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PREFACE

The Delaware River is an important source of industrial water
supply from Trenton, New Jersey to Delaware City, Delaware. Possible
water usage largely depends upon the quality of the River water, particu-
larly its salinity. £Also the welfare of Delaware's oyster industry depends
upon salinity conditions in the Bay; therefore, a thorough knowledge of pre-
sent conditions in the River, and of any trends toward salinity increases, or
decreases, in the future are of major scientific and economic importance.
Realizing this situation, the State of Delaware, through its Geological Survey,
is supporting an investigation of the salinity of the Delaware River, in coopera-
tion with the Delaware River Master and the City of Philadelphia. The results
of the work done thus far by personnel of the U. S. Geological Survey are pre-
sented in this report, a factual account of salinity variations in the River be-
iween Philadelphia and Reedy Point between July, 1954 through December, 1956.
It is expected that continued investigations will establish what trends in sali-

nity changes exist, and what causes are responsible for them.

Johan J. Groot
State Geologist
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Abstract

m

+he nurnose of this investigation was to obtain data on and

study the factors affecting the salinity of the Delaware River from
Philadelphia, Pa. to Needy Island, Del. The techniques of analyses
of data and results of the analyses are presented.

The amount of salt water in the Delawsre River at any loca-
tion is dependent upon (1) the distance from the ocean; (2) the
fresh water flow of the river; (3) the quantity of saliy water
moving upstream from the ocean: (4) the stage of tide; (5) the
range of tide. During the sumier snd early fall months the fresh-
water inflow is at a minimum and we n sea level (which governs the
movement of sea water into the estuary) is a maximum, thus providing
favorable conditions for movement of salt water upstream. During
late October or early November the fresh-water flow increases and
concurrently the sea level decresses, causing the salty water to
recede downstream. XAdvance and retreat of salinity mzy occur at
other times, depending upon the fresh-water inflow and the sea level,
The severity of a salinity invasion may be estimated from sez level,
river level, and fresh-water discharge data. Hurricanes affect
salinity as & result of wind direction and velocity, and runoff from
precipitation,

1 the reach of the river studied the dissolved solids
increase; the greater the distence downstream from the Walt Whitman
Bridge (Philadelphia, Pa.) The amount of dissolved solids present

in the water varies with the stage of tide; reaching a maximum at

or near high-water slack and a minimum a2t or near low-water slack.



Cross—section studizs indicate that thers is little or no variation
in the dissclved solids across the navigation chennel. In the lower
reaches of the river the dissolved solids concentration increased

with depth.



roduction

This progress report summarizes the U. S. Geological Survey's
water-quality investigation of the Delaware I'iver between the Walt
Whitman Bridge, Philadelphis, Pa. (Gloucester City, N. i,)iand
Reedy Island; Del. from July, 1954, through December 19556.

he Delaware River (see fig. 1) is tidal from Trenton, N. dJ.
to Delaware Bay. Trenton is 46 miles above the Walt Whitman Bridge
and the reach of the river under investigation extended 44 miles
below this bridge to Recdy Island, Del. There are many tributaries
entering the Delaware River in this reach: the mejor ones are the
Schuylkill River, the Christina River, the Sslem River, and the
Chesapeake and Delaware Canal. The Delaware River is 3;900'f§et
wide at the Walt Whitman PDridge: 6,600 fect wide at the Delawarc
Memorial Bridge; and 12.300 feet wide at Reedy Point, The naviga-
tion channel is approximately 40 feet deep in Lblq reach of the
river at mean low water and has a width of 900 feet. The remaining
portion of the river from the area adjacent to the channcl to the
shore decreases in depth. There are five islands in the srea
studied--Little Tinicum Tsland on the Pennsylvania side of the
navigation channel at Hssington, Pa.3 Chester Island on the New
Jersey side of the channel off Thester, Pa.; Cherry Island Flats
off Idgemoor, Del. on the New Jors¢y side of the channel; Pea Patch
Island on the Delaware side of the channel off Delaware (vity; and
Reedy Island on the Delawarc side of the channel off Port Penn, Del.

There are scveral important cities along the river, Phila~-

delphia being the largest. Among the others are Chester, Pa.,

o
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Marcus Hook, Pa., Wiimington, Dcl., New Jastle, Del., Delaware City
Del.,; Paulsboro, N. J., and Penns Grove, N. J. Fach of these cities
uses river water for many purposes. There are numerous industrial
plants that line both sides of the Delaware River between the Walt
Whitmen Bridge and the Delaware Memoricl Bridge, all of which use
Delaware River water. In addition to the municipzl and industrial
interests in the water, there are State and Federal interests as

the Delaware River is an interstate stream. The Delaware Hiver Amended
Decree of the United States Supreme Jourt, June 7, 1954, provided for

a River Master and dirceted him to observe, rccord, and study the
cffect of developments on the Delawsre River and its tributaries

upon water supply and other neccessary, proper, and desirable uses.

There is much to be learned about the factors controlling
salt-water invasion into tidal rivers, and this swmmary report
presents and cxamines some of the geonersl problems. This report
deseribes and discusscs the chomnical character of the whler, some
of the varisbles affecting salinity (including hurricanes), and
some of the methods of studying salinity, such as chloride profiles
and isochlors.

The term, salinity, normally refers to the concentration of
dissolved solids of the same composition as those in sea water. In
this report, however, saiinity is used in a gualitative sense for

“the saltiness of the water.” The term, salt water, is used
synonymously with salinity. Chloride refers to the chloride ion

concentration in parts por miliion of chloride.

i



Acknowlodgments

This investigation was conducted by the U. S. Geological
Survey under the general direction of 5. K. Love, Chief of the
Quality of Water Branch, Washington, D. C.; and N. H. Beamer
District Chemist of the Pemnsylvenia, Dolaware, and New Jersey
arces, under whose direction the analyses were performed. The work

was performed in cooperation with the City of Philadclpnia thirough
its Water Dopartments 5.3. Baxter, Water Comrissioner; the Delaware

River laster, C. G. Paulscn; and the sState of Delawarc through its

Geological Survey; J. J. Groot, State Geologist, The writer is
srateful to his colleagues, C. M. Durfor snd W. B. Keighton. The

former gathered ficld dats in 19500 and both have been most helpful
ith advice and guidance during the study.

Records of water discharge of the Delawarc Liver and its
tributarics were furnished by thoe district offices of the Surface
Water Branch of the U. S. Geologicel Survey at larrisburg, Pa. and
Trenton, N. J. IMuch of the surface-water data used in this report
arc preliminary and subject to revision. Data on the tides at
Philadelphia, Pa. and .tlantic City, N. J. were furnished by the
U. S. Coast and Geodetic Survey., Water samples wore collected in a
boat furnishced by the U. S. Coast Guard Station at Gloucester City,
N. Js

Acknowledgument is made to the U, 3. Lrwy Engineers for their

assistance in thc collection of samples, and to the authoritics of
the Dolawarc Meomorial DBridge for their cooperation. Data on hurri-

cancs were supplied by the Philadelphia Weather Bureau. Acknowledg-



ment is also made to Scott Papor Company, Chester, Pa.3; to the
Deepwater Operating Company of New Jersey; and to the many other

industries, too mumerous to mention,
Previous Investigation

The Pennsylvanis Department of Foslth (1935) issued a come-
prchensive roport on salinity studics in the Deleware cstuary., Mason
and Pietsch (1940) doveloped a diagram which was invended to show the
rate of fresh-water discharge reguired to hold the 50 perts per million
(ppm) isochlor at various locations in the river, The New York City
Board of Water Supply (1253) also studied the salinity bchavior of
the estuary and established rclatiousiips between the fresh-water
flow and the distribution of szlinities. B. IL Ketchum (1953) nre-
pared a report on “The distribution of salinity in the cstuery of
the Delaware River.” This report and a supploment ore unpublished.

e N. Durfor and W. B, Leighton (1954) describe the “Chemieal. char-

-

acteristics of Delawore River water, Trenton, N. J. to Marcus Hoolg,

fa.” The Corps of Enginecers, U, S. Arny, heas chloride analyses of

Delaware Rivor wator on file in Philadelphisa,
Ficld Progran

During 1955 ond 1958, an intensificd study was made of the
chemical quality of il Delawers River water, Th was assumoed that
meximum dissolved solids occurred at the time of high=water slack in
the tidal cyele and minimum dissolved solids at the time of low

water sleck., 3Since most seline invasions occur in the summer months,




samoles wore collocted at froquent irtervals during this time. During
1954 some information was collected betwoeon Philadelphia, Pa. and
Delaware lemorial Bridgc, Pa. Tn 1955, 11 sarpling locations were
sclected between Philadelphia, Pa. and Reedy Point, Del. In 1956,
two additional sites were added which extended the study to the
Appoquinimink River (Bakers Range). ‘Those ore indicated on
figure 1. Table 1 gives the locations of the sampling points by buoy
nuabers which appear on navigetion maps (U. S. Coast and Geodetic
Survey Navigation lMaps Fo. 294, Mo, 295),

Samples were colloctod during the poriod of study as close

LT L

ag possibic to the time of slack watcr. LA Joast Guard utility boat

o

used in the sampling meinteined the snoed (20 kmots) neacssary to

follow slack wator upstreom. 111 samwles wore collected within 1
hour of the predicted time of slack water. The anproximete times

of slack water wore obtaincd from “Current T:bles Atlantic Coast
North imerica (U. 3. Coast and Goodetic Survey).'

Scveral trips werce made to collect eross-sectional data.

Top and bottom samples wore collected across the navigation channel
to detormine salinity distribution with depth and cross section.
These samplings werc performed on an ebb or flood tide.

From July 1955 to Docomber 1955, comprchensive analyses werc
made onco a month on sciplos collectod at the Delaware Memorial Bridge
and at Keedy Point, Del. These samples wore collected either ot 2
particular stage of tidc or compositod from daily samples. The com-
prehensive analyscs of thosc samples consisted of dotcrminations of

silicz, iron, calecium, megnosium, sodiumn, potassium, blecarbonate,
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sulfate, chloride, fluoride, nitrate, dissolved solids, hardness,
specific conductance, pH, and color. For the majority of the other
samples collected; determinations were made only for specific conduc-
tance; chloride, sulfate. and dissolved solids.

A Geological Survey bucket sampler containing = 12-ounce bottle
with pressure scal was used to collect top samplos, and a Foerst under-
water sampler was uscd to collect bottom semples. Top samples were

collected 3 fect below the surface to avoid getting any scum, oil or

fFa)

from the bottom

o

other debris in the sample, and bottom samples 3 fee

of the river to avoid plclkins

L L

up mud or sodiment from the botton.
A motel enclosed glass thermoncter (200-11005F graduated to 19F) was
used to talie the tomperature of the samples. For recomnaissanco
temperature measuremcnts, the Waitney underwater thormometer, sensi-
tive to 0.29F; was used. AlL field measurcments of conductivity,

including rceconnaissance studies, werc made with the Solu Bridge (a

Wheatstone Bridge with an cleetron roy eve tube as 2 balance indica-
tor).

A recorder which nmezsurcd cloectrical resistance and can bo

interpretod in torms of specific conductance was in oporation for a

short peried in 1955 at the Delaware Memoriszl. Bridge. Two line-
operated continuous speeific conductonee recorders were used in thoe

study during 1956. One was locatoed on the Dolaware Memorial Bridge
(1,000 feet west of the main river channcl):; the other at Recdy
Island Jecty (onc-helf mile west of the main river chamnel). These
recorders recorded specific conductonce divectly -

L Stevens type 1-35 watcr-stage rccorder wes

10



put into operation at leedy Island Jetty in Scptember 1956. Figurc

2 has a detailed map of the locations of the recorders.

Chemical. Charszctoristics of the Water

The principal dissolved constituents in the reach between the
Delaware Memorial Bridge and Recdy Point arc calecium, magnesium, sodium,
potassium, bicarbonate, sulfetc, ond chloride. Iliinor aquantitics of
other constituents such #s silien, iron, fluoride, znd nitrate as well
as unmecasured substances are wresont also.

The specific conductance, the concentiotion of dissolved
solids, and the concentrstion of most of the ions in solution in-

creascd from Philadelphis downstream to Rcody Island (table 20,
1o} ¥

J

3% . However, the nitrato-ion concentration ot Recdy Point was
slightly less than that ot the Dolawarc Memorisl Bridge. The con-
centrations of fiworide, iron, and of silica worc not significently
different in a downstrcam dirccthion.

The water was generally more saline in a downstream dircetion
at 211 locations sampled. At low retus of frosh-~watcr flow the
salinity incrcascd sharply st points downstrcam from the Dolawarce
Memorial Bridge. Thore wes a tondency for slightlymore saline wator
to move upstreom on the bottom of the rivoer.

Under the conditions of heavy runoff following the hurricane

of 1955, the chloride concontration was loss than 30 ppm for stations

as far downstream cs the Delswaro Momorizl Sridge but inereoscd down-
stream from this sempling point.
Tl
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|
|




Christing
River

DEL

Pigeon Pt

Delaware Memorial

Recorder

Je=f Church
DELAWARE J Lu:dinq NJ.
RIVER A=)
e
A
R
Scale in feet
o] 5,000 10,000 15,000 20,000

Note: Recorder is on the west pier of the bridge, I000 feet west of the
navigation channel of the river,and 1.9 miles directly south

of the Christina River.

Figure 2a.— Location of specific conductonce recorder at the

Delaware Memorial Bridge.

it \Wﬁ
DEL AWARE 1

RIVER 1= o
IS
it
1!
i
DEL: & N
"1‘ /
KJ ;! Eagle
Y / / Island
Port Penn .’? =
g/
TEN]
{ A
!
Augustine / f'l Money
Beach I/ Island
IS
'_’¢Reedy Is. f’;\g}"
rb Recorders |  Jo'MY "" O
i / :
= j
Augusiine / ',f Alloway Creek
Creek 'v ! b
fre did s
S L L N.J.
Bay View ,“g ,f', ’," °
Beach = i :_3
f A =
& L <
| & 1)
Sitvar 7 £ P
Run i e
I 1]
Scale in feet
o] 5,00 IO,?OO 15,000 Y 20,000

m— he—
Note: Recorders are on the Jetty O.4 miles south of Reedy Island,
opproximately 0.5 miles west of the navigation channel, ond

southwest of Augustine Beach, Delaware.

Figure 2b.— Location of conductance ond water -stage recorders
at Reedy lIsland Jetty.



o,

ific Conductance Relations

In water, the dissolved mincral matter dissociates into
positive and ncgative lons which conduct clectricity., Sinece the
conductivity of water incrcescs with concentration it is 2 useful
measurc of the cissolved mincrel matter. TFigure 3 illustrateos the
rclationship between the concentration of dissolved solids and
spoeific conductance for Delowere DRiver water in the rceach of the
river studied.

Hazdmom concentration of dissolved solids oececurs whon the

fresn-watcor flow is lowest, ususlly hetween June and October, due to
the invasion of occan wotcr into normedlly fresh-woter regions of the

river. Dissolved solids ranged from aboul 100 ppm to abowt 6,000 ppm
at the Delewarc lomorial Bridge, end at Rocdy Point from 500 ppm to
ore then 10,000 ppm dwring the sumer of 1955.

The concentration of dissolved solids incrcascs Irom Phila-
delphia; Pa. to Reedy Island, Del. at a1l times. The straight-line
rclationship of specific conductance and dissolved solids in figurc
3 is bascd upon samples whose specific conductance ranges from 4,000
to 1&,50C micromhos. “he approximate ccuation dofining the curve
in the rangc 2,500 to 10,500 ppm dissolved solids is:

Dissolved solids (ppm) = Spoeific conductance (micromhos)- 780
1- 5

‘J

A plot of specific conductance (micromhos) agoinst chloride
concentration (ppm) on reetilincar peper (fig., 4) is a straight line
from 4,000 to 16,000 micromhos. A good approximation of the chloride

(ppm) can be made by using the cguation for a straight line over the

13




Approximate relationships

Specific conductance (micromhos) - 780

Dissolved solids (ppm)
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Figure 4, =-The relation between electrical conductivity and

chloride concentration (1,000 - 6,000 ppm)
15




ronge of 4,000 to 16,000 mieromhos. The equation is

icromhos)= LGO

Chloride concentration pnm) = Sngeific conductance(mi
a0
Je

e

the plot of the logarithm of sulfate concentration (ppm)

egainst the logarithm of snecific conductonce {(micromhos) (£ ige 5)

i—"

is aliso stra

m

ght linc over the range 3,500 to 14,000 micromhos

with the equations

3pecific conductance(micronmhos)= 12,0 {(ppm sulfate)l.l

or Logig (ppm sulfate) = Log (enucific conductaones) (micromhos) - 1.0
14

Variation of Chloride with Tide

The Dolaware River is tidel ss far upstream as Trenton, N. J.
and twice o dey tho downstream flow is reversed by tidel water moving
upstream. The £lood tide is the flowing of water into the cstuery
from the occan or by, and the c¢bb tide is the flowing of woter from
from the cstuary into tho ocezn or bay. The chenge in dircction of
flow from flood to cbb and vicc vorsa goos through a slack weater and
a period of zoro velocity., Slack-wator period is the period of
weak current velocity (sce fiz. 6), and high~wetor slock (IWS) a
momentery zero voloeity when the current changes from flood to ebb
tide; and low-watcr slock (IWS) o momentory zero velocity when the
current changcs irom c¢bbh to flood tidec.

The tide is rcleted to the relative positions of the moon,
sun and carth. The tidal day has en average length of 24 hours and

50 minmutes; like the haner dey. Tides of greatest range (called



Approximate relationships

12 (ppm sulfate)l-l

Specific conductance (micromhos)
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Figure 6 ,— DIURNAL VARIATION IN RIVER CURRENT

The actual current curve of the Delaware River is not as

regulor or perfect as the above sine curve,

it is similar in shape (9).

although




spring tides) occur at the tinc of new and full moon; tides of least
range (called noap tides) oceour at the time of tlhic moon's first and
third quartcrs. When the moon is in the perigee; i.e.,closcst to
the ecarth, higher high and lower Jow tides then vsual oceur. When
the moon is in the apogec; i.e., farthost from the ca arth, rise and
fall of the tides are lcss than vsusl. When the moon is at the
equator, the two hig oh waters for a e &y do not differ much nor do the
two low waters. The greator the moon's deelination, the greater the
difference botweon hi gh waters. The some is true for low waters.

T

For a more comprehensive cxplaonstson of the above phenomens, Marmer (6)
or any good encyclopedis should b consultod,

In the Delaware River there arc vsually two complete tidal
cycles cach duys onc hi- sh-wotur slack and onc low-water slacl: with
cach cyele, Slack-ustep period in the Delaware Diver in this reach
occurs from 1 to 2 hours nftep high or lew tide. The time of slack
wator occurs at a shorter time intorval in an upstream dirsction after
high or low tide., At the Deloware Hemorial Bridge, the time between
a high-wator slaock and z dow-watcr slack is about 6.5 hours, and
betwecn low=wotor slock and high-wotor sleck 6.0 hours, although

this will very with flow, mesn idver de ovel, and sstronomical and

neteorological conditions, Tho duration of pisc of tide dcercases and

the duration of o1z of BEde dncronses in an upstiream direction.

At the Delawere Momopisd Sddee,s 1

=iman end minimum con-
ductivity at the site ol the Contustivity vodorder usuelly occurs
within half an hour of the predicted tinmes of slook water for the
navigation chamncl., AL the conductivity rocorder =t Boody Island Jotty
the meximum and.minimum concuctivity occurs within 15 hours of the

19



predicted times of slack water for the navigation charmel. This
time discropency may be duc to the distance of the conductivity
recorder from the navigation chayncl. High- or low-watcr slack
should oceur somewhore near or in the nevigation chenncl before it
docs so on the sides of the river. For cxamplc, while water is
flooding in the navigation channcl off Reedy Islend Jettys; the water
around the conductivity instrumont (at the Jotty) mey still be
cbbing. For an cbbing tide, the roversc should be truc. From

table 2, which is typical of the data coliceted, the timos of mexi-
mun and minimum conductivity ususlly occur after the predicted

times of high- and low-water sluack in the navigetion channcl. At
the Delaware Memoriol Bridge, duc to the contour of the river, it

is possible for slack water to occur at the site of the conductivity
instrument before it occurs in the navigotion chamnel.

iiighest chloride concentrations ususlly occur at or near high
high-watcr slack and Jowest chloride concentrations 2t or ncer low
low-water slack. As fresh water is discharged scaward during the cbb
tide, the total dissolved solids decrcasc until the flood tide
begins, Saline water is diluted end pushed downstresm by frcsh-
watcr run off, The flushing sction continucs until low-wator
slack, at which time the cnsuing floed wotcrs carry salt water up-
stream,

4 curvo of tidel cycle in the Delaware is somewhat similar
in shape to a sinc curve, and the speeific conductance eurve for a
tidal cycle follows the tidal curve in form.

Figurces 7a and 7b illustrate continuous records of conductivity




T

Table 2.--Comparison of the Predicted Time of Slack Weters and the
Maximum and Minimom Chloride at the Delawere Memorial
Bridge and Reedy Island Jetty (all times are EST)

Delzware Memorial Bridge Heedy Island Jetty
Pred. time Pred. time
HWS of sliack Time of HWs of slack Time of
or for naviga=- mex. and min, Differ- or for novicas ' max. and ‘ming BDiffers
Date Lo tion channel chloride ence Date IS tion channel hloride ence

9/1/56 Low 3ehly A Ls25 A7 +lid, 9fif56 Low L:19 3:20 AM =57
Hich Gedr) A 9:50 M +33 High sz 8:10 AM - <100

Low Fedd P L:05 +21 Low L219 Le2s PMT 4+ 6

High 9:5G 15054 + 5 High 1CG: 34 9:50 P - 48

3/2 Low lyshs 5208 +20 s/z Low 5220 5350 A+ 30
fic] 10222 10550 +31 High 10:57 10:15 - L6

Low belif 2308 +19 Low 5e23 L:50 - 19

High 10:56 10255 A High 11:31 10:35 w 61

g/3 Low 523G . 5345 + 4 9/3 Low 6z 14 hEzs - L9
High Jhaee s1i: 50 “+2 High 15 10:45 - 72

Low 5243 6:10 +27 Low 6:18 540 PM - 36

High 11548 12:00 +12 9/ Hizh 12:23 11:20 PME - 61

9/4 Low 6£:28 oo +37 Low 7:03 AM £:05 AM - 62
Hizh 12:18 ¥peas +19 High 1251 PM 11350 MM o b

Low 5526 705 +29 ] 7l pY 6320 PM -~ 19

Hgh 12:36 1:05 +29 9/5 1211 AM 1200 AW ¢ - 33

W Fal5 745 +30 7e56 M 7:05 \AM - 49

1:06 1L +3 1:41 P 1205 P - 4o

726 75 +19 3301 EM 45 PM + 44

¥ Occurs on 9/3.
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at the Delawere Memorial Bridge and at Reedy Island Jetty. It will
be noted from figurcs 7a and 7b that the general shape of the condue-

e

Livity curve through a tidal eyele is sinusoidal with rapid fluctua-~

o

tion oceuring after cach high-water slack.

-

A comparison of

1

thoe water stoge and conductivity appears in
figurc 8, laximum and minimuncenduetivity occur after meximm and
minimum stage.

The mexinm ond minimum speeific conductance rced from con-
ductivity rccords at the Dclawarc Momorial Bridge for 1955 are given
in table 3. Tho data from August to October were collected during
flood conditions and do not remresent s2linily invasion or conditions
usually existing at this time of ycar.

The maximum end minimum specific conductznce for 1956 at the

Deleware omorial Bridge and Recdy Island Jotty are given in tebles

ba, Lby, and Le,
Longitudinal Veristion of Chloride Soncentration

The chloride profiles in figurc 9 represent the farthest
advance of salinity in the center of the chomncl ot a high-water
slack on & particuler day. They do not ropresent o condition actually
existing at any given time, but rather the suceession of maximum

salinitics, occurring at the various stetions at various times, as

the crest of the tidal wave advances upstream. Zach profilc is =

plot of chloridc concentration at high-wotor slack sgoinst distence.
Since it is difficult to colleet samples in a rumber of sampling

locations ot exectly high-water slock, 2 mothed has been devised for
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Figure 8.—Relationship of stage of tide to spec_iﬁ.c

conductance at Reedy Island Jetly
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Table 3.-- Specific Conductance (in micromhos) of Water at the Delaware Memorial Bridge
(Data from Continuous Conductivity Records from August through December 1955

lugust

September

October

November

December

Day Maxima | Minima | Maxima | Minima | Maxima | Minima | Maxima | Minima | Maxima [ Minima
1 940 < 400 - 720 < 400 < 400 760 <400
- < 400 2850 680 755 < 400
2 1160 < 400 2680 700 1400 < Loo
1190 < 400 3100 760 1000 < 400
3 1350 < 400 3200 720 1200 < 400
1400 -4 400 3500 750 1050 < Lo
4 1700 < Loo 3000 720 - < 400
1650 < Lo 3400 810 13E0 < 400
5 1600 < 400 2950 750 1300 < 400
1790 - 2650 840 1320 < 400
6 1500 <4 400 2950 o 1080 4 Loo
1850 < 400 3550 880 1100 < Lo
7 1790 420 3000 880 1380 <4 Loo
2300 < 4o 3200 7€0
8 1590 < 400 2450 L20
2230 < 400 2000 < 40O
9 1750 L&0 1150 < 400
1370 « 400
10 1020 | < 400 8
1150 | < 400 1
El
11 880 < Loo e
1020 < 4OO L
12 1080 | < 0O i
1100 < 40O 5
13 1020 < 400 |
1300 < 400 #
b 1800 < 400 2
1450 425 g
15 - < Loo 3
1150 4 Loo 8
5
16 - - 620 < Loo Ao
< 400 < Loo 0
17 2850 580 &
2850, 620 '
18 2750 620 o
2800 650 h
i9 2400 695 4
2950 690 &
20 2750 8ho &
3100 9ko a8
&
21 2850 900 8
2850 900 o~
22 2500 820 "'
2950 870 5
23 2250 900 8
" 3000 - g
2k 2750 1220 &
3200 1120 o
25 2200 8L5 A 500 <400
2350 800 k ¥ 625 <400
1]
A7
26 A s — o 2300 750 £k 620 | < boo
<4 400 | < k0O 2850 1050 880 < 4oo
27 < 100 < 400 2420 880 785 < 4oo
< oo < 400 3250 880 1250 < 4oo
28 < 400 < Loo 2550 1000 <400 < Loo Lho < 4oo
< Loo < oo 2600 620 505 < 400 - < koo
29 < 400 <4 Loo 2650 700 540 -4 Loo 1020 < Loo
560 < L4oo 3200 740 595 < Loo 740 4 koo
30 4 hoo < 40O 3100 870 695 < Loo 565 < Loo
900 | < 4OO 3100 810 880 < 400 < 40O < 400
34 520 | < Loo 635 < Loo
9o | 4 uoo 740 4 400

< 400 means that the specific conductance was less than 400 micromhoa



Table la,-- Specific Conductance (in micromhos) of Water at the Delaware Memorial Bridge
(Data from Continuous Jonductivity Hecords from September through November 1956)

SEPTHEMBER OCTOBER NOVEMBER
Day Maxcima Minima Maxima Minima Maxima Minima
Time (EST) S.C.* |Time (EST)| S.C.* |Time (EST)| S.C.* |Time (EST)| S.C.* |Time (EST)| S.C.* |Time (EST) S.C.*
1 9150 AM! | 5350 Lg25 AM 2200 108150 AM | 5500 5305 AM | 2280 12105 PM | 5640 6120 AM | 2480
10105 PM | 6300 L;05 PM | 2100 10355 PM | 6600 5330 PM | 2100 = - 7320 PM | 2400
% 10155 AM | 5500 5305 AM | 2250 11330 AM | 6200 6125 AM | 2250 12140 AM | 5000 7330 AM | 2220
10155 PM | 6300 5305 PM | 2050 11150 AM | 6900 6350 PM | 2400 12:40 PM | L4850 8110 PM 1900
3 11350 PM | 5220 535 AM | 2090 7105 AM | 2320 1115 AM | 3400 73l5 AM 1800
123100 AM 6600 63110 PM 2150 - - 7310 PM | 2450 1130 PM | L4060 83150 PM 1740
4 12335 PM | 5600 7105 AM 2100 123130 AM | 5880 7320 AM | 2320 2300 AM | 2980 8150 AM 1640
- - 7105 PM 2050 1:40 PM | 7100 8100 PM | 2Lé0 2130 PM | 2840 9115 PM 1600
5 1305 AM 6800 7145 AM 2200 1325 AM | 6070 8135 PM | 2370 2130 AM | 2370 8150 AM 1550
1140 PM 6020 7i45 PM | 2200 13125 PM | 6600 83135 PM | 2500 3:30 PM | 2620 9155 PM 1520
6 1140 AM | 6900 8130 AM 2250 2130 AM | 5900 8150 AM | 2600 3140 AM | 2240 10110 AM 1500
2:10 PM | 640 9105 PM 2400 2125 PM | 6600 9320 PM | 2760 345 PM | 2480 11130 PM 1480
7 2140 AM | 6200 9135 AM 2170 3305 AM | 6700 9130 AM | 2850 L4310 °AM | 2080 10350 AM 1440
2330 PM | 5300 9350 PM 2150 3100 PM | 6120 10320 PM | 2500 L330 PM | 2120 11330 PM | 1420
8 3130 AM | 5200 [10:05 AM 2000 3:05 AM | 5080 10:00 AM | 2400 5330 AM | 1860 11:30 AM 1400
. 3350 PM 5800 |10355 PM 2000 3330 PM | 6070 11:00 PM | 2600 5310 PM | 1970 - -
9 L315 PM | 4870 [10:50 AM 1900 Lg15 AM | 5100 11120 AM | 2250 7130 AM | 1450 1100 AM | 1350
L350 PM | 5300 |11:35 AM 2070 4355 PM | 5120 11140 PM | 2500 6155 PM | 1730 11:30 AM 1350
10 5115 MM 4920 |11130 PM 2050 5320 AM | 4900- | 11sho A | 2620 7115 AM | 1480 2100 AM 1320
5105 PM | 5580 - - 5:40 PM | 5200 - - 7125 PM | 1620 12150 PM 1300
11 5345 AM | 4750 |12:20 AM 2150 6320 AM | 4890 12120 AM | 2650 8320 AM | 1710 1330 AM | 1300
6300 PM | 5450 [12310 PM | 2200 6130 PM | 5480 12135 PM | 2770 8:20 PM | 2190 2110 PM 1300
12 63135 AM | 4300 1320 AM | 2250 630 AM | 5100 1125 AM | 2800 9125 AM | 1660 3130 AM | 1190
7:05 PM | 5000 1105 PM 2050 7:05 PM | 5730 1300 PM | 2950 9:30 PM | 1670 33130 PM | 2240
13 8350 AM | 4300 2325 AM 2000 7145 AM | 5480 23130 AM | 3050 11310 AM | 1300 Lis0 AM 1040
7150 PM | 5150 2100 PM | 2150 8115 PM | 6100 2310 PM | 3350 10830 PM | 1490 L350 PM 1000
14 8135 AM | 4500 3125 AM 2200 8340 AM | 5970 3110 AM | 3500 10130 AM | 1580 L1150 AM 960
9320 PM | 4820 3125 PM 1950 9:30 PM | 6520 3320 PM | 3600 11310 PM | 1360 5130 PM 880
15 10310 AM | 4280 L3105 AM 1900 940 AM [ 000 Li05 AM | 3650 11340 AM | 1550 5130 AM 820
9150 PM 5500 4300 PM 2250 10310 PM | 6620 L3335 PM | 3600 - - 6110 PM 810
16 11305 AM | 5400 L350 AM 2220 10310 AM | 6400 5300 AM | 3700 12300 AM | 1500 6110 AM 830
11305 PM | 6000 5105 PM 2500 11110 PM | 6600 5330 PM | 3570 12125 PM | 1800 6150 PM 820
17 11135 AM | 5500 5150 AM 2200 11325 AM | 6500 5155 AM | 3550 123125 AM | 1640 6150 AM 790
- - 5345 PM | 227) 111hs PM | 6500 6110 PM | 3500 1300 PM | 1970 7:30 PM 820
18 11350 PM | 5600 6110 AM 2060 12125 PM | 6520 6130 AM | 3650 2:40 AM | 1560 8110 AM 800
12:00 PM | Lé20 6325 PM 1920 - - 6150 PM | 3500 1325 PM | 1880 8150 PM 800
19 12310 AM | 5000 63150 AM 2170 123130 AM | 7290 7305 AM | 3630 1150 AM | 1660 8110 AM 800
12325 PM | 5380 73105 PM 2450 12120 PM | 7200 2:45 PM | 3690 1sl5 PM | 1880 9130 PM 780
20 12150 AM 6600 7145 AM 2430 1300 AM | 6920 7340 AM | 3620 2:45 AM | 1620 9130 AM 770
1320 PM | 5270 7155 PM 1900 1110 PM | 7250 B110 PM | 3450 3105 PM | 1970 9:40 PM 590
21 2105 AM 5180 8120 AM 2000 1110 AM | 6490 8110 AM | 3400 3105 AM | 2380 9:40 AM 630
2105 PM 5500 8:40 PM 2020 1330 PM | 7400 8350 PM | 3300 Li15 PM | 3390 11:00 PM 910
22 2325 AM | 5400 9105 AM 2100 2125 AM | 6400 B150 AM | 3400 3305 AM | 2040 10220 AM 580
2350 PM | 5400 9145 PM 2000 2330 PM | 7620 10300 PM | 3640 Lyio PM | 2380 -
23 3835 AM | 4700 9150 AM 1920 2115 AM | 6690 9345 AM | 3600 L4320 AM | 1270 12305 AM 600
2155 PM | 7550 10330 PM | 3560 5320 PM | 1500 11105 AM 550
2k 3110 AM | 6400 10:50 AM | 3060 5140 AM | 1140 12345 AM sLo
4115 PM | 5890 11130 PM | 3050 6120 PM | 2000 1305 PM 560
25 53105 AM | 5600 113130 AM | 326C 6155 AM | 1750 2110 AM 590
5310 PM | 6630 - - 7115 PM | 2000 1125 PM 600
26 6330 AM | 5690 12:50 AM | 3290 8105 AM | 2520 2105 AM 700
6325 PM | 6170 1300 PM | 3380 8125 PM | 2200 2345 PM 700
27 6150 AM | 5600 1:45 AM | 3080 9105 AM | 2180 3105 AM 690
6350 PM | 5730 2100 PM | 2940 10345 PM | 1920 Lz15 PM 600
28 8320 AM 6100 2:40 AM 3150 8120 AM | 5420 3105 AM | 2700 10810 AM | 1570 L4310 AM 620
8:10 P4 | 6300 2125 PM 2820 8150 PM | 5500 3;10 PM | 2820 10150 PM | 1600 4235 PM 620
29 6155 AM | 6030 3105 AM 2490 9230 AM | 5400 L300 AM | 2750 113120 AM | 2260 5325 AM 620
8150 PM 6500 3330 PM 2300 9:30 PM | 5420 L4310 PM | 2740 10345 PM | 1350 5125 PM 620
30 91hs5 AM 6100 L4105 AM 2250 10320 AM | 5710 4350 AM | 2630 12300 PM | 2120 S3l5 AM 590
9140 PM 6900 4325 PM 2400 10150 PM | 5300 5105 PM | 2580 6145 PM 610
1 11:40 AM 5810 5130 AM 2600
11130 PM 20 6:15 PN | 2520
27

* S5,.C. = Specific conductance



Table Hb.-- Specific Conductance (in micromhos) of Water at Reedy Island Jetty
(Data from Continuous Conductivity Records from July through September 1956)

JULY AUGUST SEPTEMBER
i
Day Maxima Minima Maxima Minima Maxima Minima
Time EST | S.C.* | Time EST | S.C.* | Time EST | S.C.* | Time EST | S.C.* | Time EST | S.C.* | Time EST| 8.C.*
1 5140 AM | 9590 [123150 AM | K150 7105 AM | 10000 2135 AM | 4100 Bi10 AM | 12100 | 3120 AM | 8200
6305 PM | 9200 12135 PM | 3370 B:00 PM | 11100 2:45 PM | 3750 9150 PM | 14000 | 4125 PM | 7800
2 6135 AM | 8590 | 2335 AM | 4160 | B:00 AM | 8700 4305 AM | 3910 | 10315 AM | 12600 | 5150 AM | 7900
7130 PM | 10000 1135 PM 3420 B350 PM | 12500 3130 PM | 4140 10135 PM | 14000 L350 PM 7850
3 6145 AM 8130 3105 AM 3620 9100 AM | 10000 Liss5 AM | 5150 10:45 AM | 12000 5125 AM 7700
8325 PM | 10800 3:00 PM 3ho 9:30 PM | 12000 4335 PM | 4250 5340 PM | 7700
L 6i40 AM | B8990 | 43105 AM | 4090 (10330 AM | 9100 6330 AM | 4900 | 11:20 PM | 1kic0 6305 AM | 7700
9100 PM | 11000 3155 PM 3850 ]10150 PM | 12500 4355 PM | 4500 | 11350 AM | 12700 6320 PM | 7550
5 9135 AM | 8750 | 5:15 AM | L4710 Ly10 AM | 5300 | 12:h40 AM | 14400 | 7105 AM | 7800
9:15 PM | 10600 | 3sh5 PM | LOKo 1105 PM | 13000 | Bs45 PM | 7900
6 10:20 AM | 9450 4310 AM oo 12325 AM | 13900 8130 AM | 7900
11320 PM | 11700 " | 5:00 PM 4620 2105 PM | 14200 8120 PM 7950
7 11150 AM | 9800 7130 AM 4750 2305 AM | 12800
- - 8100 PM 4520 3:50 PM | 11800 |- 8115 PM | 6050 :
8 113150 PM | 11800 8130 AM 5000 23130 AM | 13300 10:10 AM | 6100
12130 PM | 9200 7130 PM 5050 2150 PM | 11500 9125 PM | 5400
9 12350 AM | 11900 9100 AM | 5020 3820 AM | 12200 10320 AM | 5800
12135 PM 9400 9100 PM L4610 3150 PM | 11500 10110 PM | 5930
10 1115 AM | 11200 |10110 AM LL8o L3110 AM | 12200 113140 AM | 5800
2325 PM | 8720 |10:10 FM Looo L4350 PM | 11600 11345 PM | 5900
11 2:55 AM | 10000 [10:150 AM 3820 4355 AM | 11000 11:40 AM | 5800
3835 PM | 8850 |10:05 PM 3500 5:40 PM | 12000 - -
12 3150 AM 9140 |[103155 AM 3430 5150 AM | 11500 12345 AM | 6190
63150 PM | 12200 12155 PM | 5820
13 6355 AM | 11000 1145 AM | 6420
73130 PM | 12300 1130 PM | 6050
14 7150 AM | 10700 2350 AM | 6500
8:25 PM | 12000 2345 PM | 6150
15 9:10 AM | 11000 3340 AM | 6350
9130 PM | 13200 4300 PM | 5980
16 9140 AM | 12000 5335 AM | 6300
10:40 PM | 14000 5300 PM | 6500
17 10345 PM | 12500 6135 AM | 6550
11115 PM | 14300 6115 MM | 6880
18 11145 AM | 12300 7125 AM | 6600
10300 PM | 10600 Lglo PM 3650 - - 5155 PM | 7200 7100 PM | 8600
19 10315 AM | 8050 5130 AM 3620 12100 AM | 15000 7130 AM | 7000 11350 PM | 15200 7105 AM | 9090
10150 PM | 10200 5115 PM 41oo |12:30 PM | 12100 7150 PM | 6650 12310 PM | 15000 5850 PM | 10200
20 10150 AM | 7630 5100 AM Lo7o [12:150 AM | 13800 8115 AM | 6900 11355 PM | 16200 7830 AM | 10200
1045 PM 9600 5300 PM Lh2s 1100 PM | 11000 8300 PM | 7380 2300 PM | 14400 7100 PM 8500
21 11:15 AM | 8580 8100 AM L4680 1100 AM | 14400 12300 AM | 14400 7150 AM | 8400
11130 PM | 8hkoo 6135 PM 3300 1125 PM | 15200 8105 PM | 8900
22 12115 PM 8060 7355 AM 3300 1325 AM | 14800 8130 AM 8600
- - 7100 PM 3030 1150 PM | 14600 9320 PM | 8200
23 2345 AM | 9150 8135 AM | 2950 1320 AM | 12400 | 9150 AM | 7400
1105 PM | 7790 7145 PM 3050 23145 PM | 15000 | 10305 PM | 8000
2L 1325 AM 9100 6155 AM 2950 2155 AM | 13900 9345 AM 7500
1145 PM | B00O 8115 PM | 2850 3325 PM| 15000 | i1:10 PM | Bo0O
25 1150 AM 8990 8th5 AM 2900 33130 AM | 14200 | 11315 AM 7900
2125 PM | 8250 8155 PM 3100 Lyio PM| 14800 - -
26 2130 PM 9380 [10:00 AM 3160 4320 AM | 12100 | 12320 AM | 8600
2145 PM | 8380 |[10:00 PM 70 L4g05 PM| 16000 | 11340 AM | 8750
27 3305 AM | 9590 [10:30 AM 3400 Ly50 AM| 15200 | 10330 PM | 11800
: 3170 PM | 8800 L4330 PM | 13500 5340 PM | 17200 | 11300 AM | 12000
28 3135 AM | B900 11115 PM 3550 Lilo AM | 12500 12310 AM| 7980 6140 AM | 16000 { 12320 AM | 12500
3115 PM | 8000 |10:45 PM 3220 5330 PM | 13800 11330 PM| 7420 6155 PM| 17000 2340 PM | 11koO
29 4110 AM 8300 [10:35 PM 2500 Lsl0 AM | 12000 1:10 AM | 7780 745 AM| 15300 3110 AM 9500
Lis5 PM | 9600 [11:00 AM 3650 5:30 PM | 13800 1110 PM| 7600 83115 PM| 16100 3300 PM | 9700
30 5505 AM | 7700 [12:35 PM 3650 6330 AM | 13300 13150 AM | 8050 8155 AM| 15000 | Lsio AM | 9250
5145 PM | 10400 6150 PM | 14600 1130 PM| 7700 9120 PM| 17400 | 3255 PM | 9800
31 5345 AM | 9590 1130 AM 3900 7135 AM | 13400 3110 AM| 8700 ,
63155 PM | 10800 1345 PM 3400 8:10 PM | 14400
* 5.C, = Specific conductance 28



Table Lc¢.-=Specific Conductance (4in micromhos) of Water at Reedy Island Jetty

(Data from Continuous Conductivity Records from October through December 1956)

OCTOBER NOVEMBER DECEMBER
Day Maxima Minima Maxima Minima Maxima Minima
+
Time EST 5.C.* | Time EST | S.c.* | Time EST | S.C.* | Time EST | S.C.* | Time EST | S.C.* | Time EST | S.C.*
1 11125 AM | 14000 4100 AM 9550 | 11:40 AM | 13700 6110 AM 8400 11355 AM | 12400 6330 AM 400
10120 PM | 16200 Lyl PM 9000 | 11:45 PM | 11800 6120 PM 8300 - - 7120 PM | 4400
2 11100 AM | 16000 43155 AM 9200 7105 AM 7550 1135 AM 8500 63150 AM 4100
; 11315 AM | 16600 6105 PM 9650 12:40 PM | 11600 8110 PM 4700
3 11:40 PM | 15800 5320 AM 9400 12155 AM 8320 6340 AM 1680
- - 5:55 PM 9200 1115 PM | 12400 9105 PM | 4500
L) 12305 AM | 15400 | 6145 AM | 9000 3100 AM | 8390 | 8:45 AM | L4450
12:40 PM | 16500 7:00 PM 9200 1340 PM | 11200 9125 PM Looo
5 123140 AM | 14400 7105 AM 9100 1325 AM 7300 9140 AM 4510
1115 PM | 14900 8:25 PM 9150 2125 PM | 11200 |10:05 PM | 4700
é 1135 AM | 14600 7330 AM 9200 2155 AM 9720 | 10105 AM L4920
2415 PM | 15500 9145 PM 9750 3:00 PM | 10800 |11315 PM | LB6O
” 2125 AM | 14800 8155 AM 9550 3135 AM 8890 (10350 AM L750
3100 PM | 14400 | 10145 PM 8900 3350 PM | 10900 |[11:20 PM L660
8 3305 AM | 12000 | 10:30 AM 8750 Lyls AM 8250 | 11155 AM 4750
3150 PM | 14500 | 10135 PM 9300 Lyls PM 9700 |12:05 AM 4800
9 Fsh45 AM | 13100 | 10100 AM 7500
L3O PM | 13200 | 113145 AM 8000
10 4300 AM | 12200 | 12:25 PM 8550
5t15 PM | 14600 - -
11 5145 AM | 13800 1105 AM 8800
6115 PM | 15300 | 123135 PM 8900
12 6315 AM | 13600 2105 AM 9150
6325 PM | 16000 1145 PM 9350
13 7i45 AM | 14200 3125 AM 9500
6350 PM | 15300 3105 PM 9650
ik 8310 AM | 15200 L4305 AM 9390
. 9115 PM | 15600 4315 PM 9180
15 9140 AM | 15200 5105 AM 9050
: 9135 PM | 15800 5105 PM 9080
16 9135 AM | 15000 5320 AM 9150
; 10340 PM | 16200 5845 PM 9490
17 10s40 AM | 14BOO 6310 AM 9680
11108 PM | 15000 63115 PM 9520
18 11340 AM | 16000 5155 AM | 10800
11155 PM | 17300 73110 PM | 10200
19 12125 PM | 17200 6325 AM | 11100
11130 PM | 16300 7:35 PM | 10700 1135 PM | 5500 9130 PM 910
20 12355 PM | 16500 7155 AM | 11000 1120 AM | 2320 10330 AM 710
- - 8130 PM | 10200 9140 PM | 5490 | 1445 pM | 3270 | 11100 PM 750
21 12:10 AM | 14600 8330 AM | 10200 2120 AM 9800 9320 AM 5320 2305 AM | 1940 11305 AM 750
12130 PM | 16500 9140 PM | 10000 2355 PM | 13200 9105 PM 7250 2120 PM | 4050 11105 PM 820
22 1340 AM | 14000 8355 AM | 10200 2110 AM 9200 | 11:45 AM 5090 3105 AM | 3000 11150 AM 800
1125 PM | 17000 | 10300 PM | 10400 3125 PM 9820 | 11135 PM L4oo 5320 PM | 3600 i -
23 1130 AM | 15100 9140 AM | 10400 Lios AM 6500 | 123145 AM 4150 . | L4330 PM | 2510 12155 AM 800
23140 PM | 17000 | 11310 PM | 10100 L3130 PM 8600 gio PM | 4120 12200 PM 810
24 23115 AM [ 14400 | 10300 AM | 9470 5835 AM | 6950 | 12340 AM | 3300 5335 AM | 3770 12310 AM 700
3135 PM | 13800 | 11135 PM 9520 5:40 PM | 10200 | 12325 PM 3400 5135 PM | 3120 1340 PM 650
25 L3;00 AM | 13200 | 10:25 AM | 10400 5140 AM 9000 | 11345 PM 3700
4330 PM | 16400 - - 63135 PM | 11900 | 12:25 PM 4250
26 L355 AM | 13900 | 12:55 AM | 11500 73120 AM | 12400 1155 AM 5000
5100 PM | 15500 13135 PM | 10600 7140 PM | 12100 2135 PM 5190
27 63100 AM | 14500 | 2300 AM | 10100 8120 AM | 11500 2150 AM 5000
6310 PM | 14300 2:05 PM | 10000 9:10 PM 9350 L:35 PM 5000
28 7110 AM | 12200 3105 AM 9100 9125 AM | 10900 Le55 AM L&20
8125 PM | 15000 2:15 PM 9750 9155 PM | 10600 Lo PM 4350
29 8325 AM | 14200 3330 AM 9680 | 103120 AM | 11200 5130 AM 4140
8150 PM | 13800 4310 PM 9280 | 11155 PM 7800 6120 PM 3900
30 83150 AM | 13400 5100 AM 8850 | 11320 AM | 11500 5320 AM 3900
10115 PM | 13200 5120 PM 8550 | 113135 PM 8900 7125 PM 3950
31 10130 AM | 13200 5125 AM 8800
10:40 PM | 12800 5155 PM 8800
29
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Figure 9.=--Chloride profiles for August 2 and 15, 1955
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the Delaware River to estimate the chloride concentration at hish-
water slack.. The method is satisfactory only for samplics collected
within 1 or 2 hours of high-water slack, Tho cstimction involves
converting the specific conductaonce of the water to chloride concone-
trations or snalyzing wator samples for chloridc content. Figure &4,
page 18, can be uscd to estimate chloride concentration from specific
conductonce. The prodicted timos of high and low tide ot each sampling
location can be obtained from *Tide Tables of the Fast Jonat™ [15),;

a publication of the U, S. Coast and Goodctic Survey., From thesc
times and the actunl. time of collection of the somples the “percente
age of time” can be found by dividing the mimvtcs hefore or after
aigh tide by the time intervel, in minutes, botween high and low
tide; and multiplying by 100, TFron the percentage of time, the
porcentage of tidel range is found by using o plot from the *Report
on the salinity survey of the Dolowarc River,“1/. This curve has
the percentage of time as the abscissa and the percentage of tidal
range as the ordinate. DBy moving along the abscisse to the
determined percontage of time, the porcontage of tidal range can be
rcad on the ordincte. Once the percentege of tidel range is obtained,
one of the “teardrop” graphs of the Deleware Rivor Salinity Swurvey
will give the percentage of chloride ion at high-watcr slack. From
this pereentage the perts per million of chloridc at high-woter

slack can bo caleulated from the chloride concentrotion of the sanple.

;/ In the groph of tho'Eoport on the Salinity Survey of the Delaware
River, ¥ cbb and flood tide have the following definitions:
Ebb tide ~ the intervel between high and low tide.
Flood tide ~  the intervel botween low and high tido.



A plot of estimated ehloride in ports per million, st high-water slack
(ordinate ) ageinst distance downstream (obscissa) ropreéents an
approximate longitudinal chloiride profile (sce figure 9). The method
was chocked by estimating the maximum chloride concentration from
cach of two samples, onc taken before and the other after high-watcr
slack. By plotting two profiles on tho same graph and measuring the
horizontal distance betweon the two enrves at any location, the
resultant net advance or retrest of the salinity between sampling
periods may be ascertained.

i

In a comparison of chloridc profiles,

5

plotted as shown in
figurc 9, wovement of 2 profile curve to the left indicated an increase
of salinity; movement to the right indicates 2 decreasc. Sample
caleulations for determining the relation of sampling time to high-
water slack on August 2, 1955 have boeoen worked oult in table 5.
Table 6 has the neccssary date tobulated for the profiles in figure
9. The profiles of Auvgust 2 eand 15, 1955 have been plotted on fig-
urc 9 to demonstratc how the mcthed is applied. The distance
between the two curves rceprescnts the movement of saline water. Since
the movement is to the right, it represents a decrcase in salinity.
During the pceriod from the 2nd to 15th, the salinity may actually
have advenced and rectreoted; but the net movement was a decireasc,
In this plot the 500-ppm isochlér moved about 86,000 fect ond the
250-ppm isochlor moved rbout 68,000 foot, both scaward, from Aug-
ugti 2 to 15,

In 1954, therc was sufficicnt informetion collected for

seven high~wator slack profiles. In 1955, there was enough for 10
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Location

39

Time of co
tion of sample tide (in minutes)

(2)

Table 5.--Calculation of the Rel
to the Time of #
time) for fLugust

Difference between
time of collection

Toa, e
3 lec= and time of high

(3

Sampling Time

.ck (percentage of

Difference betwsen
time of high and low

ide (in minutes)

Reedy Point

Cherry Island Flats
Iarcus Hook
Eddystone

Gloucester Cit:

£

TR R
£ (@] (»)
-~ -1 5l

[ury
™
Js

e
4]
4V}

e — =




Table G.=-Istimation of Chioride Concentrations at High=
Vater Zlack from Observed Cliloride Concentrations

- T A S aiod kS ——

Jigh-water slack sampling Ausust 2. 1955

Chloride in Chloride in
Percentage varts per parts per
Percentﬁlge of 'l‘igzel million Percentare million at
Location of Times/ Iiange::/ (Analysis) of C.‘ﬁlorideﬁ/ s (est.)
f Cloucester 26 70 75 49 8l
Eddystone 29 85 50 83 EhG
b lancus Hook 29 €5 1200 & Lo
. Above Cherry
% Flets 37 55 1700 &0 2100
. Deepwator 23 67 2600 92 2900
’E
Pea Patch Island 2% &0 400 92 4800
r ;
| Reedr Point 25 ) 5000 o 5400
|
|
High-water slack samplineg ‘ueust 15, 1955
| Glousester 27 69 16 06 17
Eddystone 23 &Y Le Q5 4%
larcus Hook 28 67 80 95 ah
Above Therry
Flats 36 58 240 76 320
Deepwater 30 Ol 450 82 550
Pea Patch Tsland 30 6l 1600 G1 2000
Reedy Point 27 69 2800 23 2500

1/ From tabvle 5

2/ From “A report on the salinity of the Delewarce Ly the Pemmsylvenia Department of
Health” (9).

3/ Tbid.



high-water slack profiles. Prefiles for low-wztor slack can be drawn
up but since there is no rcelishble way ot present of converting chloride
concontrations to minimum valucs, it is nccessary that samples be
collected at low-water slack.

This method of detorminimg the extont of chloride invasion
or retreat has certain limitations. The profile curves are based
on cstimetes of the chloride concentrotions at high~water slacks
and the cstimates are made from measurcments usually not at high-
water slack. As a result of uncertaintics in the cstimate, the
maximun crror in the position of a chleride profileo is 44,000 fect.
.

fnercfore, an apy

-
s

arent movenent of a2 chloride concentration of
+4,000 feet or less may be duc to crrors of estimate, ond not

necessarily represent an actual advence or retreat of salinity.
Longitudinel liovoment of 3alinity

An iscchior is a linc roprosenting cqual values of chloride
conecentration. The isochlors in figures 10 and 11 reprcsent parts
per million of chloridc at high-watcr slack in the center of the
navigation chonnel between July end November for 1954 and 1955.
Chloride profiles were usced to arrive at the positions of the var-
ious isocilors. The dota for profiles wore obtoincd from top sam-
ples. 1In the Delawers River, as an isochlor moves upriver, its
advancing rate decrcasce with timc. The isochlors of lower chloride‘
concentration will advance or rotrost morc rapidly than thosc isochlors
of highor ¢hlcride condceénibration. Tables 7 ond 8 give date for

A

gdeldng 0 ¢ TR ST

scvorel isochlors. for 1954 end 1955. ..
d flow of water

While it is to be cxpectod that an increszso

35
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DISCHARGE AT MARCUS HOOK

(IN THOUSANDS OF CUBIC
FEET PER SECOND)
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Figure 11.==Position of Isochtars in 1955
Note: Position of 50, 100, 200, 500, 1,000, 2,000, ppm isochlors for selected days in 1955
with a hydrograph at Marcus Hook, Pa. Points are comnected by straight lines for

clarity; betweenpoints the interpolations are not necessarily correct.
All of the above isochlor values are at high water slack.
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Table 7.--lovement of Isochlors during 1954
Average net isociilor Lverage esti-
it hlor {ppm) dic (ppm) movement {(in mated discharge
tance thousands of fect) lxverage Gischerge at Yarcus Hooks
Period of Isochlor advance feet) moved during per day during at Trenton, H. J. Permna.
Observation or retreat period of observaition period of chservaticn {in cfs {in cfs)

5CC 1300 2000 500 1000 2020

Juiy 26-30 Ldvance 4] 6 12 6] 1.5 3.0 1,680 2,620
o -~ e o - -
P : ~ o 1 = o O
Juiy 30-fug. 10 Retrent 0 2 7 G 0.18 C.H40 1,73C 2 OO
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Aug. 25-27 dvance 5 & b 2.0 L) Y% 1,760 2,720
- 4 o i ~ ~ 4 =0y

Aug, 27=-3epl. 10 Yo 3,230 55150
et & A i 5 ~ ~ i e - Iy QAN
Sent. 10-0c¢ct. 22 Letreat 10 12 i 033 C.40 0.33 2,820 &4, 900
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Table 8.--Movement of Isochlors during 1955

LAverage net isochlor Average esti-
Net isochlor {ppm) dis- (ppm) movement (in mated discharge
tance (in thousands of thousands of feet) Average discharge at Marcus Hook,
Period of Isochlor advance feet) moved during - per day during at Trenton, N. dJ. Penna.
observation or retreat period of observation period of observation (in cfs) (in efs)
500 1000 2000 5CC 1000 . 2000
July i3-19 Retreat 6 g 2 1.0 A 2.0 2250 3,090
suly 19-Aug. 2 Advance 24 2% 16 g, 1.6 1.4 2,240 2,860
Aug. 2-15 Retreat 86 81 72 6.6 6.2 6.6 6,720 14,400
Aug., 15=3C Retreat 36 28 12 2.4 s (2 0.86 55 600 74, 500
Aug. 30-Sept. 1  Advance 1C 5 L 5.0 2.5 2.0 11,300 14,300
Sept. 1-13 Advance 14 6 ¢ 2 0. 50 0.0¢ 8,950 11,100
Sept. 13-29 Advance 17 i9 13 1.1 1.2 0.81 6,176 75820
Sept. 29-Cect. 3 ACV ance i 5 16 1.0 1.3 2a5 8,690 11,200
Oegb. 3=17 Retreat 19 18 17 1.9 1.8 1.7 16,700 20,700
————— e el



down-riveor should flush the salt watcor scaward; onec cannot state that
under all conditions some specificd minimim flow of fresh watcr is
required to keep the iscehlors from advoncing. For example, from
lugust 10 to 24, 1954 (sce table 7) the 500 parts per million iso-
chlor moved an average of 1,280 feet per dey, while the average flow
at Marcus Hookl/ was 3,390 cfs (eubic foot per sceond). The advance

as checked by an increasc of flow to 5,150 efs (avorage for the
period August 27 to Scptewber 10). On the other hand, an average
flow from Scptomber 1 te 13, 1955 of 11,100 cfs at Morcus Hook was
insufficient to prevent the advance of the 500 parts per million
isochlor an avernge of 1,170 feet per day.

An isochlor may be held in a relatively stationary position

in the Deliaware River by o specific flow but this situation will not
hold for the same flow and isccilor in £1l reaches of the »iver

below that particular portion, all other things being equal.

Teble 9 gives the tebulated isochlor data for 1954 and 1955
for tho 50, 100, 200, 500, 1000, and 2000 pzrts per million isochlors.
Therc are many difficultics involved in using isochlors to
trace salinity movement when there arc lorge gaps betweeon samplings.
In the example cited for fugust 10-24, 1954 and Scptember 1-13, 1955,
the advance of the salinity for the ‘ugust 10-2U4 poriod was more than
likely checked by the heowvy discharge at the beginning of Scptember
rather than the avercge flow for the peried. Another factor which

has to be taken into considerotion is the loecation of the isochlor

1/ Sce note 1/, page 4¥, for cxplanation of how flow data were
obtaincd.



Table 9.=-~Location of Isochlors

Position of isochlors, in thousands of feet

on the date indicated for 1954 (Reference point:
New Castle; Delaware, 400,000 feet) all values
are at high water slack.

Chloride, in parts per million

Date 50 100 200 5C0 1000 2000
July 26 240 250 270 300 330 360
July 30 240 250 270 300 320 350
Aug. 10 230 240 260 300 320 360
houg., 24 - - 2h0 270 300 “ho
e, 27 - 220 250 260 220 330
Sept., 10 - - 230 270 300 330
get, 22 - - 240 280 310 340

Position of isochlovrs, in thousands of feet
on the date indicated for 1955 (Reference point:
New Castle, Del. 4000,000 feet) all wvalues
are at high water siack.
Chloride, in parts per million

Date 50 100 200 500 1000 2000 L0ooo
July 13 - 260 280 300 330 360 -
July 19 240 270 290 310 340 380 420
Hur, 2 220 210 260 290 320 360 420
ug, 15 20 330 350 370 100 430 -
s 30 360 390 LOo L10 L30 Lo -
Sept. 1 350 360 370 Loo L20 ) -
Sept. 13 330 340 350 380 410 Lo -
Sept. 29 330 340 340 360 390 420 -
Bt 3 310 320 330 360 350 Lio0 -
Oct. 13 50 360 370 T T e

L1



in the river. In the example cited the 500-ppm isochlor in 1954 was
approximstely 28 miles farther upstream than the 500 ppm isochlor
for 1955 to which it was compared. For best results in using this
type of anclysis of salt water movement, data must be available at

2 or 3 daoy intervals.
sffcets of Freosh- and Salt-Water Inflow on Salinity Distribution

Salinity distribution in a tidal river is, for the most
part, a resultant of the fresh-water inflow and the szlt-watcr inflow.
Fresh wotor {lows in from above the head of tide, from tributaries;
2s dircct runoff from the land and from groud-wetor scopage. The
totel inflow of froesh water obove the head of tide is usually meas
surcd by a gaging station. The fresh water which entors the river
below the gaging station, when siznificant, should be considered
when working with the total frosh-weter inflow of the estus 1557
Inflow of occon water will increase the salinity of the river. Oceen
water inflow is favored Ly inereases in seca level. Under actual
conditions a longitudinal gradient of salinity occurs in the Del-
ewarc, ranging from negligiblo valucs in the upper tidal portion
of the river to maximum valucs at the scaward ond.

The mixing of s2it and fresh water and the resulting dis-
tribution are rclated to fluctuations of river flow. The tidal
prism concept (3) has boen used to ovaluato the ability of an

cstuary to distribute salinity. The tidal prism is equal to the
differecnce bctwoqn the, volumes of water in.thc,ostuamy_ai,high and.
low. tido. % of tn*s Vh*umu is wntr;butoa oy Lng frssnuwatcr

flow and 3 5 b bj ou.t watcr gnturlng from the occen on thu flood

L2



tide. The boundary betwoen fresh and solt water is dimnemic since
the imner cnd of the estuary moves upstresm and dovmstroem with
changes in the volume of vriver £low. By means of tidal cxchanga,
salt water may move up or domstrosm,

The fresh weter discherge in the Delewsre River varics with
the scason., In general, it is greatost in larch and April due to
spring thaws--lcast in the Junc to October poriod--whon the growing
plants are romoving soil moisturc rapidly end covaporation is ot its
peak. Normelly during this poried o greater proportion of the raine
fall socks into the ground end = losscr nroportion iuns off dircctly
Tto the stroams. The monthly average frosh-weter discharpge at Trenton,
N. J.; at the head of tide in the sclaware River, shown in figuxe 12..
is bascd on the 23-year period 1923-1955. The grector frosh-water
discherge of iarch and fpril flushos the salt water scaward, and the
lowor flows of Junc to Cetober give an opportunity for the salt
water to move upstrean.

Since part of the water in a tidal prism is contributed by

the ocezn, chenges in sca lovel will affeet the quantity of sca water

1. the

el
L
I.,I
14)]
=]
°
:1:,.
@
r‘.
&
G
w
o
i

2 level rises, incrcasing amounts of saline

-

water ere introduced into the tidal prism. When the opposite condi-
tion arises; i.e.; the sca lovel decreascs, the guentity of salty
water in the prism dcoreases. LAs the quantity of salt water
ontering the river inerceses, favorable conditions are costablished
for the salt water to move upstreem. The sea lovel varics scason-
ally outside of Delaware Bay with the lower sca lovels in Decembor,

Jamuery, February, and the hiphor sca levels in August, September
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11y correct.

the mean river level

No Jey
lines for‘clarity;

1955)

and the mean sea level at Atlantic
ord 1923~

Pa.
points the interpolations are not necessar

Points are connected by straight

at Philadelphia,
(based on 33 years of rec

Figﬁre 12,--Average curves of the flow at Trenton,
Notet



and October. Mgure 12 shows the monthly average sea levels for the
33-ycar poried 1923-1955 at Atlantic City, N. J. The chenging ses.
lovel outside Delawarc Bey favors upstream movement of the salt
water most in August, 3Septomber and Octover: least in December, Jan-
uary and February,

The competing cffects of fresh-water discharge and sca level
ere reflected in river levell/ curves. Just bolow Trenton, N. J.,
the everage river level curve has cbout the some shape as the average
fresh-weter flow curve (fig. 12), cxeept in September when o hump
eppears.  This hump corresponds to the meximum in the average sca level
curve., In Delawerce Bay the averssze river level curve is about the
same shape =2s tho aversge sea level curve at Atlantic City, B
(fig. 12), oxcept in May when 2 hump which correspends to the mazimum
freshewater flow oceurs (19). Firurc 12 has the average river level
at Philadeclphia, Pa. for the 33-ycar period 1923-1955. At Philadel-
phia the average river lovel is mainiy a function of the fresh-wotcr
flow from Jonuory to June and then becomes meinly o function of the
average sca level for the remeinder of the year.

If sufficient solinity data wore availaoble for the sanc

33=year period, one no doubt could corrclate the advance and retreat

of salinity with the frosh-watcr discharge and sca level changes.
Cnc wmight plot the average locotions of 2 particuler isochlor for

cach month to gel o plot of average salinity conditions in the same

1/ Daily moon river level:s the averase height of the surface of o

river at 2any point for all stages of the tide over a 24-hour period,
usually detormined from hourly height readings.

11,5



secnsc that figure 12 ropresents the = erage discharge, average sca
level and average river level for cach month. Veristions from average
discharge or sca lcvel in any individual yoar cavses varistions from
the average salinity. For example, during Jamary 1956 the average
sca lovel at Atlantic was 8,88 fect (0.68 foot above average), and
the average flow at Trenton was 7,100 cfs (5,900 efs below the
avorage). The avorage spoeific conductance at Reedy Point was
13,000 micremhos. In lHay of 1956, tho averege sca level was G.60
foet (0.31 foot sbove avorage) and the avorage flow at Trenton
31,000 cfs (8,540 cfs above aversgo).  The averege speeific conduc—
tance at Recdy Point was 601 microwhos. The inerossed fros sh=-woter
discharge and the doerease in sea lovel in Moy moved tho salt water
scaward, and the salinity at Ruody Point and clsowhere deercased.
Other oxcmples of variotion effcets of yoord ¥ sca level and

fresh=wetor flow czn be obtaincd by comparing the sea lovel zond tho
fresh-watcer flow curves for 2 particular yeer with average curves.
'eble 10 has the cstimoted selinity conditions ond the actusl con-
1iticons for 194G fiom eurve comparisons
Toble 10, *--Istimoted salinity conditions for 1949 from comparisen
of 1949 sce lovel and frosh-woteor flow curves. All deta

is for HMarcus Hook, Po.

Prediction

Junc - Salinity began to move upstrean slowly at “3rcus Hook.,
July =~ Salinity advanced upqt rcem but at o faster rate then in June.

Lug = & greater advence than in July.
Sopt. =~ Szlinity still advencing.
Oct. - Farthest advance of the szlt for the summer of 19&9
Hov. - Still some ovidonce of =2 s:l nity intrusion at Marcus Hook.
but retreat of the salt hod te"uhd
Doe. - lNo evidonee of salinity invasion ot Morcus Hook.

al



Average salinity

Agtnal Selinity Conditions for month (ppm C1)"
June - Salinity bezan to increose very slowlye..... 22
July =~ BSalinity continuod To INCreasSCesssccsceceseo 19%
Aug, - Salinily Ancrcasingesecsecsssescesssssasanas 52
Scpt. - Salinity increasingesccsccscsssscssasscacsos &39
Oct. =~ Maximum salinity rcached (1,520 ppm Cl)ees.. 1140

Hov. - Largo decreasec in salinity but still consid-

crable ovidence of a2 szlince inVesioNesoeesss 762
3alinity decroasing, reaching a value of

43 ppm €1 on Dee. 18 and continuing to do-

crease to about 12 ppm Cleecesssoscsoccooasns 215

b

Dec. -

During the summer of 1955, the aveorage frosh-water flow
inercased ebove the normsl for this time of year. Table 11 shows
a comperison of the salinity (in terms of specific conductance), the
frosh-wzter flow and sea level for the periecd of October to November
1955 and April to My 1956.

Table 11.--5alinity, flow and sca level comparison (monthly everages)

‘

Average specific Mcan sca level

conductznce at Averoge flow at at Atlantie

Reedy Point, Del. Trenton, N Je City, No J.
Poriod (m@gromhos) #(cfs) (foct)

1
1
i

%

Oct. 5,910 28,700
Nov, 2,000 21,600

N3
o\

°
o ©

1954
b 800 31,000 6,68
lioy £30 18,300 6.36

The flow ot Trenton was approximotcly the same in October
1955 and April 1956, but the salinity in April 1956 was about onc-
sevonth thet in October 1955. The 0.35 foot lower average monthly

sce, lovel for April is the mejor factor contributing to the salinity

*Pable 10 covers the pericd of June to Docember as analyscs were not
available for the first 5 months of 1949.

7
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T

decreasc. Again, the flows arc epproximatcely the same in November
1955 and Moy 1956, but the salinity in May 1956 was oniy about one-j
fifth thet of Novomber 1955. Similarly, the 0.32 foot lower monthly
average sen loevel for Moy was the major factor accounting for the
decrcase in salinity.

The severity of salinity invasions mey be predicted cach yeer

AL »

from sea lovel at Atloptie City, N, Jd, ond the viver level at Phila~-
delphia, Pa. The predictions arc based on o mothod illustrated in
hppendix 4 (pege 81 ). The predicted order and the actual order of
selinity invasions (in order of doercesing scverity of the invasion)
are-given in teble 12, overity is bascd on average contamination

™

at Marcus Hook, P=z.

Teblo 12,--0pder of sslinity invesions (most
sevore invasion at the top of the list).

2

Order of szlinc
invasion bFScﬁ on

Predicted order of aves sp‘LxﬂtJ
soline invasion Marcus Hoolk, PL,
1954 195k
1959 1949
1953 1953
1950 1955

1951 1950
L1955 1951
1952 1952

L8



Variation of Ohloride with Discharge and River Lovel

The river flowl/and the deily mcan river level have en cffcct

on the chloride concontration of the river. Prolonged pericds of low

.L

flows result in Ligh ehloride concentrations ot Choster, Pa. If the

flow ot Trenton drops to less then 4,000 cfs for 30 to 60 doys, the
chloride concentration inercases et Chestor. For example, in Junc
1984 the £low at Tronton deercesed and bocome steoady ob epproximately

2,000 cfs during July and ugust ({ig. 13). During thosc two menths

(=}
the deily maacirmm chloride coneontration inercascd stcadily from

200 ppm on July 1 to more than 1,500 ppm 2t the end of lugust (fig. 13).

Similexdy, in 1949 the chloride concontrotion increcascd from 50 ppm

{ o KA

to 800 ppm at the samc location (fig. 14) after & poried of low flow

at Trenton. The moximum chloride curve ot Thester reeched a leveling-
of f point about 30 deys aftcr the stort of its rises, In 1949, the
moxirmun chleride levelcd ont at 960 pom in Scptembor; in 1954, ot
1,300 ppn in carly Jjugust. When the chloride concentration has in-
creased to epproximatoly 1,C0C ppm eny sharply inereasced discharge--

even of a fow doys® durstion~-is likely to producc o corrcsponding

1/8%nce the disrbﬂ?ro of tﬂu uplﬂw'“a River bolow Tronton is difficult

Lo i

to measurc becouse of the tidel neture of the river, the strcomilow
discharge ot scversl points south of Trenton haos been estimnted. All
flow figurcs used at Shostor or Mareus Hook, Pa. ere a result of these
ostimctos. These oveluations, which wore started in August 1953, ave
besed on the record of flow of the Delaware liver ot Tronton plus the
cetimatod contribution from the drainsgo aren below Trenton. This
contribution is cstimabed from the records at geging stotions on
tributarics entoring the Dolowore Uiver oulow'truuuon. Such geged
tributarics comprise &5 per ccnt of the toteol drainege arez above
Marcus Hook on the Pomnsylvonie sideo, and oniy 206 per cent of the
arca above liarcus ook on the New Jerscy sido. Contribution from the
ungaged arcs is determined by uwsc of a dralnage arcs ratlioc.

49
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Figure 13— Time serles of maximum and minimum daily chloride at Chester, Pa. _5’0

(July =Nov.1954) with an inverted hydrogroph of flow ot Trenton,N.J.
and Chester, Pa. and the daily mean river level ot Philadelphia, Pa.
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Pa. (July=Dec. 1949},

N, J. and the dally mean river

with on Inverted hydrogroph of flow at Trenton,

|4.— Tima series of maximum and minimum daily chloride ot Chester,
level at Philadelphia, Pa.
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decrcase in chloride concontrotion,

In 1954, ixléa*cé.é;,-s in flow on /ugust 10 :.:b.d 22 ’t, Jh.cstr.':r
werce followed by decrcascs in chloride concentretion ot Chester
(fig. 13). Lorge inercasos in flow result in o roduetion of chloride
concentration which mey continue for some weoks until sgoin persistent
low flow causus the chloride concentration to inercasc. The offcets
of flow on chlorice concentration can be scen more casily on a moving
weighted average chloride curve, @s is reprosented in fisurc 15. The
curve gives a weight of €.l to the mexiru ports per nmillion chloride
of = particuler day; G.3 of the maximunm parts per million chloride
to the dey precoding; 0.2 of the moximum parts por million chloride
to the doy boefore this oney and 0.1 of the meximum parts per million
chloride to the dey threc deys beforc the onc in question. Irrcgu-
laritics arc removed and pronounced prolonged cffccts duc to flow
can bc secn. lMajor inercescos in fiow at Troenton or Chostor arc
generally followed by o doercesc in chloride concontration at
Chiestor.

An inercesc in daily mcan river lovel occurs ns a rosult of
an incrcesc in the quentity of water in the river. This eean occur
by the introduction of large quantitics of fresh woter, but ususlly
results firom the addition of sca wator to the river. Gonerally, when
he daily mean river level increascs, qQuantitiocs of salt water arc
moving into the river and the salt woter moves upstrcam. The conversc
is truc when the daily meen river level falls. Deercascs in chloridoe
concentration arc usually o result of incroascd flow or deercascd deily

moan riveor lovel., A conbination of both of these foctors should
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Figure I15.— Time series of moving weighted average of daily moximum ond
minimum chloride concentrations ot Chester, Pa.

( July = Oct. 1954), with inverted hydrograph of ﬂow at
Trenton, N.J. und Chester, Po.




produce large deercoses in the chloride concentretion. The varistions
in chloride concent: “t:.ons duc to veriations in deily nmican river lovel
aremore prounounced when the chloride concontration is 2t least scv-

cral hundred perts per million. The drop in the daily mexinmum

chloridc tombor 17, 1954 (f£ig, 123} is o rosult of inercascd flow
L decreascd mean river lovel. The lowest salt concertration for
1954 occurred on Scptembor 2%, This was o result of deercased ucan
river level. On dugust 6 end 13, 1954, the f2ll in meen river level
was accompenicd by a decreasc in chloride concoatrcotion. On lugust
3, 1954, the mean river lovel bogon to drop and reoched 2 minimum on
August €. The mexizum chloride duervcascd. On Jugust 13, 1954,
although the flow decreasod; tho meiiium chloride nevertholess cdeereased.

The fall in mean river lcvel was the wejor contributing factor to

During the period from 19311939, tho Corps of Ingincers medc
somc measurciicnts of the offccts of fresh-water flow on mean river
lovels., At Philadelphia the difforence betweon meen low watcer ot
sustained flows of 6,000 ¢fs and wecn low waler ot 2 susicined flow
of 11,800 cfs was C.15 ft. The differcnce betwoon mcen high wator
at = sustained flow of 6,000 efs and 11,500 efs was 0.1 £t. For
flow below 6,000 cfs, the difforence boetween morn low water was loss
than 0.1 ft. Tho same is truc for meen high water. Downstican, the
difference botweon nmean hizghs ond likawise mecan lows for various flow

rates deecrenses. Tor cxemple, ot Now Cestle, Del. the differcncc for

16,400 cfs and 3C,700 cfs wes C.1 ft. for mcen nigh water at thesc



flows. The same was truc for mean low water.

From fugust 3-8, 1954, tho frosh-woteor flow inercased about
1,000 cfs, but the total flow was below 3,000 efs. The smell inercasc
in fresh-water flow could contribute considerably lcss then C.1
to the river level., The river lovel change for this period wes opprox-
imately 0.85 ft. (at Philadelphis). For the period of August 6-13,
1954, the river level deercased by epproximately 0,95 ft. The flow

-

incrcasc of 3,000 ¢fs could account Tor less then 0.1 ft. of this

Often the changes in the chloride concontration arc & roesult
of the simultancous cction of both flow and deily mcan river leovel.
From the period iuvgust 25-31, 195k, there zrc two pecks in the max-
imum ehloride curve (f£iz. 13); one on sugust 27 end the other on the
31st. Zoth of thesc puoks orc of the samc height. There arc two
corresponding oveaks in the daily mcen river level curve; the onc on
the 31st, though, is cons? tderebly highor than the onc on the 27th.
By comparing the daily mean river lovel curve and the chloridc curve
to a hydrograph of flow at Shester, the apparent inconsistcney is
rcmoved.  The higher flow on fugust 21st wos sufficicnt to offsct the
offects of the higher daily'mzan river lcvel. The peck chloride of
2,120 ppm for the.sommer of: 1954-oceurred on October 15." 'This pcak
resulted from the sudden ond lorge increase in river lovel (Fip: 13)

Figurc 16 is 2 timc-scries piot of the maximm and minirum
chloride concentrations ot Choester, Pa, with an inverted ! hydrograph

at Tronton, N. J. for 1955. The chloride concertrations inecresscd

5



Chioride at Chester, Pa. (in parts per million)
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Figure 16 . — Time series of moximum ond minimum dcily chlioride concznirations at
Chester, Pa.(June ~Oct. 1955), with an inverted hydrograpn of flow at
Trenton, N.J.
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in July as the flow at Trenton deeressed. On fugvst 13, Hurricanc
Comnic passcd through Pennsylvania--within 2 days the salt invesion
at Cester was washed cut. The chloride concentrations at Chester
dropped te 30 ppm after the heavy discherge on August 13, and did
not drop much below this figure, althoush somo of the highest water

discherges over rccorded occurrcd from fugust 19 to the first weck

37 1

n Liovemoer.

j=

The minirum chloride changes in o similor pattorn as the
meximum chloride, but fluctuetions in minimum chloride arc less than
in meximvm, Extremc flow changos and cxtrome Coily mean river level
changes show up readily in the mininnm chloride curve. On Scpton-
boer 1, 1954, the flow at Chester inercascd and the deily mean rivor

P

level and minimum chloride decrcascd.  This occurrcd olso on

Soptember 12, 1954,
Cross-scetion Studics from Dolowarc “omorial Bridge to Reody Point

It has beon shown previously that epproxinete dissolved solids
¢re convenicntly cstimsted from the cleetricsl conductivity of the
water, Figurc 17 shows the specific conductance of Dclewarc River
water onfour dotes from Septanber 1, 1955 to October 3, 1955, at
scleeted locations between the Delrwere Memorial Bridge and Reedy
Point, 2 10-mile rcach of the miver. Thesc locations were chosen

with reference to the shaps of the river channel and arc identificd

by buoys which arc shown on novizetion maps (table 13).

\n
=1



Cross Sectl.ns, Jept, 1, 145, End of Fleml Tide  Just 'efare U,%.5,) Crose Sections, Sept. 9, 1955, Ind of Ebh Tide (just hefors L.W.5.)
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Tablc 13.--Location of sampling stotions for cross-secctionsl sampling

Left side of Center of Right side

...Channcl** channel. of channcl*
Delaware HMemorizl Bridge* Esst coluimm  Center of West column
of bridge bridgc of bridge
Onc milie below Deleware
HMemoriel Bridge N#202° Midway between — F1C2%
New Cestle N# D™ Midway between  "5D¥
Bulkhead Zar Range RuuBH Midwey bectween  F1B"
Pea Patch Island RN#2™ Midwoy botwecen  Bell at
Pca Petch
Reedy Point NN 100 yds. west CHR7™
of PINY

*On downstrecam side of Lridgo.
*¥Right and left side when facing dowmstream.

Samples were collcected 3 fout below the surface and 3 feet
above thc bottom of the river and from the right side, center, ond
left side of the channel. The snocific conductonce, in micromhos,
is shown for each sample on the diagrem by a bar height proportional
to the conductivily of the water., In addition,; a number printcd be-
low the bar disgrams gives the average specific conductance of the
cross~-scction. The cross-scction data collected arc given in tables
14 and 15,

Preceding and during this period of investigation (Scoptem-
ber to October 1955), the flow of watcer in the Dolawerc River was
groater than usual for this time of ycor. Heavy discharge began on

August 13. On August 19, the discharge mecasured ot Trenton, N. J.
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Table 15.--Specific Conduotance of Cross-Section Samples, July 13 - October 13, 1955

At Delaware Memorial Bridge At Reedy Point
.
L3
Specific Conductance Dats and Tidal Condition Time Specifio Conduoe
. Date and Tidal Condition | Time i crosoa Lt tance in Micromhos
8 EST
Station Top Bottom Station Top Bottom
July 13 | Right 112105 p,m, | 3,900 3,910 Sy 13 | Right | 1% pm | 9,020 120,300 |
Fbb tide Cantar 12110 p.m. 31.870 4,160 Flood tide | Zenter | 13127 p.m, 8,260 9,880 |
,’:?,,,{‘;“ beford | oo 11355 a.m. | 4,510 4,760 IJ-“:'-SWT | Loft  lys22pm, | 8,810 | 9,18
Averags 4,190 T 9,
July 19 | Rieht 181% om, | 7,150 7,750 Right 12127 poma | 13,500 |
at H,W.8, | Center 1112 p.m, 7,260 8,590 July 19 | Center 12125 pom, | 14,100 14, 700
: Left 1110 p.m, | 7,190 7,770 at L.W.3. Loft 12123 p.m, | 19,30 | 33,900 |
Aye 7,620 Averaze 14,000
| Right 12335 p.m, 4,560 4,89 _ML_MLML—Q-&_I.LQ-M—
July 25 | Center 12137 pom, | 4,43 S.450 | July 25 Canter 11 | 10,000
at L.W.39, Left 12139 p.m. 4,970 5,210 at L.W.S. Laft 11142 a.m
Average 4,920 _Average 10,100
| Right 12040 pom, | 8,920 9,520 e | magnt 1 11085 aom, | 15,500 | :E:m
August 2 | Center 1213 p,m. | 8,300 9,650 at H.W.S. |_Center 11177 a.m, | 14,900 116,500 |
At Peleo. Left 1213 pome | 8,250 9,710 | lott  li13%0 aem | 13,900 [16,%0 |
Average 9,060 Average 15,500
I
| Right 11321 p.m, | 1,690 2,690 | Bight 110427 aem. | 9,290 10,200 |
3 August 15 .
Aagust 15 | Conter 111419 p.m, 1.7 2,730 at H.W.S, | Conter 110129 g.m, | 10,600 |
at H.W.3, Left 1117 pom. | 1,9% 2,580 | Left 110531 a,m. 7.& 10,k00 |
Average : 2,220 Average ZR00
August % | Right  112:% p.m, 205 199 Agast 30 | Bight 111345 a.m. | 6,950 u540 |
Ebb tide | Contor 11242 pm | 199 |° aug | Ebb tide | Center 14?7 aeme | 5,210 | 8,760 |
g P BT 12140 pom. | 2 2% o uw.s, et fusoam] buo | 60
" | Average 22 e Average 220
|_Bight 12124 p.m, 763 Bl |_Right 11135 a.m, 52900 | 8,900 |
September 1
Septenber 1 | Center 12319 p,m, 853 1,450 Flood tide | Center 11173 a.m, £.700 9:520
at HW.8, | Lot 12114 pam, 87 g 1 ) hours be- | Lozt 11525 a,m | 6,1% 9010 |
ore H.W.3.
Average 940 Average
Septeaber 9 | Bight  |12:04 p.m, tgly 714 : 9 Right, 10258 gome | 3,880 | 5.2% |
Ebb tide  Conter  112:00 pm, | 384 | 46 | A Contar [ 11302 am | 3,260 | 3420 |
fhour be- | gy 1115 a.m, 41 575 1 hour be- Laft 11006 same | %690 | 4,840 |
fore L.W.3, fore L.W.3.
Avaragn _hoh L 053
| Right 11113 a.m, 1,960 2.020 |_Right 10412 a,m, 5,960 8,380 |
September | Center 11405 a.m, | 1,780 2,020 September 13 |—Ganter 10115 a.me | 7,210 9,0% |
at H.W.3, Left 11402 am, | 1,790 2,010 at H.W.S, Left 10418 a.m, | 6,690 8,510
Average 1.9 Average 1630
a (' L% 1 Sa
September 21 [OARNE 1 2142 e 1 1,000 4,040 September 21 |—RiEh 1145 aum. e
Ebb tide —Conter | Qs s.m, | 1,040 | 1,060 | Flood tide | Center 111340 a.m. | 54,260 | 5,490 |
e, s e e N O S FFe-Pr S V-
ety 1,0 gl ,970
. | Right 1304 p.m, 1,760 1,780 [ Bight 1143 a.me | H,430 | 4,510 |
eptember 21 i3 * September 22
2 hours after | Copter | 1402 p.m | 31,400 | 3,470 | Flood tide | Center 111126 g.m, | 4,600 | 5,640
:w of flood | ey 1100 p.m 1,420 1,560 {:msn- after Laft- 23 aam, | 4,300 5.090
Avorage 4 1,570 b Average 4,780
| Right 1211% pom, | 1,090 1,390 | Right 11110 aome | 6,920 10,000 |
Flood tide | Center 12417 p.m, 873 1,110 pt 29 | Canter 11113 a.m, 9,685 11,000 |}
:r::rw:.,u s lelt 12120 p.m, 961 967 | LN S Left 1126 aum ] 9,110 5,960
" | Average L.Qﬁ Avarags : 9,640
| Right | 9459 a.m | 2,450 | Gotober 3 _ML.._.M_J;EE_M_._
Flood tide | Center 10102 a.m. | 2,280 | 2,990 | Flood tide | Center 112103 pom,} 10,100 | 10,600 |
f e i o Lk 10305 a.m. | 2,670 2,760 1 hour be- Left 12100 pama | 9,590 [ 10,200 |
LW.5. T 2,610 fore H.W.S. 3 9,640
: | Right 12417 p.m, 2,100 2,170 Rlght | ila% a.m.| 5,880 | 7,680 |
Beptember 29 Ootober 13
Ebb tide Contar 12120 p.m, | 1,790 | 2,590 | Ebb tide |_Conter 1 11:40 sume] 5,510 | 6,140 |
:l:ﬂgr after | 1on 12123 pm, | 2,200 2,430 a;‘?;" after Laft 11350 aom | 5,860 7,530 |
M3, ot W.S. iymace 6,720
Ootober 3 | Right 110102 a.m. | 1,710 1,670
Ebb tide Conter 110:0% aom, { 1,200 | 1,670
i:}"‘s'" arter | rare 10108 aume | 1,300 1,510
relan 1,450
- 3 Eight 12156 p.m. | 3.400 1440
Flood tide | Center 1101 p.m. | 2,870 4,720 |
1 hour be-
fore H.W.5. = 110% pem, Lot L 240
Average 3490
Ootor 1> | Right 12140 pom. 1.020 1,160
Flood tide | Center 12547 pm. 875 1,170
:n":'r“'ﬂ_w_ o Laft 12145 p.m. £30 g é1
Avarare _1.000 ;



wes the greatest in 53 years.

The cross—scetional informetion collceted in 1956 is given
in table 22. The cross-scetionel studics of 1955 and 1956 indicate
that therc is 1little or no veriation in sa2linity across the naviga-
tion channel of the river. The salinity of the Delawarc River varies
with depth, being salticr on the bottom. The variation betwcen top
and bottom becomes greater; as the concentration of dissolved solids
and density increascs. This reletionship is meintained throughout
each tidal cycle.

Frequeney of Chloride Occurronce

Frequeney curves for chioride, in parts per milliion, at
Marcus Hook, Pa. (1950-1955), Ceamden, N. J. (1950-1955), and
Bridesburg, Pa. (1952-1955) have beon constructed (fig. 18). These
curves indicate the frequency of various chloiride concentration,
irrespective of the chronologicel scquencces; and arc bascd on a spot
sample each day ot Comden, the meximum chloride concentration cach
day at Zridesburg =nd on the averege chloride cach day at Marcus
Hook., A&t least 64 pcerecent of the time ot lercus Hook and 90 per-
cent of the time ot Camden and 95 percent of the time ot Bridesburg,
the chloride concentration is cquel to or less than 40 ppm. It
is intercsting to note that between Comden and Bridesburg there
is very little chenge in the chloride concentration. Only 2bout
5 percent of the time is thore zn gpprecisble diffcerence and this
usually amounts to no merc thon shout 50 ppm chloride. The daily

sample a2t Camden 90 percont of the time is within 20 ppm of the max-



Chloride in parts per million
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Percent of time the parts per million chloride are equal to or less than that shown.
o Figure 18,--Frequency of occurrence of chloride, in parts per million, in the Delaware River at Marcus Hook,
S Camden, H. J., and Bridesburg, Pa. (Marcus Hook, Pa. and Camden N. J. are composites of data from

1950 to 1955; Bridesburg, Pa. is a composite of data from 1952 to 1955)




jmum chloride at Bridesbure, Dotween Comden and Marcus Hook, 35
pereent of the time there is considerable differcnce in chloride

concentration,

Temperature

The water tomperatuwre veried scasonally; buoing warmgst in
the lato summor months and coldest in the lote wintor nonths.
Differences of 19 to 2°F oceurred with donth ond distonce in the
roach of the river under investigotion. . measurcnent using a
Whitney wnderwater thommomctor of water entering the Delaware River

Ty

from the Christina River (which was 1 degree cooler than the Delawere
River at tho time of neoswrement) indicated that wator from this
tributory could not be distinguished by tomperature once it had

entered the Deolawzrc.

sffocts of Hurriconcs on 3alinity

-~
-

furricanes uswally affect tides &s 2 result of wind action
and inecrcasing runoff due to precipitotion. Winds blowing up the bay
will blow salt water from the occen into the bay, increasing the river
lovel and the solinity. Winds from another dircction moy blow water
scawerd, thus roducing the river lovel =nd salinity,

The winds which prodvec high tides causc increases in
selinity, while i roins accorpanying a hurricanc will tend to de-
creasc salinity. The inercesc in river lovel which is causcd isra

wind usually telos place first, producing a repid incrcase,in salinity,



and the increasced runoff then causcs =n equally rapid decreasec,
forcing the salt water baywerd. The total effcet upon sa2linity is

a resultant of both wind velocity and dircction--the runoff associzl.toq
with thc precipitation and the duvration of the wind and preeipitation,
Teble 16 shows the daily mean river level ot the time of the hurri-

canes of 1954 and 1955,

Table 16.--Deily Mean River Ievel at Philadelphia, Pa.

Days during which Deily mean river
river lovel was in- icvel at Phila., Pa.
Hurricanc Ay fluenced b7 hurricancs (in fecet)
Carol fagust 30, 1954 7.45
Sugust 31, 1954% 7.92
Supte 1, 1954 7.29
Edn= Sopte 9, 1954 6.72
Scpt. 10, 1954% 743
Scpt. 11, 1954 6.97
Hazel Oct. il4, 1954 Zel5
Oct. 15, 1954x 9.18
Oct. 16, 1954 7.95
Ok’:to 175. 19_‘5“1" ?. 20
Connic August 12, 1955% T=15
dugust 13, 1955% 10.55
Jﬂhuéqlst 1‘!*"3 1955 8. 50
Dianc iagust 17, 1955 7.83
~ugust 16, 1955% 8.96
lugust 19, 1955% 9.42
fugust 20, 1955% 10.73
august 21, 1955 9.13

*Date of hurricane in Philsdilphis arce.
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With cach hurricene there was an increasc in daily mean river level.
These increascs were a result of wind velocity and, in 2 few in-
stences, of runoff. (Scc page ¥ for the contributions made by
runoff to river levcl.)

The winds of a2 hurricane in thc Northern Hemisphere circulate
counterclockwise arcund the low (¥cyc®) as shown in figure 19. The
effects of hurricane winds upon salinity in the Decleware River de-
pend upon the path of the hurricane in rclation to the river. If
the hurricane passes to the east of the Delawere River, i.e., out
in the Atlantic Occan, the winds blow watcr out of the Dclaware River
into the Bay, figure 204, causing the salt water to move downstrea
Should the hurricenc pass inland, west of the Deloware River, the
winds tend to blow boy watcr into the river, figurce 203, causing
the salt water to move upstrcam,

The pzath of Hurricanc Corcl in 1954 was offshorc (fig. 21)
from S5W to NNE. Thus, the Dclawarce Bay was west of the hurricanc
and the preveiling winds in the bsy were WWW, which blew water out
of the Dclawarc Bey. The river level, from table 16, was not much
higher than uwsual, and little increasc in s2linity duc to tides was
to be cxpected., Heevy rainfall, teble 17, in combination with the
wind vclocity and direction produced flushing of the chlorides sca-
ward. On August 31, 1954, the deily mcan river level incrcesed and
there was a corrcsponding increasc in thoe chlorido concentration at
Chester, P2, This incrcasc in salinity is attributed to salty water

moving upstrcam. Hurricanc Edna followed shortly aftor Cercl.



Figure 19.--Hurricane winds-circulate counterclockwise around
the low ("eye") of the hurricane
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Figure 20a.--Winds from hurricanes passing east of the Delaware River
tend to force water out of the river

Figure 20b.--Winds from hurricanes passing west of the Delaware River
tend to force water into the river
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Hazel!
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o
Connie 1955

Figure 21.--Paths df the hurricanes affecting the
Delaware River during 1954 and 1955.

Carol 1954



Period of time

*\verage rainfall for

several stations in
the catchment zrea

Mexdimm wind
velocity and
direction at

Table 17.--Rainfall and wind data for the hurricanes of 1954 and 1955

Average wind
velocity at

Murricane in Phils. ares of the river Delzuare 3y Delaware Bay
Carol. fug. 30-31, 1954 2.65 inches L0 mph bug. 30 10 rpt
26 mph

BEdna

Hazel

Connie

Diane

0

s iy
Sept. 10, 1S54

I

kug. 12, 1955

-ug. 13, 1955
foge. 114’9 1955

Mg, 16,1955
Iug. 19, 1955

Fr

C.65 inches

C.40 inches
0.897 inches
3.72 inches
1.53 inches

.81 inches
inches

L]
.

O
0

For more complete information, consult U. 5.

(.
42 mph (WIW}, Jfug. 31
( )-, uepb. 10

75 mph (S)

Lo=-L5 mph
LO-45 mph
20 mph (S)

ol /“'\
5l

=l L:"

o

35-40 mph (S to SW)
30 mph (W)

19 mph
32 mph

31 mph

17 mph

Department of Commerce Weather Bureau Publ. 26 (17).



Hurricene Idna, in 1954, had = path epproximatcly the seme as Carol
(fig. 21). Winds were from the northwest and egain a salinity
retreat occurrcd. The drop in the meximum chloride concentration
was about 28 percent (graph 228). For the 5 days following tho
hurricene therc was essentially no recovery of the chloride concen-
tration at Chester. The path of Hazcl, in 1954, was more or less
perallel to that of Carol, but inland, so Hazcl passcd to the west
of Dcleware Boy (fig. 20). The winds in Delawarc Bay were from the
southcest and blew occen water into the bay, causing higher tides
than normel (teble 16) and increascd salinity. During the period of
high tide on October 15, a 60-mph wind blew for 1 hour up the
Delawore River, forecing salt woter into the ostuary. On October 16,
the wind shifted and subsided, and the daily mcan tidal elcvation
dropped. Vory littlc rain accompanicd this hurricenc (table 17)
and the mejor effects upon salinity were a result of winds. The
chloridc concentrstion incresscd approximotely 1,000 ppm from tnc
14th to the 15th of October, and decrcascd 700 ppm on the 16th.

The particular conditions czusing those changes arc indicated in
graph 22C. The chloridc concentration rccovercd immediately end
increascd after this hurricanc.

The path of Hurricane Comnic (hug. 13, 1955) was inland and
west of the Dclowarc River (f£ig. 21). Meximum wind velocities were
40 to 45 mph SE on August 12 and 13. The unusuel heavy preecipitation
accompanying this hurricene produced cextroemely thorough flushing of

the Dolawore River. The chloride concentration dropped at Choster

72



samls

T T

]

~-Zatinated Delamire Riter di

a4+ Chestetr. Faoi{in &
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Conditions During Hurricanes

Figure 22.--Selected time series of maximum and minimum daily chloride concentrations at éhester. Pa. for 1954,
with an inverted hydrograph of flow at Chester, Pa. and mean river level at Philadelphia, Pa.
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from about 1,100 ppm to 30 ppm. Hurricanc Diane (Aug. 16-20, 1955)
passed inlend west of the Delaware River ond then crossed the river
Just north of Philadclphia. Meaximum wind velocitics for this hurri-
cane were 30-40 mph S to SW at Delowerc Bay on sugust 18th. The
heaviest runoff in 53 yoars accompanicd this hurricanc and rcsulted
in farther rctreat of the sa2lt wator. Precoding the hurricancs,
there was the start of 2 salinity invasion; the chiloridc concentra-
tion at Chester had beon rising for 40 days ond was abovc 11,000
pem. There was no carly rccovory from Dianc or Connic at Chesters
the chloride concontration did not risc abeve 30 ppm at any time

during the ncxt fow months,
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Surmexy

During the summer months, under conditions of reduced flow,
salt watcr invades the fresh water arcas of the Delawarce River.

The salinity invesion followed e gdneral pattern of advancing from
June to late Octobor, and rctreating at the beginning of November.
Dissolved solids incroascd downstrcoam from Philedclphia to Reedy
Point, Dcl., as did most of the chemical constituents., However, the
nitrate ion decreased slightly and the fluoride and silice werc not
significantly differont. Dissolved solid concentration varics with
the tide. On the ebb tide the dissolved solids decresse and do so
until the following flood tidc whon they agein bogin to increasc,

L compearison of watcr-stege data and conductivity data
showed that maximum dissolved sclids occurrced sometime after max-
imum stage, 1finimum dissclved solids occurrcd sometime ofter
minimum stage. The maximum dissolved solid concentration occurs
at or necar high-weter slack and the minimum at or ncar low-water
slack, There arc two high-welcr slacks and two low-woter slacks
cech day.

The advance and retrost of szlinity, for the most part, arc
a resultant of the fresh-water flow of the river and the sca level
outside the bey. Incrcascs in sca lovel will move the saline water
upstream; decrcases will allow the selty weter to move downstreom,
Increases in freshi~woter flow will move the saline water downstrcam
and decreascs will ellow the salinc water te move upstrcam. The

generel movement of saline water mey be estimeted from the average

7%



frosh-water flow curve and the average sca level curve for the
Dclaware River. The most faverable conditions for salinity intru-
sions in the Delawsrc River occur in the period from fwuwgust to
Octobor. During this period the sca level is at its highest and
river flow at its lowest. Salinity intrusion usually starts in
Junc and builds up until Scptember. From October to Dccomber
therc are marked decreases in salinity in the cstuary. The woter
of the Deleware Biver will usuzlly contain less dissolved solids in
the period from December to lMay then at any other timc of the yoar.
Isochlors of lower chloride concontration will advance or
retroat morc rapidly thon thosc isochlors of highcr chloride con-

centration.

Reedy Point. The salinity veried in the verticel, being more seline
on the bottom in the rcach of the river where salinity invasion was
provalent. This condition beeomcs more pronounced with inercasing
salinities.

This frequency of occurrence of chloride is cquel te or less
than 35 parts per million at lcast 64 porcent of the time at Marcus
Hook, and 96 pcrcent of the time at the Benjamin Franklin Bridge,
Philedclphiz. The water tempereturc veries scesonelly with a
temperature differcnce of 1° to 29F with depth and longth of the
scgment studicd.

Hurricancs affcet selinity as 2 rosultant of wind direction
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and velocity and runoff from prccipitation. A hurricanc whosc cye
passcs to the west of the Delaworce River is usually accompanicd by
winds that force salt water into the ecstuary, incressing the salinity,
If this phenomena is followed by heavy rainfsll in the upstream
roaches, the incrcasced frosh-wotor runoff quickly drives the salinity
scaward. A hurricanc passing to the cast of the Bay and River is
accompanicd by winds which move watcer scawsrd. This, and eny subsc-
quent rainfall, both result in moving the saline water scaword,

£t the boginning of the sumcr of 1955, the woter from Reedy
Point, upstream, contained less than 2,200 ppm of chloride. On
July 19, at high-water slack the chloride concontration at Reedy
Point and the Delawere Momorisl Bridse, in the conter of the navi-
gation channcl, werc 4,950 pom and 2,420 ppm, respectively. On
fugust 2, the concentrations worc 5,380 ppm at Recdy Point and 2,880
ppm at the Delaware Memorial Eridsc. Aftcr hcavy runoff from preei-
pitation accompenying hurricancs in August (Comnic, August 12=-1 5
Diene, /ugust 18-19), the chleridc concentrations ot Needy Point
had deercased to 2,050 ppm and at the Delawarc Memorisl Bridgc to
32 ppm.

Fo apprceciable s2linity invasion occurrcd in 1956. The

average of the meximum chloride ot Chestor, Pa,--botwoon rid~fucust
and October--was 134 ports por million. During the other summor
months, prior to mid August, the mexirmum chloride concontration was

below 40 parts per million,
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Mothods of Analyses

Detormination or Measurcment
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Shloride #9308 000808 ESes 080800

fethod

Field thermomcter sensitivity 1°F or
Whitncy thecrmomcter scnsitive to €.2°F,

Ilectrometric with glass clicetrodcs.

Laboratory Wheatstonc bridge; ccll with
platinum clectrodes colibrated sgainst
standarc potassium chloridec ot 2592,
For ficld dctorminctions--portable -
dircet-rcading, Solu Bridge and dircet-
reading, linc-operatcd continuous
specific conductonce recorders with =
renge of 0 to 50,000 micromhos.

snectrophotomcter measurcmncnt of color
deveioped by addition of ammonium
molybdate.

Speetreophotomcter mcasurenent of the
color dovoloped by the addition of
2,2° bipyridine solution.

Titretion with stondard Titre Ver
Solution in the presence of Cal Ver
Indicator,

Spcetrophotomctor measvronent of color
developed by addition of Iriochrome
Black T.

Dctermined with flame photometer.

Titration with standeird suifuric acid
-

to pll of 4,5 25 dotermined by Colomel-
Glass=-Electrode pl motor.

Spcetrophotoneter titration of Alco-
holic sclution with barium chloride

in prosence of thorin indicator.

Titrated with silver nitrate in pre-
scnee of potassium chromate.
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Compared colorometrically with stand-
ards of zirconium nitratc-2lizarin
roed solution.

Spectrophotomcter measurcmont of the
color developed by the addition of
phenoldisulphonic acid and ammonium
hydroxide.

Residue upon cvaporation of solution
and heoating at 180°F for one hour in
platinum dish.

Calculated from the equivalent cal-
cium and megnesium, or titrated with
standard Titra Ver Solution in the
prcsence of Univer IT,
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Appendix A.--Mcthod of predicting the order of saline invasions for
a number of years on the basis of river level ot Phila-
delphia and sca lovel at Atlantic City. (Prediction on
2 rclative basis only)

The difforcnce betweecn river level at Philadelphie and sca
lovel at Jitlantic City (teble 18) has been cssigned velues of 1 to
7 for each month from Junc to October, depending upon the diffeorence.
The largest difforence receives o value of 7:; the noxt largest 63
and so on (table 19). The total value of the 1 to 7 assignments

when arranged from the lowest to the highest gives the predicted

arrengement shown in table 12, peage 47,

Table 18.--Difforence botween river level and sca level (in fect).

Year 569 3950 ¢ 3951, 1952 agan 195k 1958
Month

July .37 .3k 32 L7 .30 .28 .29

Lug. o7 .20 2L .38 .22 .16 .79
Scpt. .15 9 b .28 .38 .19 .26 .34
Oct. JOF 1 .20 «1% .02 .20 .62

Table 19,=~-lrrangcment of years on the 1 to 7 assignments.

Month Junc July aug.  Sept. Oct.

Year Total
1949 5 6 2 2 2 {1y
1950 6 5 3 1 3 18
1951 2 L 5 5 L 20
1952 3 7 6 s 3 26
1953 7 3 L 3 1 18
1954 L 1 1 Iy L 14
40155 1 2 7 6 7 23
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Table 23,— Daily Samples at Feedy l'oint, Delaware

Samrles are collected at Heedy Point at Muoy R*2" (', 5, Coast snd Oeocdetie

tavication "ap No, 29¢) which 13 1,000 fest weot of the center of the channel,
These sanples are fro- Septrobor 1, 1945 teo October 2, 1956,
oach sanrla 1z eloan t
cellecticn of the samples and pwedicted time of hich-water slack, "Tide Tailes, East Coast

Merth and Seut! America® (1,5,043) should be cona dred,
o gllorile concentration can Lo obtaired vy o

eati=aticn of

Wichewat:r 2lack,

The time listsd with

For the exact tize Wiferance ‘atwesn the

whers po chlerido wlve te listed, an
or floure L, page 16,

3 ber, 1955 Ogtoher, 1555 tiovenbor, 1955 December, 1955
Specific Specific Speet flo Speci fa
Date Time Tempera- | Corluctance Chloride Time Tewpera- Conduc tance Chloride Time Tampera- Cenluctance Chlnride Time Tempera= | Conluctance Chloride
ure on i ture { aleranhon e wre Aalcramhos rm, 25 ture L micrmhos
EST t (°F) | (sdcromhos) (ppm) EST °F) | (=t ) (prm) EST 3 (") | ( hos) (pm) EST [ 0 ! ) (pym)
1 12100 pm kel z,ﬁﬁﬂ 1,780 913C am ] A,3R0 2,600 12415 mm 56 2.$ 542 40 3,290 9s0
2 1100 pm ] 930 2,050 1130 pm 57 2 78 = 2,520 =
) Homl ™ 61690 2,150 [0 m| & 8,940 2,850 & 3 2,90 = “ 4,600 1,50
4 2100 pu 80 6,400 ,000 2100 68 #,Ru0 2,750 1,250 N0 2 4,530 3%
5 2100 pm L] 5,360 1,630 1100 & 8,290 2,600 954, - Qa 3,000 =
& 1125 6a 6,780 - Kl - » 4,010 1,450
L] 2100 pm kd 6,410 2,100 2130 70 8,490 2,750 1,30 - » 4,930 1,500
[} 2930 pn 75 5,860 1,R80 6130 am -] 6,000 1,850 1,140 - n 5,210 1,530
9 210 m 75 3,930 1,200 6130 am 65 4,780 - 2,220 616 » 4,950 -
10 6150 am bl 6,170 1,950 T100 am 65 4,740 1,400 2,30 650 *% 170 =
n 7100 am n 6,34,0 2,000 8100 am [ ,030 - 1,320 -
1 7149 am kel 5,550 1,580 9100 am 66 3,740 1,080 3,280 9 b 4,870 1,350
1 7130 am 72 6,630 2,100 2,720 s
L ‘llgng - ;23 ;,g ;,% 12415 m o7 5,440 - 2,9%0 138
15 110 pm 1 5,000 1,500 1420 36 9,340 2
1B haom| 7 62630 21050 21830 ‘a2s  hoioo m| 3 ,;3‘;., ,;5‘;:
17 o = 6,780 2,200 2,360 665 oo m| 3 6,870 2,150
18 2100 pu 7 7,800 2,450 27 200 - - 6,500 2
19 2100 T2 6,730 2,150 819 - 3100 15 20 * o
0 2000 pm| 74 8,150 2,600 2,160 x 24990
K -
= P 7 5900 2,550 4
130 pa - 1,400 - B100 am 32 L 2,
:?. 2.'§ - g ::;13 :'% 3:3 bk 2130 % ":” i
- 130 am 2
25 | moaa| &7 6,350 1950 41670 1,00 |m30an| 33 o e
% noml e a0 i 8130 an| 60 2,770 "2 5,230 - 0100 an | 33 #,860 2,650
g0 .- 2 1,750 5,040 -
28 10100 am 67 6,070 1,500 5,040 -
F2l o 9100 am 57 4,120 - 3,780 1,130 2145 m kT 9,910 3,000
0 |ewosa|l ee 8,60 = 9100 an| 57 4,720 Z 3,590 100 praem| 32 97530 3,050
n - - 4,430 - 2100 ym | 2 1C 300 2,300
January, 1956 February, 1956 e e Marct, 1956 April, 1956
Specific . Specific Spmct Mo Speci Mo
Date Time - Conductance Crloride Time Tampara= Conduotance Chloride Tima Tempera- Conductance Chloride Time A= Contuctsnce | Chloride
EST ture (°F) | (micromhos) pm EST ture (°F) | (=icromhos) (pim) ELT ture (9F) {micromhos) (pym) ET ture (9F) | (mlecromhos
) (pim)
1 300 3 9,310 3,000 2100 36 9,630 3,040 | £100 pm ¥ 1,540 520 00 ) 210
3 = J ;. kg e 10,400 Buo fwcom| w2 2,130 w  [fom| & 1,020 20
: 10,000 IR Bk % e g i e g
- - 9100 sm 3,970
: 5 4 #100 an 5 2,360 50 e 000 1180
8100 am 3% 11,400 3,700 8130 an 3 11,000 3,010 00 am 3 2,160 520 8100 am L5 2,870 820
7 11400 am 7 6,540 1,960 4130 am &3 1,480 340 9100 am L 2,500 H0
[ 10430 an 3 7 2,320  |10400 am 42 4,100 1,40 10400 am 4 611 130
9 10400 am 36 9,590 3,000 (11400 am 31 2,400 - 11400 sa L5 596 s
10 12400 b3l 6,890 2,280 11050 am &, 1,250 s 10400 am L, b ) &7
1:.; 1:.033 = ;; 6,520 - llllgfn- an 43 5 3% - 11145 am & 407 0
130 pm) 7,900 - 100 rm A - 12400 49 336 50
1': 100 m| = ":-1,28 e [P0 m & "870 - 200 | g8 220 2
1430 po £ 3 00 am 43 1,700 = 2900 pm 50 360 58
}.s‘ g:gg = .-;3 3:400 & 0 43 421 mn 3100 pm 50 120 50
130 2,710 = 3130 53 1% 54
7 2100 = 38 2,710 - L0 e @ 236 2 0 m| 2 33 56
18 8400 any » 3,510 1,040 E100 am 52 37 55
1 8100 om » 2,760 - 3115 ¥ 407 T2 B0 am 4B 226 26
20 8100 am) 40 3,930 - 100 mm L0 710 160 E130 am 49 194 20
an 8100 32 13,000 4,200 9130 am k2l 3,780 2420 am +0 T2 160 G900 am 49 a0 23
22 810 an n 12,200 4,650 10100 any » 3,910 1,180 | 100 am 39 3,350 w0 9100 ae 50 ne 2
2 8130 an 5] 14,400 4,700 9100 an| 37 2,750 - B130 am 5] 2,660 70 1100 50 23 0
2 11400 aa h 73 14,100 4,750 11400 any n 4700 - 10100 s 452 2,730 T80 12130 pm 50 208 20
a5 11100 nmy I 5,230 1,640 100 pm 4“2 65 160 3500 pu 55 b 65
% 1130 pm 40 3,720 - 11100 am +3 1,470 s 1470 51 287 &7
£ 12130 13,800 4,550 4100 = 30 2,250 = 1110 . 43 2,290 &40 3100 pm 57 m &7
2n 12130 14,000 4,700 11100 am 9 1,190 - 2100 m ) 1,080 270
Eol 1400 pm| b1 12,700 4,200 11130 am » 1,70 LTS 3100 40 1,780 LEO 2130 m 58 320 51
0 2100 pm 35 13,900 4,650 3130 &3 2,200 610 3100 59 301 &9
—t 1135 pm] 35 11,800 3,750 L100 e 42 1,000 245
May 1950 June, 1956 July, 1956 Mugust, 1956
Specific Specific Spacific Spact fie
Date Tine Cenductance Chloride Tine Tempera~ Conductance | Chloride Time Tempera- Conductance Chleride Time Teapera- | Conductance | Chloride
EST | ture (°F) | (sioroshos) (pm=) EST | ture (°F) | (micremhos) | (pm) 5T ture (9F) | (micramnos) (pm) | EST ture (%) | (sderomnos) | (p=)
i 3] 21 32 63 aa| &7 1,570 20 | 6430 an 7% £,340 1,260 |m0ea| 78 2,260 1,250
3 7100 aa 66 2,490 710 7120 an Ll 4,870 1,430 8100 am % 5,460 1,650
: 6 218 24 7100 am &6 2,470 200 6150 am i 4,080 1,170 8130 am 7% 6,560 2,00
56 204 20 7430 an 66 1,990 630 7100 an 7 4y TH0 390 130 am ] 5,120 1,730
H 8 85 » 7415 am| &9 2,160 550 7045 am 7 37900 1,19 [0 ]| 75 7,840 2,400
H 8130 am & 1,990 550 11100 am 7% 5,740 1,850 11430 am 75 7,130 2,
H 59 410 9% 11130 am 70 2,290 600 10130 aa 76 6,230 2,050 12130 pa % 8,130 2,150
9 L 9 84 12400 pm et 2,420 660 12130 pm T 6,370 2,050 1130 fm 7% 8,20 2,120
10 57 415 158 12430 mm 70 2,300 670 1100 = L 6,330 2,070 3100 m ] 7,840 2,350
1 59 457 100 1130 m 0 2,940 840 2400 pu il 5y » 720 4107 m ] 8,420 2,600
n &0 334 Fl 2400 e n 2,320 660 2400 = kel &y 1,520 £11 e 28 8,640 2,670
1 61 578 130 2400 7n 2,120 660 4430 pm 78 5,110 1,59 7100 am 78 6,430 1,920
e ] 589 135 2110 | n 2,440 680 5300 7 5,170 1,620 To00 an v R, 000 2,470
15 3 546 1ns 5105 pu| 78 2,690 760 7400 an % 4,670 1,430 8100 an 78 7,900 2,450
1% -] 746 170 7100 am Th 3,300 900 7400 an k3 4,930 1,520 A400 am byl 7,700 2,120
17 &0 b 170 T130 am T4 3,170 900 7115 am 75 5,130 1,610 9100 an a0 8,100 2,520
18 60 698 %0 8100 am 7% 3,510 1,000 7400 am 77 4,660 1,430 9100 = el A,090 2,500
2 & | B |2z je=my p | B |2 fxeml 2 | om (DB fRZ] 2 | B8 | S
20 100 am by 1, 11400 am 7 foy T » 100 .= ¥ ¥
62 82 175 11400 am T 3,490 w0 10130 & % 5,900 1,500
2 & w7 240 M0 el 7 3,780 1,000 (11430 m m 4,430 1,340 100 | 75 7,360 2,320
n 67 243 20 11300 an| 75 3,710 1,090 (12100 7 4,520 1,380 20 m| T 10,000 3,140
2% 68 23 F 12400 m| 7% 3,20 1,10 1100 m 7 4,840 1,430 2000 pm| T 10,630 3,400
23 & 1,32 355 1100 | B0 2,520 1o [1oml Py 1,370 | 230 m| 75 10,340 330
2% 65 1,210 308 10 m T 4,AL0 1,400 115 m % 4y 760 1,400 20 m 7 10,040 b
n 6 754 s 2000 m| 80 4,590 1,350 2130 a0 4,700 1,450 2120 | % 10,520 3-3’3
4 &5 659 150 2130 80 4,R30 1,410 3400 pm a1 5,350 1,630 00 | % 9,660 3
29 &7 1,130 2% L0 pal T 5,140 1,510 3100 | 79 5,070 1,490 5145 pa kel 10,300 3,300
3 6 1,280 320 5000 pa| 76 4,600 1,370 £130 m 7% 3,020 1,020 710 m| 77 3,900 1,130
n &7 E:] 120 6130 an| 5,470 1,620 6130 an| 7% T 1,320 6130 am| 76 9, 3,000
~uX el 72 499 T 7100 an| 75 5,800 1,800 Bl T 10, 3,600









