysiz) will ccntinue to be appli-
cable until 1980.

o. For the pericd ending iz 2010, it is estimated that the
total pollution load to the estusry will Dbe eguivalent tc a population
ranging from 5,400,000 to Erhﬁciﬂﬁﬂ, The lower figure assumes an in-
crease to T0% in overall removal eff y and the higher figure
assumes removal efficianci ras els. The resulting water
quality from this range iz load wi ween the conditions which
existed in 1940 and those which exist 1950 although increasing
industrial techncleogi=s may create quality problems heretofore un-
recognized. Should substanti iution removal not be accomplished,
the quality of the est* asgively deteriorate tc the level
which existed in 1940, I forts of the various water pol-
lution control agencile 50 effective in the past can
be assumed to continue and 1ot aPpear that quality conditions
will be allowed to retrogress: he level of twenty years ago.

-
1

L

A

Part C - Effe:ts of Comprehensive Plan

P. Water quslity in proposad impoundments It is expected
that the water in the impowadments proposed in Appendix Q will be of
high quality. Tais will nst preciude the need for treatment of with-
drawals made directly from the reservoir or of wastes discharged
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{ directly to the Pool or to tributaries thereof. The firm policies which
already exist in all the States requiring water and waste treatment can
be assumed to apply in the future.

q. It is anticipated that stratification of temperature will
occur in varying degrees in all of the major impoundments. The formation
of a thermocline in the deeper pools will lead to dissolved oxygen strati-
fication. The extent of the thermocline and subsequent dissolved oxygen
stratification is in part dependent upPon the type and operation of outlet
structures. At Tocks Island and with surface level intakes, the develop-
ment of a thermocline at a depth of 40-50 feet will result in a 1% - 20
difference between the temperature of the incoming flow and the tempera-
ture of the discharged water during approximately August to October.
With intakes withdrawing from the surface layers, the dissolved oxygen
of the discharged water will be essentlally the same as that of the in-
coming flow, ranging from super-saturation values of 14 ppm to a low of
T.0 ppm. If lower level intakes are provided, the temperature of the
discharged water will usually be from 10% - 14°C during the summer
months. During this time the dissolved oxygen of the discharged water
will become progressively lower until late in the summer when the water
may be completely devoid of dissolved oxygen. It is expected that the
other major control Projects Proposed for the upper hneadwaters of the
Delaware basin and the Lehigh and Schuylkill basins will follow similar
patterns of temperature and dissolved oxygen stratification. The con-
centrations of other water quality charecteristics such as hardness,
turbidity, bacterial content, etc. will no*t be excessive.

r. At one site, Newtown (presently proposed for single purPose
recreational use) a water quality Pproblem may exist. The discharge of
treated sewage equivalent to a populetion of about 3,000 above the site
indicates the need for further investigations prior to the initiation of
this Project.

s. State policies on wasts treatment New Jersey and Pennsyl-
vania have indicated that low flow augmeatation will not be accePted in
lieu of required degrees of treatment which for the Delaware besin above
Trenton has been established by Incodel as a minimum of secondary treat-
ment. New York comsiders each stream incividuelly. However, only one
project (Hawk Mountain) will be located in New York and it is not




estimated to result

Delawar 18S lnalcatea
clgaer wha Primary. +hes 1€ po.Liclies

Gegrees cf treatment and the expected effect of -

33411 . nlt 4n arns hane 4 +he deoc -
will not result in any changes 111 the Jdegree Ol

sult of the Comprehensive Plan.

ffects of impoundments on stream

= m = o > 1Y o Y s ~
te Trenton, N. J. The regulated flow of 4060 c

= 2 T A0A X 5 - PR :
Delaware River by 1900 will not result in tangible waste treatmen

benefits. Even without low flow augmentation the minimum 1960 dissolved
c 5en level is not anticipated to drop below an average of 5.0 ppz and
€

4,,7;\ o~
b

@
not even drop below the present averaze level of O ppm.
secondary treatment of wastes is alr
crsey and Pennsylvania and since
1lity problems will develop even without low flew augmentation, nc
changes or deferrals of the degree of wa reatment are expected to
ecur as a result of the major contrel pro £ the Comprehensive
h

of
Flan. A *eduction in the mean monthly hardness ccntent at Trenton is
0 c hi

€
equired by Incodel and Hew
o}

< 4 -
t anticipated that stream

(¢
+
a
o+

expected in 1980 for the regulated flow of 4040 s, This reductio

in hardness will in part be offset by an anticipated increase in average
monthly total iron concentration. Large temporary increases in turbidity
¢f four to five times the normal levels of 10-20 ppm will occur immedi-

ately below each site due to normal construction activities and may per-

ist in varying intensities for some distance downstream.

— b G B F- 3 B el 2 5 4
u. [For the period ending in 2010, it is anticipatea that irre-
e e £ 1 s T xor A Ay e P Ae S ey 2 o A o )
spective of low flow augmentation, the stream guality is expected to b
LA s P . \ R Eer 3 Velskt 1 A £ sy - - 'y B
within accepteble limits. Hence, the addition of flow to the aatural

minimum flow will not produce any chenges in the recuired seccndary de-
there essentially will not be

gree of treatment sinc tream guality

el slieh!

protlem. With no changes in waste treatment measures anticipated re-
= from los

sulting om low flow augmentation, no benefits can be ascribed.

Vos lthough no large tangitble stream quality benefits wi
eccrue from the Plan during the period ending in 2010, it is e
that with increasing pollution loads, the beneficial effects of the

Plan will become more and more pronounced during the 50 years fcllow-
ing 2010. The stream quality

y of the Delaware ztove Trenton may then
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be prevented from potentially deterior further by the augmentation
of 1 litatively, the effects of the major control projects

low ¢‘\M~. ua
T

o lan! 1

0lC will assume a re-

on stream quali

&

latively greater importance and more tangible benefits will result.

4. Effects on downstream guality from Trenton tc Delaware Bay

It is estimated that for the Delaware River gbove the Delaware State
line, a -small increase in dissolved oxygen of about 1 - 1.5 ppm will

t 4060 cfs in 198

e}

i
occur as a result of a regulated flow o O. However,
a decrease in dissolved oxygen of about 0.3 - 0.4 ppm is expected to
occur below the Delaware State line. The increase in dissolved oxygen
tate line is not sufficient to warrant any changes or de-
in the degrees of waste treatment recuired by the States and
no
result in increased waste treatment by Dela-

ot

arther, the anticipated decrease in dissolved oxygen is
d at this time to

. It is believed that for the entire estuary, a net intangible
benefit will occur where the increase in quality above the State line
woulé outweigh the decrease in guallity below the State line.

ugh it is anticipated that the guality of the estuary
£ esent, it is believed that the
O cfs in 1980 to 4720 cfs in 2010

€ o
result in a further significant increase or decrease in dis-

somewhat less

solved oxygen. It is not expected then that the increase in fres
%
L4

water flow augmentation will change the dissolved oxygen levels to
“+
v

such an extent that additional sewage treatment facilities can be de-
ferred. The quality of the estuary can te maintained at least at pre-
sent levels only by substantial increases in waste treatment measures.
Low flow augmentation will supplement the waste treatment programs,

but it is estimated that the guality of the estuary will not be altered
materially by the proposed magnitude cf the regulation of fresh water
inflow. A tangible monetary benefit cannot therefore be:.ascribed to
the increase in flow, although an intangible supplemental benefit

"

should be recognized.

¥. For the period beyond 2010, low flow augmentation may
assume a more important role in the maintenance of the quality of the
estuary. The installatiorn of even higher degrees of treatment above
secondary may possibly be forestalled for a period of time. However,




+ should be recognized that conditions below the State line mey deteri-
crate even further which may result in the need for increased treatment
in Delaware as a partial result of low flow augmentation. Whether the
balance betweern these two factors will be favorable or unfevorable is
extremely difficult to determine at this time. This determination

should be made at the appropriate time in the future so
range effects of the Comprehensive Plan can be evaluated more precisely

b

that the longer
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RECOMMENDATTIONS

a. The following recommendations with respect to water use
and stream guality are offered for the efficient implementation of the

Comprehensive P
Basin:

2
L
q
= =

an for the control of Water Resources in the Delaware |

(1) Studies should be pe“fbrmeu before, during, and after
the construction of the contemplated dam and reservoir projects in
order to cobtain guantitive information with respect to the effects of
the impoundments on water gquality and subsequent water use. The deter- |

i1l be of considerable value in the detailed a

.
3
planning of additional projects in the basin.
‘

hould be made not only to determine
i
|®

the causes and effects o ity stratification in the proposed
reservoirs, but also the design modifications necessary to eliminate .
or contrecl stratification. |

(2) A more adequate basic data program should be insti-
tuted in order to provide additional information to aid in the above

studies and to provide more accurate bases for future predictions of
water use and stream gquality to be used in evaluating the needs for
increased strean flows. This program should include collection of
detailed data on all aspects of municipal and industrial water use

and water treatment, and waste disposal in order to more accurately
assess the needs occasioned by future industrial and municipal expan-
sion. Likewise, a network of monitoring stations to measure all aspects
of stream gquality is necessary.

( ) TFor the efficient utilization of the data a central
depository should be initiated where all basic data of common interest
+in water resources development would be referred for compilation and
reduction. Further, the responsibility for the continuous collection
of all of these basic data should be undertaken on a cooperative basis
* by those Federal, state and local agencies concerned with this need.

(5) Continudtion of the effective water pollution control
and abatement programs of New York, New Jersey, Pennsylvania and Dela-
ware and the Interstate Commission on the Delaware River is required.




{ Undoubtedly, without the effective activities of these agencies in the
past, the quality of the waters of the Delaware River basin would have

ly impaired in many areas to the p

limitation of legitimate water uses, and therefore limitation of
economic growth would have occurred even more than it has. In the
future, the need for such programs will be even more imperative.

wn

been even more seriou
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SECTION II - INTRODUCTION
Delaware River Basin - Main Stream
k. Above Port Jervis, N.Y. The upper section of the basin's

12,760 square miles is renowned for its scenic beauty, recreational
assets and use as a sourze of municipal water Suppl” The section
above Port Jervis is tainous area with swiftly
flowing streams. The Catskill Mountains in the northeastern part rise
to an elevation of about 3,500 fzet above sea level, and the Pocono
Mountains lying to the southwest in Psnnsylvania rise to an elevation

of about 2,000 feet.
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5. Below Port Jervis, N.7. Between Port Jervis and the
Delaware Water Gap, the tributary rivers and valleys extend generally
in a northeast-southwest direction with the main river channel piercing
the ridges to form canyon-like gaps. The river cuts the Kittatinny
Mountains at the Delawsre Water Gap, providing exceptional scenic views.
Below the Gap the Delawars meanders through lower lands, receiving the
waters of the Lehigh River at Easton, and then cutting southeasterly
across various rock ridges to an elevaticn of QO feet, immediately
above Trenton Falls, befor
The river finally widens into De;aware Bay at Liston Point.

6. Geclogy The watershed cof the Delaware River lies within
five of the major geological preovinces of the eastern United States:
the Interior Plateau above Port Jervis, the Appalachian Folds extending
from Port Jervis to the Delaware Water Gap, the Taconic Deformation
Belt from the Delaware Water Gap to Easton, the Atlantic Highlands from
Easton to Riegelsville and the Atlantic Coastal Plain from Trenton to
the sea. The principal tributaries cf the Upper Delaware are:

a. The Mongaup Valley which lies entirely within the
Interior Platesau

b. The Neversink which lies principally within the
plateau and enters the Appalachian Folds in its

¢. The Lackawaxen River and Shohola Creek which are




entirely within the Pocono Region of the Interior
Plateau

d. The Lehigh River which rises in the Interior Plateau
with its headwaters in the Pocono Mountains and which
cuts through the Appalachian Folds between White
Haven and Lehigh Gap, traversing the Taconic
Deformation Belt to Allentown, and then following
the borderline between this belt and the formations
of the ‘Atlantic Highlands to Easton.

7. The underlying formations on the Pennsylvania side of the
river are trap, sandstone, schist, shale and gneiss. The New Jersey
side is composed of sand and gravel. The open land is well adapted to
agriculture and is intensively farmed. The lower portion of the basin
is highly industrialized. Most of Delaware and lower New Jersey in the
Bay region are part of thes Coastal Plain and consist of low, flat land
with few hills as high as 100 feet above sea level. Details of the
geology of the area are discussed in the Appendix prepared by the U.S.
Geological Survey.

Schuylkill River Sub-Basin

8. Above Reading, Pa. The Schuylkill River is the largest
tributary of the Delaware River entering it at Philadelphia. The
Schuylkill River basin comprises approximately 1,900 square miles of
the lower Delaware watershed in southeastern Pennsylvania. It is
about 93 air miles long, averages 21 miles in width and comprises
approximately 15% of the drainage area of the Delaware River basin.
The river rises in the upper portion of the Schuylkill County, about
150 river miles above its confluence with the Delaware River. It flows
southeastwardly through the mountainous coal regions for about 25
miles. There it is joined by the West Branch, which has its origin in
the mountains above Minersville, and later, by the Little Schuylkill,
which originates to the east above Tamagua and Lansford. As it passes
below Schuylkill Haven, the Schuylkill cuts through the Blue Mountain
range producing a gap similar in many respects to the renowned
Delaware Water Gap.
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9 Below Read

ng, Pa. The Schuylkill enters Berks County
above Reading where it is Jjoined by Maiden and Tulpehocken Creeks.

As it winds through the rolling hills below Reading, the Schuylkill
is joined by a number of tributaries: Manatawny, French, Perkiomen,
Pickering and Wissahikon Creeks. At Pottstown,the Schuylkill becomes
the boundary between Montgcmery and Chester Counties. The tidal
section is within the City of Philadelphia. Elevations range from
tide water in the tidal marshes at the confluence with the Delaware
to 1,800 feet in the mountainous coal regions of the headwaters.

10. Geology The major portion o
anthracite field lies within the upper Schuylkill River basin.

Valley and in the relatively modern Atlantic Coastal Plain. The lower
Schuylkill River basin is open land, well adapted to agriculture, a
large part of which is presently besing farmed while a smaller area is
devoted toc woodland. Details of olcgy of the area are discussed
in the Appendix prepar=d by the U. Geolcgical Survey.

t

he g

(95}

(&

History of Basin Develcpment

1155 General needs The are and its tributaries, one of
the most coveted sources cf water in the eastern United States, supplies
many millions cf people with water For the past forty years, an area
containing one-eighth of the total population of the United States,
including the metropolitan regions of New York, northeastern New Jersey
and Philadelphia, have been ccntinuslly confronted with water supply
problems All have lcoked to the Delaware for a solution to their
needs.

12. A resums of municipal weter supply proposals and
developments, stream regulaticn and hydrcelectric proposals will
serve to illustrate the degree of competition fcr Delaware River
water by the various interests in ths basin and in the adjacent
metropolitan areass of New York and ncortheastern New Jersey.




13. New York City proposals Before New York City's Catskill
water supply system had been fully completed in 1928, it was realized
that the City should start preparing further additions to its water
supply. The new Catskill system added to the Croion Reservoir system
plus existing local ground water supplies gave a dependable yield
of only approximately one billion gallons per day (gpd) An analysis
of all other available sources of water supply for New York City led
to the selection of Rondout Creek, a trivbutary of the Hudson River,
and certain of the upper tributaries of the Delaware within the
State of New York.

14, First plan This plan, approved by the New York State
Water Power and Control Commission in 1929, provided for the development
of new sources in three stages

First Stage -- Rondout Creek (a tributary of the Hudson)
and the Neversink River (a tributary of the
Delaware

Second Stage -- East Brench of tne Delaware

v

Third Stage -- Lit:le Delaware River, Willowemoc
Creek and Reaver Kill (all tributaries
of rhe Delaware

It was estimated that the entire project could te completed in 1939
and would provide 700 million gallcns per day (mgd), 600 of which
would come from tritutaries of the Delaware

15. Supreme Court action The State of New Jersey promptly
applied to the Supreme Court of the United States to enjoin the State
and City of New York from diverting any of the waters of the Delaware
or its tributaries. New Jersey contended that the diversion would
cause substantial damage to navigation, water power, sanitary
condition of the River, industrial use, the oyster and shad fisheries,
municipal water supplies, agricultural lands and recreation.
Pennsylvania became a party to the suit as intervenor to protect its
rights to the Delaware River as a future water supply source. The
case was heard by a Special Masrter whose findings were approved by the




Supreme Court on May 25, 1931. This decision (a) limited the City of
New York to a diversion of LLO mgd instead of the 600 mgd requested,
(b) required that New York release from the reservoir a limited
quan txty of water to maintain certain minimum flows at Port Jervis
or Trenton, and (c) required the construction of an effective
sewage treatment plant for Port Jervis before any diversion could
be made

16. Riiiif“ plan Construction of New York City's first
three impounding reservcirs Pepa:t?n Reservoir on the East Branch,

=

Neversink Reservoir and Rendcut Reservoir), was not started u
1937 due to the litigavion and tne depression years of the 1930
By 1943 construction was again halted tecause of World War II.
Fortunately, the Delaware Agueduc* had heen substantially 5ompleted,
and temporary measures enavbled the ordinary unimpounded stream

flow of Rondout Creek to be delivered to the water system. Work

was resumed in 1946 and the first stage, including the Rondout and
Neversink Reservoirs, was completed in 195u9 The second stage of

the Delaware project - tne Pepacton Reservoir and connecting tunnel -
was placed in operation in 1955 With fhe completion of this

project New York was avle to urilize the 440 mgd authorized from

the Delaware under the 1931 decree { 335 mgd from Pepacton and 105

mgd from the Neversink Reservoir

17. The ‘ourt cgse, the depression in the early
1930's and the halting of constructicn during World War II, caused a
total delay of 1L years 1f construction of the Delaware project

had been completed on schedule, rhe warner shortage in New York City
during the 1949 droutg

would have heen avoided.

18 New York City, at the beginning of 1950,

to 1nsure an adequate water supply for the

$ook an addition
future. Approval was secured from the Bocard of Estimate at that time
to proceed with a revised plan for the third stage of the Delaware

project This included a reservoir at, Cannonsville on the West Branch
from which about 312 mgd would be utilized In addition, the City

requested the Supreme Court to allow an additional L8 mgd diversion
from the Neversink and East Branch Reservoirs, or a total of 360 mgd
above 440 mgd then permitted to be teken from Delaware tributaries.




First Plan Requested Revised Plan
(mgd) Additions (mgd)
(mgd)
Neversink 105
48 448
East Branch 335
West Branch -—- 312 312
TOTAL LLo 360 800

The New York State Water Power and Control Commission granted approval
for this plan in November, 1950, contingent upon the United States
Supreme Court modification of the existing restrictions, upon other
requirements concerning water releases and the construction of dams

on the tributaries.

19. Supreme Court decision On June 7, 1954 the Supreme
Court of the United States approved the diversion of 800 mgd by the
City of New York from the Delaware River headwaters providing that
the City of New York make certain compensatory releases. Construction
has been started to obtain the added diversions authorized by the
Supreme Court. It is expected that the Cannonsville Reservoir will
be completed about 1963.

20. INCODEL The above competition for water led the
States in which the Delaware River watershed is located to attempt
to plan cooperatively, the better utilization of the natural resources
of the Delaware. Therefore, in 1936, the Interstate Commission on
the Delaware River basin (INCODEL) was formed as an interstate
agency ". . . engaged in the formulation and execution of a coordinated,
unified plan looking toward wise use, development and control of
the natural resources of the Delaware River basin as 2 whole."
INCODEL began to formulate a unified plan for the development of
the resources of the basin in 1937. In undertaking this responsibility
INCOLEL decided that its initial objective should be to resolve
ma jor problems, such as stream pollution control. Under the impetus
of INCODEL, each of the four states enacted reciprocal legislation
known as the INCODEL Act for the abatement and control of stream




pollution in the Delaware pasin T'his legislation: (a) established
the four zones of the Delaware River, (b) set forth the minimum
degree of treatment for wastes discharged into each of these four
zones and [¢) designated the principal water uses for these zones.
arn late in 1950 INCODEL presented its
Report on the Utilization of “he Waters of the Delaware River Basin,

which intrcduced an integrated plan for water supply development and
flow regulation of the entire Delaware River basin. Two alternate
plans were suggested, depending upon the method of supplying
Philadelphia and the adjacent metropolitan area with additional
municipal and industrial water The TNCODEL plan to serve the

needs of the four-state area was designed to be constructed in

two or more stages

22. The first stage was designed to provide up to 465
n addition to the 440 reviously granted by the Supreme

in order to mee* the estimated additional requirements of the
northern New Jersey and New York City areas for the next thirty

years The plan also provided for the storage of sufficient water

to maintain a minimum flow in tne Delaware River at Trenton of

4,000 cubic feet per seccnd /cofs) without construction of a reservoir
at Wallpack Bend, and 4,800 cfs with this reservoir. The second
stage was to include two additional ma jor reservoirs.

23 INCODEL Compact In 1951 the proposed INCODEL Compact,
a measure which would prcvide for an i1nterstate agency to construct
and operate the proposed INCODEL reservoir projects, was introduced
into the legislatures of Deleware, New Jersey and New York. The

+

Compact was passed 1n thar same session by Delaware and New Jersey,

but New York deferred passage until 1952, awaiting action by
Pennsylvania The Governor cof Pennsylvania requested the Legislature

delay considering the matter until a committee appointed by him had

made an independent appraisal of the program. In 1951, a Water
Resources Committee was named o examine the INCODEL plan for the
purpose of determining whether Pennsylvenia would be in a more
favorable position under the plan than under the Supreme Court
decree of 1931; toc dete

would adequately protect +he State's interest; and to conduct a

ter resources available in Pennsylvan

rmine whether the plan or any modification

preliminary stud
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in lieu of Delaware.

2k. While the committee was conducting its survey in 1952,
New York State passed the proposed INCODEL Compact. New York City,
however, filed a petition to the Supreme Court in 1952 seeking approval
to proceed with its independent plan for the development of Cannonsville
Reservoir on the West Branch to secure additional water supply.

25. Pennsylvania water resources report In February, 1953,
the Pennsylvania Water Resources Committee, on the basis of the Engineers
Study Committee report, rejected the INCODEL plan. It was felt that
Pennsylvania would not derive sufficiently important benefits from low
flow augmentation to compensate for the total diversion by other states
of an additional 930 mgd from the Delaware watershed. ' In addition, there
was objection to the terms of the proposed INCODEL Compact regarding
future water allocation to Pennsylvania.

26. Recommendations The report recommended that when
Philadelphia and southeastern Pennsylvania find it necessary to go
upland for their water supplies, Pennsylvania and New Jersey should
enter into an agreement to construct Wallpack Bend Reservoir. Five
additional projects were outlined, which could accomodate, with
or without Wallpack Bend, the needs of greater Philadelphia and South
Jersey for the‘foreseeable future. - -

27. In 1953 the New Jersey State Legislature enacted a law

(Chapter 443, P.L. 1953) which partially repealed an 1873 statute that
forbade the construction of dams across the Delaware River. The
Commonwealth of Pennsylvania or its designee was given the right (for a
period of 50 years) to construct a dam and reservoir across the
Delaware River at or near wWallpack Bend, above the confluence with Flat
Brook. The dam and reservoir would provide a ". . . supply of water
for domestic, commercial and industrial purposes and compensation flow

.," in exchange for the right of New Jersey to ". . divert outside
the Delaware River watershed from the Delaware River or its tributaries
in New Jersey without compensation releases, the equivalent of 100 mgd."
This was incorporated into the 1954 Decree of the U.S. Supreme Court.
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rdrozlectric proposa At periodic intervals in rec
iled applieations with the Fede

years, private
Power Commissi uct hydroelectric dams on the
aston In every instance,

oy and Pennsylvania have

Delaware River

INCODEL and the

protest=ad against the granting of s licenses The contention is that
no construction iver which would jeopardize 1
the future deve of the Delaware River basin i
1 water supply It is understood that the
re rel=ctric development of the Delaware 4
deral Powsr Commission ;
Watar s
29 Variari n use Th ajor be uses of water are
tabulated below It should be noted that these uses are not neceasarily
1isted ir thelr order of = ic or water quality importance
- ’ ‘ .
C pply (drrigation)

thar aguatic life

Fs
h Hydzcpower
i, Navigatiocn
’l 'Ja:’c i‘l*[ SA.u
30 Competition of use The r=lative importance of any of
these uses 4

N

epends upon the rsgionsl development, the economy of the
n ion. As far as water

area and the needs and desires of the pcpulatfi
.

quality is concern=d, most <f the us=s listed may be enjoyed together

and do not preclude other 21 us=s However, it is readily seen

that extensivs us= of a stream for waste disposal might make it

unsuitable for municipal and industrial t=r supply purposes. Multi-
ie of the great western
‘4

purpose use of streams has bezsn
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river developments which furnish municipal and industrial water supplies,
hydropower, irrigation water, habitat for fish life and recreational
uses. The scope of the Public Health Service portion of the Delaware
Water Resources Survey has been limited to a study of three of the

above uses, i.e., municipal water supply, industrial water supply and
waste disposal. Other water uses are discussed by the appropriate
Federal agency in its Appendix.

31. Classification of uses - withdrawal Water uses may be
generally classified as withdrawal and non-withdrawal types. Withdrawal
uses are those uses in which the waters are removed from the ground or
diverted from a stream or lake, e.g., municipal and industrial water
supplies, irrigation, stock watering and rural domestic use. Non-
withdrawal uses do not require diversion and are employed in place.
Navigation, recreation, waste disposal and conservation of fish and
wildlife are examples.

32. Classification of uses - consumptive Uses of water may
be further classified as consumptive and non-consumptive. In consumptive
use the water is not returned to its original source - for example,
water incorporated into a product, used for. irrigation or evaporated
to the atmosphere. Water used for non-consumptive purposes is returned
to its source - for example, much of the water used for municipal
water supplies flows back to the streams as treated or untreated sewage.
The water supply diversion of New York City, where water is taken from
the Delaware watershed and not returned to it, is an example of a
consumptive use so far as the Delaware basin is concerned.

33. Summary The use of water for domestic water supply is
generally conceded to be the highest use of water. Within the context
of this report, domestic and municipal water supply.are practically one
and the same since domestic use is by far the larger portion of
municipal water supply use, and no differentiation can be made between
them on the basis of quality. The upper Delaware is devoted primarily
to this use. The Delaware River and its tributaries have had unusual
demands placed upon them because they flow through and are adjacent to
some of the most highly industrialized and urbanized portions of the
country. The future holds little promise of respite, and it is likely
that the future demand for water supply will be met principally from




headwater reservoir development

Areas tc Be Covered in This Report

on of both the guality and gquantity aspects. In
ouns of water use, it 1s necessary

34, Introducticn A comprehensive treatment of water use
a

requires c
order to make comparisc
to develop municipal and iadustrial water requirements separately, since
two aspects. Similarly, a summary

there is an overlap tetween
of the total water use is required Therefere, this portion of the
study has been divided accordingly:

a Municipal Water Quality (Secticn III)

b Municipal Water Use (Section 1V)
¢. Industriasl Water Quality (Section V)
d Industrial Water Use (Section VI)

c+al Municipal and Industrial Water Use (Section VII)

®
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-ipal water quali®y Quality requirements for a

public water supp;? must meet *he pustlic nealth and other needs of a
community. These resguirements are sttainable by varying degrees of
treatment of the water supply pricr ¢ its delivery to the consumer.
The protection cf publ lth requires the meeting of certain
standards. One cof thess, the U.S., Public Health Service Drinking
Water Standards, is given as an example. This section (Section III)
requirements for municipal water supplies,

discusses general quality

and the methcds of treatment for attaining various quality levels. The
present quality of par*icular municipal water supplies in the basin is
reviewed

This section Sechtion IV) is
se in the Delaware

River Service ares P tion served, daily
usage and per capits e jbdivided
geographically oy state and service ares The source of supply is
tabulated fer ground and surface usage rivate and public ownership
of supplies and their relationship to consumption is also discussed.

|
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Industrial water quality The quality of industrial

vater varies with the need of the particular industry. For example,
the quality requirements of a steel plant for quench water are. lower
than those of a food processing plant for water incorporated in the
product. Even within an industry varying demands are placed upon

the quality of the supply, i.e., cooling waters are of a lower quality
than boiler feed waters. These various aspects of quality, methods cf
treatment and present industrial water quality in the basin are

discussed in detail in this section (Section V).

38. Industrial water use This section (Section VI)
geographically summarizes industrial water usage by state and service
area. Sources of supply in terms of ground or surface water, and in
terms of ownership are also discussed. The use of water within given
industries is detailed by purpose to allow comparisons within and
between industries. Water usage figures on a per employee basis for
the industries within the basin have been developed to assist in
projecting future industrial water needs.

39. Total municipal and industrial water use Section VII
summarizes the municipal and industrial water usage in the basin and
the Delaware River Service Area. This treatment is parallel to the
development of the municipal and industrial water use sections in the
geographical and source analyses.
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clientele with vari
For domestic use,
but preferably t
should also be scft
water in home
systems.

41, Mest

Lo,

Sedimentat

The municipal water supply

laundering,

surface water

system services a diverse

ity requirements dependent upon end uses.
supplies must not only be safe and potable
, odorless and colorless. The water supply
in view of the increased use of
ting and air conditioning

General Requirements

and many ground water

sources require some form of water treatment to meet the sanitary
and chemical reguirements for a municipal water supply. Suech
treatment processes as seration, chemical cocagulation, sedimentation,
filtration, softening, adjustment of acidity and chlorination are
commonly empicyed The “v4ﬂking Water Standards promulgated by the =
U.S. Public Health Servic 1fy quality requirements .1/.In general
terms, these Standards rsquirs that drinking water be:

a. free from dissase causing organisms

b free from toxic substances

2 £

d. non-corrosive

e low in objectionable minerals

£ clear, odorless and tasteless

Treatment Methcds

ion In many instances surface waters contain



suspended material as a result of drainage from upland areas.
Sedimentation is employed in large lakes, reservoirs or in specially
designed settling basins. Removal of suspended material is
accomplished by lowering the velocity of the water to a level which
allows the suspended particles to settle to the bottom. In the
Delaware area, the sediment concentrations of the streams are
generally low with higher concentrations following storm runoff.

43. Coagulation The very fine suspended or colloidal
material which does not readily settle out in the sedimentation
process 1s subsequently treated by coagulation. This process
utilizes chemicals which form a gelatinous precipitate or floc which
absorbs the colloidal and finely divided materials and causes them
to settle more rapidly.

LL. Filtration To produce the clear water demanded by
consumers, a finishing process called filtration is used. This is
the mechanical screening of the previously treated water through
beds of fine sand. This process removes nearly all traces of
turbidity and color that may remain after coagulation and sedimentation.

45, Aeration Aeration is utilized in many cases as a method
of removing taste and odor from a water supply. Aeration is also
used to release the entrained gases such as carbon dioxide. In this
process large quantities of air are bubbled through the water, or,
as 1s more common in water treatment, the water is sprayed into the
air in a fine spray.

L6. Softening Softening removes the carbonate and non-
carbonate hardness caused by the calcium end magnesium contained in
a water supply in the dissolved state. The addition of lime or lime

i and soda ash produces a chemical reaction with the hardness forming
insoluble compounds which can be removed by sedimentation and
filtration.

L7, Chlorination The application of gaseous or liquid
chlorine, or chlorine containing compounds  to water generally for the
purpose of disinfection iare sametimes used for accomplishing other
biological or chemical results such as taste and odor control.

The chlorination may take place prior to, during or after any of ‘the
above processes and is referred to in such cases as pre or post




Quality of Municipal Surface Supplies in the Delaware

River Basin

4 The Delaware Kiver and its tributaries are utilized
as a source of raw water by a number of large communities. A
review of the treatment facilities of typical communities will
give an indication of the comparative quality in various sections
of the basin
L9 In the headwaters section of the Delaware, the
predominant user is ths City of New York. The quality of the
water in this arsa is high enough to warrant a minimal degree of
treatment. This consists of szdimentation in the large reservoirs,
such as Pepacton, and i n, aeraticn and limited coagulation
before delivery to the distribution -system in New York City.

50. The secti c between Port Jervis and
Easton serves as a source of raw water for the City of Easton.
Treatment consists of ccagulation, sedimentation, filtration and
chlorination The water is withdrawn diresctly from the River
and requires the removal of turbidity and pH adjustment for corrosion
prevention
51. From Easton to Trentcn the quality of the River
water grows progressively pocrer due to pollution from municipal
and industrial waste effluents and the addition of the flow of
the Lehigh River Treatment at Trenton which uses Delaware River
water consists of cosgulation, sedimentation, riltration and
chlorination. Reduction of color and turbidity as well as taste
and odor are important treatment problems

2 Increasing use of the River water between Trenton
and Philadelphia, as well as the tidal nature cof the stream in
this area, cresate g build-up in chemical content. All this
contributzs tc the need for the high degree of treatment that the
City of Philadelphis utilizes. Besides coagulation, sedimentation,




filtration and chlorination, the treatment of these waters includes the
{ use of chlorine dioxide, and the addition of metaphosphates to reduce
hardness, alkalinity, turbidity and color.

53. The Schuylkill River is used for water supply by the cities
of Norristown, Pottstown and Philadelphia. Pottstown utilizes coagulation,
activated carbon, sedimentation, filtraticn and chlorination as treatment
for its water supply Norristown in addition uses pre-chlorination while
Philadelphia uses metaphosphates in addition tc all of these.

54. Brandywine Creek is used as a source of water supply for
the City of Wilmington, Del. Treatment for this supply consists of
sedimentation, filtraticn and chlorination

Summary

55. As the stream is subjected to increasing use and reuse on
its journey from the headwaters to the ses, the quality of the stream
deteriorates. This debasement cf quality necessitates increasingly
complex methods of treatment to prepare the water for municipal
consumption. Newer technologies require water of even higher quality
than that used for human consumption. This in fturn has led to the
development of more extensive and better methods of treatment. The
municipal water supply system of today services domestic, commercial,
industrial and other users with these higher requirements of quality.

56. The treatment plant of today is more complex than the
reservoir and chlorination praétices utilized a half century ago. The
choice for municipal water supply today is betwsen long aqueducts from
streams in sparsely settled distant upland areas, and large, complex
treatment installations from streams in the downstream areas where
industrialization and its by-products have taken their toll.

i
i
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SECTION IV - MUNICIPAL WATER USE

Introduction

+ ot s

57. Municipal water supply involves the gathering, protection
storage, purification and distribution of water for domestic, commercial

industrial and other uses within a water supply system. In the
Delaware basin, larger municipalities usually make use of surface or
stream sources to secure an adeqguate supply of water whereas smaller
communities, institutions and private utilities are more apt to

use underground sources, e.g., wells or springs.

58. The water supply system serving the larger metropolitan
areas of New York, Philadelphia, Wilmington and northeastern New
Jersey are very complex. They serve many municipalities and
unincorporated areas going beyond county lines.

59. Delaware River study area This study area, which
includes potential users of Delaware River waters, reaches beyond
the actual Delaware River watershed and includes the entire States
of New Jersey and Delaware, and the New York City Metropolitan Ares,
including Long Island and adjacent counties. This area (Figure 1)
is referred to as the Delaware River Service Area.

Definitions

The following definitions are used in this report:

60. Municipal Water Use This is the gross municipal use
and includes domestic, industrial, public (fire uses and normal
leakage) which are supplied by a community water system, whether
publicly or privately owned.

€1. Domestic Water Use This is defined as that portion

of municipal water used for household purposes and by commercial

]
a
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establishments such as stores, hotels, restaurants and markets.

62. Industrial Water Use This is the use of water in
connection with industrial operations or processes.

63. Public Water Use This is the use of water within the
community by public agencies for purposes such as:

Fire Protection
Public Swimming Pools
Parks and Lawns
Leaha e

Fountains and Gardens

€4. Delaware Service Area This is the area comprising
the Delaware River basin togeti.er with the counties of the neighboring
region which are economically linked to the Delaware or may be 1
dependant upon it in varying degrees for water supply. Figure 1 ]
presents a map of this area, grouping the counties included into
eight Sub-regions and depicting the relationship of the basin to
the Service Area. The outer border of the map encloses the
Delaware Service Area while the heavy line shows the boundary of
the Delaware River basin itself which comprises only a portion of
the Service Area.

65. In Basin This is the area within the heavy boundary
lines of Figure 1 denoted as the Delaware River basin. The term
as used in this report and in Tables 1 through 6 which follow later
in this section denotes water consumption on the basis of the
location of the population consuming this water. Therefore, the
in basin term would apply to such cases as the City of Chester,
Pa. where the water is diverted from the Susquehanna basin but
consumed within the basin. It does not apply to cases such as .
New York City where the water is diverted from within the basin
but consumed outside of the basin.

66. Out of Basin This is the area within the Delaware
Service Area as defined above but outside of the Delaware River
basir or the shaded area outside the heavy line shown on Figure 1.
The use of this term in the report and in Tables 1 through 6 is
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The use of water from the Delaware River basin by the City of New York

{ and northeastern New Jersey is considered in the out of basin ]
category but is also noted in the footnotes as diversions from the
basin.

67. Publicly Owned Municipal Water Supply This refers to
all municipal water supplies owned or operated by a municipal,
county, or district organization.

68. Privately Owned Municipal Water Supply This refers to
all municipal water supplies owned or operated by a private
corporation or similar type organization.

69. General water use requirements The demand for water
for municipal use varies widely from community to community with per
capita water usage gradually increasing over the years. Average per
capita water use today in the United States is approximately 140
gallons per day (gpd) for domestic, commercial, industrial, public
and other uses. i/ Important factors which influence water consumption
and are responsible for wide variations among communities are size
and type of community; proportion of residential, commercial and
industrial development; the water pressure maintained; metered or
unmetered service; maintenance of the system; economic condition of
the community; and the rate charge for water. Typical usage for the
average community in the Delaware area on the basis of national
experience 1/ might be as follows:

Type of Use GPD Per Capits Percent of Total Use
Domestic 60 43
Commercial 26 19
Industrial 25 25
Public and Losses LG e

Total 140 100

L/ This and the following footnotes refer to respectively numbered
entries in the Bibliography at the end of this report.




T70. Variation in rate of use There are hourly, daily and

seasonal variations in the rates of consumption of water within any
municipal system. The amount of variation of water consumption for
different periods may be indicated as follows:

a. Year to year - a tendency toward an increase in
water use - for air-cconditioners, clothes and
dishwashers, garbage dispcsal units and multi-
bathroom homes coming into general use with a
rising standard of living.

b. Season to season - highest use during the summer,

)

lowest during the winter. Maximum monthly demand
is about 120% of the average monthly demand In

with the influx of vacationers. Here water use
may be doubled during the vacation season.

c. Day to day - generally uniform during th
lowest on weekends. Maximum daily demanc
165% of the average daily demand.

d. Hour toc hour - lowest usage between midnight and

o]

Q

early morning with maximum occurring about ncon.
Maximum hourly demand is about 230% of the average
hourly demand.

71. Source of data Data on municipal water use, population
served and source of supply were taken from published inventories of
municipal water supplies by the United States Public Health Service

2/ 3/ 4/, from the current inventory of all communities serving
populations cf 100 persons or more \ufpublishcdf, and from the records
and reports of Federal and state agencies for the 1949-1956 period.

These are listed under Selected References in the Libliography.

Delaware River Service Area

T2. Introduction To illustrat W
Delaware River Service Area and basin, six tables have been prepared
which indicate the Y ithin the Delaware

Service Area and its sub-regions.

jater use in the

o
=
o

he various breakdowns
-

O .
ables 1 and 4 deli

i
populations served by municipal systems in the sub-categcries of
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TABLE 1

F | POPULATION SERVED BY MUNICIPAL WATER SUPPLIES

1 STATE PORTION OF SERVICE AREAY

By Source, Basin Location, and Ownership
Annual Average for 1955

(Thousands )
Source States Total %
Basin Location Service ;
Ownership Conn. Del. N.J. N.Y. Penn Area
Ground Water 3T 90,5  2080.7 1767 .4 4L02.5 L4380.8
In Basin 0 79.k4 595.2 21.9 S ek e
t Public 0 Gt 386.2 TR 285.8 T26.7
Private 0 32.0 209.0 14,6 91.9 347.5
Out of Basin cii 13.1  1%485.5 1745.5 2Lk.8  3306.6 .
Public 0 1.2 583.0 584.0 7.0  1524.3 4
Private 37 1.9 5624 1162.5 17.8 « 1782.3 ?
Surface Water bagoo L 1TE.9 2328L.T 8530.7 3585.5 16003.0
In Basin 0 178.9 2L6.6 L40.3 3524.0 3989.8 b
Public 0 148.9 226.2 30.3 287092  3275.6
Private 0 30,0, =20.4 10-.0 653.8 71 .2
Out of Basin L23.2 0 3038.1%  8L90.L*x* blL.5 . 12013.2
Pubilic 82.4 0 2220.7%  8Llk 8% 56.5 10774.k4
Private 340.8 0 817.4% 7546 500 123658
Total
In Basin 0 258.3 841.8 62.2 3901.7 5064.0
Out of Basin 460.9 13.1 L4523.6% 10235.9%* 86.3 15319.8
Public 82.4 207.5 3756.2 9035.4 3219.5 16301.0
Private 378.5 63.9 1609.2 1262.7 768.5 L082.8

Grand Total 460.9 271.4 5365.4 10298.1 3988.0 20383.8

+ All figures in Tables 1-6 are based upon the population served by
municipal systems and the water withdrawn for delivery to these
populations. They do not include withdrawals of water for use in
treatment processes in the municipal water plants. These withdrawals
are returned directly to the river and do not enter the municipal
systems.

* See Table 2 %% See Table 3




WATER USE BY MUNICIPAL
i STATE PORTION OF /TCE AR

By Source, Basin Location, and Ownership
Annual Average for 1955

(Million Gallons Per Day)

Source States I
Basin _ocation Sery
Ownership Conn. Del. N.dJ. N.¥.

Ground Water .6 10,3 20753 123.2 29,
In Basin 9.3 TS 2.3
Public 0 G

(@] o \J
O

Private
Out of Basin
Publie

Private 506 0.2 503 B IS

U
-
> O
S
>

(@)
O
hoe
o W
\J
3
\
(

Surface Water 64.5 32.6 O3 1282, 525.9 . 231
In Basin 0 R20E 34.0 6.7 e
Publie (9 2, 3L 5t i

Private 0 Tt 2.9 15 S fde
Out of Basin 6.5 0 Ju TR Ix 1275 .9%* 7o 1720.

Public 13.9 0 D :

Frivate 50.6 0 100. 4% G O 1

Total
In Basin ) 41.9 B0 S 1.0 556 i
OQut of Basin e L0 509. 3¥ 1395 .0% 3.9 1965. 1

Public L3.9 AL Lhp .5 1.332 . 4 499,
Private 56.2 1 Iyl (2 65 .« S

a1

* Includes an estimated 21,000 persons in Union mty,
served by private supply, and an estimated 19,000 persons il
Middlesex County, New Jeérsey served by public supply by the

o -

. . 0N ‘ ~ . 2. . 1 - A 4 " -~
diversicn of 0.2 and 4,2 mgd, respectively, through the Delaware-

el 4 \ ‘aral
taritan Capal.
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TABLE 3

PER CAPITA CONSUMPTION BY MUNICIPAL WATER SUPPLIES
STATE PORTION OF SERVICE AREA*
By Source, Basin Location, and Ownership
Annual Average for 1955
(Gallons Per Capita Per Day)

e c——————————

Source States Total
Basin Location Service
Ownership Conn. Del. N.J. NLY Penn. Area
Ground Water 149 Ll 100 69 98 88
In Basin - L7 120 A®5 100 131D
Public ~ 1o e 137 hile 126
Private - 103 89 89 TGS 84
Out of Basin 149 76 92 69 6 80
Public - il 93 102 29 96
Private 149 105 89 52 8L 6
Surface Water 152 182 124 150 147 145
In Basin = 182 138 166 147 148
Publiec - 167 137 1578 16l 160
Private - 257 142 130 88 97
Out of Basin 52 - 123 * 150 ** 117 143
Public 169 - 123 * 151 %% 195 145
Private 148 - 123 * 120 140 130
Total
In Basin - 162 125 145 143 141
Out of Basin 152 76 L1 136 *% 103 130
Public 169 153 118 147 155 1ko
Private 148 175 107 ST 86 93
Grand Total 152 158 115 136 142 132
+ See Tahle ] % See Table 2

#*%Incliudes an estimated 2,400,000 persons in New York City served by
public supply by the diversion of 350 mgd from the Delaware basin.
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TABLE ¢

WATER USE BY MUNICIPAL WATER SUPPLIES

Location

Ground Water
In Basin
Public
Private
Out of Basin
Publie
Private

Surface Water
In Basin
Public
Private
of Basin
Public
Private

Out

Total
In Basin
Out of Basin
Publ
Private

+ See Table 1
* See Table 4

SUB-REGIONS™
By Source, Basin Location, and Ownership

Annual Average for 1955
(Million Gallons Per Day)

Sub-Regions

26.0. 3.0 69.8
25.7 0.5 69.5
@G el G )
Geel s OLL TR
Ga3 . 2.5 0.3
= 0.6 0.3
03 1.9 -
57.8 26.1 L4u48.9
57.1L 26.1 Li8.9
52,1 26.1 LO2.4
e ) 46.5
0.7 0 0
@ 0 0
@.3 @ 0
82.8 26.6 518.4
1.00 2.5 (0785
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TABLE ¢

PER CAPITA CONSUMPTION BY MUNICIPAL WATER SUPPLIES
SUB-REGIONS™
By Source, Basin Location, and Ownership
Annual Average for 1955
(Gallons Per Capita Per Day)

Source Sub-Regions
Basin Location
Ownership A B c D E F G
Ground Water 78 103 132 it kil 8¢ 75
In Basin L8 100 13 79 110 86 82
Public 107 100 1L 56 121 105 115
Private 1 - g 89 83 77 €9
Out of Basin 78 103 91 89 L3 = 63
Public 96 95 - 103 Lo - 48
Private 6k 122 107 B¢ - - 69
Surface Water 1ulh 137 i 455 Qg 182 193
In Basin = Shim e S e o S ild SN 8o G
Public - 245 147 155 162 167 TS
Private = = 140 - 83 257 15
Out of Basin 1hl * 135 137 - - - 133
Public 145 * 138 105 - - - 136
Private 127-+% 134 231 - - - 16
Total
In Basin +8 233 142 153 141 152 QT
Out of Basin e 128 119 89 43 - 114
Public 140 125 145 153 155 158 121
Private 84 ) o TR 8 83 139 95
Grand Total 130 130 142 144 141 152 110

+ See Table 1
* See Table 4




geographical location, ownership and source of supply (ground or
surface). Tables 2 and 5 detail the same categories for actual water
use. Tables 3 and 6 present the data for per capita consumption

for each of the same categories. These tables and Figure 2 present
the data within the Delaware River Service Area for 1955.

Service Area The total population served by the
ter supply systems in the United States in 1955 was
.b h’ﬂ ion persons. This represented a total munieipal water
consumption, including those industries served by municipal water
systems, of 16.1 billion gpd, or the eguivalent of 14O gallons per
day. L/ From Tables 1, 2 and 3, the corresponding figures for the

=
=

Delaware River Service Area are 20.4 million persons served

a total of 2./0 billion gpd, or a per capita consumption of 132

gpd. This would indicate that the Service Area contains 18% of
the national population served by municipal water supply systems
% of the total municipal water consumption of the
country, yet represents less than 1% of the geographic area of

an consunes

the United States. The per capita consumption for the area

m

94% of the figure of the country as a whole.

1

T4h. Ownership data for the nation as a whole are
available only for municipal water supplies serving populations
s

of 25,000 or more. 1/ On the basis of these data, approximately
80% of the national populati ornected to municipal systems
is served by publicly owned supplies. Fablicly owned supplies

serve more than 16.3 million of the tc vopulation in the
Service Area, with 2.3 billion gpd. This represents 80% of
86% of the water use, or the same

the population connected and
as the national average.

5. Data for sources of supply are also available

only for municipal water supplies serving populations
25,000 or more. Nationally, approximately 75% of the population

served by municipal supplies utilize surface sources, whereas
in the Service Area 79% or 16 million people use surface sources.

5. The pattern of municipal water in the Service
Area is similar to the national pattern as shown in the
foregoing paragraphs. It 1s interesting to note that the




population Serviced by municipal water supply systems in the Service
Area represent approximately 95% of the total population of the area,
whereas the national average is about 70%. This may be attributed to
the higher degree of urbanization &f the Service Area as compared to
the nation as a whole.

T77. In and Out of Basin Twenty-~four percent of the
population served within the Service Area live within the basin. The
volume of water used by this population represents 26% of the total.
This is a per capita consumption 10% higher than in that portion of
the Service Area outside the basin.

78. The population served by ground waters within the basin
and in the Service Area adjacent thereto each represent 22% of the
total in each area. The privately owned water supplies service one-
fifth of the population within the basin and one-fifth in the area
adjacent to the basin. Theﬁe figures include the New York City and
northern New Jersey supplies presently diverted from basin waters as
out of basin areas. This is explained in the footnotes to Tables 1 - by

79. States The following table showing the percentage of
the population served and the percentage of water use, demonstrates
that New York is the major user of water in the Service Area.

Table 2 shows that New York utilizes only 33% of the waters used
from the basin when the New York City diversion of 350 mgd (for 1955)
is added to the basin total of about 700 mgd.

State Portion of Percentage of Percentage of
Service Area Population Served Water Use
Connecticut 2 3
: Delaware i 2
New Jersey 26 22
New York il 52
Pennsylvania 20 21
Total 100% 100%

80. Per capita consumption varies between the states
from a low of 115 gpd in New Jersey to a high of 158 gpd in Delaware.
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Service Area, the water use of more than 2.5 billion-gpd géves-piper capita
consumption of approximately 132 gpd. The per capita water use '
within the basin averages approximately the same as in the Servicé
Area adjacent to the basin. The category with the highest per capita
usage is the in basin, publicly]owned, surface supplies; the one
showing the lowest per capita usage is privately owned, out of basin,
ground water supplies. Generally, the more populated and more : i
highly industriaslized areas show the higher usage and per capita
consumption. This is to be expected with increased use of water by
the greater number of commercial and industrial establishments in

the larger communities.




SECTION V - INDUSIRIAL WATER QUALITY

Quality Requirements

industrial processes in which water is
nd varied, that the standard of guality required
for such surplies necessarily covers a wide range. For example,

asea

many food industries ccnforms with standards

o

many respects, more stringent than,

t
supply. On the other hand, cooling water need
1

The single use of water by industry is
The volume and Gemperature of the water are of

I'ne cold, uniform temperature of underground
rable for cooling purposes, but this source
limitations, particularly where lar ér volumes are

=cessary, therefore L] surface water to

i extent copling towers and ies are often used.
Al source of water, including be used for

3 purposes. Many industries re 1Ji:r'l smounts of cooling
water have established plants on tidewater sites to take advantage of

the available supply. Scme cooling equipment is especially designed
for the use of brackish waters.

Q0

O .

tc the temperature
ater should not

ling - Reguirements In

and volume Lh%uLL‘m(nr discussed above,

be uaduly corrcsive and CRUSE deposition of
coale cr athes and slime forming crganisms in
/a s fact. i o i oling purposes Water polluted by

may lead to the growth in

coollng conaensers f gelsetinous masses oL micro-organlisms which

reduce the effici=nc) f the cooling. Chlcrine is used as a treatment
t ~ v reavy 4 . o 2 e [ 14 A s - - A ~ jecti , }-, S
LC prevent 1 o Wl . ouspendaed SO011Gs al LSS0 oD jeciicngble

they lcdge on heat exchanger surfaces and, wit! ime and organic

deposition, cause loss in cooling efficiency and accelerate corrosion.

the same. In

The requiremeats 0il refineries and steecl

these industri the primsry use is steam production and cooling.
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However, in the rolling of steel, a chloride content above 150 parts
per million (ppm) in the cooling water causes a rapid deterioration
of the rolls.

89. Process - General Process waters require many standards
of quality, depending upon the specific requirements of the
manufacturing process and the quality of the product. Most industries
prefer to use soft water instead of hard water. Hard water is
unsuitable for processes such as bleaching of textiles, canning of
peas, manufacture of soap, electroplating, processing of milk,"'
degreasing of wool and tanning. For a large number of industrial
processes, it is important for water to be free of iron; for example,
bleaching, tanning and many dyeing processes. With few exceptions,
water used for industrial purposes should not contain excessive
amounts of organic matter, and should be relatively free of bacteria.
It is desirable to have a source of water which varies little in
character; if this is impossible, the extent of variation should be
known. Arrangements can then be made for forecasting these changes
or for detecting them quickly, and if possible, for neutralizing
their effects. Characteristics that are objectionable for one process
may not be objectionable for another.

90. Process Requirements - Paper Industry In the paper
making industry, the quality of the water is important. Paper mills
making newsprint and boxboard may use untreated water if it is
properly screend or settled to remove grit and large particles.

For high grade paper, however, process water must meet more stringent

requirements. It should not be hard, since calcium and magnesium

cause difficulty in applying size; it should not contain iron and

manganese which cause discoloration of pulp and paper; it should be

colorless and free from suspended matter; it should not contain

an excessive amount of carbon dioxide; it should be substantially

neutral in reaction; and it should be as free as possible of organic

matter and bacteria. Traces of cils or fats are objectionable in 3
all cases, since each speck forms & semi-transparent spot in the

finished paper.

. ,ﬁ‘ - .
91. Process Requirements - Textile Industry In the textile
industry the most important requirements are the absence of color,

turbidity and suspended matter, and limitations on the hardness,




manganese and iron content. Water quality requirements of process
waters reported for some industries are given in Table 7.

92. Process Requirements - Food Industry For all food
and beverage products, the water used must meet the standards for
safe drinking water. An overall standard of water quality for the
food industry is not a workable one. Table 8 shows the specifications
of treated water for various food industries. A low hardness 1is
important in some food industries such as canning of peas, since
it affects their tenderness, and the manufacture of ice and some
carbonated beverages, since it causes the precipitation of solids.
Ice manufacture also requires a low mineral content.

operated at different pressures, with exacting requirements for high
pressure boilers. A water suitable for boiler feed is one which will

not deposit any scale-forming substances, is not corrosive and will

93. Boiler feed The quality tolerances vary for boilers

result in neither priming nor foaming. Waters meeting the specifications
for boiler feed are seldom obtainable without artificial purifica

Various methods of treatment are used, including softening,
demineralization and deaeration.

Treatment

94. Methods Experience has established definite specifications
for water requirements in most industries and has indicated
tolerances beyond which satisfactory performance is not obtainable.
Some degree of treatment is generally reqguired to meet these
m

specifications. The principles of treatment of water
T

water supplies apply equally well to process waters; e are some
treatment processes that are specifically suited to particular
industrial needs. The preparations of boiler feed water and cooling

water are examples. Industries in the Delaware basin tre r
water in many ways, depending upon the physical location of the plant
and the intended use of the water. Filtration of water through sand is
used to remove small amounts of turbidity If the water conta

considerable turbidity, settling precedes filtration. Floc-forming

A1 Nne wilt
niy 1

chemicals are added for the purpose of enmeshing or combining wi
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TABLE 7

MAXIMUM TOLERABLE CONCENTRATIONS OF VARIOUS CONSTITUENTS
IN INDUSTRIAL PROCESS WATER
Parts Per Million

High Grade Low Grade Textile

Paper Paper Dyeing Tanning
Turbidity 10 100 0.3-25 20
Color 5 25 5-70 10-100
Total Solids 200 500 200 -
Total Hardness 100 200 @50 50-500

(CaCO3)

Iron (Fe) oAl 1.0 0.1-1.0 0.1-2.0

Manganese 0..05 16) 15 0.05=1.0 0.1-0.2




TABLE 8

MAXIMUM TOLERABLE CONCENTRATIONS OF VARIOUS CONSTITUENTS
IN WATER USED IN FOOD INDUSTRIES E/
Parts Per Million

Washing of Carbonated Manufacture Washing
Butter Beverages of Ice Canning Equipment
Turbidity 1 1 1 1 1
Color (A.P.H.A. units*) 5 10 5 - 20
Taste and Odor 0 0 0 0 0
Iron and Manganese @2 G QL2 0.2 Qe
Chlorides {(as C1) 250 250 = - -
Iotal'Plssolved 850 850 170-350 g 50
Solids
Organic Matter 0 0 - -
Fluorine 1. Al 1l I

* parte per million of platinum equivalent




settleable and non-settleable, suspended and colloidal matter,
resulting in a readily settling precipitate. The floc that has not

been removed by sedimentation is

r
The most common coagulants used are aluminum and iron salts. Color,

bacteria and other potentially harmful

in this process.

compounds,
calcium and

a. The addition of lime and soda ash precipitates
calcium as a

b. The passage o

ions. The zeolite
¢c. Demineralization r
This involves the
exchange media func
zeolite.

The addition o
of boller feed wat
magnesium producing a water of very low hardness.

olved minerals.
of cation and anion
i similarly to sodium

ol

f phosphate salts in the treatment
e rec

96. The lime process of softening is also effective in
removing iron and manganese from water. In some instances, in which
waters require treatment solely for the removal of ircn and manganese,
simple measures such as aeration, with or without sedimentation,
followed by filtration prove effective. E often, more complicated
treatment, including the use of chemicals, :is required.

7

97. Taste and Odor The correction a
water is often accomplished by the treatment processe
t

=
o+

te and odor in

serving other

purposes such as lime softening, coagulation, filtra
Filtration thrcugh granular carkton or treatment with powdered activated
carbon is a specific method used effectively for the removal of taste
and odor. Chlorine is added to prevent the growth of taste causing

slime crganisms in the water distribution syster
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150 ppm are very hard. On th | is the Delaware Rix in the upper
tidal area may be considered as being a soft water. Its mineral

content, compared to sources

is about average. It is p

o

can utilize water having such a mineral content. The water of the
Schuylkill River, on the
total mineral content is

River in the upper ti i A refor
extensive treatr i kil Y ster

can be utilized

103.
in natural
water in the
temperatures are reached
and February. During the e
maximum temperature observed
1949; the minimum of 32°F.

L
temperature recorded at Trent

re measured

water t

104, ©Salinity The 1

portions of the tributaries in

marked increase in salinity in

dry periods. Little or no face water s a source of
industrial water supply in the central and ern part of the State

of Delaware. By far, the greatest part of the irface water
used in the northern part

from the tidal streams in f X ts for
L a major portion of the tot e in t State It
may be classified as a se, since it i
almost exclusively for cooling by industry
Salinity - treatment problems I
one are put t additional g G )4

nig the Rix 1 Lindt
the River water for procest by i il
Sodium salts beciler fee rater foal - - ird nor




frequent blow-down. High
deterioration of

ipment

River water increases the amount of

water. which have been used

ble chlorides during

106. A large water in the State of

Delaware is influenced rhly colored and low
in oxygen, and not too
ma jor part of the fresh water used oy industry is
Christina River and 1its
Like the brackish water,

However, it is also used for many

107. Quality Reguirements Water is vi
industrial processes. Industry requires water
Q

dependent upon the process or use.

generally higher quality, for industries such
fine paper making and the manufacture of anal

jualities can be utilized in such industries as

and coke manufacture.

108 “ooling waters The larges® industrial use of water in
the g T ~ooling water. The quality of coc waters is

| generally in terms of its temperature and

sed

S

reatment of process &nd
i
A%

iy
ler waters to meet quality needs is widespread in industry. his
iue the portance of water guality in the quality of the




finished product. Treatment va

B
and available quality. The qual n the be

previously discussed in the Municipal Water Qualit;
IZX).
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112. Methodology The water use of industries not surveyed

{ was calculated from employment data of those industries listed in the
1955 Industrial Directories for New Jersey and Pennsylvania and the

estimated water use per employee for the various types of industries.

The water use per employee was estimated from the per employee use of

similar industries in the basin, national averages, and other facfors.

113. A comparison of the quantity of water withdrawn by
industries is presented by Sub-regions and by state. Only that portion
of each Sub-region is considered which lies within the Delaware River
basin. These data were analyzed for the following:

a. geographical distribution by water use

b. distribution by types of industries

c. variations within a given industry

d proportion of use for various industrial purposes.

114, Restrictions Some of the data from the above sources
were obtained on a confidential basis. It was agreed that these
data would not be released in summaries of less than three industries
in order to prevent the identification of individual plants with
their respective water use. All

1 in combination with other available materials to develop the industrial
water use in the Delaware River basin. In contrast to the municipal
water use section which analyzed both the Delaware River basin and

of the above sources were utilized

the Service Area, the industrial water usage is restricted to the

basin alone.

115. Water use within industry There are essentially four

purposes for which industry uses water: process water (i.e., water used
in contact with the manufacture of a product); cooling; boiler water; <
and sanitation (service water including clean ug
survey of industries in 1950 by the National Association of Manufacturers
and the Conservation Foundation, L/ it was found that among the larger
water users cooling is the most important of the several purposes.
Fifty-four percent of the water intake was used for this purpose. The
urposes for

p). In a country-wide

most common use is for process water. The pattern of g
which water is used in a particular area depends greatly on the

types of industries present




f water within

[wenty - 11 2% of the
Juesti of their
follows
Fxel . i -
Exclun 1ing
p apt ] + FE Seom ] 1 -
€ =C L ¢ 1Al O ri 18 S

% 2%

e 9, 1%

industries in New Jersey surveyed South

requested to give maximum and minimum dai

Twenty-five plants, or 205% of the industries, responded to

19. Seasonal variat

1d the following seasonal

located along the Delaware River between Trenton

ise, mgd e
Used during summer months, rd I3t 3




Used during winter months, mgd 3,106

About 5% more water was used during the summer months than the yearly
average. During the summer period when the flow of water in the Delaware
River is decreased, the water requirements of industry appear to be
slightly higher. The summer water usage of some of these industries

was, however, increased to a much greater extent than indicated above,
while a few industries used more water during the winter months.

Water Use

120. Basin totals The total industrial water use in the
Delaware River basin is more than two billion gallons per day,
including 160 mgd of brackish water (Table 9). This does not include
the waters used in the small industries consuming less than 20,000
gpd. This is estimated to be 5% of the total water use or an additional
100 mgd. Nor does this total include the waters used for cooling in
the steam electric generation plants located in the basin. Figures
on this use are included in the discussion of total water use in
Section VII.

121. Little less than 10% of the total water use of two
billion gallons per day is obtained from ground water sources (Figure
3). Similarly, less than 10% of this total is obtained from municipal
systems. The total industrial water use compares with the total
municipal water use of seven hundred million gallons per day in the
basin.

122. Industry totals The important water consuming industries
are listed in Table 10. The largest industrial user is the primary
metals industry with 564 mgd or 27% of the total industrial water use.
The second largest user in the basin is the chemical and allied products
industry using 421 mgd. The third largest industrial use of water is
the petroleum and coal products industry using 397 mgd. These three
industries account for 66% or two-thirds of the total industrial
water use in the basin. The food products and anthracite mining
industry each use more than 100 mgd each.
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REPORT ON THE COMPREHENSIVE SURVEY OF THE WATER RESOURCES OF
THE DELAWARE RIVER BASIN |

SURFACE
1,738 MGD

T s « i

TOTAL AVERAGE ANNUAL SELF -SUFPLIEC WATER USE

IN THE DELAWARE RIVER CASIN 1,922 MGOD

4 FIGURE 3 :
[ PART A .
MUNICIPAL AND INDUSTRIAL WATER uUse | AVERAGE ANNUAL SELF — SUPPLIED
} U. S. DEPARTMENT OF HEALTH, INDUSTRIAL WATER USE BY SOURCE
EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE DELAWARE RIVER BASIN 1955
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INDUSTRIAL WATER USE BX DUSTR [ES#
Water Use
J. N.X Penn Total
Anthracite Mining - - 107 107
Mining-Non -me 53 12 - 29 1
Food and Xindred Prcduct 1 T 106
Toxt il 11 Prcduct _ D
Wood Croducts 4 : 5
Paper and Allied F t L = )
Chemicals and Allied - 167
Products of Petrcleum o= 61 - 397
Rubber Preoducts ¢ - 1
Leather and Leather Products 2 - -
one, (i and Sless Products 15 - Y7
Primary Menalcs 18 - Sk 564
Fabri ted Metal Proa t ~ 10 )i‘
Machinery (& © PLCE = 30 6l
Elsctrical Egquipment - 10 1L
Transportation Equipment = 29 3
04 ignabl= 1¢ - 17 58
Tot uhs 1 1.5] > 0Q9
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Industrial Water Use Per Employee

123. Introduction In considering the magnitude of industrial
water supplies, it is of interest to estimate the water consumption
by specific industries. Several methods can be used to do this,

such ag in terms of units of production, per dollar value added or

per employee. For this report, estimates of the water consumption

on a per employee basis were prepared for each of the major industries
selected. Data were not available to investigate the other methods at
the time of writing. The results are shown in Table 11L. A column
showing the number of plants on which the results are based is
included, since the accuracy of averages depends upon the number of
cases, and generally small samples are less reliable.

124, Major water users The total water intaXe for the
industries examined averaged 5,300 gallons per employee engaged
n manufacturing. The ratio varied greatly among different industries.
The highest ratio shown was for anthracite mining which had a water
intake of approximately 46,000 gallons per employee. Other high
ratios were: about 40,000 gallons per employee for the sand and
gravel industry; 17,650 for the cement industry; 14,000 for the
petroleum and coal products industry; 13,000 for ice manufacturing;
11,000 for blast furnaces and steel works; 7,900 for chemical
manufacturing; 7,300 for pulp, paper and paper-board making; and
4,150 for malt liquor production.

ER

125. Among the larger water users, in Table 11, coal
mining, sand and gravel and cement manufacturing use the major
part of their requirements for processing purposes. An exceptionally
large volume of water is required for washing and preparing coal;
almost all of which is returned to the stream. In some cases
the water used for this purpose is obtained from the mines. In
cement manufacturing large volumes of water are required for
washing and preparing the raw materisls which are used in the
preparation of cement. Water 1s used extensively for classification
(separation by flotation and other means) of minerals and ores. The
amount of water used may vary to some extent depending on whether
the wet or dry process is used in the final preparation of the
cement.
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126. Petroleum In petrcleum refining, on the other hand,
cooling water makes up nearly the entire volume of water used.

Except for temperature rise and occasional oil contamination, the
water is essentially unchanged upon discharge to the stream. The

use of cooling towers

1 recirculating cooling systems in some plants
materially reduce the volume of water needed Felatively small
J J
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130, Variati 8 with

ranges in the water r
variations undoubtedly reflect t liversity of installation and
processes, and their relative efficiency e e of water in
plants manufacturing the same type of product stance, plants
manufacturing their cown power would have greater water requirements
than plants buying power, I1f a masnufacturer had an inadequate supply
he could often reclaim and reuse much of his process water. Cooling

water can often bte reclaimed by the use of zcoling towers The




quality of the available water often affects the quantity used. If
extensive treatment of the raw water is required, it may be more
economical to reclaim and reuse waste water from the plant.

131. In the dairy products industry, for example, a wide
range was found in the quantity of water used per employee. On
the basis of 26 plants reporting values ranged from 236 gallons
to 34,000 gallons per employee per day. Eighteen plants reported
the quantity of water used in dyeing and finishing textiles varied
from 177 to 8,152 gallons per employee per day. For 19 plants
reporting the manufacture of pulp, psper and paper-board, the
values ranged from 261 to 28,800, while 20 plants, including blast
furnaces, steel wcrks and rolling mills, ranged from 607 to 50,600.
The 18 plants manufacturing machinery ranged from 76 to 9,100 and
11 plants processing sand and gravel ranged from 4,000 to 106,700
gallons per employee per day.

132. In some instances the values exhibited a relatively
narrower range. Values of eight planrs reporting the manufacture
of ice ranged from 3,125 to 21,600 gallons. For =:x plants
scouring and combing textiles the values ranged from 807 to 2,980
gallons, while four plants manufacturing apparel ranged from 137 to
589. Four petroleum refining plants showed a range from 8,400 to
25,700 and three coke and by-prcducts manufacturers, from 1k,LOO
to 21,600. Two plants reporting the manufacture of sugar had
values of 13,100 to 18,L00 gallons.

Industrial Water Use By State

133. Delaware The industrial water use in the State of
Delaware amounts to more than 140 mgd, approximately 7% of the basin
total (Table 9), and includes 72 mgd of brackish water. Nine'y
percent of this water comes from surface supplies. Only 17 mgd
are used from municipal systems whereas 80% is self-supplied. Table
10 shows the major water using industry in the State of Delaware
is the chemical products. This industry uses 65 mgd or more than
45% of the total State industrial water use.




SORA A g

‘)1

134. New Jersey The total industrial water use in New
Jersey is more than LLO mgd, 80% of which is supplied from surface
waters. Self-supplied industrial waters in New Jersey amount to
92% of the total use, with only 37 mgd being provided by municipal
systems. The industry with the largest water use in New Jersey is
the chemical and allied products industry, using 189 mgd or AE% of
the total. Petroleum and coal products using 61 mgd, and paper and
allied products with LO mgd are second and third in order of
importance.

135. New York The industrial water use in New York is

only 1 mgd, primarily used in the food and kindred products industry.

136. Pennsylvania The industrial water use in Pennsylvania
is more than 1,500 mgd, or 72% of the total industrial water use
within the basin. Of this, 93% is supplied from surface waters.
With only 8% supplied from municipal sources, self-supplied water
amounts to 92% of the total use. The largest industrial user of
water in Pennsylvania is the primary metals industry, using more
than one-third of the State's total. The petroleum and coal
products industry, and the chemical and allied products industry
rank second and third, with 319 and 167 mgd, respectively.
Anthracite mining in Pennsylvania accounts for more than 100 mgd.

Industrial Water Use By Service Area

37. The industrial water use within the basin proper has
been sub-divided into the Sub-regions delineated originally in the

Municipal Water Use Section. 9“he dala are presented in Table 12.
Sub-region E, the Philadelphia Metropolitan area with its high
degree of industrialization is the largest user of industrial water
in the basin. The second largest region is Sub-region C, the
Bethlehem-Allentown area. The smallest water use is Sub-region

H, the Southern Basin and Coastal area, the least industrialized of
these areas.
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TABLE 12

INDUSTRIAL WATER USE IN DELAWARE R
Annual Aversage f

(Million Gallons

Muaiecipally
Sub-regions Supplied Self-Supplied Sub-Total
Ground Surface Greund Surface Greund Surface Total

c 6 27 3k 325 Lo 352 392
D 2 11 N Lh L o 59

F i 17 ) 5 1 23k | eyt

G - 5 05 oyt 2] 18 0% 135

: =

H L — 29 C 26 Yo
Total o5 i 185 i 210 1,8897+ 2,099+
¥ Tnecludes that pertion of or ving within the Delawsare

Includes 160 mgs brackish water us=3 in Delaware and Naw Jerssy.

See Footuote tc Table 9.
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SECTION VII - TOTAL MUNICIPAT. AND INDUSTRIAI: WATER USE

Introduction

140. The separation of water use into municipal and

intiroduces a duplication in

industrial categories
water use for the basin This section cf the report integrates the
municipal and industrial water us= and eliminates the overlap between

the two. This cverlap is evident considering that the Municipal Water

Use Section includes the watex supplied by municipal supplies to

industry, and the Industrial Water Use Section includes this plus the
self-supplied industrial water. This total water usage n
include water drawn for agricultural and rural supplies, which is

T
reported on by the Department cof Agriculture in their Appendix.

Section limits

A
coverage to the basin area only Therefore, this summary section must
i treatment of the
kdown of the use
and through the
t

be limited to this

neighboring service , nor will

o

5
of the waters diverted from the basin
Delaware-Raritan Canal. These diversicns

1k, Comparisons of the total water use in the basin and
t

L
state portions of the basin are included. These figure

addition of ths municipal and industria

presented because scme water use for industrial purpe

in the municipal water use totals Appropriate adjustm
&

resulting in the following tables of the tetal wat use Again, 1t is
{&] o >

to be noted that ths in this ssction is for the Delaware

River basin only and does nct include ths n=2ighboring service area.

143, Total basin water use The total municipal and industrial
water use within the Delaware River basin amcunts to m

[

his withdrawal of water from the streams

t,000,000,000 gpd.




wells and springs within the Delaware River basin services a population
of 5 million persons. The per capita withdrawal on this basis is
equal to 1,200 gpd. As will be noted in the footnote to Table 13,
these figures do not include the diversions of basin waters to New
York City and through the Delaware-Raritan Canal. ©Since no division
of these supplies was available as to domestic, commercial or
industrial use, it was considered advisable to treat these as
diversions to be added to the gross total municipal and industrial
water use only. When these diversions are included, the use 'of basin
water becomes approximately 6.4 billion gpd and services a population
of approximately 7.5 million persons. (See Figure 4.)

144, Withdrawal rates The basin has a drainage area of
12,765 square miles and with a withdrawal of 6.4 billion gpd, the
withdrawal per square mile of the basin water for municipal and
industrial use approximates 0.50 mgd. Discounting the diversions of
388 mgd, the withdrawal of 6 billion gpd averages about O.47 mgd per
square mile. The withdrawal rate for the United States for municipal
and industrial use is 0.04 mgd per square mile. This would indicate
that the withdrawal rate in the Delaware River basin is approximately

twelve times greater than the rate for the country as a whole.

145. Steam electric generation water use = In Table 13, the
industrial water use for steam electric generation is listed
separately. This use of 3,400 mgd represents more than half of the
total water use within the basin. Of this total, 650 mgd is brackish
water. All of this water is withdrawn from surface supplies for use
as a coolant and returned to the stream within close proximity to the
point of withdrawal.

146, Self-supplied industrial water use Self-supplied
industrial use of water cther than the steam electric generation
amounts to approximately 1.9 billion gpd, including 160 mgd of
brackish water. This is made up of approximately 1.7 billion gpd of
surface water and the remainder of ground water. The self-supplied
industrial use is approximately three times the total municipal use
within the basin.

147. Municipal water use Municipal use within the basin
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TABIE 13

MUNICIPAL AND INDUSTRIAL WATER USE

IN THE DELAWARE RIVER BASIN®

Annual Average for 1955
(Million Gallons per Day)

Municipally Supplied
Domestic and Commercial
Ground
Surface
Industrial
Ground
Surface

Industrial Self-Supplied
Ground
Surface

Municipal Plus Industrial
Ground
Surface

Steam Electric Generation
Self-Supplied Cooling Water
Ground
Surface

Munieipal + Industrial +
Steam Electric

Ground

Surface

Grand Total

Basin Portion of Sub-regions in Each State

Del.

L2
a2

9
16
17

L

195
i
108+

167+
26
141+

305++

305++

h72+++
20
UL+t

ottt

+ Includes 72 mgd brackish water

Includes 305 mgd brackish water
Includes 377 mgd brackish water

* Includes 88 mgd brackish water
*% Includes 350 mgd brackish water
**% Includes 438 mgd brackish water

N.dJ. N.Y. Penn. Total

105 9 oIt (13

8 < 435 537

53 2 31 95

il 7 Lok Lo

37 - 122 176

16 -~ 25

19 = 115 151

Lo8* = 1 1,389 1,923
70 - 98 185

336* 1 1,291 1,738
513% 10 1,946 2,636
141 2 136 305
372% 8 1,810 2,331
Gt = 2,145 3,40
95 6% = 2,145 3,40
1,469%%* 10 4,091 6,042
141 2 136 305
1,306%%% § 3,955 54737
1,469%%% 10 L, 091 6,042

Includes basin use only and does not include diversions from the basin.




REPORT ON THE COMPREHENSIVE SURVEY OF THE WATER RESOURCES OF
THE DELAWARE RIVER BASIN
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averages 713 mgd. More than 500 mgd of this is for domestic an
commercial use. The remainder, or approximately 20% of the total
municipal supply, is supplied to industry for their use. BSurface
waters represent more than 70% of this total municipal supply and this
proportion holds true for those municipal supplies utilized by industry.

v

i

148. Total basin water use Total water use within the bas
as stated before approximates 6 billion gpd. Of this total, only 3
mgd are supplied from ground water sources, or less than 5%. The
preponderance of surface water is due to the large use of these waters E
for steam electric generators, and includes 815 mgd of brackish water
use .

i1
00

Total Water Use by State Portion of Basin

149, Delaware The portion of the State of Delaware within the
basin uses approximately 472 mgd for all municipal and industrial water
uses , 3% of the basin total. The largest portion of this is the 305
mgd used for steam electric generation of this brackish water. The
remainder of 167 mgd is divided with 85% for self-supplied industrial
and 15% for municipal purposes. Eigity-seven percent of the self-
supplied industrial water comes from surface sources with brackish
waters supplying 72 mgd.

150. The drainage area of the basin within the State of
Delaware is approximately 1,000 square miles. With a withdrawal of
more than 472 mgd, the withdrawal rate is 0.47 mgd per square mile.

The rate is the same as that for the basin. The per capita consumption
of water on a persons served by municipal supply basis is 1,829 gpd.
This is more than one and a half times the rate for the basin and the
high degree of industrialization in Delaware for its small population
may explain this.

151. New Jersey In New Jersey the total municipal and
industrial water use is 1,469 mgd, or approximately 24% of the basin
total. Here again steam electric generation accounts for 956 mgd or

uB% of the total water use; this includes the use of 350 mgd or
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f brackish water. Eighty

plied industrial water,
c

2. The New Jersey portion of the basin covers 2,969 square
r

oximately a quarter of the basin total, and wi

tion of 1,469 mgd, the withdrawal rate is 0.49 mgd per square

mile. This is approximately the same as the basin average. The per
capita consumption on a population served tasis is approximately

a
L5 gpd. This is one and a half times the basin average.

1,7
153, New York Stat
withdraws a and services
persons. Thi resents much
total. Self trial use is 1
state total
per square mile. The per capita my
to the rural nature of the area and its
and industrializat
15150 total municipal and industrial water
use of the Delaware River basin portion of Pennsylvania is more than
bk illion gpd, averaging 68% of the total water use within the basin.
More than half of this water use or 2,145 mzd is used for steam.eléétric
generation. This is all self-supplied surface water. All self-
supplied other than steam electric
| enerati the remaining water use;
3% © Tl
156. Pennsylvania's portion of the basin area is 6,422 square
miles, or 50% of the total. This drainage area serves a population of
3,900,000 representing 77% of the total population served within the
basin. The water use of 4.1 billion re of the basin
total. Pennsylvania has the highest withdr rate within the basin,
|
|
|
<




SUMMARY OF TOTAL MUNICIPAL AND INDUSTRIAL WATES

TABLE 14

N DELAWARE RIVER BASIN®
Annual Average for 1955

Us

U

Population Servedt
(Thousands )
Pereent

Water Use
(mgd)

Percent

Area in Basin¥*
(Square Miles)
Percent

Basin Portion of Sub-regions in Each State
Del, N.J. N.Y. Penn. Total
58 8L2 2 , 5,0€!

5, Ay 1 [ =

b7 1,469 10 4,091
8 24 1 o0

1,00k 2,969 2,362 6,U

o} : o
\’ 23 19 5C

@

* Also Maryland - 8 square miles

Includes basin use only and does not include diver
the basin
+ Population served by municipal systems

o

)
b




uare mile. The per capita consumption is
gpd or less than the basin average of 1,200 gpd.

averaging O0.04 mgd per s

-\

approximately 1,000
The City of Philadelphia represents a large portion of the
Pennsylvania population and water use.

Summazry

157. This section has presented a summary of the total
municipal and industrial water use within the Delaware River basin and
is summarized in Table 1l4. This usage does not include waters
withdrawn for agricultural or rural supplies, nor does it include
diversions from the basin for New York City or through the'®Delaware-
Raritan Canal. The total water use is approximately 6,000,000,000 gpd
and services approximately 5,000,000 perscns. The greatest user of
water within the basin is that portion in the State of Pennsylvani
The source of supply for 95% of all of the basin water used is su
waters. Ground water plays a predominant part in only the coastal
plain areas of Delaware and New Jersey. However, reuse of water
allows unusually high withdrawal rates of approximately .5 mgd per
square mile for the basin, with even higher rates for the basin
portion of Pennsylvania. Per capita consumption on a population
served basis approximates 1,200 gpd for the basin as a whole, but

f 1,800 gpd in the State of
te of New York.

varies from this median tc a hi

gh o
Sta

g
Delaware to a low of 200 in the




SECTION VIII - NEW YORK CITY WATER SUPPLY*

Introduction

158, History New York City began to assume its modern
complexion on January 1, 1898 when a consolidation of the present
five Boroughs was effected. Prior thereto, each segment had
existed as.an entity unto itself, providing independently for
the needs of its citizens. Thus, at the time of joining, each
brought to the union along with its other facilities and cap-
abilities, the diverse and disassociated water supply systems
which, up to then, had been developed for its particular
purposes. For the newly organized metropolis of 3.4 million
people, with a daily water need somewhat in excess of cne-third
billion gallons, the result was far from satisfactory. Certain
improvements were in the making. It was recognized that a vast
expansion lay ahead, but few foresaw a populace of eight million
by the fifties with a practically coincidental water demand
of one billion gallons daily.

159, Sources The water sources were scattered. They
included, at the time of consolidation, the Croton and Bronx-
Byram source supplying the Bronx and Manhattan, a well system
on Long Island supplying Queens and Brooklyn and local wells
on Staten Island., An expansion of the Croton system had been
reconmended and this was being effected. Citizen groups and
government people were searching for a solution, but because
of political undercurrents, there was no unanimity. The
situation was difficult.

160. Burr-Hering-Freeman Report The most praiseworthy
effort to resolve the matter was initiated by New York's Mayor
Seth Low in 1903 ‘when an engineering commission, composed of

* Prepared by the staff of the Board of Water Supply, City of
New York for the U. S, Public Health Service Appendix on
Municipal and Industrial Water Use in the Delaware River Basin.
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William H. Burr, Rudolph Hering and John R. Freeman, was

appointed to explore all possibilities and to make appropriate
recommendations. The result was the now famous Burr-Hering-
Freeman report titled REPORT OF THE COMMISSION ON ADDITIONAL
WATER SUPPLY FOR THE CITY OF NEW YORK, brought forth on
November 30, 1903. This 980 page document searched the entire
field and advanced many proposals some of which have since been
implemented and others that are still regarded by some as
having merit. Outstanding was a proposal to develop the
Catskill watershed.

161. First Board of Water Supply Simultaneously, an
aroused public clamored for action. Public officials, and
eventually the State Legislature, responded by providing for
a New York City Board of Water Supply, headed by three
commissioners having life tenure. The year was 1904 and the
leading advocate was the then Mayor, George B, McClellan.
The measure became effective the following year and Mayor
Mc Clellan appointed the first Board of Commissioners. Thus
was set the stage for the City's present water supply
system and the manner in which it was subsequently to be
effectuated.

Present Supply

162. Sources New Yovk City depends upon five distinct

sources for its water supplies:

. The Croton Watershed

. The Catskill Watershed

The Delaware and Rondout Watersheds
The Long Island Supply (for emergency)
. The Staten Island Wells

i w

163. Croton The Croton source, originally developed
between 1835 and 1842, was later expanded as the City's need
demanded. As it generally exists today, it was completed in
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1910. It now embraces a catchment area of some 375 square miles
which is almost totally contained in the New York counties cf
Dutchess, Putnam and Westchester.

16k, Catskill The next to be built was the so-called
Catskill system that draws from the Esopus and Schoharie areas
of the central and eastern Catskill mountains on the west side
of the Hudson River. Built in two stages, the first stage
comprising the Esopus development with a drainage basin of 257
square miles, was placed in operation at about the end of 1915.
The second stage, referred to as the Schoharie development,
has a drainage area of 314 square miles which went into operation
in 192k. 5

165. Rondout-Delaware The most recent source to be
developed is the integrated Rondout-Delaware system which draws
from streams on the westerly slope of the Catskill Mountains.
Generally referred to as the Delaware development,,K its first
stage incluaed a reservoir on Rondcut Creek, tributary of
the Hudson River, and another cn the Neversink River, tributary
to the Delaware. The second stage added a reservoir, known
as the Pepacton Reservoir, on the East Branch of the Delaware
and the third stage, now under construction, will result in the
ultimate establishment of a reservoir (at Cannonsville) on the
West Branch of the Delaware. The Rondout development has a
watershed area of 95 square miles and the Delaware developments,
93 square miles, 372 square miles and 450 square miles, for
Neversink, Pepacton and Cannonsville respectively, totaling 1010
square miles. All of these lie within the confines of New York
State. Rondout functions as the receiving and distributing
reservoir for the system., First in order of completion, it
was placed in emergency service on April 5, 1944 and in regular
operation on June 18, 1951, followed by regular operation of the
Neversink development on January 1, 195k and the East Branch
(or Pepacton) development on September 1, 1955,
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166. Long Island The Long Island source comprises the
Ridgewood system, a series of ponds and driven wells originally
developed by the pre-consolidation City of Brooklyn, and the
Queens system of locally driven wells similarly developed for
the needs of that Borough. These two systems have declined
appreciably in importance during recent years and are now reserved
for emergency use.

167. Richmond The Richmond (Staten Island) wells, yielding
only about 5 mgd, supplement the upland gravity supply to that
borough at present.

Distribution System

168. General The waters from the upland basins are
gathered and distri buted by some controlled lakes and ponds.
Each of the three principal upland systems has its own network
of supply conduits leading to the City. The Croton supply is,
for the most part, delivered to and into the city by the
New Croton Agueduct (circa 1890). It is a low level gravity
supply and for its full utilization it is necessary to pump
a goodly portion of the supply within the City.

169. Agueducts The Catskill, a high level supply, is
delivered by grade and pressure agueduct from Ashokan Reserwoir,
on the Esopus Creek, to Kensico Reservoir in central Westchester
County and thence to Hillview Reservoir at the City Line. The
Rondout-Delaware system, similarly a high level supply, is
delivered by pressure tunnel from the Rondout Reservoir to the
West Branch Reservoir of the Croton system, thence to Kensico
and Hillview Reservoirs. These interconnections plus hydraulic
pumping stations at Croton Falls and Cross Rivers reservoir of
the Croton system make possible the enroute intermixing of
the waters of the three systems. This permits some degree of
quality control, - safeguards against system imbalance and
provides a certain economy of operation. For further safety
and quality control, bypass connections on the line of the
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Delaware Aqueduct are provided at the West Branch, Kensico

and Hillview Reservoirs and on the line of the Catskill
Aqueduct at the latter pair of reservoirs. Hillview Reservoir,
together with a number of small regulating reservoirs within
the City, receives the upland flows, holds them against demand
and smooths out fluctuations.

170. City Tunnels The high level waters are brought into
the City through two deep tunnels in rock known as City Tunnel 1
and 2 respectively. City Tunnel No. 1 underlies Manhattan and
crosses under the East River to enter Brooklyn. It terminates
in the downtown section of Brooklyn., City Tunnel No, 2 passes
through the Bronx, under the East River and Rikers Island to
Queens, thence through Brooklyn, joining City Tunnel No. 1 at
Fort Green Park and continuing to the Red Hook Section of
Brooklyn for possible future extension. Pipelines from the
terminal shafts extend southward through Brooklyn for local
distribution and to supply a pair of submarine pipelines crossing
the Narrows to Richmond. Similarly, cross-bay pipelines serve
the Rockaways from connections to trunk mains in Brooklyn.

171. Street Mains At key locations along the two City
tunnels, there are riser connections to the street main systems,
As of December 1957, there were nearly 5,600 miles of distribution
mains throughout the city, varying in diameter from 1 1/2" to 72".
About 159,000 valves were in place along these lines with 86,010
fire hydrants. There is also a high pressure fire-service system
which, in 1957, totalled about 174.5 miles, had 6,000 special
valves, and 4,100 high pressure hydrants.

Water Use - 1955

172. New York City During 1955 the water use statistics

for New York City were as follows: Per
Locality Population Consumption Capita

(1000) (mga) (epd)

Manhattan and the Bronx 3,482 575.8 165.4

Brooklyn 2,131 329.6 120.7

Queens 1,718 Mo Dl 104.0

Richmond 217 25.8 118.9

New York City Total 8,148 1109.9 136.2




173. Outside Areas The City of New York is also required,

under law, to supply the waters requested by those outside
communities through which the City's conduits happen to pass or
within whose areas the City has built portions of its far flung
works. Water so drawn is paid for, but must nevertheless be
considered in the City's consumption statistics. The total so
provided in 1955 amounted to 45.3 mgd.

174. Range of Flows Maximum and minimum statistics
during 1955 were as follows:
During any one day (mg)

Locality Maximum Date Minimum Date
Manhattan and the Bronx 719.7 Aug. 5 Lok .5 June 11
Brooklyn 412.8 July 5 268.1 Mar, 27
Queens 185.8!  pug. 2 109.7 Jan. 16
Richmond 39.3 Aug. 2 18.0 June 12
New York City Total 1,328.2 Bug. 2 902.7 Jan, 1

175. Yield of System The safe dependable yield of the
combined New York City sources during 1955 was as follows:

Croton 330 mg
Bronx-Byram gt
Catskill 555
Delaware-Rondout 120 "
Delaware koo "
Richmond 50 it

Total 1,510 mgd
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Water Use - 1957

176. New York City During 1957 the water use statistics for
New York City were as follows:

Per
Locality Population Consumption Capita
(1000) (mgd) (egpd)
Manhattan and the Bronx 3,486 583.2 167.2
Brooklyn 2,718 368.9 13517
Queens 1,730 187.8 108.6
Richmond 237 29.1 122.8
New York City Total 8,171 1,169.0 143.0

177. Outside Areas The City of New York is also required,
under law, to supply the waters requested by those outsideccommunities
through which the City's conduits happen to pass or within whose
areas the City has built portions of its far flung works. Water
so drawn 1s paid for, but must nevertheless be considered in the
City's consumption statistics. The total so provided in 1957
amounted to 57.2 mgd.

178. Per Capita Use The gallons per capita per day for
earlier years, on a City-wide basis were:

1954 130.7 1957 143.0
1955 136.2
1956 136.1

179, Range of Flows Maximum and minimum statistics during
1957 were as follows:




During any one day (mg)

Locality Maximum Date Minimum Date
Manhattan and the Bronx  781.2 June 17 470.6 Nov. 2k
Brooklyn L66.1 June 17 315.3 Feb. 2k
Queens 194,9 July 22 107.9 Oct. 26
Richmond 39.4 June 17 19.6 April 19
New York City System 1,483.7 June 17 980.6 Nov., 24

180 Yield of System The safe dependable yield of the combined
New York City sources during 1957 was as follows:

Croton 325 mgd
Bronx B
Catskill Glsp
Delaware-Rondout 12088
Delaware Lgo "
Richmond Gt
Total 1,500 mgd

Future Water Reguirements

181: Future Needs The City's future position, waterwise,
appears quite secure at this time. Under permission by Decree of
the Supreme Court of the United States, the West Branch of the
Delaware River is being developed to provide an additional supply of
310 mgd which should become available during the early 1960's to
raise the basic supply to an estimated 1,810 mgd. Based upon the
City's estimated growth in population and consequent water
requirements, as well as the requirements of outside communities
supplied by the City under law, it is estimated that a yield of
1,810 mgd should care for the City's needs and obligations to about
the end of the century. (See tabulation below)




Year CTTY CLTY Supplied Total
Population Consumption to outside Consumption
(1000) (mgd) Commun. (mgd) (mgd)
(1) (2) (3) () (5)
1950 * 7,903 953 29 982
1960 8,403 1,319 50 1,369 :
1970 8,854 1,443 80 15508 |
1980 9,312 1,574 105 1,679
1990 9,730 1,693 125 1,818 ]
. 2000 10,115 1,810 145 1,955 1
2010 10,659 1,961 165 2,126

ESTIMATED FUTURE POPULATION
and
WATER SUPPLY REQUIREMENTS
of
THE CITY OF NEW YORK

*¥U. S. Census Population 7,892,000 as of April 1, 1950

182. Population Forecasts This estimate of future
population growth within the City is a medium series forecast.
It indicates, between the years 1950 and 2010, an annual
rate of increase of about one-half of one percent.

183. Consumption Total consumption in the City (Column 3),
based upon total population and per capita consumpticn, reflects
an annual increase in per capita of 0.6 gallons per day, 1960
to 1980, and an increase thereafter of 0.5 gallons per day
to the year 2010.

Delaware Development Operations

184. General Warranting special mention in any report
dealing with Delaware water resources are the conditions and
circumstances attending the city's use of developments created
by it in the Delaware watershed.




185. Supreme Court Decree Under the Amended Decree of

the U. S. Supreme Court, dated June 7, 1954, which modified and
amended the Decree issued earlier under date of May 25, 1931,
New York City was authorized to divert from the Delaware River
watershed (in New York State) 440 mgd until the city had completed
and placed in operation its reservoir (Pepacton) on the East
Branch of the Delaware River, 490 mgd after the completicn

and commencement of operation of this second development, and
800 mgd after the completion of its reservoir at Cannonsville on
the West Branch of the Delaware. This permission tc divert
carried certain parallel conditions and obligations for the
release of compensating waters from the several basins during
the periods of low natural flow in the river,'- all of which are
specified in the Amended Decree.

186. River Master . Both the releases to =nd the diversions
from the Delaware River, by the City of New York, are made under
the supervision and direction of a River Master, who shall be
the Chief Hydraulic Engineer of the U. S, Geclogical 8urvey, or
such other engineer of that Survey as shall be designated by the
Chief Hydraulic Engineer.

187. First Phase The first phase of operation, which
permitted a diversion of 440 mgd (which incidentally was also
in accord with the requirements of the original Decree) became
effective with the placing in reguiar service of the Neversink
development on January 1, 195k,

188. Second Phase The second phase, permitting a
Aiversion of 490 mgd, went intoc effect on September 1, 1955.

189. Diversions Cocmputed from June 1 to the end of
May of the following year, in ac¢ordance with the Amended Decree,
diversion by the City for the 1957-1958 period averaged 222.8 mgd.
Releases to the river from Neversink and Pepacton Reservoirs
during the same interval (12 months) aggregated 90,771 million
gallons, the greater portion of which 70,042 mg, was released
to augment the natural low flows during the June 15th to
December 8, 1957 period, as follows:
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1957 SEASONAL RELEASES

Million Million Cubic Feet |

Period Gallons Gallons Per Day per Second ;

June 15-30 incl. L431 277 L29 E
July 17641 569 880
August 17207 555 859
September 12684 423 654
October 10255 331 512
November 7153 238 368
December 1 - 8 671 84 130
Total T0042 396 613

190. Flow at Montague The resultant flow at Montague
N. J., the controlling river station as specified in the Decree,
averaged 1650 cfs for the overall period from June 15 to
December 8.

Conclusions

191, General In conclusion, a note of caution seems
necessary in regard to the general reliability of population and
water yield forecasts for the City of New York., While all
predictions are made with great care and an eye upon trends over
all of the years of record, unforeseeable changes are possible that
cannot be evaluated. The volume of demand is not entirely within
the City's discretion since certain areas beyond the City must
be supplied when necessary, according to law, It is known that
suburban expansion, particularly north of the City, is
accelerating. Despite a tendency on the part of these northern
suburbs to develop and to rely upon water supply systems of their
own, the time must come when, having exhausted their local
potential, they will have to draw from the lines of the City
of New York. In a further sense, this northern development
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also cuts the yield of upstate watersheds. The urbanization of
rural catchment basins not only alters the runoff and water-
producing character of the areas, but alcso increases the pol-
lution burden with resultant deterioration of the quality of
the waters flowing from the region, sometimes to the point of
compelling abandonment of part of the watershed.

192, Thus growth imposes its own weight upon both
consumption and supply. Since the manner, extent and cause of
growth are complex and fortuitous, the forecaster must be
prepared to revise his best estimates for both cemand and
supply as soon as circumstances may command. Th=s statistics
and conclusions above presented are accordingly cffered as the
best now determinable, but always with the reservetion that
tomorrow's events may seriously change today's curves.




SECTION IX - MUNICIPAL WATER SUPPLY - CITY OF PHILADELPHIA*

Introduction

193. History The foundation of the present municipal water
system of the City of Philadelphia was lsid in 1801 with the inception
of the first Philadelphia Works in Deczmber of that year. The first
Philaaelplia Works served only the City proper of those days, an area
of less than two square miles. In 1854, following the consolidation
of the City proper with tne townships, boroughs and districts of
Philadelphia County, the water works of the various entities were
gradually assimilated by the Philadelphia Works until the water
system for the entire County became the responsibility of the City.

At that time, few could envision the tremendous expansion of the system
which would by the middle nineteen fifties serve a populace of nearly
two and one-quarter million in an area 130 square miles with three
hundred and seventy million gallons per day (mgd). The Water Depart-
ment's one hundred and fifty-eight years of growth reflect periods of
decay occasioned by indifference or financial difficulties followed
by periods of revitalization resulting from the pressure of non-defer-
able needs. Today, the Philadelphia Water Department is again in a
"golden era", now being engaged in a 52 million dollar program of
reconstruction and modernization to satisfy its present needs and
near future requirements.

194. Sources As it was in the beginning, the Delaware and
Schuylkill Rivers are now, and may for quite some time in the future,
be the sources of raw water supply. Prior to 1899, the City was
served with untreated water channeled directly through reservoirs from
these Rivers., Dissatisfaction with the quality of water and the problem
of disease resulted in the adoption of the recommendations set forth
in the Rudolf Hering Report of 1899 and the subsequent construction of
filters. Later, chemical treatment was adopted to aid in the bhattle

*Material prepared by the Water Department, City of Philadelphig, Penn.
for the U, S. Public Health Service Appendix on Municipal and Industrial
Water Use in the Delaware River Basin.




against pollution. In Department has taken

extensive measures to contamination by the

construction of three

of large interceptor sewers., Today, the Schuyvlkill
of the City's water. However, there are existing practical restric

which preclude increasing the amount taken much beyond current withdrawals.
Therefore, practically all future annual
from the Delaware River, and the rated
on both Rivers have been distributzd on this y
Philadelphia is necessarily concerned with any factor that affects the

he
quality or quantity of either stream. Should low flow augmentation be
provided on the Schuylkill River, a high withdrawal rate dur;ng drought
pericds would be assured tending to firm the Delaware supply at the
same time However, to take advantage of lcw flow augmentation
by increasing w*thdrawa;s frem the Schuylkill much beyond exi
average rates (see paragraph 198 and 211) wecul require greater
filtration capacity than is being provided on the Schuylkill and would
necessitate retirement of part of the brrand new filtration facilities

t

s
on the Delaware River.

195. 1946 Report of the Board of Coansulting Engineers The

o T

program for expanding and modernizing the City of Philadelphia's

water works is outlined in ftwo reports: fa) A report made by
Morris Knowles, Inc, for the Director of Public Works in 19L0;
(v) A report made by the Board of Engineers for
Commission ln_LQLc. The 1940 report was of s preliminary nature. The

basic engineering planning for the water wecrks system has btesen based
upon the 1946 report, modified from time to ti
which have brought up to dat=s the various projects as they

ne by individual studies
T

for constmction. Present projects of the Water
some of the planning for the next twenty-five

considerable extent in accord with recommendatic of the 19ﬁu ?“port.

The Board of Ccnsulting Enginssrs in 1946 recomn

current filter reconstruction program and Fbwfpﬂ”eﬁu
to cbtain purer water from an upland source from tke upper Delaware
River, primarily on the basis of cost., 1t 1s the considered opinion
of the Water Department that Philadelphia will not find it necessary
to go upstream on the Delaware River for at least fifteen to twenty

=

years. Therefore, any decision to relocate Philadelphia's water sources
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must be deferred for the future, although this matter must be kept
under continuous study.

196. Water Department, City of Philadelphia In 1952 the new
Philadelphia Home Rule Charter resulted in the reorganization of the
Water Department. Complete responsibility for design, construction
and operation of both the water and the sewage systems was assigned
to the Water Department. The Charter also made the Water Department
self-sustaining and gave it the power to fix rates under standards set
by the City Council. Reorganization and vastly improved financial
strength brought forth a resurgence of activity and provided a firm
foundation for operating the municipal water system as a modern utility.

Present Supply

197. Sources The City of Philadelphia depends on two sources
for its water supplies:

(a.) The Schuylkill River
(b.) The Delaware River

198. Schuylkill River About fifty per cent of Philadelphia's
present demand is drawn from the Schuylkill by four filter plants
located along the banks of the river within the City limitg. Three
filter plants are situated on the east bank, namely: The Upper
Roxborough Filters, the Lower Roxborough Filters and the Queen Lane
Filter Plant the fourth, on the west bank, is the Belmont Filter Plant.
In the near future, the Upper and Lower Roxborough Filter Plants will
be abandoned; approximately fifty-five per cent of the water now
supplied by these filters will be provided by the Queen Lane Plant,
with the remainder being made up from the Torresdale Filter Plant
on the Delaware River. However, the future rated capacity of Schuylkill
filter plants will remain about the same as present (200 mgd - see
paragraph 211.)

199. The Schuylkill water supply usually has more than twice
the total hardness as measured in parts per million (ppm) found in
the Delaware River supply:
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Hardness as Yearly Average

Year Schuylkill Delaware
7958 135 ppm 57 ppm
1957 166 oL
1956 120 5
1955 143 50

200. During the past 15 years, the Commonwealth of Pennsylvania
has carried on an extemsive Program for pollution abatement which was
directed primarily towards the elimination of culm waste originating
in the anthracite fields. Practically every community from the mouth
of the Schulykill upstream to and including Reading now operates a
sewage treatment plant. Upstream from Reading, only Schuylkilli Haven
has sewage treatment facilities. Despite these anti-pollution
measures, the most probable number (MPN) of coliform organisms at
the Schuylkill intakes ranged between 23,000 and 53,000 over the
years 1956, 1957 and 1958. Early in 1958, Philadelphia received from
the Water and Power Resources Board an allocation of 258 mgd from the
Schuylkill River which will provide for the overload capacity of new
rapid-sand filter plants (rated capacity 198 mgd). The former alloca-
tion of 200 mgd granted in 1944 was for slow-senu filter plants of 200
mgd rated capacity (overload capacity was little more than rated
capacity). It should be noted that other water users are in competition
with Philadelphia for the Schuylkill supply; the Philadelrnia Suburban
Water Company has been granted simultaneously & Provisiomal allocation of
20 mgd, subject to Philadelphia's prior use. The total flow in the
Schuylkill immediately above the Philadelphia intakes was less than 200
mgd on 14 days in the past 27 years.

201. Delaware River There is only one intake on the Delaware
River and it supplies the Torresdale Filter Plant; the Plant is within
the city proper and located on the west bank of the river. At pPresent
the Torresdale Plant Processes half of the supply. Almost all future
increases in demand will be served from the Delaware River via the
Torresdale Filter Plant. The Pollution abatement programs of the State
and Federal governments along the Delaware have attracted nationwide
attention, yet the MPN of coliform organisms averaged 86,000 at the
Torresdale Plant in 1956, 113,000 in 1957 and 62,000 in 1958.
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202. There are other factors which are involved in the future
demands for municipal water supplies in the lower part of the Delaware
| basin which are of concern to Philadelphia. These include: population

{ increases, the effect of the 4O foot channel on guality and quantity
demands in the basin, the effect of releases and authorized diversions
by New York City, possible discontinuance of the use of the Schuylkill
River as an important source of supply for Philadelphia, adequacy of
underground sources to serve the increasing population of Lower Bucks
County and low flow augmentation as an element of control of both
quantity and quality of water inthe basin.

Waterworks System

203. General Raw water taken from the Schuylkill and Delaware

Rivers at Philadelphia intakes is unsuitable for use without elaborate
treatment. Philadelphia utilizes special and standard measures to process
the raw water before it is a fit, potable commodity. In essence, the
delivered finished product is the result of the following procedures:
Pumping of raw water from the rivers, impoundment in pre-sedimentation
basins; flocculation and precipitation; filtration by either slow sand
or rapid sand type filters., addition of chemicals at various stages.
storage in filtered water tanks, vasins or reservoirs finally, fed
into arterial supply mains by pumps or by gravity to be distributed
to the consumer through thousands of miles of pipes of varying
diameter. The Distribution System is divided into ten pressure
service districts, five of which have distributing storage. Filtered
water from the Delaware is pumped at two pumping stations into four
service districts, two of which have equalizing storage. Supply
from the Schuylkill is delivered from clear water basins by gravity
to four service districts and by pumpingto four service districts,
one district has equalizing storage. The Water Department also

4 operates a high pressure fire system, separately from the domestic

water distribution system, which protects the high risk and high
value districts of the city. Two pumping stations and a separate
distribution system comprise the high pressure fire system.
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20k, Treatment Plants Philadelphia's principal treatment
facilities are in the process of being rebuilt and completely
modernized. During the year of 1959 a new St5-million treatment
plant was placed on an operational status at Torresdale. The new
Torresdale Treatment Plant on the Delaware River is a modern rapid-
_sand type with various automatic control féatures and has an average
rated capacity of 282 miliion gallons daily with an overload capacity
of 423 million gallons daily. Studies and designs in the modernization
of the Belmont Plant were started in 1958 with the entire work tenta-
tively scheduled for completion in 1963. Conversion of the slow-
sand filters to rapid-sand filters at Belmont to augment the existing
rapid-sand type filters there, will provide the plant with a rated
capacity of 78 million gallons per day. A new pre-treatment plant
with automatic controls, was opened at Queen Lane in 1955. Conversion
of remaining slow-sand filters at Queen Lane to rapid-sand filters
is now taking place. Queen Lane will have a daily average capacity
of 120 million gallons when this entirely rebuilt and modern plant
is completed in 1960. The R._xborough werks are to be abandoned
shortly after the last of these plants are completed. The following
chemicals are employed; chlorine, activated carbon, sodium :
hexametophosphate, alum, fluoride, lime, sodium chlorite, sulphur
dioxide and copper sulphate.

205, Street Mains -As of December, 1958, Philadelphia had
nearly 3000 miles of distribution piping, 6 ranging in size from three
inches to ninety-three inches in diameter. Approximately 64,300
valves are installed in the distributicn piping with 24,300 fire
hydrants. The high pressure fire system has sixty-three miles of
pipe from eight to twenty inches in nominal diameter, about 1,870
valves and 1,060 speciazl high pressure fire hydrants.

Water Use - 1953 - 1957

206. City of Philadelphia:

Consumption Per Capita Use
Year Est. Population (mgd) - (gpd)

1953 2,130,000 370 o

195 2,200,000 h 322 160




-Y7. Outside areas Water service rendered outside the limits
of the City was minor; standby fire service was provided for a few
properties and domestic service to less than 200 customers.

208. Per Capita Use:

Year 1953 1954 1955 1956 1957

Rate gpd 174 il 171 162 160

209. In the years prior to 1953, per capita consumption rose
continuously. The decline in the average consumption ‘for the above yesars
from 1953 onward, was predicted and can be attributed directly to higher
water service charges, intensified leak and waste programs, to a decline
in intensity of industrial activity since 1953, and to the universal
metering program started in 1953. (Universal metering was about 99 per
cent completed in 1958). The consumption of water during the first
ten months of 1959 indicates that this downward trend in per capita use
is being reversed.

2L0. Range of Consumption Rates:

1953 Fate 1957 Rate

(mzd) (mgad)

Maximum hourly (approx.) 2 Sept. 627.0 18 June 595.0
Maximum daily 2 Sept. 496.5 18 June U455.5
Minimum daily 1 Feb. 286.9 1 Dec. 290.1

| ——
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211. Filtration Capacity:

1953 Proposed Capacities
Rated Capacity Rated Overload River
(mgd) (mgd) (med)
Torresdale 200 282 - g Delaware
Queen Lane 100 120 150 Schuylkill
Belmont 70 8 108 Schuylkill
Roxborough RO 0 0 Schuylkill
(upper and lower) =
Totals 400 - 480 681

212. 1In 1953 most of the filters were of the slow-sand type.
Complete conversion to rapid-sand filters is in progréss and is
scheduled for completion by 1963.

Future Water Requirements b

213. Future Needs All present and fufure~plans of Philadelphia
specify complete treatment of water whether taken from the present intakes
on the Delaware and Schuylkill Rivers or from an upland source on the
Delaware. Retention of the present intakes, in general, is based on the
premise that the clean-stream programs will continue fo be effective in
controlling the level of pollution load in both rivers, that the present
quality of both streams will not be seriously impaired by future
developments affecting the rivers, and that advances in water treatment
technology will keep pace with the more critical treatment problems
anticipated in the future. The future estimated needs of the City of
Philadelphia for raw water, whether taken at the intakes or from an
upland source are tabulated below. & ‘




ESTIMATED FUTURE POPULATION

and

WATER SUPPLY REQUIREMENTS
of
THE CITY OF PHILADELPHIA

G e Raw Water, Raw Water,

Year Population Average Annual¥*¥  Maximum Day**
(1000) : (mgd) (mgd)
(1) (2) (%) ()
1950 2,072% -- --
1960 -- - LoO 500
1970 = 450 3 560
1980 2,500 500 620
2010 -- 540 . i 670

*J, S. Census Population 2,071,605 as of April 1, 1950
¥¥Direct withdrawals from sources of supply

214. Population Forecasts The dbove estimate of future population
growth for 1980 is a "medium series, trend forecast." The "trend" estimates
based essentially on the supposition that current trends will continue
for most areas but be modified in others by planning factors which have
official status and are scheduled for completion prior to 1980. Between
the years of 1950 to 1980 an annual rate of increase of approximately
0.7 of one per cent is indicated. Population forecasts were derived
by the Philadelphia City Planning Commission and reported in their
publication of February, 1957 entitled, "Pilot Plan, a Study for the
Comprehensive Plan for the Development of Philadelphia."

215. Raw Water Maximum Day Column (h) gives estimates of
total maximum amounts of raw water which must be withdrawn directly
from sources(s) of supply over each annual peak 24-hour period.
Average annual raw water demands cannot be considered as sole
criteria for future needs, availability of peak raw water rates is

alsoc essential.




A S A st et e a " —

88

E 216. .It is to be noted that raw water rather than consumption

| figures have been cited, as the latter would be misleading in evaluating

i source requirements. Average annual raw water drafts at river intakes

{ will exceed average annual consumption by about five percent, the amount
of water which will be diverted to clean filters by backwashing. The
maximum annual 2k-hour consumption and related consumption at peak hours
are normally greater than filtration rated at the same times; filtered

water storage at treatment plant sites, situated between the filters
and the distribution system make possible this rate attenuation. For
| the purpose of illustration, if the amount cf raw water withdrawn from
‘ source(s) was restricted to a constant draft of 540 mgd at about the
E vear 2010, a minimum equalizing storage {not now in existence) of 5.6
f billion gallons would be needed, assuming full storage capacity avail-
‘ able in early June. At the present time, withdrawal from existing
sources at river intakes is a direct reflection of consumer demands on
f treatment facilities. The amount of raw water equalizing storage now
; available is only 0.017 billion gallons, and plans do not call for any
increase in the future.

| Delaware Development Operations

217. Genersal DPhiladelphia's water needs indicated by con-
comitant planning, together with the needs for cther public water
supplies utilizing the waters of the lower Delsware Basin may te
affected directly or influenced to a corsiderable degree by the
ultimate plan for the comprehensive development of the Delaware
Basin, by any final plan for the future exploitation and control
of the Delaware River, and by increasingly greater authorized usage
by New York City. Philadelphia is vitally concerned that any plans
for the river do not restrict or preclude any possible future\“\\~
development of Philadelphia and its environs. .

3 218, Diversions and Releases The full effects of the New

York diversions and releases will not be realized until all of their
proposed structures are in operation. Philadelphia feels that as
New York City's demands increase, with subsequent increases in
diversion and a gradual diminishing of the "bonus" releases, a
condition will result which may be critical for Philadelphia some-
time between 1970 and 1975.




219. General Philadelphisa's forecasts of pepulation and

water consumption were derived after intensive analysis and appraisal
of past trends and records with due consideration toc the possib
impact expected majeor changes may have on these predictions. These

forecasts should not preclude adjustment for additional increases
at some later date to include other projects or levels of deve
ment not now evident. The population forecast for 1980 reported
herein is by no means ultra-conssrvative since it does not refl

an "ultimate"

=
population-industrial activity situation that could
be attained provided all changes anticipated i

plan for Philadelphia fully materialized. A "medium series plan

method" forecast for Philadelphia gives a 1960 population of 4
2,836,000 vs the "medium series, trend method™ population of
2,500 000 for 1980 "ifad The "plan method" forecast represents
an "ultimate situation. Consumption estimates given herein could

be justifiably revised upward. In response to requests, Philadelphia
is tcntat1V§1y considering supplying water tc public instifutions

and governments cutside the City limits. If such se

I e
consumptlon predictions would have to be correspondingly increased.

220. Philadelphia has no immediate plans to go upstream on the
Delaware River for its source of supply. Attention is called however,
to the low, marginal quality of existing water supplies at the present
Philadeiphia intakes. Further critical degradation in quality or
serious impariment in quantity of the present water supplies will hasten

a Philadelphia decision on an upland supplv. There are myriad factors
affecting the quality and quantity f the present Philadelphia water

supply, many of which may be resolved by the findings of the present
survey being conducted by the Corps of Engineers and by future inter-
state arrangements and agreements which may arise from the present
survey. Philadelphia's position insofar as the future development of
the Delaware River is concerned, is tha* the City has the right tc all
the water which it requires from the Delaware River, consistent with
the rights of others in the basin. The City further desires the right
to go upstream on the Delaware River in the future znd obtain the
water which it needs when foﬁijffOUJ require it or when Philadelphians
desire it. When and if Philadelphia goes to an upland source, others
in the lower bssin may want or find it desirable to enter into a

cooperative upland supply arrangement.
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SECTION I - FOREWORD !

Scope

1. Purpose The purpose of this Part is to evaluate
the various water quality parameters of the Delaware River and its
significant tributaries from its headwaters to Delaware Bay. The
analysis and interpretation of results and existing data will
form a base from which certain future water quality parameters can
be estimated under future environmental conditions. The report
will serve as a guide for predicting any water quality assets or
liabilities attributable to a future change in the flow regime
of the Delaware River.

2. Organization This Part offers a factual
presentation of the stream quality characteristics of the
Delaware River basin from its headwaters to Delaware Bay,
interpretation of their significance and their interrelationships.
It includes a section on the 1957 water quality survey together
with results obtained from the survey, and analyses and
interpretations of these data. Existing long term data are
examined and any correlations obtained are presented and
discussed. The effects of significant tributaries upon the
Delaware are also examined and interpreted.
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SECTION II - INTRODUCTION

Hydrological Characteristics of Main Stream

L, Flow Patterns Figure 1 presents a plot of the
various flow patterns of the Delaware River at Trenton, New Jersey
which have been experienced in the past. The curvature of sy flow
frequency plot is a measure of the skewness of the distribution,

i. e., the deviation from a normal distribution where 50% of the
flow values are above and 50% below the average.

5. Minimum Flows Further inspection of Figure 1 pro-
vides a picture of the seasonal flow variation to be expected
at Trenton. The minimum average 30 day flow which usually occurs
during the months of August, September or October can be
contrasted with the minimum average 120 day flow which usually
n July through October. Hence, the 30 day

covers the period fr

period can be visualized as gradually increasing to the 120 day
flow which gradually increases to the average annual flow, The
decreasing curvature of the respective plots as the flow period
is increased is indicative of the relative variation about th
mean value. Therefore, on a 30 day basis, considerakbt

le more
variation may be expected than on an annual average basis,

6. The interrelationship
of Figure 1,and likiwise between thei
oceurrence, is ol importance in ul
of a given stream. For example, the
flow is of interest in obtaining an instantaneous pictur
the flow of the stream, but tends to be slightly "harsh" on the

stream's recovery capacity. Alsc, when the seven day flow is

used in subsequent analyses, it fails to take into account any
seasonal, or long-term changes or industrial process variations.

only by examining

£

Hence, an integrated picture can be cbtainec

all significant flow periods. The minimum average thirty dajy

flow brackets monthly variations, whereas the minimum average
A4

hs and yet does

120 day flow enclcses the usual low flow men

not sacrifice the accuracy which annual averages lose, since
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these latter means include high flow months which are of lesser
interest i stream quality assessment.

7. Table 1 below tabulates the magnitudes of 7-, 30-, and
120 day low flows at Trenton for annual frequencies of 50-, 20-,
10-, and 5%. Recurrence intervals corresponding to these frequencies
are indicateds, The annual frequency is the "odds" or per cent
chance of occurence in any given year that the low flow associated
with the indicated flow period will be equal to or less than the
stated flow. MThus the T7-day low flow at Trenton would be expected
to have a 10% chance of being equal to or less than 1560 cfs.
Stated in terms of the recurrence interval, the 7-day low flow at
Trenton would be expected to be as low or lower than 1560 cfs on
the average once in ten years.

TABLE 1

FREQUENCY OF OCCURRENCE OF VARIOUS FLOW PERIODS
Delaware River at Trenton, New Jersey
(Cubic Feet Per Second)
(Data Courtesy of Corps of Engineers)

Average Minimum Minimum Minimum

Annual Recurrence Average Average Average

Frequency Interval 7 _Day 30 Day 120 Day
50% Two years 2,260 2,670 4,420
20% Five years 1,730 2,000 3,000
10% Ten years 1,560 1,770 2,750

5% Twenty years 1,400 1,600 2,250
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8. Regulation In the past, the flows at Trenton and
upstream at Port Jervis have been influenced by the Wallenpaupack
power plant which is used principally ror peak power purposes
and may discharge from zero to 1,700 c¢fs during any 24 hour
period, and the Mongaup River power plant and reservoir which may
discharge as much as 750 cfs during a day. At Trenton these
regulation do not tena to decrease the minimum average one day
flow (since the respective watersheds controlled are relatively
minor), but rather the regulations tend to increase low flows
when they do occur.

9. Considerably more important than the Wallenpaupack
and Mongaup reservoirs are those presently being used for the
New York City water supply system. These include the Neversink
and Pepacton reservoirs as well as the Cannonsville reservoir
now under construction. Under a Supreme Court decree, New York
City is presently required to maintain a basic minimum rate of
1,525 cfs at Montague, New Jersey (Milford, Pa.) and upon
completion of the Cannonsville reservoir will be required to
maintain a basic minimum rate of 1,750 cfs, Since only two of
these reservoirs have been in operation for the past three
to four years, the low flow frequency studies made on upstream
tributaries tend to lose their significance. It is obvious
that in maintaining a certain basic minimum rate the differences
between the minimum average one day flows, the minimum average
seven day flows and probably the minimum average thirty day flows
will be considerably less than has been experienced in the
past. However, these regulation will tend more to improve the
low flow characteristics of the stream than t. decrease the
amount of flow available during drouszht periods. These New
York City reservoirs have been and will be supplying additional
releases from excess storage (storage not needed for diversions
within the Decree allocation). These releases are sent between
June 15 and March 15, in an effort to maintain a higher stage
than that above the minimum at Montague for as long as excess
storage remains available. This regulation operation is under the
direction of a River Master designated in the Supreme Court Decree.,
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Hydrologic Characteristics of Two Major Tributaries

10. Lehigh River On an average monthly basis, this
tributary contributes approximately 20% of the flow of the main
stream at Riegelsville., The flow patterns of the Lehigh, there-
fore, are of importance in evaluating not only the quality of
the Lehigh itself, but also its effect upon the main stream.
Figure 1 is a plot the frequency of occurrence of various flow
periods for the Lehigh River. It is seen that the curves are
less concave than those of the main stream, thereby tending to
be more normal. It should be recognized that a utilization of
a minimum one day flow may lead to difficulty since the
minimum day on the tributary may not necessarily occur on the
same day as that on the main stream. In fact, in examining
the period of flow records, in only two instances did the
day of minimum flow on the Lehigh River coincide with the day
of minimum flow on the Delaware River., Hence, in comparing the
flows of the Lehigh and the Delaware, it is more pertinent to
deal with 30 day flows and probably the 120 day flows in order
to minimize the differences of time involved. On the basis of
Figure 1, Lehigh River, Table 2 has been tabulated below.

8 (snl

TABLE

N

FREQUENCY OF OCCURRENCE OF VARIOUS FLOW PERIODS
Lehigh River at Bethlehem, Pennsylvania
(Cubic Feet ‘Per Second)
(Data Courtesy of Corps of Engineers)

Minimum Minimum Minimum
Annual Recurrence Average Average Average
Frequency Interval ¥ Day 30 Day 120 Day
50% Two rears 500 610 970
20% Five years 390 470 670
10% Ten years 350 410 560

5% Twenty years 320 370 170
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11. Schuylkill River The Schuylkill River is a major
tributary discharging into the tidal portion of the Delaware River
at Philadelﬁhia, Pennsylvania. Figure 1 is a plot of the low
flow frequencies determined from past records. When the flow
pattern of the Schuylkill is compared to the flow pattern of the
Delaware considerable differences are noted in the slope of the
frequency curve for the Schuylkill. The steep slope is indicative
of the relatively higher degree of regulation throughout the
length of the Schuylkill, Table 3 tabulates the significant points
of Figure 1, Schuylkill River.

TABLE 3

FREQUENCY OF OCCURRENCE OF VARIOUS FLOW PERIODS
Schuylkill River at Philadelphia, Pennsylvania (Fairmount Dam)
(Cubic Feet Per Second)

(Data Courtesy of Corps of Engineers)

Minimum Minimum Minimum

Annual Recurrenee Average Average Average

Frequency Interval 7 Day 30 Day 120 Day
50% Two years 304 400 908
20% Five years 143 206 508
10% Ten years 86 138 370

280

5% Twenty years 54 9

N




Water Uses In Report Area

12, The waters of the Delaware River basin under

T
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consideration in this report are
including: municipal and industrial water supply, bathing,
boating, fishing and hydrc
completion of its cons

total of 800 million ga
and East Branches of the Delaware

= "3
=

lons per da;

River. Hydropower facilities are .l
upper portions of the basin. Recresa
are extensive throughout the basin,

of the Delaware River for municipal
Philadelphia and Easton, Pa. and Trenton, N. J, In addition,
many smaller communities draw cn tributaries tc supply thei
needs. Above Trenton, industrial water usage is concent

mainly in the Allentown-Bethleh and Easton-Phillipsbturg

areas. EBelow Trenton, the extensive industrialization of the

area n the use of large guantities of water for

both process

&

discussed at length in Part A of this Appendix,




SECTION IITI - STREAM QUALITY OF DELAWARE RIVER BASIN
FROM HEADWATERS TO TRENTON, N, J.

Previous Studies

13, Data are rocutinely collected at a total of twenty
stations in the New York section of the Delaware River headwaters
by the New York City Board of Water Supply in connection with the
operations of the New York City Delaware basin reservoirs. These
data provide relatively long-term records on the Neversink River,
the East and West Branches and the main stream. Figure 2 presents
the locations of these routinely sampled stations.

.

14k, In addition to the Bosrd of Water Supply stations,
the Pennsylvania Department of Commerce, State Planning Board, in
cooperation with the U. S. Geological Survey and the Pennsylvania
Department of Forests and Waters maintained a sampling station
at .Atco L§arrowsburg, New York) on the Delaware River from 1947
to L951{L Composite samples were obtained from grab samples collected
daily and over a ten day period, and then subsequently analysed.
Analyses were performed primarily to determine chemical
characteristies such as. hardness, specific conductance etec.

15. In 1929 3 water quality study was made of the Delaware
roper from Trenton, N, J. to Port Jervis, Na £s2/ Some
1

es were collected over a 2 1/2 month period beginning

River p
248 samp

July L, 1929, The results of this study are incorporated under

Section I1I, Future Trends,

% A )
16. During 1946 a
c

River was made with referen

L/ is an e following footnotes refer to respectively
1/ Th d the fol g footnot fer t ctively

numbered entries in the Bibliography at the end of the Appendix.
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parameters on shad migrations.j/ The bulk of this study was
concentrated in the lower tidal portion of the Delaware River
but occasional samples were taken in the fresh water portion as
far north as Port Jervis. These data are also incorporated as
far as possible under Section III, Future Trends.

17. Routine sampling conducted by the Trenton water
treatment plant during the years 1948 through 1955 also provide
relatively long-term records on water quality. Also occasional
sampling has been conducted by the City of Philadelphia when it was
felt that high phenol discharges resulted from waste loads up -
stream from the beginning of the tidal estuary.

Waste Sources

18. Attachment 1 presents the basic data on the
sources of municipal, industrial and institutional pollution
discharging to streams in the Delaware River basin. Table L,
constructed from this attachment and the results of the 1957
water quality survey, is of interest in indicating the
relative importance of the direct waste discharges to the main
stream of the Delaware River versus the discharges from major
tributaries of the Delaware River. The tributaries are considered
as point sources representing the net pollutional effect of
various discharges up stream on the tributary. Although some
of the loads discharged directly are in themselves high in BOD
temperature, phenols, etc,, and low in dissolved oxygen, their
flow is comparatively minor when compared to the flow of the
incoming tributaries. Generally, the effect of tributaries on
the Delaware River above Trenton is considerably greater than
those waste sources discharging directly into the main stream.
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TABLE 4
{ BASIC DATA CN SIGNIFICANT WASTES
DISCHARGED DIRECTLY TO THE DELAWARE RIVER
FROM PORT JERVIS, N.Y. TO TRENTON, N.J.
Type Waste
of Treatment Est. PE*
Name and Location Wastes Provided Discharged Remarks
Neversink River - - 16,700
Plating Plant, Del. Plating & Lagoon Copper
Water Gap, Pa. Stripping Hclding tanks DNA Cyanide
Septic tank Chromium Waste
Chemical Plant Organic Secondary for Mainly
Belvedere, N.d. Chemicals, Sanitary DNA Cooling
Sanitary Water
Chemical Co. Organic None 12,000 Also
Phillipsburg, N.J. Chemicals phenol
waste
Lehigh River - = 88,500
Easton, Pa. Municipal  Secondary 1,700
Phillipsburg, N.J. Municipal Secondary 500
Paper Co. Paper None 7,000 Also
Riegelsville, N.J. phenol
ta waste
Musconetcaong River - - 9,200
Paper Co. Paper Savealls 20,000
Milford, N.J.
Lambertville, N.J. Municipal Secondary 100
Paper Co. Paper Secondary 4,000

New Hope, Pa.

*PE on basis of 0,17 lbs. of 5 day
DNA - Does not apply

BOD per person per day
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Survey of July and August 1957

19. Pericd of Survey During the months of July and
August, 1957, the U. S. Public Health Service, in cooperation
with the States of Pennsylvania and New Jersey, conducted an
extensive water quality survey, commencing on July 8, 1957.

20. Sampling stations A total of 19 stations were
occupied for varying periods during the survey. The location
and description of each of these stations is indicated in
Figure 3 and Table 5.

21. Stream sampling and analysis procedures All samples
were analyzed according to the procedures outlined in "Standard
Methods for the Examination of Water, Sewage and Industrial
Wastes, 10th Edition." At all stations the dissolved oxygen (DO)
concentration and the temperature were measured at the time of
sampling. Five day biochemical oxygen demand (BOD) determinations
were made from composite samples collected at all stations. Due
to the physical limitations imposed upon the survey, data for
determining the deoxygenation rate constants were determined only
at Port Jervis (#2), Easton (#10), Raubsville (#12), Milford (#1k4),
and Yardley (#19) on the main stream, and Brodhead Creek (#6)
Lehigh River (#11), and the Musconetcong River (#13). The tests
for BOD, PH, turbidity, alkalinity, hardness and coliform organisms
were determined on samples brought into the Easton Water Plant
laboratory by the field crews, where the analyses were performed
by a chemist especially assigned from the Robert A. Taft Sanitary
Engineering Center of the Public Health Service. The tests for
Phenols, cyanides, tastes and odors, and iron were determined by
the personnel of the Torresdale Water plant on samples taken to
the Philadelphia Water Works. All samples were packed in ice
by the field crews until delivered to the respective laboratories
for analysis. Wherever practical, samples were taken from the
right quarter, mid-stream and the left quarter. For some tributaries,
it was not feasible to quarter-section the stream, and only one
sample was taken at the mid-point. Water depths were determined
at the time of sampling and the water samples were taken according
to the following schedule:
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TABLE 5

LOCATION OF SAMPLING STATIONS FOR
DELAWARE RIVER SURVEY - 1957

Mile 277.7. Across the mouth of the Lackawaxen River,
approximately 700 feet upstream from its confluence with the
Delaware River. Sample taken from bridge at mid-point.

Mile 254.3%. 1n Matamoras, Pennsylvania. Delaware River was
quarter-sectioned from Foster's dock to far side.

Mile 246.4. Station located at "Bob's Beach" at Milford,
Pennsylvania (Montague, New Jersey). River quarter-sectioned.

Mile 238.4. At Dingman's Ferry, Pennsylvania, the River was
quarter-sectioned off bridge off Route 209.

Mile 228.0%. At Bushkill, Pennsylvania. River quarter-sectioned.

Mile 213.0. Across the mouth of Brodhead Creek on Route 402
bridge, approximately 300 feet upstream from confluence with
Delaware River. Creek quarter-sectioned.

Mile 212.0t. Below Delaware Water Gap. River quarter-sectioned.

Mile 197.5. In Belvidere, New Jersey, River quarter-sectioned
from bridge.

Mile 190.6. Across mouth of Martin's Creek, above Alpha
Cement Plant, off Route 6ll. Sample taken from foot bridge
at mid-point.

Mile 184.8, Sample taken from Easton Water Plant's raw
water intaeke tap.

Mile 183.3. Across mouth of Lehigh River, approximately 500
feet upstream from confluence with Delaware River. Samples
teken from bridge at quarter-points.

Mile 178.2%t. (a) In Raubsville, Pennsylvenia. River quarter-
sectioned from dock to far side. (b) One sample also taken at
mid-point from Delaware Canal in Raubsville.

i i i




#13

#1h

#15

#17

#18

#19

LOT
TABIE 5 (Continued)

LOCATION OF SAMPLING STATIONS FOR
DELAWARE RIVER SURVEY - 1957

Mile 17k.6. Across mouth of Musconetcong River, approximately
50 feet upstream from its confluence with Delaware River.
Sample taken at mid-point from foot bridge of Riegel Paper
Company at Riegelsville, New Jersey.

Mile 167.7. (a) In Milford, New Jersey, samples taken from
bridge at quarter-points. (b) One sample also taken from
bridge at mid-point from Delaware Canal.

Mile 164.3. In Frenchtown, New Jersey, samples taken from
bridge at gquarter-points.

Mile 155.4. In Lumberville, Pennsylvania, samples taken from
foot bridge at quarter-points.

Mile 148.7. (a) In Lambertville, New Jersey, samples taken
from Route 202 bridge at quarter-points. (b) One sample also
taken at mid-point from Delaware Canal.

Mile 141.8. In Washington Crossing, New Jersey and
Pennsylvania, samples taken from Route 532 bridge at
quarter-points.

Mile 138.0. In Yardley, Pennsylvania, samples taken from
bridge at four points; right, middle right, middle, and
middle left. Far left bay was excluded.




(a) for depths between 5 and 15 feet, inclusive, the

c
samples were taken at approximately 0.2 of the depth below the water
surface,

(b) for depths over 15 feet, samples were taken at 0.2
and 0.8 of the depth below the water surface, and

(¢) for depths under 5 feet, the samples were taken at
approximately mid-depth.

22. Industrial waste sampling procedures Industrial water
use data were obtained and industrial waste sampling was performed

separately in the two States of New Jersey and Pennsylvania. The

field work in Pennsylvania was performed by personnel from the Pennsylvania
Department of Health under the supervision of personnel from the .
Public Health Service. Field work in New Jersey was performed

by Public Health Service crews. Discussions were held with plant

officials to determine the nature of the process involved, purity

of water required, number of employees and estimated volume

of production. Depending upon the industry sampled, analyses

were made of the effluents from various units within the plant,

and also of the total plant effluent discharged to the stream.

23. Climate during survey The summer survey was
conducted during a period of low precipitation, high temperatures,
and relatively low wind velocities. During the month of July
a total of only 1.23 inches of rain was measured at Trenton.
During the month of August, a total of 1.10 inches was measured.
These values represent, respectively, 2.83 inches and 3.49
inches below the normal for these months. During July 1957,
there were twelve days during which the average air temperature

was 90° F. or above, the average temperature for the month

being 76.7 F. During August 1957, the temperature was slightly
ooler, averaging 72.1°F. The average hourly wind speed as
measured at Trenton was 8.4 miles per hour during July and 7.5
miles per hour during August.




24, Main stream flows during survey The average flow at

Trenton for the month of July 1957 was 2,907 cfs and for the month
of August 1957 was 2,018 cfs. These flows occurred with frequencies
of 60% and 20% respectively of past minimum monthly average flows
(see Figure 1). Precent frequency indicates the percent of time
that the flow was equal to or less than the stated flow., For
example, 20% frequency indicates that during the month of
August 1957, for a flow of 2,018 cfs, past records of minimum
average monthly flows at Trenton have shown that the August flow
was exceeded 80% of the time. Only 20% of the time was it
equal to or less than 2,018 cfs. Actually, during the entire
period of the survey, the fluctuation in the flow was relatively
minor. A range of only 1,000 cfs was experienced during the
period of survey in July and August. The days of minimum flow
4 in the Delaware River during the period of survey occurred on
both August 21 and 23, when 1,650 cfs was measured. The lowest
seven day flow was 1,697 cfs, which occurred from August 19 to
August 25, inclusive, and represents a frequency of 164, In
general, the flows of the Delaware River during the survey months
were relatively low, on the basis of previous records. Indeed,
the frequencies are more significant (due to the utilization of
minimum criteria in preparing frequencies of occurrence) than
if average figures had been used.

25. Tributary flows during survey The average flows for
the Lehigh River at Bethlehem, Pennsylvania, for the months of
July and August 1957 were 629 efs and 442 cfs, respectively. These
flows represent a frequency of occurrence on a minimum average
monthly basis of 53% and 14%. In other words, of past flow records
for the Lehigh River, once in every 7 years 442 cfs was the lowest
average flow that persisted for 30 days. The minimum day occurred
on August 24 when 388 cfs was recorded. This represents a frequency
of 21%. Likewise, the minimum average seven day flow during the
period of survey was 395 cfs from August 19 through August 25.
This represents a frequency of occurrence of 19%. In general, then,
the survey was conducted during a period when the flow in the
Lehigh River was relatively low on the basis of the above
mentioned frequencies.
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Results of Survey

26. In a strict sense, the results obtained from the
survey present only a picture of the varicis water quality
parameters as they existed under the conditions prevailing
during the survey. The various measures cf the water quality
of any particular river may vary considerably from hour to
hour, day to day, and season to season. The effect then of
various man-made discharges can only be measured accurately -
over a long period of time whereby the various fluctuations
can be observed. Hence, the actual results obtained from the
anelyses of the waters of the Delaware River should not be
construed as being typical for other than those which occurréd
during the survey. This is not to infer that the survey
results are insufficient to evaluate water quality conditions
in the Delaware River. The analysis and interpretation of
the results obtained provide a qualitative picture of the
water guality of the River. In some cases, definite
correlations were realized, utilizing available long-term
data in order to quantitatively establish the significance
of the water quality parameters,

27. Biochemical oxygen demand Table 6 summarizes
the average biochemical oxygen demand concentrations as
measured at each station. It i1s seen that in the area north
of Easton, the BOD remained substantially constant, decreasing
only slightly toward Easton. Below Easton, the BOD increased
rapidly, with maximums experienced at the lower downstream
stations. On July 15, the peak BOD's were obtained at all
downstream stations. The survey maximum of 4.5 ppm was
observed at Washington Crossing (#18) on that date.

28. Dissolved oxygen Examining the results obtained

during the July and August survey as tabulated in Table 6,

the dissolved oxygen content of the stream is relatively good.
The only evidence of any oxygen '"sag" is in the vicinity of
Milford, New Jersey, where the mversge minimum dissolved
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oxygen content dropped to as low as ©€.9 ppm. The average minimum
dissolved oxygen represents the mean of the lowest values obtained
during each day of sampling at each particular station, The
dissolved oxygen content of the Delaware River above Easton at

no ‘time fell below 7.0 ppm or 83% of saturation.

29. Figure L is a plot of the average minimum and
the average dissclved oxygen content in ppm against river miles.
It is seen that the DO concentration increased quite sharply
below Milford, New Jersey (although tne BOD increased) which
is presumably due to the self-purification capacity and the
algal activity of the stream in this reach. The magnitude of
the dissolved oxygen content (83% to 121% of saturation) in
the stretch above Easton, preclﬁdes any definite correlation
of the DO content with the waste loads.

/

30. Stratification With respect to vertical and lateral
stratification, the River in general evidenced a marked degree
of homogeneity at almost every cross-section, as can be seen by an
examinstion of the dissolved oxygen values as measured across the
River at the quarter points (see Figure 5). Due to the relatively
shallow depths, little to no vertical stratification should be
expected. However, this may not apply under different flow
regimens. The survey was conducted during a period of extreme
low flows, and consequently, sha]lﬁv depths. ~Although some

lateral stratification might be expected in the broader stretches
of the River around the vicinity of Milford, New Jersey (#l4) to
Yardley (#19), no significant degree of stratification was
observed. As was indicated previously in-this report loads
discharged directly to the Delaware River are of relatiVely
minor importance, since prattically all major loads come

from tributaries. Since little stratification was observed
adequate mixing of these loads with the main stream can

safely be assumed. ;

31. Algal effects. Considerable visual evidence of
algal blooms were seen in the stretch of the river from Easton
to Port Jervis., Large algal growths were also visually observed
in the vicinity of Washington Crossing. In order to more
fully evaluate the diurnal fluctuation due to algal photosynthesis
samples were taken at 1 1/2 hour intervals through a complete

2
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TABLE 6

SUMMARY OF RESULTS OF SURVEY
July and August, 1957

5 Day BOD Hardness Alkalinity Turbidity

Average Average Average Average Line
Station No.* _ (ppm) (ppm) (ppm) (ppm) No.
#o-Below Port Jervis,N.¥Y. 5 Lo 20 16 2 1l
#3-Milford, Pa. L 96 21 16 5 2
#:-Dingmans Ferry, Pa. 3 1.0 22 15 N 3
#5-Bushkill, Pa. L L. 21 16 3 L
#7-Del.Water Gap, Pa. 5 1.3 23 18 3 5
#3-Belvidere, N. J. L 0.8 26 20 5 6
#10-Easton, Pa. 6 05 38 30 3 7
#12-Raubsville, Pa. 10 1.9 59 Lo 6 8
#14-Milford, N. J. 9 2.1 66 L7 G 9
#15-Frenchtown, N. J. 9 202 65 L7 9 10
#16-Lumberville, Pa. 7 2.6 69 L7 10 i
#17-Lambertville, N. J, 8 2.9 69 L6 nla & I
#18-Wash.Crossing, N.J. 8 2.7 FL L8 10 13
#19-Yardley, Pa, 8 3.0 69 L9 12 1k
Iributaries
#6-Brodhead Creek 6 250 Lo oL 8 15
#9-Martins Creek 5 1.3 135 53 6 16
#11-Lehigh River 10 3.6 132 86 8 17
#13-Musconetcong River 9 3.9 145 118 16 18

* Number of samples analyzed
*% Individual determinations in parts per billion (ppb)
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TABLE 6 (CONT.)

SUMMARY OF RESULTS OF SURVEY
July and August, 1957

issolved Oxygen Temperature Iron Phenols
Avg., L

Line Avg. Min, Avg., Avg.

No. No.* (ppm) (ppm) No.* (°C) No.* (ppm) - (ppb)**

i 57 8.2 ToT B 23,7 = = =

2 48 8.4 T.5 48 2k.5 = - =

3 56 B 8.3 56 22,1 - = =

L 11 8.6 8.6 12 22.8 - - -

5 9k 8.2 iy 96 2k.2 - - -

6 12 8.4 8.3 12 24,5 - -

7 29 8.4 a5 29 25.5 il 0.16 0

8 120 7.k .2 120 2505 L 0.39 B2l B I [
9 125 ookt 6.9 126 25.5 L 0.19 12 S0 10

‘ 10 R e o7 ok, 2 0.22 8,2

11 23 8.4 8:1 23 25.4 3 0.25 Bl e
.19 23 8.8 8.5 23 26.1 1L QRS Ty S0

13 69 8.6 8.3 69 25.6 3 G LT o1, 30, 1L, 48
1k 128 9Li5 Sz 128 25.9 3 0.19 1k 1o 0, 21
5 2L 9.2 9.0 ok 22.4 = - =

1€ 5 8.6 - 5 19.4 = = =

F 135 5.9 5.4 135 26.6 2 0.3k 2

18 113 5%C 55 113 21.5 L 0.38 -
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22-hour period at Dingmans Ferry (#4) and at Washington Crossing (#18).
The results obtained are plotted in Figure 5. The results for the
Dingmans Ferry station showed a minimum dissolved oxygen saturation of
about 84% (8.2 ppm) at 0830 and a maximum of nearly 115% (9.9 ppm) at
1730. During the 22-hour period covered at Dingmans Ferry from 1930
on August 12 to 1730 on August 13, almost maximum sunshine conditions
occurred. Sunshine measured at Trenton by the U. S. Weather Bureau
for August 13 indicated that a total amount of 13 hours and 51 minutes,
or 100% of possible sunshine occurred on that particular day. However,
on the August 12 sampling day, only 53% of possible sunshine occurred.
The relatively smaller amount of sunshine on August 12 may have de-
creased the 0100 peak shown in Figure 5. Under maximum conditions of
sunshine, this peak may have increased slightly since algae in general
tend to increase oxygen production under conditions of increasing
light. However, it can be stated that almost maximum conditions for
the measure of the activity of the algae occurred during the sampling.
It may be concluded that for the particular day on which the diurnal
fluctuation was measured, the dissolved oxygen content contributed by
the algae was significant and explains the relatively high DO contents
obtained in the upstream areas. At the Washington Crossing station a
low of 81% (8.0 ppm) at 0700 on the morning of August 14 and a high of
145% saturation (12.3 ppm) at 1730 on August 14 were observed. The

wider fluctuation at Washington Crossing tends to indicate a relatively

greater concentration of algae. Available sunshine on the days of
sampling at Washington Crossing (August 13 and 14) ranged from 100%
possible on August 13 to 91% possible on August 1h4. Hence, the di-
urnal fluctuations were meacured under cptimum environmental conditions
for algal photosynihesis.

32. Temperature The average water temperatures obtained at
each station during the survey are summarized in Table 6. For the
entire period of survey, the average water temperature at Raubsville
was 25.9°C. with a peak daily average temperature on July 22 of
29.2°C. Downstream from Raubsville the temperatures remained at
approximately the same level (25.5°C to 27.2°C). The mean tempera-
ture for the stretch from Raubsville to Yardley including all tempera-
tures recorded was 25.9°C. This included a range from 23°C to 30°C.
The maximum average temperature occurred at the entrance of the Lehigh
River and as indicated in Table 6 was equal to 26.6°C. Upon calibrat-
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ing the various thermometers used during the survey, it was
noted that a significant variation occurred in one of the
thermometers used. This thermometer was used at the Milford
(#.4) and Frenchtown (#15) stations., All temperature data

obtained at these stations using this thermometer have been
deleted and are not included in any computations in this
report.

33. Little or no vertical and lateral stratification
of water temperatures was noticed during the survey. With re-
spect to the time of day, low water temperatures occurred in
the early morning hours, reaching a peak in the afternoon.
In general, the average water temperatures lagged behind the
average air temperatures. In the vicinity from Lumberville
to Yardley, average water temperatures equalled and in some
cases exceeded average air temperatures. As will be pointed
out later, this appears to be indicative of high temperature ;
waste discharges into the Lehigh River.

34. Hardness and alkalinity Figure 6 and Table 6
indicate the average total hardness and alkalinity in ppm as
measured at each station during the period of survey. It is
seen that a sharp increase occurred in the stretch from Belvi-
dere (#8) downstream to Yardley (#19). A fairly constant value
is noted from Milford, N. J. to Yardley, with a maximum value
of 71 ppm at Washington Crossing. For the stretch of the River
from Easton (#16) north to Port Jervis (#2), the hardness con-
centrations also remained fairly constant, ranging from approxi-
mately 20 ppm to 27 ppm. The greatest hardness concentrations
were observed in the tributaries reflecting both geological con-
ditions and high hardness bearing waste discharges. It is seen
that the total average alkalinity follows the hardness curve
very closely.

35. Iron During the period of survey, several total
iron concentration analyses were made on samples from each sta-

tion between Easton (#lO) and Yardley #19). Maximum concen-
trations were noted at the Raubsville (#12) station where a peak

value of 0.50 ppm was obtained on August 29, 1957. The iron
concentrations downstream from Raubsville decreased gradually
with occasional peaks of 0.30 to 0.35 ppm.
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36. Turbidity. Figure 6 and Table 6 indicate the average
turbidity measured at each station during the survey Again, the
Delaware River north of Easton (#10) exhibited low and relatively 1
constant turbidity values. However, turbidity in the reach of the
River downstream from Easton as shown in Figure 6, rose sharply,
reaching a peak at Yardley. The average at this station for the
period of survey was 12 ppm, with a maximum of 16 ppm on July 19,
£957.

37. Phenols, and tastes and odors. During the summer
survey, phenol determinations were made at all stations from
Easton to Yardley. The results are tabulated in Table 6.
Averaging the individual determinations has little practical
meaning and all the results which were obtained are presented
in Table 6. Maximum values of approximately 0.030 ppm,
associated with a medicinal taste, occured at Lambertville (#17)
and Washington Crossing (#18).

38. Taste and odor determinations were made on all
stations from Easton downstream. Since these determinations
are susceptible to personal influences, depending on the analyzer,
only a qualitative and general description of the taste and odor ]
conditions in the River at the time of the survey can be made.

39. Coliform bacteria With the availability of |
routinely collected data from the City of Easton and the r
New York City Board of Water Supply, it was decided to forego
any extensive bacteriological sampling. A general discussion
of the analysis of these data is presented under paragraph 72.

Analysis and Interpretation of Data

40. General discussion. In general, there are two types

of waste discharges; (a) those which for all practical purposes
maintain their individual characteristics as they progress
downstream, and (b) those which are influenced by the physical
chemical and biological factors of the stream. Examples of the
former are some of the heavy metals, and of the latter, organic
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matter and those elements which combine chemically with the

residual compounds in the stream. Depending upon local environmental
conditions, certain stream quality characteristics, for example
cyanides, phenols, etc., may be considerably more important, due

to the. industrial activity of the region. A stream suitable in all
other respects may still be unfit for some uses due to the presence
of these wastes.

41, The description of the various water quality para-
meters as they existed during the period of survey’and the various
interpretations which may be applied to these parameters requires
the knowledge of various other intimately related factors:

(a) River flows and characteristics (which indicate
time of flow, volume of dilution water available, and mixing
factors involved)

(b) Biochemical oxygen demand concentrations (both
in the river itself and any concentrations which are added)

(¢) The rate at which the biochemical oxygen demand
is satisfied.

(d). The rate at which oxygen is diffused into the
stream by reaeration

(e) Temperature and its effects on (b), (c) and (d)
and also per se

(f) Waste loads and locations related to the various
otler water quality parameters.

L2, Time of flow Aside from a knowledge of the nriver
flows occurring during the time of the survey which is of importance
in determining at what point in the flow regime the sampling was
conducted, it is also necessary to obtain information on the
velocity of the river between any two stations. With reasonably
accuratie velocities determined and the distance between stationg
known, the time of flow can be calculated. The results obtained
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imating the rate of satisfaction of the

biochemical oxygen demand and the rate at which dissolved oxygen
1sed into the stream. Calculations using Manning's

formula indicated the results shown in Table 7. These times
represent the average mass transit time of flow for the conditions

prevaili nd August, 1957. The times do not

rement of the river wave and hence differ
Hydrology.

represent the mov

from the times given in Appendix M,
L3, Should any considerable physical change be imparted

upon the Delaware, these results may not necessarily apply. The

survey was conducted during a period of low flow with minor

variations. At higher flows, the velocity picture may change

considerably and the roughness coefficients which were

calculated may no longer be valid. For the section of the

Delaware River north of Easton, the determination of the time

of flow is not as critical as in the lower stretch. This is

due to the more uniform water quality character of the River

in the upper reaches where only an-overall qualitative picture

can be obtained. This will be discussed more completely in the

paragraphs to follow. & z

LL, Biochemical oxygen demand. The addition of :
organic loads to the De*aware River has been discussed previously.
Fully as important as determining the amount of the load is tle
net effect any addition has on the biochemical oxygen demand of the
River itself. It should be emphasized that the BOD, except for
rare instances, is not a pollutant in itself. High biochemical
oxygen demand concentrations {10 - 12 ppm) in some cases tend
to encourage the growth of slimes in industrial cooling lines.
However, the primary interest.in the BOD is that it may combine

with other factors to lower the dissolved oxygen concentration
of the stream. High BOD concentrations do not: necessarily impiy

high coliform organism content. The rate of the utilization of
oxygen to satisfy the demand imposed by the oxidizable material
is the prime concern.
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TABLE 7

TIME OF FLOW
(Survey of July and August, 1957)

Stream Cumulative
Slope Velocity Distance Time Time
Station (££/1000") (fps) (miles) (days) (days)
#10 - Easton, Pa.
5! 1.0k 6.0 <55 -39
#12 - Raubsville, Pa.
578 1.4k 10.3 I .79
#1L4 - Milford, N. J.
58 0.74 3.4 .28 1.07
#15 - Frenchtown,
N. J. 4578 2.26 8.9 .24 Je S
#16 - Lumberville, Pa,
L5718 1l 510) 6.7 B 1.62
#17 - Lambertville,
N. J. .670 1..20 6.9 <35 1.97
#18 - Washington
Crossing, N. J.
430 1.62 3.8 el 2Ll

#19 - Yardley, Pa.
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5. Table & summarizes the data obtained on the long-
term BOD samplir Various mathematical analyses can be applied
to these data in order to obtain the best rate of deoxygenation.
For the purposes of this report, three different methods of ob-
taining the deoxygenation rate constants were used: a graphical
method, the "Method of Moments", and an inventory of the
ultimate biochemical oxygen demands introduced into the Delaware

River between various points, In addition, for the stretch from
Port Jervis to Easton, a semi-log plot of the average 5 day BoD
in the ctream versus the time of flow was employed. Table 9
summarizes the results obtained by these methods. It is seen
that good agreement was obtained between the graphical method,
he "Moment" method and the "inventory" method for the stretches

ar ok
(@]

which they

Y

were applied. A low rate constant indicates that

R,
b

utilized at a lesser rate by the organism

46, BOD records for past years are not available for
the stretch from Easton to Trenton. Hence, the

ure of conditions as they existed during the
1957 survey. With changing flows, loads and/or
temperatures, the BOD load in the Delaware River may be
significantly more or less than was obtained during the sampling
program. However, if one considers the particular loads to
remain constant for any given length of time, it can be said that
the survey was conducted during a time when the effects of
pollutional discharges were most severe, and the loads and
deoxygenation rates as computed present a general representation
of these conditions in the Delaware River.

47. At Milford, Pa. the BOD during 1950-1957 varied
between 0.10 ppm and 1.5 ppm indicating the relatively minor effect
of seasonal changes. The BOD content of the Delaware River
above Port Jervis has averaged only 0.9 ppm for the years 1951
through 1957. Indeed, this average varies only slightly through

out the year and does not change appreciably even during the low-
flow summer months. The July, August, and September averages
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TABLE 8

LONG-TERM BIOCHEMICAL OXYGEN DEMAND
(Survey of July and August, 1957)
(Parts per Million)

Days of Incubation

Stations* 1 2 3 L 25 6 i 9 12 . 15 20
#o (o700 0 00 S ) 2 TN SRy 8 o R 0 S U i 4 B s (e
#10 b DR e W e TR [Tl e e s R o S B o (i L S £ e S
#10 0.2 Yoz 0.2 Y93 0.5 " © 0. 2o R R | =
#1lo s e e R e o T S S e S L LD TS
#1L O g g A 18 90 2 B 2.T 3l 3.3 3.8
#19 GGG S oo gR et e SR 6 I ORSE TG i
Tributaries

# € 1.G 1.6 2.3 2.7 %1 3.3 3.6 Lo Lk 50 -
#11 G L B S S e S VBN o B, O =
#13 1.3 252 3.0 gng hoEEEielgl 5 0RE Gl il 6 -
2 - Below Port Jervis, N. Y. 19 - Yardley, Pa.

10 - Easton, Pa. Iributaries

10g- s " (Grab) 6 - Brodhead Creek

12 - Raubsville, Pa. 11 - Lehigh River

14 - Milford, N. J. 13 - Musconetcong River

* All samples composited unless otherwise noted.
** No nine (9) day analysis - ten (10)day analysis was 0.8,




TABLE 9
{‘ DEOXYGENATION RATES - k; @ 20° C.
(Survey of July and August, 1957)
Method of Computation
Mement Moment
Stations* Graphical (1-7 days) (1-5 days) Inventory
# 2 - Below Port Jervis, N.Y. <05 Ol 07 -
#10 - Easton, Pa. SOk < ok .18
.05
#10 - Easton, Pa. {grab) .05 < ,0u .06
#12 - Raubsville, Pa, Ol .0k .06 .05
Al - Milford, N.J. o7 07 .06 .07
#19 - Yariley, Pa. Ok .09 .08 .09
# 6 - Brodhead Creek .08 Sl Riilt
11 - Lehigh River Ol < 0k <.oL
g
#13 - Musconetcong River .08 .09 .08

¥ All samples composites unless ctherwise noted.




for 1951-1957 averaged 1.0 ppm, an insignificant change. BOD
values for the Neversink River below the Port Jervis sewage
treatment plant have averaged 1.2 ppm since the start of plant
operation. However, this produces only a minor change upon the
BOD characteristic of the Delaware River.

48. Conclusions The area of the basin north of Easton
is sparsely populated and in general contributes small amounts
of organic pollution on an overall basis. Hence, the biochemical
oxygen demand concentrations which are measured are due principally
to "natural" pollution which exists in all streams due to
decaying vegetable and other organic matter. In some local areas
(downstream from small creameries or mills) comparatively high
biochemical oxygen demand concentrations may be observed. However,
examining the area. asa whole, these conditions are minor and exert
little influence upon the quality of the stream.

49. The magnitude of the biochemical oxygen demand
concentrations cbserved in the Delaware River in the stretch from
Easton to Trenton indicates that discharges which are capable
of utilizing oxygen are added in significant amounts. Also, on
the basis of both visual and quantitative observations, increased
organic food matter is available in this reach of the River for
utilization by such aquatic organisms as algae. The interpretation
of the interrelationship of the biochemical oxygen demand and the
DO of the River is discussed in paragraph 55.

50 Dissolved oxygen Unlike the biochemical oxygen

demand ncentration of a stream which can in itself be generally
separated from the various other parameters, the dissolved
:ydge: concentration is intimately bound with a number of other
facto (1) the biochemical oxygen demand, (2) plants which
tend to contribute ssolved oxygen through the process of
photosynthesis fu;fxe), (2) temperature which either increases
r decreases the utlimate amount of dissolved oxygen which can
be placed i lution (saturation value), (4) the physical
characteristic f the stream, e. g., rapids, pools, stream

)
velocities and (5) reaeration which involves a combination of all

Py

oL The above.,
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51. 1In general, neither the biochemical oxygen demand
nor tle Jissolved oxyzen content of a stream are pollutants in
themselves. The dissoived oxygen is primarily of interest only
when it falls below certain limits, thereby inlibiting particular
water uses. For exar_.le, various standards have been adopted,
limiting the disscived oxygen content of the stream to a minimum

of 4.0 to 5.0 ppm. It ts feit by some regulating agencies that
this limit ic necessary to maintain both a varied fish population
and "heesitly' streem piota. The stream is considered septic when

the dissolvec cxygzen & proaches complete depletion. This condition
gives rise to obuoxicus odors which impair the esthetic quality
of the river.

52. Dissclved oxygen balanace. In presenting the dissolved
oxygen resources ol tine Delaware River during the period of survey,
the oxygen bdalance concept has been used. For any particular
stretch, the dissolved cxyzen content entering that stretch,
plus the dissolved cxyzen content of any tributary streams, plus
the reaeration supplicd to the river, minus the oxygen demand
of the organic materici, must equal the oxygen concentration
leaving the pcrticular stretch. Expressing this relationship
as an equation, the folliouing results:

Equation (i) DO, + Do, -+ DO, - DO = DOy

BOD
where DO, = the total dissolved oxygen
in lbs. per day at the up-
stream station
DO, = the total dissolved oxygen in
lbs. per day contributed by
auny tributaries
DO, = the total dissolved oxygen in
lbs. per day contributed by
reaeration or other factors
DOBOD = the total dissolved oxygen in
lbs. per day utilized in the
stabilization of the oxidizable
organic matter
and DO, = the total dissolved oxygen in lbs.
per day at the downstream station
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53. Table 10 summarizes the results of the DO balance
computations., In an analysis of this type, the various
assumptions which are made are of extreme impor tance in fully
evaluating the results obtained. For example, it has been
assumed that the rate of deoxygenation (ur oxygen utilization)
for the load at Raubsville remains constant and separate in
flowing downstream to Milford. Likewise, the rate of de-
oxygenation of the biochemical oxygen demand contributed by
the Musconetcong River has also been assumed to remain constant
as it flows to Milford. That this is not exactly true 1s known,
since the mixture of the wastes and the various mixing parameters
of the stream may vary this assumption to some degree. Also,
since~average conditions have been used, the effect of any lateral
or longitudinel mixing, as well as vertical stratification, has
been neglected, which in the case of the Delaware River appears
to be valid. The analysis also assumes that the entire amount
of oxygen needed in the stabilization of the organic matter
(5,700 lbs, per day) has been drawn from the oxygen "bank" of the
stream itself. A portion of thig amount may have been drawn from
the oxygen content eontributed by reaeration, which would tend
to increase the 7,500 lbs per day. However, it is seen that
the 7,500 lbs. per day, which is a result of reaeration and
algal activity, represents the minimum amount under the particular
conditions of the survey. In summary, the results presented in
Table 10 are meaningful only so far as the gualifications
surrounding the computations are taken into account. Variations
may be expected from these results at other particular stream
or environmental conditions,

54. Although data are not avallable on the dissolved
oxygen contents of all of the tributary waters of the Basin
north of Port Jervis, the low biochemical oxygen demeand
concentrations as discussed in paragraph §f t~nd te indicate
‘that the dissolved oxygen will be relatively high. Likewise,
the lack of any significent continual sources of pollution
also aids in the maintenance of good dissélved oxygen contents,
Data collected on a weekly grab basis for the Neversink River above

and below the Port Jervis sewage treatment plant outfall and for the
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! TABLE 10

AVERAGE DISSOLVED OXYGEN BALANCE
(Survey of July and August 1957)
(Pounds Per Day)

DO, DO4
At DOy, DOgop At DO, (%*)
Upstream From Total Downstream Net Gain
Station Station Tributaries Utilized(%*) Station Or Loss
i #10 - Easton, Pa. 91,000
[ 15,800 1,600 +28,000
f #12 - Raubsville, Pa, 133,200 133,200
1,000 5,700 + 7,500
#4 - Milford, N, J. 136,000 136,000
| Negligible 20,000 +30,000
#19 - Yardley, Pa, 146,000

[ (#) Includes Dissolved Oxygen utilized in stabilization of organic
| matter contributed by significant tributaries.

(**) DOr = Dod + DORoD - Dot - DOu
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| Delaware River above and below the entrance of the Neversink
River have been plotted in Figure 7. The typical seasonal
variation is evident in both cases. For the Neversink
River, it is seen that essentially there is no difference in
the dissolved oxygen contents above and below the sewage
treatment plant outfall since the amount of BOD added is
relatively small. At no time did the DO fall below 6.0 ppm.
For the Delaware River only a slight difference is noted above
and below the entrance of the Neversink. Although there is
increased dilution water available in the Delaware as opposed
to the Neversink, the biochemical oxygen demand discharged by
the Port Jervis sewage treatment plant does not actually have
sufficient time to exert a demand before it enters the Delaware.
A slight decrease in the dissolved oxygen contents is to be
therefore expected.

55. Conclusions The results of the previous analyses
of the data obtained during the summer survey indicate that
in general the dissolved oxygen content of the Delaware River
from Port Jervis to Trenton is relatively good. In order to
Present a more graphic picture of the dissolved oxygen content
of the Delaware River in the vicinity of Milford, N. J. (the low
point), one can assume that the desirable lower limit at this
station is 5 ppm of dissolved oxygen which represents a total
oxygen content of 91,500 lbs/day at a flow of 3,400 cfs. If
all factors remain equal (except of course for the load which
would tend to deplete the oxygen to the 5 ppm), a reserve of
Ll ;500 1bs/day of oxygen is available under present conditions.
In other words, if a waste load were introduced into the
Delaware River and was of such magnitude so as to utilize 44,500
1bs/day of oxygen in the stretch from Raubsville to Milford the
oxygen content at Milford may be depleted to as low as 5 ppm.
This conclusion should be viewed as representing only a general
magnitude. Indeed, should a sufficient waste load be introduced
into the Delaware River between Raubsville and Milford to deplete
the oxygen at Milford to 5ppm, the conditions in the stream
may well be entirely different from those measured during the
sampling survey. Should the waste be introduced upstream from
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from Raubsville, the surplus would be decreased considerably.

In general, the stream is in a relatively good condition at the
lowest measured point of dissolved oxygen and the oxygen surplus
available is sufficient to allow for a significant increase in the
biochemical oxygen demand concentration of the stream.

56. Temperature The temperature of any body of water
is affected by a number of factors, some of which tend to increase
the temperature, others which tend to decrease the temperature.
Among the most important are:

(a) Solar radiation (increase)

(p) Radiation back-scatter (decrease)
(c) Evaporation (decrease)

(d) Conduction (increase or decrease)
(e) Convection (increase or decrease)
(f) High temperature waste discharges

Por a particular body of water one or more of the above may be
the controlling factors. For example, in large shallow reservoirs,
evaporation may be dominant whereas in a flowing river the man-
made high temperature discharges may control. An accurate appraisal
of the various temperature components can be made by utilizing the
"balance" type of computation. This requires, however, extensive

1 data in order to fully evaluate all of the above factors. |

57. The results obtained from the summer survey indicate
a general increase in the temperature of the Delaware River from Port
Jervis, N. Y. to Trenton, N. J. Although some of this increase is
due to the natural heating of a body of water, the relatively high
average temperature of the Lehigh River of 26.6°C indicates that this
tributary which represents approximately 25% of the flow of th
Delaware may account for the increase in temperature. High temperature
waste discharges to the Lehigh River at Bethlehem have reached
maximum values of over 37.8°C. The peak daily average temperature ]
of the Lehigh was 30.1°C indicating that the increase in the temperature
at Bethlehem resulting from the high temperature discharges may persist

as far as the confluence with the Delaware.




133

58. Conclusions It appears that the general increase
in the temperature of the Delaware between Easton and Trenton is
due in part to the entrance of the Lehigh River. The relatively
high temperature of the Lehigh at the confluence reflects the
discharge of high temperature wastes in the vicinity of Bethlehem,
Pennsylvania.

59. Hardness and alkalinity From a domestic water
supply viewpoint, a water with a hardness content in the

vicinity of 50 ppm is considered to be "soft". Hardness over

100 ppm may require treatment of the water. From an industrial
water use viewpoint, the desirable maximum limits of hardness in

a water may vary from O ppm to over 200 ppm, depending upon the
industrial process. Boiler feed water at extreme pressures requires
hardness of very low values as do also laundry, teatile, .rayon and
pulp industries. Alkalinity is not a pollutant in itself, but
rather is indicative of high pH values, hardness and dissolved
solids. It is not considered to be detrimental to humans. The
maximum amounts of alkalinity permissable in industrial water

uses may vary from 30 ppm for carbonated beverage plants to

250 ppm for some food products manufacturing.

60. Examination of the hardness records for the months
of December, 1951 to July, 1955 at the Trenton water works intake,
indicates a definite cyclical pattern in the occurrence of total
hardness. The average monthly total hardness as observed at ’
Trenton in almost all cases reached a peak value in the late fall,
decreasing sharply thereafter to a "valley" during the early spring
and summer months. A sharp increase was noted during July and
August, culminating again in the fall peak. Plotting the average
flow at Trenton versus the average total hardness yielded Figure 8.
A curve of statistical "best fit" was then drawn. It is seen that
as the flow increased, the average hardness decreased, which is
due in part to the increased dilution water available. . The
increase in hardness at the lower flows may be due to an increase
in the relative amount of ground water in the Delaware River.
Data available for the Delaware in the vicinity of Martins
Creek also evidenced the same pattern as that observed at Trenton.




REPORT ON THE COMPREHENSIVE SURVEY OF THE WATER RESOURCES OF
THE DELAWARE RIVER BASIN

28

© =
o o ;
il Q : 3
=
z @ &
w -
o z
w w
s b3
. Q <« -
o C s
w
@
=
z
S ]
- o~ a
5 N e
w
s 3
e
o ()
O
| o
o~
L 1
~.
(2]
@® w
2 i o
o o o
o
=X

6

’u\\<
14
MONTHLY

o0
o
(DATA COURTESY OF TRENTON, N.J,

12

AVER AGE
FLOW AT TRENTON —

0 ©

1o

o
b ®

100

70

60

50
40

30

39VH3AV ATHLINOW —Wdd - SS3INQYVH TVLOL

PART B — STREAM QUALITY

U S DEPARTMENT OF HEALTH,

EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

FIGURE 8

HARDNESS - FLOW RELATIONSHIP
OF DELAWARE RIVER AT TRENTON, N.J.

DECEMBER 1951 — JULY 1955




135

As a generality, Figure 8 could be used as representative of the
variation of hardness with flow in the Delaware River,

©l. The hardness and alkalinity content of the Delaware
River in the vicinity of Milford, Pennsylvania (#3) have remained
fairly constant regardless of the flow pattern. Data for the
past seven years indicate that the hardness has varied from
15 ppm to a maximum of 30 ppm, with an average of 21 ppm and the
alkalinity from 4 ppm to a maximum of 20 ppm. Typical of the
hardness content of tributary streams is an average of 12 ppm
(l955—l9“6) for the Neversink River above the Neversink Reservoir.
A statistical analysis made between the hardness of the Delaware
River below and above Port Jervis indicates that in the summer
months there is in general no difference in the hardness of the
waters.

62. Conclusions The total hardness and alkalinity of
the waters of the Delaware River from its headwaters to Trenton,
N. J., from a domestic water supply viewpoint, are not excessive;
however, at times the hardness has reached values of 110 to 115 ppm,
which has necessitated removal by treatment. As the flow of the
Delaware has increased the total hardness content has decreased
according to Figure 8.

63. Iron The presence of excess total iron concentrations
in a domestic water supply stains laundry and porcelain fixtures and
in concentrations higher than 0.5 to 1.0 ppm impart a definite
‘taste to the water.. As a general guideline, the U. S. Public
Health Service Drinking Water Standards recommend a suggested
limit of 0.3 ppm for the total of the iron and manganese
concentrations in the water. From an industrial water use
viewpoint, maximum permissable values of iron concentrations
vary considerably, depending upon the type of industry, with a
minimum value of 0.1 ppm in the manufacture of some pulps and papers.

c. Daily greb samples taken at 9:00 AM at the
Trenton water works intake were available for correlational
analysis with flow. For seven year record (1948-1955) there
does not appear to be any definite year round correlation between
the flow at Trenton and the total iron concentration. At the
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higher flows, the iron content varied between approximately

0.4 ppm and 1.1 ppm, with no visible increase or decrease in this
variation as the flow increased. However, during the summer months,
a definite pattern exists between the flow and the total iron
content. Figure § is a plot of the average total iron concentrations
for the months of July., August, and September from 1948 through
1955, against the average flow for the month. It is seen that as
the flow increases, an increase of about 0.09 pPpm of iron per 1,000
cfs occurs. These increasing iron concentrations are believed to
be due to the re-suspension of precipitated ferric iron.

The correlation coefficient obtained from the statistical analysis
of the values indicates that the Probability is less than one in
one thousand that the relationshiP occurs by chance alone.

65. Conclusion In general, it can be expected that during
the low flow summer months, an increase in the flow temds to increase
the total average iron content of the Delaware River at Trenton.

The upper waters of the Delaware River exhibited no significant
change in the iron content during 1950-1957, when values varied from
a minimum of 0.05 pPm to a maximum of 0.70 ppm, with no correlation
with flow being evident.

66. Turbidity The presence of turbidity in water interferes
with the clarity of the water, and diminishes the penetration of
light. It is caused by & number of factors, including organisms,
clays and silts, domestic sewage, and industrial wastes. The term
should not be confused with the suspended solids content of the
water, and may not necessarily bear any relationship. Rather, it
is an indication of only one effect of the suspended solids content
upon the quality of the water. The U. S. Public Health Service
Drinking Water Standards recommend a maximum of 10 ppm for filtered
waters. Maximum values of turbidity for industrial water usage may
vary from 1 ppm to 100 ppm, depending uPon the process.

67. Examination of daily U-hour grab samples measured
for turbidity at Trenton for 1948-1955 did nct show any variation
with flow. This is due in part to the typical turbidity pattern
throughout any given year. Generally three distinct peaks occurred
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at Trenton: one in the spring (due to snow runoff), one in the
sumner (due to flash storms of high intensity), and one in the late
fall (due to the relative increase in rainfall). Values varied
considerably across any day or month. Monthly averages ranged

from 5 ppm to over 50 ppm, with daily variations from O ppm to

500 ppm. In general, the turbidity of the waters of the basin
north cf Port Jervis is extremely low, varying from 2 ppm to 1O
ppm. Occasional peaks occur, but are not indicative of any

trend. The turbidity of the Delaware River below Port Jervis

(at Milford, Pa.) has averaged only €ppm for the years 1951 through
1957. Likewise, the Neversink River above Port Jervis has
averaged 7 ppm (1951-1957) and the East Branch of the Delaware
River at Downsville has averaged 7 ppm (1949-1956).

68. Effect of reservoir construction on turbidity Analyses
for turbidity have been made twice daily by the Board of Water
Supply for New York City above and below the area of construction
of the Neversink Reservoir. These records exist back to 1941.

In examining these data, the daily determinations were averaged

over a monthly period and Figure 10 was plotted. The daily
analyses below the dam site were discontinued in 1953, but

weekly analyses are available to extend the plot to present day
conditions. Figure 10 is la.gely self-explanatory. No attempt

has been made to ascribe a quantitative increase in turbidity e

to the construction activities. Rather, the general ¢ ‘clusi

is drawn that the major construction of the Neversi ;

and reservoir has materially increased turbidity downstream

from the dam. Analyses were also run separately on a weekly

basis from the above mentioned daily samples. Examination of these

data indicates that since tle cessation of the major construction

activities, the difference in turbidity above and below the

dam has become progressively smaller and little or no difference

can be attributed to the effect of the operation of the

reservoir. With the basic premise c¢stablished, namely that
construction of a dam and reservoir increases turbidity below

the site, the next determination to be made is the downstream

distance which is affected. In the case of the Neversink Reservoir

and dam, the closest downstream station after the one immediately
below the site is above the City of Port Jervis, a distance of some
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L5 stream miles below the dam. Fully as important as the distance
is the relative flows between the upstream and downstream stations.
Below the dam, the flow during the summer months of the construction
period varied between 7.5 and 15 cfs. For the Neversink River

above Port Jervis the flow during the period varied between

150 to 300 cfs, a ten to twenty fold difference. However,

when Figure 11 is examined, it is seen that on a yearly average
basis the turbidity of the Neversink River above Port Jervis has
decreased steadily since the construction activity has ceased and
appears to be leveling off at about 4 ppm. Admittedly, the lack of
data prior to 1951 mitigates against a more firm conclusion, yet it
appears that the construction of the Neversink Dam and Reservoir has
influenced the turbidity content of the River as far down as

Port Jervis. It is not probable that the higher turbidity values
for the Neversink River above Port Jervis are due to very turbid
tributaries, since the characteristics of the Neversink sub-

basin are essentially the same throughout. Likewise, the utilizaticn
of annual averages dampens the seasonal effects and aids in
establishing a trend in the relative turbidity values.

69. Conclusions Although the increase in turbidity
discussed in the preceeding paragraph is relatively great, the
absolute values are considered indicative of waters of fairly
low turbidity content. However, it is pertinent to realize that
any relative increase such as experienced in the Neversink River
may well require temporary treatment measures by downstream users
who are accustomed to waters of low turbidity content. For the
Delaware River from Easton to Trenton, the turbidity at times
exceeds acceptable limits (on a monthly average basis as well
as a daily basis), thereby requiring remedial filtration measures
by domestic and industrial water supply users. The turbidity in
this stretch of the River is subject to considerable variation
due to various environmental conditions.

70. Phenols, and tastes and odors The presence of
phenols in water is due principally to wastes from such specialized

industries as wood distillation industries, oil refineries, and
chemical plants. Phenols, in general remain detectable for long
distarnices. A medicinal taste is imparted to the water when excessive
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concentrations of Phenols are Present. The U. S. Public Health
Service Drinking Water Standards recommend a maximum Permissable
limit for phenols in water of 0.001 ppm. Values above this

limit impart a detectable taste and odor to domestic water supplies.
Excessive amounts of pnenols (greater than approximately 5 PPm) may
be detrimental to a healthy and palateble fish population.
Reflecting the qualitative nature of tastes and odors in water,

no specific standards have been set forth. Rather, a general
statement is usually made by the regulatory agencies concerned,

e. g., "no objectionable tastes or odors shall be Present.”

71. Conclusions The results of the summer murvey
determinations for phenol content (see Table 6) indicate that
at times the accePted Phenol concentrations are exceeded in the
waters of the Delaware River. Indeed, difficulty has been
experienced by the various user of the Delaware for domestic
water suPply purPoses. The origin of the relatively high Phenols
is difficult to detect, but it 1s believed that these concentrations
are due to occasional oill spillages upstream and the Presence
of Phenols in various direct-discharging industrial wastes. The
high Phenol contents impart a characteristic medicinal taste and
odor to the water which was detected during the summer survey.
Various other degrees of tastes and odors were also observed,
but may be due in Part to the "natural" characteristics of the
River. On the days when high Phenol contents were observed a
correspPonding increase in the tastes and odor was also noticed.
In general, the results of the summer survey indicated that taste
and odor Problems are present in the Delaware River but are
unPredictable as to frequency of occurrence and magnitude of
intensity.

72. Coliform organisms To test a Particular water

samPle for the Presence of spPecific Pathogenic organisms 1is

a time consuming and relatively unreliable method of Procedure.
Rather, a more simPle test is used whereby the sample is examined
for a family of organisms known as coliforms. This group

acts as an indicator of human Pollution, but also includes bacteria
of soil, vegetable or other non-fecal origin. The finding of the
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presence of coliform organisms in a water sample has been
accepted as being indicative of sewage pollution. The standard {
method of expressing coliform concentrations is the most probably
numberof organisms per 100 ml of sample. This method of expression
is a statistical one and should be viewed as such. Obviously, in
sampling a large body of water (or even a distribution pipeline)
any one sample analyzed at any one particular time may not
necessarily have the same concentration as that taken an instant
later. Likewise, the range of magnitude may increase many fold
from day to-day, or season to season.

73. The U. S. Public Health Service has recommended
placing the results of the coliform determination into four
groups as follows:

(a) Group I. Water Requiring No Treatment This
group is limited to underground waters not subject to any possibility
of contamination, and meeting in all respects, the requirements of
the Public Health Service Drinking Water Standards, as shown by
satisfactory, regular, and frequei:t sanitary inspections and
laboratory tests.

(b) Group II. Waters Requiring Simple Chlorination,
or Its Equivalent This group includes both underground and
surface waters, subject to a low degree of contamination, and 3
meeting the requirements of the Public Health Service Drinking
Water Standards in all respects, except as to coliform bacterial
content, which should average not more than 50 per 100 ml in any
one month and exceeding this number in not more than 20% of the
samples examined in any one month.

(¢) Group III. Waters Requiring Complete Rapid-
Sand Filtration Treatment or Its Equivalent, together with
Continuous Postchlorination This group includes all waters
requiring filtration treatment for turbidity and color removal;
waters of high or variable chlorine demand; and waters polluted
by sewage to such an extent as to be inadmissable to Groups I
and II, but containing numbers of coliform bacteria averaging not
more than 5,000 per 100 ml in any one month and exceeding this

number in not more than 20% of the samples examined in any one :
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(d) Group I¥. Waters Requiring Auxiliary Treatment
in Addition to Complete Filtration Treatment and Postchlorination.
This group includes waters meeting the requirements of Group III,
with respect to the limiting monthly average coliform numbers, but
showing numbers of coliform bacteria exceeding 5,000 pef 100 ml in
more than 20% of the samples examined during any one month and
not exceeding 20,000 per 100 ml in more than 5% of the samples
examined during any one month.

74. Figure 12 is a plot of the coliform concentrations
observed at the Easton water works intake. It is seen that in
general, the waters of the Delaware River at Easton fall into
Group III of the recommendations of the U, S. Public Health
Service. The fact that the results obtained fall on a straight
line at different levels is a result of the statistical technigue
used to compute the most probable number.

7>. Conclusions In general, it can be said that the
coliform concentrations of the Delaware River in the vicinity of
Easton is such as to require rapid-sand filtration followed by
continuous postchlorination. Also, with a knowledge of the {
waste discharges from Easton to Trenton, it can be said that 1
the waters in this stretch of the River fall at least into ]
Group III and probably into Group IV.

Future Trends

76. Population The area considered tributary to the
Delaware River from Port Jervis to Trenton is outlined in Figure 13.
Table 11 presents the basic data on the present and projected
future population of this area. As indicated by Figure 13 and
Table 11, only those portions of the counties within the basin
proper have been considered. The communities tributary to the
Delaware within these county sections have been determined
from Attachment 1, and the populations thereof from the U. S.
Bureau of Census data. When the entire county is within the
area, the county populations given by the Office of Business
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TABLE 11

POPULATION OF TRIBUTARY AREAS

{Thousands )
{
ESTIMATED
FUTURE
SUB REGION POPULATION
AND COUNTY* 1930 1940 1950 1956%* 1965 1980 2010
Sub-region C. (part)
1. Lehigh (all) 172090 LTF.5 198,21 225.0
‘ L71.0 576.0 81k
2. Northampton (all)l69.3 169.0 185.2 196.0
4. Warren (all kg 3 56.2 skl 58.0 -65.2 £0.0 - 155
5. Hunterdon(part) 15.6 16.2 17.8 19.1 21.5 26.4 51
Sub-region G. (part) :
L. Sussex (part) L gs a5 - 8T 00.9 2hiB 33.5 36
6. Pike (all) TaS Tl 8k doLe 138 16.0 17
7. Monroe (all) 28.3 29.8 33.8 37.00 k3.6 50.2 6l
8. Carbon (all) 63 61,7 57.6 56.0- 55.8 55.8 60
Port Jervis, N.Y, 1o g8l 9.t 9.8 11,0 13.0 16
9. Schuylkill (pept)} 5.0 5.5 .6.2 6.2 7.0 9.5 10
Sub-region E. (part)
1. Bucks (part) 2.5 26.6, 33.8 S6.4 W2 30 51 97
Sub-region D. (part)
1. Mercer (part) Byl 69 s8R gUE TG 55 25
569.9 578.0 631.2 681.1 765.4 927.0 1345

¥Refer to Figure 1, Part A
*¥*Estimated
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Economics in Appendix B have been used, The projections

made for the individual counties and portions of counties have
been made using the per cent increases developed by the OBE

for the Sub-region in which the county is located. These
increases were then applied to the county areas to determine the
1965 ' ta 2010 projected populations. The populations for the
tributary area are plotted in Figure 14,

77. The increase in population from 1940 to 1950 is due
in large part to the growth of Lehigh and Northampton counties,
which formed approximately 70% of the 53,000 population increase
in this decade, while constituting 60% of the total tributary
population in 1940. However, the per cent increase of Lehigh
and Northampton counties was among the lowest of the entire
tributary area. All of counties in Sub-regicn G save Carbon
county and the city of Port Jervis (which experienced decreases
in population) and those portions of Bucks and Mercer counties
within the basin area, experienced per cent increases in
populations during 1940 - 1950 greater than Lehigh and Northampton
counties. It is anticipated, however, that both these counties
will undergo a rise in population commensurate with the
surrounding area. In 1956 it is estimated that Sub-region C as
indicated in Table 11 formed 73% 6f the total tributary
population. It is estimated that in 1965 and 1980, this
portion will constitute approximately the same percentage of the
total tributary population. It is seen then that the greater
portion of the population shown in Figure 14 is concentrated
in the Lehigh River sub-basin and in the area surrounding the
confluence of the Lehigh River with the Delaware.

78. Pollution loading Of the total population of
681,000 in the tributary area in 1956, 341,600 or approximately
50% were served by sewer systems. The remaining population
utilized individual means of waste disposal. Of the 341,600
people sewered, 95.6% or 326,000 were served Dy secondary sewage

treatment facilities. In the entire area, there is only one
primary plant serving approximately 1,000 people and four
sources of untreated wastes from sewered communities. The

concentration of population in the Lehigh River basin and in the
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vicinity of the confluence of the Lehigh and Delaware implies a
higher degree of industrial activity than in the remaining tributary
area. A cursory inspection of Attachment 1 indicates that this is
the case. The upper regions of the tributary area support a more
recreational type of activity with a concomitant increase in
population during the summer months due to the influx of tourists.

79. On the basis of available data for the years 1930,
1950 and 1956, the pollution load discharged to the Delaware
River in pounds cf BOD per day during the months of June to
September for the reach from Port Jervis to Trenton has been
determined. The results of these data are also plotted in
Figure 14. Inspection of this particular plot indicates that a
peak in pollution loading in this stretch of the Delaware was
reached during 1949-1951. The increase in pollution loading
from 1930 to 1950 closely paralleled the increase in population
of the tributary area during this time period. Follewing the
peak period, a sharp decline in pollution loading is noticed,
resulting from the installation of major treatment works during
the years 1953 to 1956. In 1956 therefore, the estimated load
of 24,000 pounds of BOD per day discharged to the Delaware River
in the reach from Port Jervis to Trenton represents the load
from a sewered population almost entirely treated to a degree
presently accepted as being the best combination of pereent removal
of BOD and economy of treatment.

80. The projection of the pollution load discharged to
the Delaware River from Port Jervis to Trenton has been made using
the following basic assumptions:

(a) The present rate of decrease in pollution
loading will continue until approximately
1962-65.

(b) Following this continual decrease a gradual
rise in loading is anticipated.

(¢c) The rate of this gradual rise in loading
will soon approach the rate of increase
in population.
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discussion of future water quality

Q=
(OISR

conditions in paragraphs assumes no changes in
the flow regime of the streams of the Basin. The effect of any
proposed impoundments on future stream quality is discussed in

Part C of this Appendix. Figure 15 presents the results of various
sampling programs performed on the Delaware River. The two major

surveys performed in 1929 and 1957 indicate more specifically the
DO profile during these years. The grab samples plotted in

igure 15 serve to fill the gap between the 1929 study and the
1957 study. It is seen that at no time during these studies did
the dissolved oxygen content fall below 7 ppm. On the basis of the
1957 stream Survey, it was concluded (see paragraph 56) that if
a pollution load were introduced intc the Delaware River above
Raubsville, Pennsylvania and was of such a magnitude as to utilize
L4 500 1bs. of oxygen in its stabilization, the dissolved oxygen
content of the River at Milford, New Jersey may fall to as low
as 5 ppm. Examining Figure 14, it is seen that the worst condition
anticipated in 1980 is a pollution load of approximately 37,000
lbs. BCD/day. This represents the pollution load discharged to the
Delaware River in the entire reach from Port Jervis to Trenton,
New Jersey. It appears therefore, that the Delaware River at its
present low point of dissolved oxyvgen ’Raubsville-Milford'area)
has sufficient capacity to absorb the anticipated pollution load

in 1980 without lowering the avergge dissolved oxygen content below
o ppm.

84, The estimates of stream quality conditions in 2010
are subject to wide variations, but on the basis of past trends and
the projected pollutional load to the Delaware River, certain
general statements are possible. The pollutional load of 50,000
pounds of BOD per day expected in 2010 includes discharges to the
Delaware in the entire stretch from Port Jervis to Trenton. A

large undetermined part of this load, however, will be concentrated
at the entrance of the Lehigh River. It is highly probsble that
the load above Raubsville will approach 45,000 1lbs of BOD per day.
As mentioned in the preceding paragraph, it was.concluded that

the introduction of a wastz lcad above Raubsville, Pennsylvania
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capable of utilizing 44,500 pounds of oxygen per day may depress
the dissolved oxygen levels in the stream at Milford, N. J. to
about 5 ppm. It appears then, that by 2010 the average dissolved
oxygen content of the Delaware at Milford, New Jersey may fall to
about 5 ppm and possibly at times may fall below this figure. In
general, however, the Delaware River from its headwaters to Trenton
can still be expected to support a wide variety of water uses
during the period ending in 2010.

85. It is not expected that the increase in population
in the tributary area as discussed above will materially change
the dissolved oxygen content of the smaller tributaries. However,
for the Lehigh River, because of the relatively large growth antici-
pated for Lehigh and Northampton counties, a concurrent increase
in pollution loading can be expected. The 1957 stream quality
survey indicated that the average dissolved oxygen content of the
Lehigh River at its confluence with the Delaware River was 5.9 ppm
(see Table 6). This DO content in large part reflects the pollution
discharges from the Bethlehem and Allentown area. Available data
indicates that above this population complex, the dissolved oxygen
anticipated for the Delaware River applies also to the Lehigh River,
since the largest portion of the pollution loading discharged to the
main stream results from the entrance of the Lehigh River. Hence, a
predicted increase in loadings for the main stream includes implicitly
an increase in pollution loadings for entering tributaries, in
particular the Lehigh River. The large predicted population for the
area surrounding the Lehigh River will undoubtedly subject the stream
to an increasing pollution load with an accompanying decreasing
diss~lved oxygen content.

86. An expanding population requires and is due in part
to an expanding industry. Expanded industrial activity results in
a greater use of river water for cooling purposes. This increasing
use of river water for cooling purposes will further increase the
tempereture of the Delaware River below the entrance of the Lehigh
River. Also, for the Lehigh itself, the discharge of high temperature
process water is at present resulting in a definite 1ncrease in stream




temperature below the Bethlehem-Allentown area. Table € indicated
the rclatively high f

River at

the entrance with the Delaware. Available cates that

in water

above the Bethlehem-Allentown area, normal fluctu:

temperatures occur with a high of approximate luring the

summer months. Below the metr

%, oumner tempera-

tures reach a high of expected then that

the increase in temperature from above the Bethlehem-Allentown

area to below this area will at least be maintained and may possibly

increase to a slight degree.
87. With respect to the remaining stream guality
characteristics, it is estimated that the increasing pollution load

will result in increasing concentrations of all of these parameters

in varying degrees. For example, it is obvious that increasing

pollution loads will produce an increase 1in the bacterial content
f a stream, whereas this increase in loading will affect the

o}
hardness content of the stream to a considerabl; Ser degree.
The latker effeet

hardness in a stream is due to the geolc

s due to the fact that a large percentage of

ical factors of the

basin. Increases in hardness can occur as a result of specialized
industries. For purposes of this report, however, no attempt
e

2
has been made to project any increases in the chemical constituents

of stream quality.
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91. In 194¢ the Department of Interior Fish and Wildlife
Service conducted a water quality survey of the estuary to de-
termine the effects of pollution ¢! shad migretion upstream.:; -
Although a total of 15 stations were o

upied during the survey
onsiderably more emphasis was placed on the station lccated at
Pennsyville, New dJersey

gg. Since 19); the Delaware bay Instit .ite and New Jerse
Oyster Research Laborat € beewn obtaining river samples along
a r.n counsisting of Lhe range from Ship John Lignt to the Delaware
Ri.er above the entrance of the Sch\ylkfll River
(initially known as "Delzoop", and presently known as "J0" runsg)
consist: of analyses made for salinit S

y T
oxygen at mid-channel and at 20 foot depth intervals.

93. The City of Philadelphia Water Department on cccasion
samples the estuary at varyi., locations extending from approximately
Allegheny Ave..ue to Reigelsville, New Jersey. These studies are
conducted principally to maintain a continuing check on the quality of
the Delaware river water with special reference to phenol bearing
wastes. Also routi e weekly sampling started in 1949, is conducted
by the Torresdale water plant to determine the gquality of the estuary
at that particular point.

9, Tu. 1956 a study . run by the Delaware Water Pollution
Control Commission of the water quality of the Delaware estuary from
Appoquinimink River to the Delaware-Pennsylvania state line at
Marcus Hook. The samples were analyzed comprehensively including
determinations for DO, BOD, temperature, chlorides, hardness, alkalinity,
color, ete. PFollowing this study the Delaware Water Pollution Commission
has continued to make sampling runs and has extended the runs upstream
to Fieldsborc, New Jersey.

ra

95. Since August 1949, a total of 8 staticns ranging from
the Burlington Bristcl bridge to Marcus Hook, Pa. have been sampled
on a monthly basis in a cooperative survey program by the City of
Philadelphia and the U, S. Geological Survey. ;L/ The river is

cross-sectioned into 5 locations consisting of New Jersey side, New
Jersey side of chaunel Center of chaunel, Pennsylvania side

of channel, and shore. Likewise, samples are takex at these sections at




|

low the surface and 3 feet above the river bottonm.

q

* DO, BOD, temperature, chlorides and

96. In additicn to the studies mentioned above there

are many private industries located slong the estuary which
1

y sample the river water in order maintain

progress has

A
into the tributaries o

regsulted in leocalizing

%
the main sftream proper. With the construct

ion of leng inter-
ceptor Lines river front, the guestion of loadings

()

contributed by storm overflow chambers
paramcunt importance. A%t the present
i -+

0 he magnituds of these loads is extremel

river as ing

pollution load.
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TABLE 12

BASIC DATA ON SIGNIFICANT WASTES DISCHARGED DIRECTLY TO THE
DELAWARE RIVER ESTUARY FROM TRENTON, N. J. TO DELAWARE BAY. (1958)

River Mile Section¥*

or

Tributary

Sl o
(s

=1

124 - 120
11g - 115
114 - 110
111.2
109 - 105
105.4
104 - 100
103.0

99 =55

9¢.8
95.4
gl = 90
92.0
91.6
89 - 85
89.
85.
8L - 80
79 =15
74 - 70
€9 - 65
6k - 60

n U

Assunpink Creek

Crosswicks Creek

Rancocas Creek
Pennsauken Creek
Cooper River

Newton Creek
Big Timber Creek

Schuylkill River
Woodbury Creek

Mantua Creek
Darby Creek

Smaller tributaries not listed above

*¥ All river miles referred to mouth of Delaware Bay

Estimated

Pound 5-Day BOD
Discharged Per Day

40,950
1,500
4,810
4 660
2,740
3,050
Leo
3,270
1,460
2,360
182,120
4,080
112,500
3,360
1,700
95,870
42,740
1,670
82,710
2,750
2,800
2L ,700
4o 180
91,390
1,900
13,800
470

0.0 .
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REPORT ON THE COMPREHENSIVE SURVEY OF THE WATER RESOURCES OF
THE DELAWARE RIVER BASIN
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TABLE 13
LOCATION OF SAMPLING STATICNS
JCCUPIED BY VARIOUS AGENCIES
Station Location
Mile 117.8% Approximately 300 feer upstream from the Burlington-
Kristol Bridge (A, B, C)**
Mile 110.4 In river oppcsite the intake building of the Torres-
dale Filter Plant {4, B, C)
Mile 102.2 Between river end of pier 11 at Port Richmond Terminal,
Lehigh Avenue, FThiladelphia and west bank of Petty
Island, N, J. {A’
Mile 100.5 At Benjamin “ranklin Rridge, opposite Pier 13 north (A, B)
Mile 98.4 Between pier 55 voutt, Whartoa Street, Philadelphia
and Kaighns Foint, Camd=n, N. J. {A)
Mile 93.2 At Navy Yscd, betrwsan dier 2 and & point 100 feet offshore,
adjacent tc znd dcwnstream from ferry slip, National i
Park, N. /. (A, B)
Mile 8u.8 t Eddystona, Pa, between river end of easternmost plers
cf Sun Shipburliing and Drydock Cec. and a point 2000
feet offshor= of ncrth river bank of Munds Island, N, J.
(A B0
Mile 79.1 At Marcus Kook, Ps., between viver end of piers of Sun
0il Co, and a point 2000 feet offshore from New Jersey
bank of river (A, B;
Mile 71.6 At Cherry lslaed, Telaware, opposite Buoy FLR "2B" (B)
Mile 66.8 At New Castle, Del,, off Cedar Point, N. J. in channel
oppesite Buoy ® "6A" (%, D)
.

*  Al]l mileages referred tc mouth of Delawars Bay = 0.0
*¥ = Cooperstive City of Philadelphia - USGS study
= Jelaware Watar Pollution Comricsion Study

= City of Philadelphia, river run and Torresdale Filter Plant

QW >

Analyses

tJ

= University of Dzlawar- Msrine _aboratories and the New Jersey

Oyster Regzarch Laboratory Jt.dy




Although some of these data sources occupied additional

than those shown in Figure 16, the amount of data at ths

stations was insufficient for analysis.

101. For the ten stations indicated in Figure 16, a total
of some 9,000 samples upon which some 45,000 analyses were performed
was available. These analyses consisted mainly of temperature,
chlorides, dissolved oxygen, biochemical oxygen demand and other
analyses such as hardness and color. These data r=present the
quality of the estuary from August 1949 tco July 1958. the cut-off
ed on punch

date for purposes wf this report. The data were
cards for analysis by a high speed computer. The c

consisting of samples collected at the two sides of the channel

L e A L :
3 and the center of the channel were combined into one group and
designated as "center"., This was a reass gince
; inspection of the data and prior work have indicated littls

differences between these points. A
is relatively small (averaging 40O fe
distance from the channel to the wes

i remaining data were grouped into west

The above groups were further classi

bottom, where "top" represents those samples collected between
the surface and a depth of 5 feet and "bottom" repres:

9
; samples collected within O - 5 feet of the This
resulted in a set of six "decks" of punched of
L eight stations above Marcus Hook and twc "ds tat S

below Marcus Hook where samples were taken at the surfaces o
the channel. All "top" decks were then individually analysed
for specifi i itat

0

stream quality variables. Time and fund
prevented a complefe a 1,515 of "bottom" decks.
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102, Temperature Table 14 summarizes the results of the analyses
performed on the temperature data. The detailed results are presented
in Attachment 2. A high degree of correlation and significance was
obtained at all stations from the analyses of the temperature data. The
initial sinusoidal hypcthesis postulated in paragraph 98 has therefore
been substantiated. Therefors, the summary of results in Table 1k
presents an accurate description of the temperature of the Delaware
River estuary. The peak seasonal temperatures indicated in Table 14
occur throughout the estuary during the latter part of July. Attachment
2 presents the details of the times of occurrence. From Tsble 14, it
is seen that at some stations, there are considerable differences in
water temperature between the channel and east and west shores. These
lateral differences from shore tc shore are attributable mainly to two
separate causes: (a) the physical configuration of the estuary, i. e.
wide shallow areas, pools etc. and {b) high temperature man-made
discharges.

103. Figure 17 is a plot of the typical channel temperature
variations at two stations, Benjamin Franklin Bridge and Marcus Hook.
It is seen that the seasonal variation is considerably greater than
both the tidal and daily variation. The tidal variation at Marcus
Hook is not plotted because the statistical tests did not prove the
significance of the relationship. Fcr a more complete discussion of
this, see Attachment 2 - Technical Discussions.

10k. Figure 18 is a plct of the profile of channel temperature
of the estuary from Burlington-Bristcl Bridge to New Castle, Delaware
obtained from the values presented in Table I4. This profile indicates
that the grand average channel temperature throughout the estuary
varies from a low of 11.6° C. at the Navy Yard to a high of 15.2°C
at Torresdale. However, the changes in peak seasonal temperatures as
indicated by the shaded area becom= considerably greater as the

g the increased utilization of
river water for cooling purposes. The contrast between the reach
above Lehigh Avenue and downstream reach is apparent. Also, the
effect of the waters of the Schuylkill River can be chserved. This

effect is m

industrial density increases, reflecting

ore pronounced during the tidal and daily cycles, thereby
producing the relatively large range in maximum water temperatures.

b A D St . e ettt S
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TABLE 14

SUMMARY OF TEMPERATURE VARIATIONS IN DELAWARE RIVER ESTUARY

°C Change in
Station Mile Predicted Peak Peak Temp.
Point and Cross* Grand Average Seasonal Due to Daily and
Name Section Temp. (°C) Temp.(°C) Tidal Influences
. West 1.5 26.8 -1.2
117.8 Burlington-Bristol Center 13 26.2 0.4
Brigde East 15.3 28.2 Negligible
West .2 26.6 *o.c
110.4 Torresdale Center LGl 27.9 to0.3
East 17.0 29.8 Negligible
West 14.8 27.2 Negligible
102.2 Lehigh Avenue Center 13.5 26.3 Yo
‘ East 1.1 26.9 %0.5
West 13.6 26,1 0.4
100.5 Benj. Franklin Center 13.4 26.1 1.5
Bridge East 12.9 5T 0.6
West 11.9 24.5 Ey.7
98.4 Wharton Street Center 1o 2k.9 3.2
East 1l 2kh.6 3.k
West 11.8 23.8 %3.5
93.2 Navy Yard Center 11.6 2k.0 3.7
East 10.6 23.2 T4 .6
West 16.2 28.7 Negligible
84.8 Eddystone Center 305 26.0 1.9
East 14.0 26.6 .y
West 14.6 26.8 Negligible
79.1 Marcus Hook Center  13.1 25.4 1.5
Center** 15,0 272 Negligible
East 14.0 26.5 Negligible
71.6 Cherry Island Center 15.2 26.5 1.4
66.8 New Castle Center 15.0 25.9 1.4

*Values are for surface only, unless otherwise noted
*¥Bottom values
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105. Dissolved Oxygen Table 15 summarizes thes results of

the analyses performed on the dissolved oxygen data. The detailed
results are presented in Attachment 2. Although analyses ware

made both on dissolved oxygen in parts per million and in percent
saturation, the dissolved oxygen in ppm was used exclusively. This
approach was used in order to separate the effect of temperature.
Dissolved oxygen in percent saturation includes this effect thereby,
masking the variations in water temperature. A high degree of
correlation and significance was obtainsd at all stations from the
analyses of the dissolved oxygen data. As with temperature, the
initial sinusoidal hypothesis proposed in paragraph 98, has been
validated and the results obtained provide an accurate description
of the dissclved oxygen variations in the Delaware River estuary.
The minimum seasonal dissolved oxygen listed in Table 15 occurs
during the latter part of May below Marcus Hook and the latter part of
July and beginning of August above Marcus Hook, The details of
each time of occurrence are presented in Attachment 2. Inspection
of Table 15 indicates the lateral differences in dissolved oxygen.
Like temperature, these differences arise mainly from =ither the
physical configuration of the estuary or man-made discharges cr a
combination of both.

106. Figure 19 is a plot of the dissolved cxygen variations
in the channel at two stations; Benjamin Franklin Bridge and Marcus
Hook. tatistical tests performed on the daily variation at
Benjamin Franklin Bridge showed that the variation across a day
was statistically nonsignificant. During a complete tidal cycle
at Benjamin Franklin Bridge, the minimum dissclved cxvgen value
occurs approximately 3-hours after maximum flood current time. This
corresponds to the time of slack flocd current. However, for a
complete tidal cycle at Marcus Hook, the minimum dissolved cxvg=n
value is approximately 10 hours after maximum flocd current time,
corresponding to the time of slack ebb current. This may be
expected since the pcllution from upstream sourc=s first reaches
Marcus Hook at low water slack and apparently, pollution from
downstream sources is not sufficient to deteriorate further the
quality of the stréam at Marcus Hock during the flocd tide.

Table 12 indicates the magnitude of the pollution load discharged
in the upstream area from which the previcus statement was deduced.
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TABLE 15

SUMMARY OF DISSOLVED OXYGEN VARIATIONS IN DELAWARE RIVER ESTUARY

Station Mile
Point and
Name

117.8 Burlington-Bristol

Bridge

110.4 Torresdale

102.2 Lehigh Avenue

100.5 Benj. Franklin
Bridge

98.4 Wharton Street

93.2 Navy Yard

84.8 Eddystone

79,1 Marcus Hook

71.6 Cherry Island
66.8 New Castle

ppm Change in

Predicted Minimum Minimum D. O.

Cross* Grand Average Seasonal Due to Daily and
Section D.0. (ppm) D.0. (ppm) Tidal Influences
West 7.6 4.5 AT
Center 9.4 6.4 1.3
East 5.0 1.8 t3.6
West 7.8 4.1 2 |
Center 7.8 4.0 to.2
East 7:3 k.3 to.s5
West 6.2 196 10.6
Center 7.2 2.6 o,
East 7.4 2.0 1.0
West 5.0 0.9 10.6
Center 5.5 1.0 +0.8
East 6.2 1.7 +0.L
West 5.2 1.0 to.u
Center S.h4 0.9 +0,2
East 5615 1.1 Negligible
West . 3.8 *3.8
Center 6 BT .3
East 6.1 2.4 Negligible
West 6.1 2.8 Negligible
Center bl L tO.E
East 5.3 18 Negligible
West Sl L8 *o.5
Center 4.0 0.6 t1.4
East L.y 1.2 to. 4
Center 5.7 k.3 2.2
Center St k.3 t1.6

* Values are for surface only
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| 107. A plot of the dissolved oxygen values in the channel

i determined by analysis at each station is shown in Figure 20. Similar
changes in maximum seasonal dissolved oxygen can also be determined.
However, these changes are of lesser interest than those of the
minimum ranges of the dissolved oxygen. The narrower range of DO
values at some stations in Figure 20 indicates that the amount of
pollution is of such a magnitude as to be unaffected by the tides
or the time of day. Whereas, in the areas upstream and downstream
from the areas of the more concentrated pollutional discharges,
incoming and outgoing tides produce relatively large changes in
dissolved oxygen. It should be understood that the minimum
geasonal values indicated in Figure 20 =ll occur at approximately
the same time whereas the limits of the change in the minimum
may not necessarily occur simultaneously. For example, as
indicated above, the minimum DO value during a tidal cycle at
Benjamin Franklin Bridge occurs at approximately slack flood current
while at Marcus HOok the minimum occurs at slack ebb current. Hence,
at slack ebb current at Marcus Hook, the tide at Benjamin Franklin
Bridge is epproximately one hour before slack ebb., The DO at
Benjamin Franklin Bridge is then approaching its maximum value (during
a tidal cycle) as the DO at Marcus Hook is at its minimum value. This
can readily be seen by comparing these two stations in Figure 19 at
a tidal current time at Benjamin Franklin Bridge of 8 hours and a.
time at Marcus Hook of 9 hours. Irrespective of differences in
times of occurrence, average dissolved oxygen profiles for any particular
time of tide, or day, during the critical summer months, will
necessarily fall with the ranges designated i Figure 20.

108, Hardness A simple correlationsl analysis between the
fresh water in-fluw at Trenton and the hardness at the Benjamin
Franklin Bridge Station Yyilelded Figure 21. Available time and
funds did not permit the more complete analysis performed on the
dissolved oxygen and temperature data. The curve obtaluzd from
the statistical "best [it" s essentially the same as Figure 8,

the hardness-flow relationship at Trenton. Apparently, the amcunt
of hardness-forming constituents discharged by various municipalities

and industries is of jusufficient magnitude to bz detected on a
monthly average basis. ILikewisz, the total solids conteat of the
estuary is sufficiently constant at this point and of s relatively
small megnitude so &s not to affect the hardness content,




REPORT ON THE COMPREHENSIVE SURVEY OF THE WATER RESOURCES OF
THE DELAWARE RIVER BASIN
| | : 1y
li I
v
@0
(1w8'99) 3715vD ‘maN
L2777 oL LT 0.2
| \ X
| , ‘ | o
i (W 91L)aNYIS! | | AMBIND] i
. .Z o l BRIl VTP AL P IR N5 5 |
] 2 I \\1\
ZRag o
Ow ~
| guas N FiR!
I 9% & N 15 ~
| o {IN]1'62) OOH P SNONVW @ ZZrry 77z 2z o
I =L =l / ] &
Zrza - ] T
o . 1 | ,Awees) 3NOLSICA3 S ,7/ o o
o : "
. i I o
| [ Yy o 2
| B 74 S
| ¢ Aee i A o
St e T T SIS YT £ SR e LRI 5 )
R R L i S s
LDl e § e ! g2
\ l hj N ;_J
UiNbves) 13341 NOLYTHM] zgzz =
j ' o
w cwscofy & 390149 Nl7quas: NEE] 2 T s
| ] i ) o St a2 T T ==l , A
s o 1 P EERERIECCER
2 1 | ©
2 - 2
| | z ' /
- = T
| 2 o '
P~ STWE 0 (319083640 1 & o=
> E
e ‘ 127
{ —
, i 1 =
e = o :
i ‘ o ra i e = = = :
| | W al Lt 390148 [104S'49 IMNG l B
| L | ' l AR
(=} )} ® ~ © el < ) o~ - o
(Ndd) NIDAXT (3IAT0SSIC
|
FIGURE 20
- ST A
BN RS AN SR DISSOLVED OXYGEN PROFILE
S e DELAWARE RIVER ESTUARY
EDUCATION, AND WELFARE
| PUBLIC HEALTH SERVICE




REPORT ON THE COMPREHENSIVE SURVEY OF THE WATER RESOURCES OF
THE DELAWARE RIVER BASIN

38

34

b ]
32

<]

o e
%
20 2.2

\ :
o \
o
16 <

14

ﬁCORRELATION COEFFICIENT = 0.73

MONTHLY

AVER AGE
FLOW AT TRENTON

= 4000 CFS
(DATA COURTESY OF RADIO CORPORATION OF AMERICA)

0
o] ! o )
Vi ©
& (o]
8 o °
Q <
o 3V
e ke
> o~
o
o o o o o o (e} o o [e) o
< Lt/ o — o o @ ~ © 2} < L2
PN 'N3AWVD 1y 39VH3AY ATHINON ~Wdd — SS3INGYVH V1OL
FIGURE 2I

PART B ~ STREAM QUALITY

U. S. DEPARTMENT OF HEALTH,
EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

HARDNESS — FLOW
RELATIONSHIP

(R50 - 1955)
DELAWARE RIVER ESTUARY




109. The variation of hardness content with flow for the
Schuylkill River at Philadelphia is indicated in Figure 2 The
curve is considerably higher than the curve plotted in Figure 21; f

no

and the variation around the curve indicated by the correlation
coefficient obtained is somewhat larger than for the Delaware itself.
Available data indicatzs that the curve plotted in Figure 22 is
fairly typical of the hardness-flow relationship in the Schuylkill
River as far -as Pottstown, Pennsylvania. There does not appear to
be any sharp increase in the hardness content of the Schuylkill
River from Pottstown to Philadelphia.

110. Conclusions The quality of the Delaware River
estuary from 1949 to 1958 has been described for the average
year using temperature and dissolved oxygen as primary indicators.
Tables 14 and 15 summarize the quality of the estuary. Attachment
2 presents the details indicating the high degree of significance
of the results obtained. The temperature and dissclved cxygen
results in Tables 14 and 15 therefore provide an accurate description
of the average quality of the Delaware estuary over the nine year
period. The high correlation and significance of the result<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>