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PREF.lCE

The Delaware River is an important source of industrial water

supply from Trenton. New Jersey to Delaware City. Delaware. Possible

wa t e r usage largely depends upon the quality of the River water. particu-

larly its salinity. i. l s o the welfare of Delaware's oyster industry depends

upon salinity conditions in the Bay; therefore, a thorough knowledge of pre-

sent conditions in the R iv e r. and of any tr ends toward salinity incr e ases. or

decreases, in the future are of major scientific and economic importance .

Realizing this situation, the State of Delaware. through its Geological Sur ve y.

is supporting an investigation of the salinity of the Delaware River, in coopera-

t io n with the Delaware River M.aster and the City of Philadelphia. The results

of th e work done thus far by personnel of the U. S. Geological Survey are pre-

s ented in this r eport. a factual account of salinity variations in the Riv e r be-

tween Philadelphia and Reedy Point b etween July. 1954 through December , 1956.

It Ia 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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The :!)ur~)ose of tlYj.s i nvest i gation 1,ras t o obtain dat e. on and

s tudy t he f'a ct.oa-s affecting the sa:l.i ni t y of the De.Lawar-o ~\.ivel' f r om

PhilanelphiQ, Pa. to ~eedy I sl&nd, Del. The t echniq\leS of anal ys es

of dat.a and results of the anal :Ises 21'e presented..

'l'he amount of salt vrator i n t he Delaware Hiver at, any Loc a

t ion is dependent upon (1.) t he dist ance f r om the ocean; (2) Uie

fresh water f low of t he r i ver ; (:J) t he quant ity of sa.lt~" vw,ter

moving upetr-eam f rom the ocean: (1.1·) the s t age of t i de 3 (5) t.he

r ange of tide. Dur-i.ng t.he summer Bnd early f all months t he f r esh

Hat er inflovl is at a minimllm and. Fie " n SGa level ("rhich governs the

movement of s ea toJ~ter mt.o the estuary) t s a maxi mum, t hus pr-ovadang

f avorabl e cond vt.r ons for movement 0 :;.... salt i-rater ups t r eam. During

late October or early November the f~~~esh 'MHater f lm'l increases and

concur rently the sea Levo.t doci-caceo , causing the s al t y "Io.ter to

recede downs t.r-oam. : ,civcmce and r etreat of salinity mQY occur a.t

other times , depending upon tho fresh-\-13.ter inflovr and the s ea Lovo.l.,

The s everity of a s al init y invas ion may 1.")8 estimated from sea Lcvc.l ,

rive l"' Levc.L , and f resh-"t\T<.:.ter d i.s char-ge dat a. Hur -r-Lcanes affect

s alinity as D r osul.t of wir4 direction and ve l.oc i.Ly, and runof f f r om

pl'ccipit a.tion.

In the r-ea ch of Lho rj.v81" Stud:CEX~ the dissol ved s oli ds

Lncr-oaa e , the gX'0at cr the d:i.st( nGO d.m-Jnst.rO&lU f rom t he ~/ialt vJhitman

Eridge (Prn.Ls.dc 'Iphi.a. Pa.) 1'11e 81iiOUl l'C of d.i.aso.lved s oli ds present

in the water var i e s 'Hith the stage of tido 5 roaching a maximum at

or near hi gh-wat.er s.Lac k and a minimum at 0 1" ncar Low-wat.or- s 'Lack ,

1



CrO,3s- s Gction studies indicate t hat there; is Li.t t.Lo or no variation

i n t ho d.issolved s olids D.CrOS3 t:·lC n2.vi[:ation chcnno'L , I n the lowor

r-oaohos of t ho r-iver t ho dissoJ.v(;(.1 sul i ds concerrtr-at.i.on i nc r eased

2



I ntrocluct!.on

Thi s progress i-opor-t surr.mar5.zes t he U. S . Geo'Logi.ca.L Sur ve:;-' s

water -quality i nvestigation of t he Del aware Li ver bet ween t~1C ~I;~.lt

\Jhi t man Bridge:, Ph d.Lade.Iph d.a , Pa. (Gloucester Cit y , ~: . J.) .and

Reedy Es Land , De1. f rom July, 1951" thr ough December 195·5.

The Dcl.auaro River (see fig . 1) is t ida1 f r om Trer.ton, t!. J .

to Do'Lavaro Bay . Trenton i s 46 miles above t ho Ha.l t 'iihibJan Bridge

and the roach of the river under investigation ext.ended ljl~ m:ile s

bcLov t his bridge t o l1ecd::r I slands Del . There are many tri"uutaries

enteri ng the De.Lawar-e r~ivur i n t hi s reach ; the In&jor ones ar c t ho

Schuyl ki l l River , t '18 ;:b'i s t i n::t Ri vcr-, t.ho 3d.em :-;ivor, and the

Chesapeake and :JolD:t'Jal'e Cnnn.l . The r:cla~.,a. l:'o River i s 3s 900 f'cet,

\;ide at t he \l2.l t h'!li tman 2r i dge : 6,600 f ect c;ide at the Do'l.awar-c

Eemorial BridgG: and 12 .3('0 feet y;~de at Recel;)' Poirrt., The navi.ga

tien channe.L is apl1rox i matcl ;-; !i·O f eet deep Ln this roach of t he

rivcT at n~&n low wat er and has ~ widt h of 900 f eet . Tho r emai ning

l)Ortion of the :-ivor from t he ar ea adjacent to tho charmo'L to the

Sh01'O decreas es in depth . Ther e ar c :::ive islano.s i n the sr-ea

studioclw·-Littl e Tarri.cum Island on the Pcnnsy.lvarri.a side 0: t ho

navigation channo.I at ~:~s sin6tons Pa , ; Chester Isl and on the Ee1·r

Jersey s i do of the channel off :;hcstol";, Pa . ; :;hc"i':i."Y Island ?lats

off Edgomcor , DeL on t ho !1cl' JOl'S0~' side of the channel; Pea Pa t ch

Isl and on tho Do1m\"a.ro side of t ho channel. of f DoLawar-e C:ity ~ and

Reedy I sland on tho De 'Lawar -o sido of t he ohannc'L of'f Port Penn , Del.

Ther-e are sever -at i mpor t ant c i t i es alone; the r iver, Phi l a

delphia boing t lle largest . Junong t he others arc ~hest8r . Pa. ,

:3
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~':c_rcns Hook, Pa , s \:Jj _ :i.l1Jin~~ton, DoJ.., Nm-r ~3Btlc, Del. ? Delaware Ci .t3T

Dol . , Paulsboro, 110 J . ? and Penns Grove , H. J . Each of thos e cit ies

uses x'ivor- llc::tCl' f or iTIr'.l\V· pnrposes . "J~horo £:.I'O l1U:nOi'OUS industrial

plant s that l i no bo'ch sidos of the D~::'avJarE: Ei vox' :JCb;-JC0n t he: \valt

Uhitman Br i dgo and tho D 8 1.S.,,.J;XCE: l-iomor-ir.L Br i dge ~ a'lL of Ttlhich us e

Dolawaro Rj~or wator . In add.it ion t o the murri.o i.paf. and i ndus tl"i a l

interosts i n t ho water s thero are :::; t ato and Fedor-at. i nt erost s as

the Delaware E,ivor i s an interstate stream. TI10 Dc~i al;·r<?_ro Ei vor J..ll1ondcd

Decree of tho United Sta:tcs 3uprome Jour-t , J une 7, 199+, provided f or

a Hi vor Ea.stor and d.ircctcd him to ObSG1~70s records and study tho

effect of dovcl.opmont.s on tho D U}.a-vTr..I 'C Ri v m." and i ·c,s tributL.rics

upon 'W~atol~ s uppl y and ot;~lor n CCCS S 8-:ty, p~"0'PDr~ and dosirable us es .

There i.s much to be J.o t.:l~ncc.l about t.ho f'nct.ors controll ing

present s and ex ami nes some of tho ~);cnor2.1 pr-obl.ens , This report

describes end discussos the crJ.c1ilical character of t ho ·HD.ter~ s ome

of the var-iab'Lee affcctin::: salinity (incl udi ng hurricanes ) , end

some of t'le methods of s·tudying s al i nity, such as chlori de profiles

and isochlors.

Tho t.orm, s a'l.i.ru.t y , normally rofors t o the conc ont.rat.aon of

dissol vod s olids of the same composition 8.5 -1,:.11080 in s ea vrater . In

thi s r-opor-t., howcvcr, s.?linit;)T is us r.d in a quc1.1it2.t i v8 sense for

"t.hc salti nes s of the 1-J'atsi".

synonymous l y >Iith salinit:r •

The t.or-n, sa~l_t vlatOl'~ i s us ed

Ch.l.or-r.do rof'or-s to the chloride i on

concentration in parts p ci- million of ch'_oridc .

5
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i ts Hater Dopar-tmcnt ; 3. 3 . Baxt.or-, \:J~~t b:"{" (:oI11missionor : the :Jolavm.rc

Rivo r Lastcr- , G. G. Paul.son; ~n(~ the ,',i t a t u of De l a'l:Tc.}.'c t.hr-ough i ts

Geo.Log'i.ca f, SUL""VOy; J. J . Gr-oot. , ;3t<: ~tc Gco'Logc.sc, '.1.'118 vh"itcr is

gratef ul to ll i s colleagues, C. H. ~ ..-1:.r f or and ~vJ . B. I~oighton. '::'ho

f or mor gathered f ield dat,a i n 19.5!:· and both hav e been mos t hel pful

w~th advice 2nd GUida~0G dur i ng the study .

i1oc or ds of "Tater d i s charge 0:: t~1C Dc12:H2.:'''u T"i "'(rGr and its

t r i but c:.ries wor-o f urnishod by t.ho cl ~J..strict o~fices of tho Sur face

\;lc:.tor Branch of the U. S . Gco'Logi.c ... .I. ,")ur voy Lt ~=,'J,~''risburg ~ Pa, and

Tr-orrt on , II. J. iuch of t ho sur-t'acc-vat.cr- dat,a 1.'.S 00. in this r eport

a r c pr ol :Lilinary and subject to r CNi s ion. D,:t2. on tho tidos at

Philade l phia, Pr., and . tlantic~ity, N. J . were furni shed b"J the

U. 3 . Goast and Guodet ic Survey , vJv.t or s~.m~)lcs lIG::."O collected in a

b oat fur'rri.s hcd b~' tho U. S . S02.St Guard .·jt a:::"i on z:t Gloucestor City,

}!. J.

i:..cl<novl1odC\:lont is J.'w ..:lc to t.ho U~ ~) . !~::'''rrr,Y En[~inoers f or their

2.ssistonco i n t he c o.LLcccd.on Oj~ s amples) and to tho nut.hor-Lt.i.cs of

the Dc'Lawaz-o I1omori2l Jri d,> fOI' their coopoi -at.Lon , Data on hurri 

canes uero supplied by the Phj.Lado'Lpha,a UeathG' Bur eau . Aclmowlcclg-
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mcnt i s aJ.GO made to 3c ot t Pnpu l' Company, Chester, ?a.; t o the

Doopcct.cr Opor'a t .Lng Company of Nm'I J er s ey, and to tho many othor

i ndustries ~ t oo numer-ous t o mcrrt.aon ,

Prcvr.ous Inves t i gn.tion

The Pcrmsy.lvam.a Depar-tment; of ;~O ".l.t;1 (1935) issued a com

prohensive r epor-t on s~linity s t ucuos in t l:c Do l.:l ";·l2,r C es t uar-y, Y~son

and Piet s ch (19110) dcvaL opod a di a t;l'Gl" which ...as i n'.:ccndcd to show thG

r-at, o of f resh-water clisc~-!2.rgc r r.}quircd t o hoI d tho 50 pa r-t s per million

( ppm) i s ochJ.or at, v:'.:i.~ious Locati.ons in the r iver . The Ncvr ~{orl-:: ~ity

Boar d of T:Ja t c r Supp.l.;- (1) 53) .r-.lso studied tho s r:.linity behavi or of

tho estuar y and ost~b~is{lOd rolc1tiollships between the f'r-c sh-vat.or

flO1,I and t he distrjJ)ution of s d i ni tics . ::3 • •.• ;,ctdmm ( '..953) pre

pared a r-epor -t on :1i'ho distribution of salinity in t.ho cst.uary of

tho Do.Lat..are [(iver ." Ti''.is r opor t 2.11d. "- supp'lcmcrrt ~TO unpubfashod ,

:;. N. Durfor and "J. D. ;_oighton (J.95l~. ) dcscr-tbc t.ho ::Ghcmi caJ. char-

actor i s t ics of DolC'~H::'x'() llivcr vl3.tcr ~ 'ri-crrt on , l\!. (J. to ~ ::a::..~cus :{ool-::~

Pa, .: The Corps of ::ngi nooY's , U. S. I.r'. .ry, h~.3 chloride analyses of

DolaHarc Rivcr lJnt0J.~ on fil e in Phil::.'.deJ.ph5.a ..

l·i'io l d Pr or;:cmn

During 195.5 ~:_:1(,:, 195c s r.n i:1tc mificd Stl'l.l3.y ";>1:1S malic of t ho

chemi cal qu .....~lit~r D.:' t he :--jo:_a"T<. ~:i." , ; ;:.:l-,r:: j'" l·Jc:'.t.cr. It tras assumed t hat

maximum dissolved soJ_i ds OCCUT:i."'CC~ at tl1( ~ time 0':: hi~h··vl ['.t8t' slack in

t he tidc.:.l cyc'Lo and ;.lini;·,runl d i s solv...::c: so.i.Lds [l.t the time of low-

· -- _. _ -

vlat er s'Lack , Since most; sr .Li.nc Lnvas i.ons occur i n t.hc s ummer morrtha ,
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s ['.:~lcs were c o.l.l.oct.od ~l,t f requent a.nt.crva'l.s during t his time. During

1954- SO;110 i nformation \'12.S col }ect od wtwC(;l1 Ph.Ll.adof.ph.i.a , Pa, :!.nc.

Del::,~w8ro IIomori2...1 Br i dCe: s Pa, In 1955, 11 sQr:pling L ocaco.ons Hor 0

solect0d botwoon PhilffioJ.phiS'. , Pa . :::.nd Roody Poi nt , Del. In 1956,

two add'it i oncl s i t es wer-e added vrhi ch cxt.ondcd t h ... study to t ho

Appoqrdrrumnk Ri ver ( Dakor s H2.rlGC ) .

fig U2"O 1. Tabl e 1 e i ves t ho locat ions of t11'') Sclij.~)J.ing poant.c by buoy

numbers which appear on n:.::.viG~.t}.on maps (U. -3 . Co.?st~ ~U1d Ge odotic

Survey Ne.vi gation Haps No. 29L~5 I'o , 295 ) .

Sf!.!itpl cs \o10I'\.- co.l.Lr,..c t ,;c1. ~ur5..nr; t ho period of study cs close

A ~o~st ~lDrd uti l i ty boat

used i n t :l0 SD.n:pli~1': inr.i nt :::.i ncd t llC' s~':() cd (20 knot.c ) necessary to

~10llI' 0 1' t ho precJ.ictcd t:L '1o of s Lack He.ter .

of s .Lack l.T2.tc r YTOr 0 obt.a.i.ncd f rOl:i, :'Cl UT on t 'I': bIos f1.tlantic ~oast

Hor-t h .~JncricD. (U. 3. ~oast.. and U·uodu t :i.c Sur voy ) . ;:

Several tri ps ~lcru made to coll ec t c r-osa-aoct.Lona.l dat.a ,

~op and bottom s~rrr)lcs ;;orc col1...Ci~tcd ~~crOS5 t he n~viga'::'ion chr.rmo.l

to detormine sD.1init~r distr'ioi):t.ion \JJi "':..h depth and cros s s ection.

Those s ampl i nGs vroro ~oI'i.'orm(:~ on an ebb 0 1" f lood t i do .

Fr-om J ul y ].955 t o Doc.:..:;a~)()l'" 1955, compr-oho nar vo ana.iysos wor-o

and at Rocdy Poarrt , Dol.

pai-t.Lcul.ai- st£-tGc of tide; or compom.cxl f:·:'om ci.c. i l :r S2.r:tpJ.os . The c om-

silic£.. i:i."on~ c aLc dum, iil:.~gnosil.1rn ;, scdaum, pct.assaum, bicc::·.rbonatcs
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Br.scd upon _u 'mY Eng i.noc.r-s data usi.ng
;.~n nr'!Jitrc.l'Y dat um line: P.t Ncvr :': D.s t l u,
Del. of IH,O, OOO f eet .

"39::

Quc.r~J1tin(.

,-nl"-!'f

~i l .5c-rJ3

Bell on Es.Land
raJ::2':

Locc t.ron

Wal t Hhi tmnn Brid~.:. ~ ?hil~ . , Pc: .

I..oc.guo Is lrnd

Eo.r eus :Iook--Pcl1ns:,rlv.: 'nio.. :'.lid
D(·;l c:'~1'::'.rL.. 5 t :-'.t..~ J.i~ , )

I'lout h of Christine'. !d.v ex:

Reedy Pcf.rrt

Reedy I s l rnd J ,;tty

...·.Ppo(l'll.ini m.1.nk r~ivcr ( D.::.kors Range

Thousr.nds
of f uct

243.5

332.5

353·1

399·3

If28 . 0

442.3

462.5

*3(;0 U. S . G (; G I!~v~i.cc.tion Haps No . 29.5 s No . 29!+ .
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su'If'at.o ~ ch.Lorudc, f luoride,. nit.rr.t.o s r:lissolv cd s ol ids, hardness ~

s pec i fic conduct.anco, pE,. and co'l.or-. For' the maj or ity of tho ot hor

sampkos co'l.Loct.od , d0tO:i:'lni~.;'.tions "'ere made onIy fot' spocific conduc-

t tJ1CO, chloride, sQli·~te , 2nd dissolved solids .

A Oco.Logacc.L Sur vey bucket. s nmp2.cr cont ;'i n :""'1g :' 12-ounco bottlo

wi t h pr essur o seal, "" & 5 usee: to c o.l.Lcc t, top sampl.os s a nd 2.. Focrst undcr--

w~tor sampl er w~s usod t o col l oct bot t om sc.n~los .

collected 3 f eet below tho sur-raco- t o cvcad [}.:·~:,-l:.ir.b B.1l0r scum, oil or

other debr is in the S21npl l,.": : and ~o·i:.tom s nrlll)ll:s :3 f oot f'r -on the bot t om

of l"ivOl" to ...void pic:kin:; up i.md or s odf.ncnt. f rom t.h e botcom,

us ed to tD.~ :c t ho tc:::: ~po:"·"~'.turc of t 11c sampl. os , For rocol~~iss~ce

t ivo t o O. 20? , VT~S us ed . Jill field mcceurcmcnt.s or conductivity,

i ncl uding r cc onnra.s s anco studics ~ 'acr e made l1ith the Sol u Br i dgo (a

t or ) •

A i-ocordor- ",hich mor.sur-cd olactric(;I_l r-c s i.scanco and can ho

intcl~rGtod in tC!~ns oE s?Dcific conductuncc w~s in opor~tion for n

s hor t period. i..'rl J-95.5 ~·.t tho Dcl£:.H.::TC ;'j ;~:~" o:;.':L:·]. :3r idgc . '11-10 lino-

operated continn.ous specific conduct.r.nco r-ecorder-s \,;or c us ed i n t ho

stu~y dur inc 1956. One was lOG~:i:. cd on tll\J D(.l".l,~·JF.'.ro I':0mor i al Br idge

( l ~ OOO feet t.J'ost of 't i10 main r i ver channc.L}; t~10 ot her at, Roody

Island J oety (ono-hr-Jf 110.10 vros t of t.ho ma i.n river Ch:11m8l ) .

r-ecorder-s recorded s pec i f i c conduct.once clirectJ.:)!: .

These

,:. Stcv ons t :J1='0 J_- 35 Ho.tOl'-st2.[';0 r ecor der "'1.::'.5
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put int o opor-at.Lon ct, no edy IsJ.'~'1d Jot t j- in Scptc:nbc~' 1956 .

2 has c. dct.a a.Lcd IT'1<'lp of t~lC Locat.Lons of t.lic r-cc ordor-s ,

Ghont.c~l G}w.r:; ~ctorist,ics of t he ~1atcr

Figura

Tho princi pal di s sol ved constit uont s D1 t he r oach between t he

Dc2.avm.rc l·iureOl"ic.l Bl"' i d:;c and Hcccy Poi rrt cr-; c<.:...lc ium, m?[;Dcs i um, sodaum,

pot.as s aum, bxcarbonato , SlU£'t.t.), :-nd chlor-i.dc , i·iinor qUGnt i t i as of

other constituents such :-:.5 sil ir::.-:. , i~"on ) :L"l u or i d.c..; r.nd nitrate as '''011

as unmeasured substanccs arc ~'/r(,:;sol1t r.Lso ,

The speci fic conduct. cnc ...~~ t.l~0 concorrcvat.Lon of d i s s olved

sol.i.ds , and tho conc e:nt "'c.t i on of most, of t.ho 5.ons in solution in

cr-eased from Phil::u.clphi~'. dotmat.rx.an -~o :lcody Ts.l.and (t.abf,o 20 s

HO"10Vc.~r s t he nit::'-·?to-ion conc ont.i -at.Lon ~t Rue d;/' Point ~!2.S

s lightJ.y les s t.han t.hat, 2.t. t;,~c D(;l~....·;,".r (; E(;l-;"!o:~:'i~~ Eridg.'). 't he c on-

ccrrtr-at.Lons of fJ.uoride , i r on, end 0 ',0 sj.~ ic:, HCi" (' not s i gn i f i c rn t l y

d i f f erent i n a dowllstream direct ion .

Tho lTater vras gCY'icr['.11y ~:or(; sz.linc i n a do,,:.:nstrcam dir(;ction

d an Locat.rons sampl.od , ··..t I otr r2.t ':.~lS of frcsh-'Hute:r flo;-1 t he

s alinit y incroased sharp'ly r t points dOl1n st r C,':'.lfl .fror~l t ho DolD.~laro

Hcmor icl !3ridgo. ':'hcr c HC'oS n. t Cl:dcnc:.- for sl:i.r:;:ltl.;r-mere s alina W:l t Ol'

t o move upstrc2m on the ]>ottom o~ t ho rive".

Under t.hc ~o~1c:it..ions of hor.vy ~..inof'f f oJ.louinS t ho h\.'rricc~ne

of 1955s t ho chlori d e conccnt.r-r.td.on uri.s 1 1.)55 'chnn 30 ppm f or st.? tions

a s fr.r d O\'lns trc:?.Iil C.S the j)0~.':'.Htxc ; ·~omori~J. J l ' i clge but Lncr-eas cd d own

st.r cem fi.:"om t his s2li~linG point .
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3pcci:~ie ::onduc'(,a.ncc: Ilclnt i ons

In ,m'Ger , t:1C dissolved mineral mr.tte"' dissoci ates into

pos i.t.Lvo :'.nd. ncgatI vo i ons Ui1ich conduct, cloctri c i t;:,r . S inco t he

conduct i vi t y of w~tor incrc~scs i !ith conccntr~t~on i t is ~ us eful

measure. of t he c~issolvcd mi.nor-r.L ;'I1<.'.t t c r . FiGure 3 i l lustrates tho

rul~tionship botwoon t~ lO conccnt~~tion of dissolved 8o~ids ~nd

specific conductr-nco f'oz... Dclr'.lJ.::ro J: j .V0 I ' ,,;,r:: '.tC)l~ in t he r each of the

rive:' studied .

: i£;:ii1lum c onccrrt r-at.Lon of dis s olvc': sol i 0.s occurs when the

fresh-HOoter flou is Lotroct. , u3u::l :t:r cotvJccn J uno C.l1c1. October" due to

tho mvcsaon of oc ean -;·J'':-.tO l'' into no::'''m~ ,.ll~r frcsh-l'l~~tcr r egions of the

river . Dissolvod. s o2.:i.ds rc.nf~ (;d f rom abou t l OC ppm to about 6 t 000 ppm

7110 concont .rrrto.on oi' (~}. ssolvcd s olids i..."1Cr(;~ 8CS from Plri.La-

do.lphaa , P['~. to :Reedy LsLand, :')01 . t.: f'.ll tim0s . 'I'ho st.rt=.ight - l inc

rolD.tionship of spec i f i c conduct.r.nco and dissolved ao.l.Lds in fizurc

:3 i s based upon s cmpl.cs ' -lhose spec i f i c conductance r-anges f r om L~ ~ 00 0

to 16 ~ 50G macr-omhos , r':'~hc .£.ppro;~ir,1.<~t(; l:c:uat i on defining the curve

in tl10 r~ngc 2~500 t o 10~500 ppn dis:30:'..vccl a o'Li xls is:

;)i s solvcd solids (ppn ) 780

;, plot of specific ccnduccancc (nucr-onh os ) a&.:'.i ns t chloride

c oncorrcrrrto. on (pp:n) on r-oc t. i.Lmoar pape r' ( fie . I:, ) is 2. str-?ight l i..l'10

frot1 4 ,000 to 16 , OC'c, nucr-omh os , !l good approx''.n~,tion of tho chloride

(ppm) can bo mado oy usinc tho equat i on for 0, stl"':'.ieht l ine ovor the
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Approximate r e l ationship:

Dissolved solids (ppm) = Speciri c conductance (micromhos) - 780
1.5

Figure ) .-- The r el ation between olectricnl conductivity
and diJJsolved s olids (2. 500 - 10, 500 ppm)
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r~ngo of 4, cOO to 16, 00G mic~omhos . Tho equat i on i s :

'The plot of t he Logar -at.hm of sulfa t e concent ration ( ppm)

2.32.i nst t ho Logcr-i.thm of.: spcc i.I'Lc ccnductonc o (nu cr-omoos ) (fi b. 5)

i s ~lso 2. stro.i ght Ii.no over tho r ange 3 ~ ;00 to 1l :,?000 mi.cr -omhos

with t ho cquat.aon s

.3pacifi c conduc t.cnco f.m cr -omhos )« 1~ . 0 ( ppm sulf ate) 1. 1

or Lona (ppm su'Lt'at.c ) ~ I:2E... ( sT~'S:'.f.O£,£?!,dud~nco) (rn'.c romhos ) - 1. 0
1. 1

Var:'Lo.tion of Ch~1.0:.'ido ' -li th Tide

7110 Dcl;t-wIc ll i v c r is tid.::.:L :'.5 f'ar- ups t .rcam as Trenton, N. J.

and tt"1i~c ::. Cl,::~T tho dconsta-onm flo:1 i s r overs ....d :JJT tic.al lTnt er moving

up s t .rcam, TI10 f'Lood t ide is the: floHing of 't.;~-::'cr into the (.;st u ['.r J

11'or:1 t ho OC02.n or b:-~r ~ and tho ebb t.ide 5_3 t h0 f'Losri.ng of l.v~.tcr f r om

f rom t :1C (;s t unr J i nt o tho ocoan or bay, Tho c~l::neO in direction of

flou f r om flooel t o obo and v r cc vcrtsa GOos th:coneh a s Lack w['.t or and

a period of zero vcf.oc at.y . Sl [.'.ck- u 2.t (;r pcrLod is t ho per i od of

nomcntary ~CI'O voloc i t :t 11~"1en t.hc cu i -rent; ch2.ncc:; from flood t o ebb

Tho ·t i d \...; i s rclr.tccl to t ho r(;l£:~tivo positi ons of t he 1':100 n ,

50 minutes ~ l~{c t.hc I nnO"'.r dzy, Tides of grcc.tcst r-ange ( ~~ :'.llDd
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Fi gure 5 . --Tho r ol ati on between elect r ical conductivity
and oulfate conc entration (200 t o 700 ppm) 1 7



The actual current curve of the Deloware River is not as
regular or perfect as the above sine curve , a lthou~h
it is similar in shope (91.

Zero Veloc i ty

Current Curve

Ebb Tide

Flood
I
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Ebb Tide

Time
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I I

Slack Water

Period

F i~ure 6 . - 01 URNAL VARIATION IN RIVER CURRENT
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" Oown-0

stream
Current
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sprL~ tides) occur ~t ~he ti"~ o? n(~, ~d full moon; tides of l east

r D.l1CO ( cul.Locl n;);cy> tidos ) oc cur at, tho ti"ue of t :10 moon' s first and

-chird quar-Lcr-s , 1:\)11cn tJ.: o moon is in t:1C porif:;oc s i . G. :. cl os os t t o

tho ear-t h, ll i ghcr hiCh and 1 0 \ 0101" Loir t i des t.hcn usur.L occur . l lllcn

t ho noon i s LYl t ho apogee . :".0., f[',.J:'t~!0St from the eart h " :,"iso and

f ull of t he: tides ar c l os s t.han l....su:-'.J. . ~:!h(;n the moon is ct the

equat or ~ t ho t l JO l1igh u,;.tcr s for £'.. dc:.y do not differ much nor do t he

t110 l ow wat ers . Tho great.or t he moon 's declination, i~hc greater the

diffuronco bctr:ccn hi0h ~J'£'.i:.c:ts . 'nl\. srmo is true for Lotr waters .

01' ~r:l good cncyc.:lopt;Ci['~ shouLd tx, consulted.

I n t hv T.k:J.£'.lTo.r0 ~ ~ivcr thor.:.: ::.r c 1l3uaJ.~~2" t\-10 complet e t i da=':.

o~ch cycl e. ." .....J..vsr in ti.:.is r-each

The t:i.J~e of s l ack

'·l2.tor occurs at, a shorter t.Imo i r;:e·e:l'v al in an ups t .rccm direction after

high or l ow t:l..d...: . At t :i0 Dul():t·r[l~·0 Lc:nori o.J. ::h:'i dgc , tho t iin·:,; bet ween

bct trccn lOH-~1:'.t0r al.ack end high-'t-l<..:.t.Ol" s :-t ..?cL:: 6.0 hour s ~ ['.1though

t hi s Hi l l v2.r ::l '1ilith f'Lotr .. moen l 'ivor 2.CVDJ.~ MQ. cst.r oncnncal. and

"r:1otooroloci c o.1 condit ions . '~il( dur£'..t:'--ol~ of r i s0 of tiG.c; decreases and

vii t hin ha'Lf an hour of t ho prcd.i..ct·:;c~. tirr:cs of s ::~~...:.~:-:: 'liTo.tor for tho

navrgat.Lon charmc'L, At the conduct. rvtrty r-ocordoi- .~ct Reedy Ls.Iand J etty

t he mcx amum and nrirrimum conc~uctivit:i oc curs l1i thiJ.'1 1~' hours of t ho

19



pr edict ed times of s'Lack wator f or t ho navieation channel. This

time discrepancy may be duo to t he distance of t he c onduct ivi ty

r-ecorder from t.ho no.vigation channcI, Hi gh- or Low- wat.cr- slack

should oc cur s omco hor-o ncar or in the n,ovig::rUon chcnno'I bef ore it

do cs so on tho side s of tho r iver. For cxamp'i.o, whilo wo.tor is

floodi ng i n the navigati on chcnno.L off Rc oc\;' Isle.nel J otty, t he trat.cr

ar-ound the conduct ivi ty i nstrurr.,)nt ( nt tho .Jet t y ) nay still be

obb mg , For an ebbing tido, tJ H) r ()"lfc r ,s c should be t rue . Fr om

t abl e 2 ~ vrhich is typical of t hc: d::,.ta co.LLcctcd, tho t imes of mC'xi

mum rmd minimum conduc t.Lv.i.ty ucuc..1.1y oc cur af'Lor- the predicted

t i mes of hi Ch- and 101!J..."t'1&t or s lz.ck i n tho nflv i g.'.'.t i on channel. At

the Del,o,wo.ro Hemor:i.<:'.l Br i dg e , due to the contonr of t ho river, it

is possible f or s l ack ,mtc;r to occur at the site of the conduct i vity

i nstrtJlTlcnt beforo it oc curs ir~ the nr~vig£;).tion channo.L,

Eighcst chloride c oncont r r.t.rons usuc.l.Iy oc cur- 8.t or no.rr hi gh

hi.gh-wat .or- slack and J.owost ch.Lor-Ldo conccnt. r-at. Lons ~t or ncar 10vJ

Lov-wat.cr s 'Lack. As f resh wat er i s da.schar-god s oa-'Imr d during t ho ebb

tido, t he t.o 'tr .L dissolved s ol i ds decreas e until t he fl.ood t:lde

begins. 3~J..ine vmtor is di l uted and pushed downst.rccm by fresh

water run of' f', Tho f l ushi ng t.ction conti nuos until Low-wzrt cr

s lack, rot ulri.ch t i mo t he; ens ui ng f lood 11t .tcrs car-ry s o-It vrater up-

at.roam,

.J:.. curvo of t i clnJ. cyc l e: in t ho DoJ....~·u;:~ r'() is somewhat, simi lar

i n shape to ~ sine curve , Rnd tho specific conduct~nce curve f or a

t.i.deL cycl e f oU oHs t.he t>.d.,:J. curvo in form.

? iguros 7"- and 7b i l lustrate co nt inuous r eco rds of conductiVity

20



Table 2 . - - Cor,1par i s on of the ?redicted Time of Slack ~': r- ters and the
Eaxi!T.um and ;.J.r~irn..l.'ll Chloride at, t Ile Do'Lawar-o l::e rnor i al
B;.-i dge and Reedy Isl and Jetty (all times are EST )

Dc1 2.ware l-lemorial Br :...c..ge Reedy Island Jetty

?r ed . t i me Pred. t ime
E'i'<JS of s:t_ack Time of ifvvS of sl ack Timo of

.f01'" na"it];a- n rx , and rm,n. Di:'fer-- fo~ naviga- -: ' . Diff er-or or max . an:.. nan .
:Jate 11J,:, t i on channel chl or i de ence Date II JS t i on chann el chloride encc

9/ 1/ 56 L 01\" 3 : 1+L ~ 1-2-: 4 :25 .4l,: +IH 9/1/56 Lou 4 :19 ~'~ : 3:20 10K - ·57
~:ribh 9: 17 .·':; 9 :50 ;.:: +33 Hi gh 9:52 !u·; 8 : 10 !J.~ - 100
Lou 3: 1~ n: ' ;: 05 a: +2 1 Low 4 : 19 Pi; 4:25 I'; l + 6
".lg.:-:. 9:59 ?: : 10: 05 ?i': 4- ' E::"gh 1 0 : 3L~ h: 9:.50 Pi·: - I.<B. 0

-12 Low I.;. : 45 .:.:: 5:05 )l : +20 9/ 2 I.ow 5 :20 AI·: .5 :50 J-I-i + 3071
Ei~h 10: 22 !1; 10 :50 _~.: +31 Hieh 10 : .57 ,1-; 10: 15 J'J.; - 46
Lo-r l ~·:46 Pl -': 5:C5 PI·l ,J.." O Low 5:21 PH 4 :50 PE - 19, 1...-

Hi gh 10:56 P}: 10 :55 n: + 1 !~igh 11: ; 1 PH 10: 35 PH - 61
9/3 Lox 5 :39 ..~ : 5: 45 i~·; + .s 9/ 3 LO~T 6 : lL~ ,;'''.L 5 :25 AE - 49

· r - . 11; 22 }': ·i ' 11:50 J'J·I +28 High 11:57 .'.l': 10 :45 AI': - 72..-agn
Lrn; 5:43 HI 6 : 10 PI: +27 Low 6: 18 PH S' 40 pl.! - 36
Hi gh 11 :48 PI; 12 :C'0 noon +:2 81 I" High 12; 23 JJ'l 11 ;20 pi4 - 61./!""i'

9/4- Lotr 6:22 AI,I 7 :05 :11 +37 Low 7:0; ;J': 6 : 05 ,'I.E - 62
Hi :;h 12 : 16 Pl·! 12 :;·5 PiI +19 High.:. 12 :51 P;·I 11 :50 !'J~ - 59
Lotr 6:36 :?!,~ 7 ;05 FE +29 LOloT 7: 11 PE 6 ;20 PH - 1;9
: Iig~;. 12 ; 36 ;"l.: 1: 05 :2·j +29 9!5 Eigh 1:11 AN 12 :40 1\H - 33
Low 7:15 1:..I 7 :1;5 .~·I +30 Low 7 :50 !J1 7: 05 :2·1 - 49
:':ig:1 1 ;06 ?I: 1:40 Pi; +34 Hi gh 1:41 z: ~ ; 05 PI·: _ 110

Lov 7 :26 n: 7 :45 PH +:9 Low 2 :01 H I e:L;5 Pi·; +44
tv....

• I
=F Occurs on 9 1 ) '



2.t t he D(;l~v.T(:rc I·k~1101"i(.'J . DridGQ end at Roady Ls.Land J ettJr • It 11i l 1

be noted f'r-on f i c .1r cs 7a a nd 7b that t ho general shape of tho conduc

t ivity cur ve throuGh Do tid\1.J. cycLc i.s s i nusoicloJ . wi th r-cprd f'Luc t.ua

t ::'on occur-Ir .g cit..cr each high~·'t!.-:tc r s .l.ack ,

).. ccmpar-Lson of t ho wc..tcr s t .:.gc and r.:ondu ct i v i t y appear-s i n

figur e 8 . Ec..xi mum 9.I:d mi nimumccnduct.Lvit y occur af't.or maximum and

nnru nnun s t~go .

'l'hc rr,,:·.ximurn end ::1in i rmlm specific conduct.anc o r-eed f r om C0l1

ductivity r ec ords r.t t ho D(,lm'~arc l-Icmor ial Br i dge f or 1955 [:1'0 gi von

i n t abl e :3 . The cldo. f r om ".uGus t to Oct ober He r o co.l.Lect.cd duri ng

f'Lood cond.it.Lons ~n(: do not r C:)l 'vs cnt s~linity inv,~sion or conditions

nsu['.Q r oxisti n§; c.t t~lis t.i mo of y C;:'.l'.

Tho mt'.ximum <'-110, (;'l_,-n lIi1U.":! spec i f ic conduct.cnco for 1956 C'.t t he

Dol C:,'QI'e : :~morial Br idge. and Roe.d;;· Is l r nd Jctty ,oro gi ven in tr.bl cs

I.ongitudin.-:o~l -v 2.ri~tion of Chloride; ~onccntr<:'.tion

'l'he chloride; prof i l es in f :isuro 9 r-cprcsorrt t ho f~'.rth()st

advan ce of s al i n i t y i n t ho center of tho Cb.·:-'lID01 :--.t ~ h:~2h-vlo.tGr

s Lack on Co p~·ticul~.r day , Th0:r do no';';' r-epr -esent, ~ condi tion ;~'.ctue.lly

cx.i.atd.ng ut .:'.n:,:, ~iven t i mc)~ but r~'.thor t he succcsru.on of maxmmm

s£.linitics ~ occurring ['.t t ho vcr-i.oue st..:ti ons c'.t. var-i oua ti..'li.CS ~ C?S

t ho cr os t of t he tido.l I.·T::.V C; advnncc s ups t.r-oam, ~;:.ch prof i l e i s ~

p l ot of chlor i do concont ro.t i on a t, high··H1'.t Ul' sl~_ck ~g~.inst d 'i.st.cnco ,

S i nce it is d i fficult to collect s rmp.los i n ~ number of s "' .1Pling

l occ.t i ons [l.t oxcct.Iy hiGh··~-:~tor s Lack , ~ met hod has been dev i sed for
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TAble ). - - Spec1!ic Corrluct a.nce (in mic rOMho,) of ~ater at the Delaware }lelllOrial Brldco
(Data trool Cont inu ous Conductivity Recorda from J..ugwlt thrO\ij;h Decer:tber 1955

1.""" t SeDtember Oct ober November DeceMber

Do.v - """""'" "AXimn 'linima ".axima 1'.1nima ".Y1~ M'n'~ ""'.A V'n1~

1 9'lO < 400 - 720 < 400 ·400 760 <400

- <400 2850 6130 755 <400
2 11M .-.:Jl-QO 2"flc 700 1400 ' 400

1190 4 1/000 )1 00 760 1000 < 400
) 1)50

• 400
) 200 720 1200 • 400

1400 -<:400 )500 750 1050 < 400
4 1700 • 400 ) 000 720 - • 400

1650 < 400 )400 810 1)8 0 • 400
5 1600 • 400 2950 750 l JOO

• 4001790 - 26bO 8'''' 1)20 • 400

6 1500 . 400 2950 - 1080 .400
1650 < """ )550 850 1100 < 400

7 1790 420 ) 000 880 1)80
• 4002)00 • 400 )2 00 7<0

8 1590
• 400

2450 420
22)0

• 400
2000 < 400

9 1750 460 1150 < 400
1)7 0 ..; 400

10 1020 .400 8
1150 ~ 400 ~

::l

11 Mo ~ 400
~1020 . 400

12 1080 • 400
~

"1100 ~ 400
i1) 1020 ~ 400

lJOO • 400
:0:

14 1800
• 400

0.,
14; 0 425 ....

15 - • 400
~1150

• 400

16 - - 620 ~ 400
g...

.400 ~ 400 •
17 2050 500 .1;

2850 620 :g
16 2750 620 •2800 650 h

19 2400 695 •
2950 690 f.

~20 2750 640 ")1 00 940 .:

21 2850 900
0.,

2850 900 t-
22 2500 020 ....

2950 070 ,<
2) 2250 900 8

, )000 - 824 2750 1220 h

) 200 11 20 ~ ?25 2200 E45 .~ 500 . 400
" v2) 50 000 ... 625 .400

~8
26 - - 2)00 750 ·t 620 .400

• 400 • 400
2850 1050

{', .
B80 -<: 400

27 < 400
• 400

2420 880 765 .400

• 400
< 400 )2 50 MO 1250 < 400

28
• 400 • 400 2550 1000 ' 400 < 400 440 . 400
< 400 .400 2600 620 505 < 400 - < 400

29 < 400 < 400 2650 700 540 ., 400 1020 .400
560 . 400 )200 740 595 • 400 740 .400

) 0 • 1100
< 400 ) 100 870 6,5 • 400 '65 .400

900
• 400

) 100 810 880 < 400 . 400 .400
) 1 520

• 400
6) 5 < 400

9'lO • 400 740 • 400

,.. /.00 llIOana t hat t he specifi c conduo t ance was less than '.(Xl mic romhos
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Tabl a ua , __ Specific ccrduct.ance (in rnlcro:tl!lo 3) or v at.er- at the DeLavar-e ¥'e:TlOr1al Br i dge
(Dat.a f rol l1 ccnt.tnucue :orrluc tivity Rec orda f rot'l Sep tember t hrough Novembe r- 19,56>

SEPTr1-tBER OCTO!ER NOVDmEIl

Day }!axima lfuUJM Maxima Y.in1ma Maxima Y.inima

Time IEm S. C. - Time IEm' S. C. - Time ( EST S. C. - Time (ESf S .C. - Time l EST
< e _

I•• . (~ ,
• e _

I 915 0 AM:' 5)50 4. 25 Al1 2200 10' 50 AM 5500 5.05 AM 2280 12105 PM 5640 6.20 AM 2480
10105 PM 6)00 410,5 PM 2100 10' 55 PM 6600 5. )0 PM 2100 - - 7.20 P¥. 2400

2 10. 55 AM 5500 5.05 AM 2250 11. ) 0 AM 6200 6.25 AM 2250 12 140 AM 5000 7. )0 AM 2220
10. 55 PM 6)00 5.05 PM 2050 11 .50 AM 6900 6 150 PM 2400 12140 PM 4850 8. 10 PH 1900

) 111,50 PM 5220 5.45 AM 2090 7. 05 AM 2)20 111,5 AM J400 7.45 AM 1800
12 800 AM 6600 6 110 PM 2150 - - 71 10 PM 2450 1(}0 PM 4060 6.50 l'}: 1740

4 12. ) 5 I'M 5600 7.05 AM 2100 121) 0 AM 5880 7 120 A.."f 2)20 2 .00 AX 2980 8 1.50 AX 1640
- - 7.05 I'M 2050 1140 PH 7100 8 100 PM 2460 2 1)0 PH 2840 9. 15 1'l1 1600

5 1105 AM 6800 7.45 AM 2200 1125 AM 6070 8 ' )5 I'M 2)70 Z ( }O AM 2)70 bl50 A.'t 1550
1. 40 I'M 6020 7.45 I'M 2200 1.25 PM 6600 8. )5 I'M 2500 ) . )0 I'M 2620 9'55 I'tt 1520

6 1140 AM 6900 8.)0 AM 2250 21)0 AM 5900 8.50 AM 2600 ) 140 AX 2240 10 810 AM 1500
2 110 PM 6400 9.05 I'M 2400 2 12,5 PM 6600 9 120 PM 2760 )145 PH 2480 11 1)0 PH 1480

7 2 140 AM 6200 9')5 AM 2170 ) .05 AM 6700 9.)0 AM 2850 411 0 "AM 2080 10.50 AM 1440
2.)0 PM 5)00 9 '50 PM 2150 ) 100 PM 6 120 10 120 PM 2500 4 . )0 I'tt 2120 111)0 I'M 1420

8 ). )0 AM 5200 10 105 AM 2000 ) '05 AM 5080 10100 AM. 2400 5.)0 AM 1860 11(30 A..'i 1400
. ) .50 I'M 5800 10' 55 PH 2000 ) .)0 PM 6070 11:00 PM 2600 ,5110 PH 1970 - -

9 4.15 PH 4870 10 . ,50 AM 1900 4. 15 AM 5100 Ih20 AA. 2250 7. ) 0 All 1450 h OO AM 1)50
4.50 PM 5)00 · 11' )5 AM 2070 4.55 PM 5120 11 140 F¥. 2,500 6. 55 I'll 17)0 111)0 AM 1)50

10 5.15 AM 4920 11. )0 PH 2050 5 120 AM 4900 11 140 AJ1 2620 7.1 5 AM 1480 2100 .AM 1)20
5.05 PM 5580 - - 5140 PH 5200 - - 7.25 PM 1620 12 150 Ft~ 1)00

11 5.45 AM 4750 12120 AM 2150 6: 20 AM 4890 12 120 AM 2650 8 120 AH 1710 11) 0 Alot 1)00
6 100 PM 5450 12110 PM 2200 6 1)0 PM 5480 12. ) 5 PM 2770 8 120 PM 2190 2 110 PM 1)00

12 6. )5 AM 4)00 1120 AM 2250 6 140 AM 5100 1125 AM 2800 9. 25 AM 1660 ) .)0 AM 1190
7.05 I'M 5000 110,5 PM 2050 7.05 PM 57)0 h OO PM 2950 9. )0 PM 1670 ) . )0 pt.! 2240

I ) 8. 50 AM 4)00 2 12,5 AM 2000 7.45 AM 5480 21)0 AM )050 11110 AM 1) 00 4. 50 AM 1040
7. 50 PM 5150 2100 PM 2150 6. 15 PM 6100 2 110 PM ))50 10 1) 0 PM 1490 41,50 PH 1000

14 8.)5 AM 4500 ) . 25 AM 2200 8 140 AM 5970 ) . 10 AM )500 101)0 AM 1580 4'50 AM 960
9 820 PH 4820 ) . 25 PH 1950 9 1)0 PM 6520 )1 20 PM )600 Ih l 0 PH 1)60 5. )0 PM 880

15 10 110 AM 4280 4 10,5 AM 1900 9 140 AM . 6000 4 10,5 AM )650 11 140 AH 1550 5'30 AM 820
9.50 I'M 5500 4 100 PM 2250 10 110 PM 6620 4' ) 5 PM )600 - - 6 110 PM 810

16 11105 AM 5400 4.50 AM 2220 10 110 AM 6400 5 100 » t )700 12100 AM 1500 6 110 AM 830
11105 I'M 6000 5.05 I'M 25Xl 11 110 PH 6600 5.)0 PH )570 12 12,5 PM 1800 6.50 PM 820

17 111) 5 AM 5500 5.50 AM 220 J 11125 AM 6500 5 '55 Al1 )550 12125 AM 1640 6'50 AM 79<l
- - 5.45 I'M "l:/.7 J 11 14,5 PM 6500 61 10 f'!>t )500 h OD PM 1970 7.)0 I'll 820

18 11. 50 PM 5600 6 110 AM 2060 12 125 PM 6520 6 1)0 A1~ )650 2140 Alot 1560 e l l a AM 800
12 100 PM 4620 6.25 PH 1920 - - 6. 50 PH )500 1125 PM 1880 8 1,50 PH 800

19 12110 AM 5000 6.50 AM 2170 121 ')0 AM 7290 7.05 All )6)0 1. 50 AM 1660 8 110 A.H 800
12125 PM 5380 7.05 I'M 2450 12120 PM 7200 7145 PH )690 1145 I'M 1880 9')0 I't: 780

20 12. 50 AM 6600 7. 45 AM 24)0 1100 AM 6920 7140 AH )620 2. 45 AM 1620 9. )0 AM 770
1120 PM 5270 7.55 PM 1900 1110 PM 7250 8 110 PM )450 ) .05 PM 1970 9140 PM 590

21 2 105 AM 5180 8120 AM 2000 1110 AM 6490 8 . 10 AM )400 ) '05 AM 2)60 9. 40 AM 6)0
2.05 PM 5500 8140 PM 2020 1 1')0 PM 7400 8 ' 50 PH ) ) 00 4. 15 PH ) )90 11100 Pf1 910

22 2 125 AM 5400 9.05 AM 2100 2 125 AM 6400 8 150 AM )400 )'05 AM 2040 10 120 AM 580
2 1.50 PM 5400 9. 45 PH 2000 2 1)0 PM 7620 10100 PM J640 4 110 PM 2)80 -

2) ) ' ) 5 AM 4700 9' 50 AM 1920 21 15 AM 6690 9. 45 AM )600 4120 All 1270 12105 AM 600
2.55 PH 7550 10 1)0 PM )560 5 120 a'l 1500 11 105 AM 550

24 )1 10 AM 6400 101,50 AM )060 5 .40 AM 1140 12145 A..'1 540
4115 PH 5890 111)0 F¥. )0 50 6 120 PH 2000 1105 Poi 560

25 5.05 AM 5600 111)0 A!'~ )26C 6.55 AM 1750 2110 A.": 590
5. 10 PM 66)0 - - 7. 15 PH 2000 1125 ~~ 600

26 61)0 Ai'! 5690 12 ;50 AM )290 8 105 AM 2520 2. 05 AX 700
6 125 PM 6170 1100 ?o{ ) )80 8. 25 PH 2200 2145 PH 700

27 6'50 AM 5600 1 ;45 AM )080 9105 AM 2180 ) 105 A.'!: 690
6' 50 PM 57)0 2 100 Pf.~ 2940 1014 5 PM 1920 4 115 P!'~ 600

28 8 120 A."l 6100 2140 »! ) 150 8 120 AX 5420 ) .05 AM 2700 101 10 AM 1570 4 110 A."': 620
8 ; 10 PM 6)00 2125 PM 2820 8 150 PM 5500 ) , 10 PH 2820 10 150 PM 1600 41'35 PM 620

29 6.55 AM 60)0 ') 105 A.'1 2490 9. )0 AM 5400 4 100 Al-t 2750 11120 AM 2260 5.25 AM 620
8 150 PM 6500 ) .)0 PM 2)00 9. )0 PH 5420 4 110 PM 2740 10,45 PM 1)50 5.25 PM 620

)0 9 . 45 AM 6100 4105 AM 2250 10 120 AM 5710 4 150 AM 26)0 12100 flY. 2120 5. 45 AM 590
9 140 PH 6900 4 125 PM 21j.()0 10r 50 PM 5)00 5 105 Pl-: 2580 6 . 45 PM 610

)1 11 140 AH 5810 51)0 A}l 2600
11 1)0 PM 5420 6 115 f'}: 2520

• s. C. = Spec i f 1c c onductance 27



Table Ilb.-- ,Specii'1c C.)nduct.ance (in t!l1crorVlos) or Wate r at Reedy Iel8J"ld Jetty
(D:lta fi'om ContinuousCorrluet1.vlty Flec~rds fioool July through September 1956)

JULY AllJUST swrrnBER

~
r

l'.axima Minima Maxima H1n1ma - K1n1Ba

T1Jne EST S . C. - T1Jne EST s .c,» Time EST S .C . - Time EST S .C. - Time EST S.C.· T_ EST S.C.·
1 }.4O AI! 9}90 12.50 AI! 41}0 7.05 AI! 10000 2')5 AM 4100 8 . 10 AM 12100 ).20 All 8200

6.05 PK 9200 12.)5 PI1 ) )70 8: 00 PM 11100 2. 45 W. )750 9'50 PI! 14000 4.25 PI1 '/800
2 6')5 AI! 8590 2. )5 AI! 4160 8:00 ~1 8700 4 .05 JJ1 )910 10.15 AM 12600 5' 50 All 7900

7. )0 PI1 10000 10) } PI< )420 8 '50 PM 12500 ) .)0 PI1 4140 10. )5 PI1 14000 4. 50 PI1 7850
) 6.45 AI! 81) 0 ) .05 AI! )620 9 .00 Al-l 10000 4.55 AM 5150 10.45 All 12000 5.25 AM 7lOO

8.25 PM 10800 ) .00 PM )440 9. )0 PI1 12000 4')5 PI1 4250 5140 PI1 7lOO
4 8.40 AI! 8990 4. 05 AM 4090 10. ) 0 AM 9100 6.)0 AM 4900 11120 PM 14100 6.05 AM 7lOO

9.00 PI1 11000 ) '55 PI! )850 10.50 PM 12500 4.55 PI! 4500 11.50 AI! 12700 6. 20 I'll 7550
5 9.)5 AM 8750 5.15 AM 4710 4 .10 .AM 5300 12140 AM 14400 7.05 AM '/800

9.15 PH 10600 )145 PI1 4040 1105 PH 1)000 8. 45 I'll 7900

6 10120 A.\f 9450 4 110 AM 4400 12.25 AM 1)900 8. )0 AM 7900
11120 Plof 11700 . 5100 PM 4620 2. 05 PI1 14200 8. 20 PK 7950

7 11. 50 A.~ 9800 7. )0 AM 4750 2105 AM 12800- - ssoc PM 4520 ) .5 0 PM 11800 8. 15 PI1 6050
8 11050 PI1 11600 B.)O AI! 5000 2.)0 AM 1) )00 10. 10 AM 6100

121)0 I'li 9200 7.)0 PI1 5050 2 150 PM 11900 9. 25 PI! }4O0
9 12. 50 AI! 11900 9 100 AM 5020 ) . 20 AI! 12200 10120 AM 5800

12. ) 5 I'M 9400 9 100 PM 4610 ) '50 PM 11500 10,10 PM 59)0
10 1:15 AI! 11200 10110 AM 4480 4 110 AM 12200 11. 40 AM 5800

2125 I'M B720 10 110 f'H 4000 4:50 I'M 11600 11.45 I'li 5900

11 2.55 AI! 10000 10' 50 AM Jb20 4.55 AM 11000 11140 AM 5800
) ')5 I'M 8850 10105 PH )500 5. 40 PM 12000 - -

12 )'50 AM 9140 10.55 AM )4)0 5 '50 AI! 11500 12.45 AI! 6190
6.50 I'li 12200 12' 55 I'li 5820

I) 6:55 AI! 11000 1. 45 AM 6420
7.)0 I'li 12)00 10) 0 I'M 6050

14 7150 AI! 10700 2.50 AI! 6500
B.25 PI1 12000 2145 W. 6150

15 9. 10 AM 11000 ) 140 AI! 6)50
9.)0 I'li 1)200 4100 P¥. 5980

16 9140 AM 12000 5.)5 AM 6)00
10140 PM 14000 5 100 PM 6500

17 10145 PM 12500 61)} AI! 6550
11.1 5 PI< 14)00 6 : 15 at 6880

18 11.45 AI! 12)00 7. 25 AM 6600
10 , 00 PM 10600 4,40 PM )650 - - 5. 55 w. 7200 7100 PI1 8600

19 10115 AI! 8050 5.)0 AI! )820 12 .00 AM 15000 7. )0 AM 7000 11. 50 1'14 15200 7105 AM 9090
10. 50 Hi 10200 5115 I'M 4100 12.)0 PI1 12100 7. 50 PI< 6650 12, 10 PH 15000 5.50 fIl 10200

20 10. 50 AI! 76)0 5.00 AM 4070 12. 50 AM 1)800 BI 15 AM 6900 11155 PI1 16200 7. )0 All ·10200
10.45 PM 9600 5100 PM 4425 1 . 00 PH 11000 8 , 00 PM 7)80 2 100 ~ 14400 7.00 PI1 8500

21 11.15 AM B580 8 100 AM 4680 1100 AM 14400 12. 00 AM 14400 7. 50 AM 8400
111)0 PM 8400 6. )5 PI< ))00 1.25 PI1 15200 B.05 I'll 8900

22 12. 15 Hi 8060 7.}} AM ))00 1025 AM 14800 B.)O All 8600
- - 7 ' 00 PM )0)0 1' 50 PM 14600 9.20 1'14 8200

2) 2. 45 AM 9150 8')5 A.~ 2950 ·1120 AM 12400 9.50 AI! 7400
1. 05 PH 7190 7.45 PI< )050 2.45 PI< 15000 10. 05 fIl 8000

24 1125 AM 9100 6.55 AM 2950 2. 55 AM 1)900 9. 45 AM 7500
1045 PI1 8000 8. 15 ffi 2850 ). 25 PI1 15000 11.10 PH 8000

25 1050 AM B990 B.45 AM 2900 ) .)0 AM 14200 11015 AM 7900
2.25 I'M 8250 8.55 I'M )100 4 110 PH 14800 - -

26 2 . )0 PM 9)80 10. 00 AM ) 160 4120 AM 12100 12.20 AM 8600
2.45 I'M B)60 10 ,00 PM )470 4. 05 PI1 16000 11. 40 AM 8750

27 ) .05 AI! 9590 10. )0 AM )400 4150 AM 15200 10.)0 PI1 11800
) .)0 I'M 8800 4.)0 I'M 1)500 5.40 PI1 17200 11. 00 AM 12000

26 )1 ) 5 AM 8900 11115 PM )550 4 .40 A¥. 12500 12 . 10 AM 7980 6.40 AM 16000 12,20 AM 12500
) . 15 PI1 8000 10145 i'l'1 )220 5 1) 0 Prof 1)800 111) 0 I'M 7420 6.55 I'M 17000 2. 40 PI1 11400

29 4110 AM B)oo 10' )5 I'M 2500 lu40 AM 12000 1 ,1 0 AM 7780 7. 45 AM 15)00 ).10 AM 9500
4.}} 111 9600 11100 AM )650 51)0 I'M 1)800 1 ,1 0 PM 7600 B. 15 I'M 16100 ).00 PM 9700

)0 5.05 AM 7700 12. ) 5 I'M )650 6 1)0 AM 1) )00 1' 50 AM 805 0 B.55 AM 15000 4. 10 AM 9250
5.45 PM 10400 6:50 PM 14600 1. ) 0 ~ 7700 9. 20 PM 17400 )'55 w. 9BOO

)1 }145 AM 9590 11)0 AM )900 7' ) 5 AM 1)400 ) 110 AM 8700
6'55 I'M 10BOO 1.45 PM ) 1.j.Q0 8110 pt.: 141100

.. S .C . E: Spe c i f i c conduct anc e 2B



Tabl e 4-c. - -Spec ific Conduct anc e (in micromhos) of Water at Reedy I sland. Je t ty
(Dat.e from Continuous Conductivity Recor-da from Oct ober through December 1956)

OCTOBER. NOVEMBER DEC~E.q

~ Maxima Minima Maxima t-:.inima 1·;ax1ma l'-'.1ni ma

r
Timel'ST S. C.- T ime EST S.C.- T iJne EST S.C.· Time l'ST S.C.· T1.lTIe EST S .C.- Time EST S .C.-

1 11125 AM 14000 4 100 AM 9550 11140 AM 1)700 6 110 AM 8400 11' 55 AM 12400 6. ) 0 AM 4400
10120 PM 16200 4,45 PM 9000 11 145 PM 11800 6120 PM 8)00 - - 712 0 PM 4400

2 11100 AM 16000 4'55 AM 9200 7'05 AM 7550 1.)5 AM 8500 6150 AM 4100
11.15 AM 16600 6. 05 PM 9650 12140 PM 11600 8110 PM 4700

) 11.40 PM 15800 5120 AM 9400 12155 A.v, 8)20 6140 .AY. 4680
- - 5'55 PI1 9200 ,.15 1':1 12400 9.05 PM 4500

4 12105 AM 15400 6.45 AM 9000 ) 100 AM 8390 8. 45 AM 4450
12140 PM 16500 7100 PM 9200 1140 PH 11200 9.25 PM 4000

5 12140 AM 14400 7. 05 AM 9100 1125 AM 7)00 9. 40 AM 4510
1115 PM 14900 8125 PM 9150 2 125 PM 11200 1010.5 PM 4700

6 11)5 AM 14600 71)0 AM 9200 2 1~5 J..v. 9720 1010.5 AM 4920
2115 PM 15500 9.45 PM 9750 J IOO PI': 10800 11115 PM 4860

7 2125 AM 14800 8. 55 AM 9550 )')5 AM 8890 10150 AM 47"\0
).00 PM 14400 1014.5 PM 8900 ) '50 PM 10900 11120 Pt-: 4680

8 ). 05 AH 12000 101) 0 AM 8750 4115 A."1 8250 11155 AY. 4750
).50 PM 14500 10')5 PM 9)00 4.45 PY. 9700 12105 AY. 4800

9 ).45 AM 1)1 00 10100 AM 7500
4140 PM 1)200 11. 45 AM 8000

10 4 100 .AM 12200 1212.5 PM 8550
5"5 PM 14600 - -

11 5145 AM 1)800 1105 AM 8800
6"5 PM 15)00 12')5 PM 8900

12 6"5 AM 1)600 2.05 AM 9150
6.25 P!'I 16000 1.45 PM 9)50

1) 7.45 AM 14200 ) ,25 AM 9500
6.50 PM 15300 ) .05 PM 9650

14 BI I 0 AM 15200 4.05 AM 9)90 .
9"5 PM 15600 4115 PM 9180

15 9140 AM 15200 5.05 AM 9050
91)5 PM 15800 5105 PM 9080

16 91)5 AM 15000 5120 AM 9150
10.40 PM 16200 5.45 PM 9490

17 10140 AM 14800 6.10 AM 9680
11.08 PM 15000 6"5 PM 9520

18 11.40 AM 16000 5. 55 AM 10BOO
11.55 PM 17)00 7.,0 PM 10200

19 12.25 PM 17200 6. 25 AM 11100
111)0 PM 16)0 0 7' ) 5 PM 10700 11)5 PM 5500 91)0 PM 910

20 12'55 PM 16500 7.55 AM 11000 1120 AM 2)20 10,)0 AM
~~~- - 81) 0 PM 10200 9140 PM 5490 1145 PM , ,?O 11100 PM

21 12110 AM 14600 8.)0 AM 10200 2120 AM 9800 9 120 AM 5)2 0 210.5 AM 1940 11.05 AM 750
121)0 PM 16500 9. 40 PM 10000 2.55 PM 1)200 9105 PM 7250 2120 PM 4050 11.05 PM 820

22 1140 AM 14000 8.55 AM 10200 2110 AM 9200 11145 AM 5090 )' 05 AM )000 1115 0 AM 800
1125 F¥. 17000 10 . 00 PM 10400 ).25 PM 9820 11' )5 PM 4400 5120 PM )600 - -

2) 1.)0 AM 15100 9140 AM 10400 4.05 AM 6500 12145 AM 4150 . 41)0 PM 2510 12155 AM 800
2140 PM 17000 11 110 PM 10100 41 ) 0 PM 8600 .4 110 PM 4120 12.00 PM 810

24 2115 AM 14400 10100 AM 9470 5.)5 AM 6950 12140 AM ))00 51)5 AM )770 12110 AM 700
) ')5 PM 1)800 11' )5 PM 9520 5.40 PM 10200 12 125 PH )40 0 5')5 PM )120 1140 PM 650

25 4100 AM 1)2 00 10125 AX 10400 5. 40 A.~ 9000 11145 PM )700
41 ) 0 PM 16400 - - 6 1)5 PM 11900 12125 PM 4250

26 4'55 AM 1)900 12 155 AM 11500 7120 AM 12400 1. 55 AM 5000
51 00 PM 15500 11)5 PH 10600 7 140 PM 12100 2.)5 PM 5190

27 6100 AM 14500 2. 00 AM 10100 8 120 AM 11500 21.50 AM 5000
6110 PM 14)00 2 . 05 PM 10000 9: 10 PM 9) 50 41)5 PM 5000

28 7110 AM 12200 )105 AM 9100 9 125 AM 10900 4' 55 AM 4620
8125 PM 15000 2 115 PM 9750 9 '55 PM 10600 4140 PM 4)50

29 1::1125 .M1 14200 ).)0 AM 9880 10120 AM 11200 51)0 AM 4140
8 . 50 PM 1)800 4 ,10 PM 9280 11.55 PI·! 7800 6120 PH )900

)0 81.50 AM 1)400 5100 AM 8850 11, 20 AM 11500 5120 AM )900
10 .15 ptt 1)200 5120 PM 8550 11 135 PM 8900 7. 25 PM )950

)1 10 l JO AX 1)200 5.25 AM 8800
10140 PH 12800 5'55 PM 8800

- S. C. - Specific conductance 29
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tho Dc.lnwar-o River to (~stino.to the: chlorid.c concentration at hi[;h-

wl1tGr al.eck , The mot.hod is s .:ct isf c.ctory onl.y f or s amp'Lcs collected

1'1ithin 1 or 2 hours of h i[;h-H~tcr s Incl: , The e s "t·i:",r.tion involves

convcr-tm g tho spcc l.fd c conduct.ancc of tho w<eter to chl or i do concon-

trr~tions or ['nc.l yzi ng '~-Tat0r s [lm-pl cs for chloride content . F'iguro 4 ,

page 15, can be used to os t I mat,o chlor ide conccnt.r-at.Lon from specific

conduct.cncc , Tho predicted t i mecs of high <end 101"1 tido c.t each SOll~ling

location can be obt.aancd from :;Ti dc T2.b10s of t he... E':l.s t ~o.~.st : · ( 15),

[I.. publication of the U. s . Co..:.st end Gcodot.i.c Survey. Fr-om t.hcso

t i mes end the D.ctu::~ . t i me of c c'l.Lcc t i .on of t ho s !"':ilpl o $ t llC "pcrcorrt -

ago of t ime :l C2.n be f'ound lYJ di~.:"iding tho r;t.inutcs bof'o r'o or :.::.f tc; r

h i.gh t i de b~{ t he time i nt orv,'7'.l s i n rmnut.cs , bctxrccn hi;~h and 101'1

t i do, a nd multiplyinf'~ b;y- 100. F:-CO:·,l t~lO p0rccnt~.go of tim0 s the

per cent.ago of tidr '). r ange is found b:" us i.ng r: plot f r om t.hc :'ik por t

Thi s CU.l"VO haa

tho pcrccntcgo of t j mc C'.S t ho abcc i.s aa e nd tho pcrcorrtago of tid"-l

r-ange as tho ordinat e . ~T moving al ong tho ~~b3ciss ,:,. t o tho

1'e 2.<1 on t ho or-danrvt.o. Once tho pcr-cont.agc of t i j,2.l r-ange i s obt a i ned ,

one of t he ::to~n'drop : : grr.phs of tho :)OJ. [l.VJC':.I'C I'~ivQr 3 21inity Sur vey

Hill gave t ho porccnt.cgc of chloridu i on .:'.t lli2h··watcr s .Lack. From

thi s per-cent.age t.hc p::rts ~;,or LT::U.Lr.on of chl orido ct, higll·~H(.'.tor

s.Lack can lx, ccLcul.ct. cd froin t :1C Clllo~~idc concontr .::.tion of t ho sf.Ul:plc .

1/ I n tho gr~.ph of t he ::F.GS'0r t on t he So.lini t y Sur-vey of t ho DcLauar-e
Hi vor ,:; ebb end f:~ .ooc:. t i de hcvc t he f ollowi ng dcfil1it i ons:

Ebb t ide tho int 0I""'·....r:..l between h i.gh and .Lou t ide.: .
Flood t id..... - the ant.orvr.L butHoeD 1 0 \'1 r.nd h i ::h t ide .
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h plot of (.: st i r;lC:::'Ld chlo:.~illo :in P:"_l'ts lJcr mi l l i on , Lt high- water slack

(ordana t.o ) ag~.inst dist2ncc dOVJnstr() ~....m ( :-,.Ds (~ issa) r epr csents a n

appr cx i ma t.o l onGi t ud.:':..naf. chlol'i,a.G pi-cfiLc ( s oc figuro 9 ) . The met hod

was checked by ost,irn.:1t i ng t.ho m.~..L'X::LTl\1m chl oride conc ent.rat i.on from

each of t wo sampIos , one t~k,Jn bcf'or-c »nd the other p:f t cr h igh·-H9.tcr

s Lac k , By pl otti ng two profiles en the, scmo graph and measur -ing t ho

hor-i.zorrt r.L da.st.anco bobvrcon tho t HO CU1'V CS at arry Locat.aon , t ho

r csult.srrt no t [l.dv~..nco or r otr c ;:>.t of t he SF.' lini t:r bot.wocn s[1rnpJ.ing

periods m:'.J be asccr-t.a'i.nod.

I n a compcr-xson of chlo!'idc pr-ofi.Lcs , i i ' plotted r.s shovm in

f i guro 9, movcmorrt of ,..... "~)l'of i.~~u curve to t ho lof t i nd i catcd an i ncrease

of s r.Li.rri.ty; movement to .1.:.110 rigLt i ndi cates a docroaso , ;3~mpJ.o

calculati ons f or dot.ormirn.ng t ho rcJ.2.tion of s tlmpling t i mo t o high··

wo.tur s l.ack on )..ugust 2~ 1955 h.::-vc been worked out i.n t abl e 5.

Tc;.blu 6 has the noccssO,rJ cb :c.2. tr.bu1~1tcd for t ho profiles i n f i gur e

9 . Tho prof i les of Imc;nst 2 rmd 15 , 1955 h::cvo been plotted on f ig-

ure 9 to domons t.rrrtc. hotr t.hc mct.hcd is c.ppl i cd . The d.ist.anco

between the t wo curves r-opr-osont.s the movement. of aa.l.i.no vrat.cr-, Since

tho movement. i s to tho right~ ~ it roproscnt.s ~ docroaso i n s0.1i ni t y.

Durinc tho per-Led f'r-om t ho 2nd to 15t h , t ho s,~.linity m:cy act.ua.LLy

hav o advcnccd end r ctrcr'.tcd:. but tho net movement. wa s a dc ci-oaao,

In this plot t ho SOD-ppm a.sochl.or- moved about. 86 , 000 f oot ~.nd tho

2.50-ppm Ls och.l.or- moved ~.bout 6£,)oeo f'oot., bot.h soc.wa.rd, f rom Aug-

u s t 2 to 15 .

In 1951+, t he r o U2.S sufficient i nform2.tion collected f or

seven high-,mt er s .l.a ck pr-ofi.Lca , In 1955 , there 'IUS enough f or 10
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'I'abl.e 5. --Cal culc:..-:' i on of the Rclat :'on 0=3a:fl1Jling Time
to the Time of ;~igh ;"rater Sl o.ck (per cent age of
t~~e ) for August 2, 1955

-------- -------_._--_.-_._ - - - - - -

Iv)
Ul

Location
(1)

Reedy Point

Pea Patch Is=..ar..d

Deepwat.e:.."

Cherry IsJ.3!1c1 Flats

". ' ~~ 1r.ar-cus .roo...:

Eddyst. ono

Gl oucester Cit:,

TL'11C of col l ec
t i on 0:: s @npl e

( 2 )

12 :45

13 ;00

1 " ",,)"- ...... ,..),.}

14 : 15

11;':26

llf:47

15 : 19

Differ'ence OCt'HCG11

time of col l ection
and ti::~e of high
t.i de (in ir!inutes)

(",-"

99

104·

l C7

141,

, ~ 1
U. _

122

109

Di fferonce betw9Gn
t i :1e of hl.gh 2nd 2.0::1
+; .-' ~ , ( ..: ....., rrinut.es )..... _u_· .J..i.. 1 . • ..1.1 lot: ....

(4)

389

389

389

339

h20

420

420

Per centa.ge
of' time
l CO x ( '3 )

'"'I\ ....

25

27

28

37

29

29

26



7a.ble 6. --Est:im(;~tion of Chlo::,"idc Conc entrations at Hi::;h
~iJat0r S1e.ck from Observ ed Gilloride Concontro.tions-_._--_..•.- . ._._.._-_.__._.__._ -- - - -- - -

Ch..loride i n
Porcent.ago :p~'.rtf; per

1Jcrcontar;e of 'lli dC" 1 milli on
Locat.i•.o.n o::.!irne.~~__ }"{F.nG..~~!-__.~ECJ':',"SiS)

Percer.tace ,,/
of Chlo:i....ide2J

Chl oride in
pO-r tG per
mill i on at.
crws (ost. , )

Gloucester

Eddystone

Larcus Hook

Above Cherr-.r
Fle.ts

Deepvrater

Pea Pat ch Islp.nd

Reed:,'" Poin-:'

26 70 75

29 65 1:-50

29 65 1200

37 55 1700

23 67 2600

2'; ~ , li /·lOa<J( .

25 7'2 5COG
---_..__.-

G9 8Lf

8;. 5110

87 IV10

CO 2100

92 2900

92 I~OO

93 5400

------

Gloucester

J;c1c1ystone

I~.rcus Hook

Abovo Sher l7
Flats

Deepvrat.cr'

Pe.. Pat ch :rs lcn d

Reedy Point

::07 69 16 96 17

.,~ (I I 48 95 51. u

28 67 60 95 84

36 56 2IJ.C 76 320

~30 6!+ J+50 02 550

30 64 1600 0 1- 2000

27 G9 21.YJO 93 2500
----------_._----------_. ..- .__._ -- - --_ ...
1/

~/

From table 5

FroJ:1 ;:A r eport on the saljJu:c~r of t he Llcle.1Tarc "wy tho i"':lenl1f;;...-lv211ia Dopar..t ment of
Health" (9).

JJ Ibi d .

J'f



high-Vlc~t(;r s Lack pr -of'a.Los , Pr e-files fo:,:" lou-uc.tel'" s lack can be drawn

up but ai.ncc t her e is no r clic:'.blo lIn~l r.t pi-cs ont of c onverting chl or i do

concont.r -a t.Lons to minimum vc. luo s, i t i s noccas r.ry t.hat, snmp'Loa be

This met hod of dotorin:"Lnimg the extent. of chloride jl1vasion

or r ct r cr.t hils cortain l il'l i t ut.ions . The profilc curves arc based

on cs t.imat.os of tho ch}_oridc ccncorrt rovaone at lu.gh- wat.or- s f.ack,

and tho cs'tunat.c s £11'0 made f'r-om mcasurc.mcnt.s usua.l.Iy not a t high-

watcr sf.ack, Ls a r e s ul t of unccrt£\i ntios in t ho e s t i mate , t ho

maxamum or-ror- i n the. position of t: ch'.criclc p::,"'ofi:Lo is ±L~,s 000 f'oot. ,

Tbcro.fol'O~ en o..P1x'T ",)nt movomcrrt of co. eh~ol':i.dc conccnt.rnt.aon of

iLf , 000 f cct or l ess M;).:; be duo t o or-rors of os'timai;o , r.nd not

nc ccs aai-a.ly r cpr oscnt en :;:c tu<:'.:" c..dv['nc (; or r-ct.roat, of s .:'~linity.

Longitudi~-K'.J . Iicvcrncrrt of 32.1i ni ty

An isochJ.or i s a line j."0pr0s onting equal. vc .Luos of chloride;

ccnccrrtr-at.Lon. Tho isoch.1.0TS i n f:LC1.u"us 10 r.nd 11 r ,)pl" os cnt parts

per million of chloride at high-H;,~tcr s Laclc i.n t.ho cent.or: of the

n2.vigation channc.L be'G,;ccn July r-nd Ilovcmbor- for 1.951. an d 1955.

ChlO1"id0 proi'i:~.os ,,-Jero used to 2.r r i vCJ L.t t ho pos iti ons of t.hovnr-

i ous Lsochl .or-s ,

p.Los , In tho Dol c.uD.rc R:ivl..;J.' ~ ::.5 ['.n Lsoch.Lor- moves upravcr, i ts

advancan g r ato docr -oasco vri.t.h time. Tho i sochlor s of 1 0;-101' chl orida

c onccnt.r -vt o.on will e.dv<?nco 0 1" x'(..t.r \)['.t mora r£'.pi(~J.y t.han thOS0 i sochlor s

of h:'Lghur ch.Lcr-tdc cOlleontr 2.t ion . T:J.b1 0s 7 t'.nd ,~, gi vG G.['.tc. f or

s cvor,".l isochlors f or 1954 and 1955 .. .. . ' '. . . ' ]
• • ~. . l- ..
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'I'ab 'Le 7. --~,;:oveJ-::ont of Isochlors c.uri nG 1951.;.

Period of
Oascr vaticn

I soch}or ~dvance

or rotr0~t

Pet ; SOC'" or (ppn) " '~-• I ..... H _ "..:- ,.I , ~ "'~ ..l.i.>

t.anco (i..~ t.hous ezds of
f eet) moved c:tu"'ing
period of obse~~atio~

~~V0ra.G~ net iscchlor
\ ppm) novomorrt (in
t housands of f oot)
pc::- d.?y -::uring
pe~io~ of ~)sc:~Ja~icn

.'.:rc:..age 0is-=:harge
Qt ~i' I'ontcn, H. J .

(in cfs )

!,v er age es t i 
mated dis charge
at ~·:arcus Hoole,

Penn a,
(in cf's )

_ _ _ ~5. C C:",_ lCCO_' _._3C (,~ SC:C .__ 100~. ,_ ._2~ __ . _

Jul~' 26- 30

J'.ll:;" JO-~:;'l;g . 10

.!"ug . 10-21;

:i..ug . ZL.;._ ':'l r;3- ,

..'tug . 27- ;3ep':'. 10

3e~t . 10-0c~ . 22

VJ
C)

11..2-,tanco

Ret rea';:'

~·~d\-a.."'1cO

:.dvar:cc

:'-; 0 chan go

:·~etrea.t

o

o

18

,
o

10

6

2

2 0

6

12

12

7

22

[;.

10

o

o

1. 30

- .'~. ....

r ":I; ~V o ~ __

1 ~
_ . ~

o. re

1. 4

2 .C

c. ':;'o

J.e

c.uc

1. 6

1. :;

0· 33

1, 680

l , 73C

1, 780

1 ~ 7CC

; ,23C

2, 820

2 s 620

2, 81;0

3,390

2,720
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Tabl e 8. - -Movement of Isochlors during 1955

Average net i sochlor Average est i -
Net isochlor (ppm) di s- (ppm) movement ( in mated discharge
t ance (in t.hcusands of t housands of feet) Aver age dischar ge at I'arcus Hook,

Period of IsochJor advance f eet ) moved 'during . per day during at Tr ent on, N. J • Penna.
obs ervat i on or r et r eat peri od ,of observation , period of obsel"Vat i on (in cf s ) ( in cfs)

500 1000 200e: 500 1000 2000

J uly 13-19 Ret .reat. 6 8 12 1. 0 1.3 2. 0 2 ,2;'0 3, 090

July 19-J,.ug. 2 Advance 24 23 16 1 '7 1. 6 1. 1 2,, 240 2,860. ;

.lug. 2- 15 Ret r eat 86 81 72 6. 6 6.2 6. 0 6, ; ,20 14, 400

Aug. 15-30 Retreat 36 28 12 2.4 1. 9 O. Sf! 55,600 74, 400

Aug. 30-Sept. 1 Advcmce 10 5 4 5. 0 2.5 2. 0 11,:00 14,300

Sept . 1- 13 !,dvance 14 6 0 1. 2 0·50 0.00 8,950 11, 100

Sept . 13-29 hdvanee 17 19 13 1.1 1. 2 0 .81 6,170 7, 820

Sept . 29-0ct. 3 . 1.C-V ance 4 5 10 1. 0 1.; 2.5 8, 690 11, 200

Oct. . ) -13 ~(:treat 19 18 17 1. 9 1. 8 1. 7 10,700 20, 700

.,...
'-"'!)



do"m-rivor should fl.ush t he "o-J.t wltor s c;e,,:nrcl , ono cannot. s tato thet

under - all conditions somo spooifi cd nurumnm I'Lou of fresh w"tor is

ruquircd to keep tho iSQC~11ors from advancLng , For oxamp'l.o , from

j,U[;us t 10 to 24 , 1954 (eoc t :-.blo 7 ) tho 500 par-ts per' minion iso-

ch.Lor moved an avcr r-go .9f 1 , 220 fDot per clc.~rs vThilu t he aver-ago f l ow

at, Harcus Hook.J:.! H:CS 3 ,390 c f s ( cubi c f oet per s econd} . 'i'ho adVNlCO

was chocked lYJ an Lncr-oas o of 1'101'1 t o 5,150 cfs kvor"-Go for tho

poriod j,ugus t 27 to Septomber 10 ) . On t he othor hcnd, an nvcrcgo

f101'1 from SC;ptombor' 1 to 13 , 1955 of 11, 100 cfs e.t I·lo.r cus Hook vTe.S

insuf ficiont t o pr-event, tho advance of the .500 parts per' million

isochlor an <."'.vor::go c:C 1 s 170 f eet POl" day.

An isochlor l~~T be hold in ~ rcl~tivc]y stationary position

in tho Dolm'l ;.~rc Ri ver b~r c. sp0c:ifie f l ow but t his situ~.tion ,....ill not

hold for t ho s amo f~.moJ' and Ls co hr.or- in ~JJ. r-eaches of t ho i'ivar

bolow that par-t.Lculr- r- por-t i.on , ':'.11 ot her t:li ngs being equal .

Tr..blc 9 gives tbo t c:_bul~.t ..~d isochlor d,:,.t[l. for 195 4 and 1955

for t ho 50 , 100, 200 , 500, 1000, and 20 00 pru-t.s p er- mill i on a.scchl.ora .

Thoro arc tc.:::n:;' dif1'icul tios involved i n using lsochlors to

t.r-aco salinit3r movement whon t .hcr-c arc Lr.r-gc gaps between aamp.l.i.ngs ,

I n the oxcmp.l.o citc(~. for !~.uglJ.st l O-21.} ~ 1 95}~' and S0ptombor 1-13 , 1955~

thc advanc e of the salinit;y for the .uigust, 10-2L~ !;)criod was more than

likoly ch ocked b:r t.ho ho,:"."'.r;r di s d w.rgt:) at, t.ho begi nni ng of Soptonbor

r C'-t hcr t.han the [1.vur::~;o flo'VT rei- the "[Joricd. Another factor \'lhich

hcs to bo t.a kcn j.nto considOJ,~,tion i s t.ho Locat. Lon of tho isochlor

1/ S00 note 1/,
obt.arncd.

P " r.-c }, O
~ ' -:..o ( 1, f or oxp'Lanat.Lon of how f'Lotc d;::t2. Here

L~·o



Table 9 .--Location of Iaochl.or-s

Position of Lsoch'Lor-s s in t housands of feet.
on t.ho date indicD.ted for 1954- (Ref er ence point :
Nm-r Cas t .Le De'Lawar-e, 400, 000 f eet) all values
3.r e at high "raten' slack.

Chloride , ~cn par-t.s per mi llime.

Da:t~e 50 100 200 500 1.000 2000

Jdy 26 240 25C 270 300 :,3° 360

July 30 240 25° 270 300 320 350

Aug. 10 230 240 260 300 320 360

Aug. 24 21,0 270 300 :;lfO

Au~ . 27 220 21}O 260 29O 330

Sept . 10 230 270 300 330

Oct. 22 2!,O 200 31.0 :3LJ-O

-- -_.__.--._ - _._- - - -_..

Position of isochlo1'3 ~ in t houS2nds of f ect
on t llB date ir:dic~.ted f or 1955 (Ref er ence point :
New 02.s t le . De}. 4cOO ,OOO f eet ) all values
are at high wat el"' s1..u.ck .

Chloi'i ite ~ ir. parts PCI' milli.on

Date 50 1.00 200 500 1000 2000 4000_._----
July 13 26(: 280 300 330 360

,Jul y 19 2/.0 270 290 310 340 380 L,20

Aug. 2 220 240 260 290 320 360 420

Aug. 15 320 :330 350 3'10 L,OO 430

.:'.ugl 30 380 390 400 410 I(JO 4!fO

Sept . 1 350 360 370 4<)0 1}2 0 4LfO

Sept. 13 :330 340 35° 380 410 4LfO

Sept . 29 330 340 340 360 390 420

Oct. :3 310 320 330 360 3uO 410

Oct . 13 360 360 3'10 L,OO 1+20 4LfO
-_._-- - - --
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in tho r i ver . In the cxamp'Lo cited tho 500-j)pm isochlor in 1951.:· HO'.S

appr-ox'irnr.t.cLy 28 miles f o.rthcl' upatr-oam tho.n ti1C 500 p:,m i sochlor

fo~' 1955 to I"hich it was compared , For best rosutt.s in using this

t:r-.f>O of Pl1~.lysis of s a.Lt ':-lc.t cr novcmcnt. , dat.a must bo ava.i.Lab'Lo ';.t

2 or 3 dc.y intoF..;~ls .

;:;ff·:ct s of Frc.sh- and 32.ltAlo.t-:or Inflow on So.l i nity Distribution

S.;.linit~T distribution in a tidc:'-.l r i ver i s, for t.hc most.

par-t , 0. r cstLLt"nt of the fresh-lmtor inflOl" and tho sc,lt"'Hatcr infloH.

Frech 'H:.'.tO:' r I al-IS in .from aoovc tho heed of tidos f rom tribu.t:'Iios~

as diroct r u..'1off from tho Land t.ncl from GroUlld-llc:.tor s eepage , T~1C

t.ot.aL Lnf'Lovr of frush vlO.tor above the head of tido is usuclly nca-

sur-cd b:r ~~ gt.eirlG st~tion . 'I'ho f resh llutcr t"lh i ch crrcors the r iver

bcLcw t he g.:1gin:; Gtc.tion , whon s i gn:l f'Lcarrt., shoul.d be considerod

Tnf'Low of' ocor- n uat. cr t'lill ancr cas ., thu s~linity of t he rivor. Ocean

'Hate:;." inflou i s l '<" .vor od b;r incrc~.ses in S0a Lcvof., Under- actuc.L

eonditions a l ongib.ldinQJ.. r;re.d.i011t of s~J.init7 occurs in t.ho Do1-

£'.Ho,r(;~ r fl.nginG f rom ncgJ ici blo v['.: !..u~;s in t.hc upper' t i dal por t i on

of tho river to r,L·:imurn v al.ucs at tho S 0 8.H2.rd end .

The ~·11i...V..il1g of s "~lt and fr(~sh 'Hater and t he resulting dis-

tribution arc r cJ.0.t (,d to fltl~tu~tions of river f10\,1 . Tho tid~l

pr ism concept (3) 112.5 lx.on UDGd t o oveIuat,o the 2.bi l i t y of :~n

os t uaF.:r t o distribut\..1 s :-'.linit~}' . The tic.a.l pr-i.sn i s oquaL t o t he

differ encc botxrccn Lho, VO),\ll\1(;:'i of trct. cr i n t ho ()s t U:·.17 <:t,. ;, :;'g11 end. '.-. . - ., .-.... . ..... .,,. ," ." "

1 01'! ' tide. Par-t of t:,is VCl ur'IC i:; contributed bJ the fr()s:1:~mter

flo,,:- end ~2.rt by s o..lt ~·w.tcr ontorinb f'r-cm the o CO: '.l1 on the. f'Locd
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tidc.: . Tho boundar....Y' bvt'uC,;on £'1'(;s11 end s :-.lt "u~tor is dynami.c am cc

tho inner e nd of the: es t uary I':'iOVOS ups t.rcam :.:nd 0.o.:nstr;:;::'ln uith

i::;{ 111c £'.ns of t i d C'.l exchange ~

3.:-'.lt ,·r:.tcr m..::~t move up or dotnist.rccm,

The frosh t-lr.t cr d.iSC !l~.rgc :n the Dol n 'Jr'.r ..:. f:. i vcr vc:ric.s ' -Iith

the season. In goncral~ it i s gr().:~t 0r.·C in :·:~ '.reh and l~pri:L duo to

spring thU"J1S- -1c.:'.st i n t~1C; Ju~"1C t o October pcr iod. - ··"i'ihon t he gi'O\li n:;

pltnts er-e r-omoving soiJ. mcast.ur» r c.pidl;T ond cvapor ut .ron i3 r:t i t s

peck, NOl~"!1[.Ll.y durtng t l,l i s P(~l':~cd c. Gl'o~tor pr-opor-c.Lon of the I'c.in-

f (l,ll sor.ks into t :1C croun l r-.nd ... ,:,cs 58r prop or-ca.on i-unc o~f directly

t o t he stro~"TIs .

N. J ., at, t.ho head of tidu in t.ho ", ,·; (;].cr~·T[',rc I?:tV()1~ ~ Sl10wrl in figu:t'G 12..

is based on the 33"yc :-r per-Led 19 :~3-1955 . 'I'l1.C; gr ur.tcr f r C5h- t-lrtt cr

disch.Ql"eo of ~'~rch c.nd l ..pr il f l ushes t he s~lt ' 'J':''.tor scau~.rd~ and 7.-110

101,Tor I'Lous of Juno t o Gct obo l' Gi ve en opportunity for the s o-I t

\-1Cotor to move upct.r-can,

Since par-t of the , TO.t Ol' in " tidd prism i s c ontributec. by

t ho OCO[l.n ~ chr.ngcs i n [3(;0 l evel will ",ffeet til...:: qur.:.ntity of iscu: wat.c r

in t ho prism. As tho S0 ;:~ l evel r j,s us , Lncr-cac.mg ~nlounts of s e-line

't'l~tcr ar-c i nt r oduced into t.he t idt't.]. pr i G!;'} . '!lhcn the opposito condi

tion r'.risoD~ i .c . s tho s cr, .1.ov ol docrocscs , tho qn',:.ntit3,r of s :.lt~r

ll.:".tor i n t ho pr i s m doc r ocsos , :''..3 the t1ur..nt i t y of s<"..lt WD.tor

(;nt c;r mG tho riV0l"" incro~.sos ~ f c'.vorc.blc conditions ~!'0 oDtr..blishccl

f or t he s o.lt vl[l.tcr t o movo ups t r o.:',!n. Tho fjr;;n Lcvo.l, v ....r:i.os eoaa on..·

(l.l l y out s i de of Dol['.vJ,:.1.I'O Bay \·ri3:.h the Lovrcr- s ee LcvcLs in December- 9
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Figure 12.--Average curves of the now at Trenton, N. J., the mean river level
at Philadelphia. Pa, and the mean sea level at Atlantio City, N. J.
(based on )) years of reoord 192)-1955)

Notel Points are oonneoted by straight lines for olaritYI between
points the interpolations are not neoessarily oorreot.
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£ond Octobor. riguro 12 shows the monthly avcT~gc sc~ l ov c1s f or the

33-~rc..r.r :x;riccl 192)-1955 ~.t Ltltcntic Cjtys B. J . Tho chr-n g.i.ng s ea

Lovol. out.s.idc Dcl:~v1.:'.r c: Bc?y f~vm: 's upcc r cam movement. of t,ho sal.t

lJ".::tur .uost, in .\UEUGt ~ 3 c;p t u."nbo i" onc:l Oct.ovor ; l east in Doc cmbcr , JO.n··

ri'h0 c ompe t ing effect s of :.'r osh-u::'.tor discharge end s on l evel

~rc r cfl cctod i n river l aval1/ CU1~vQS .

the ~vcr~.Go r ivor Lcv o.L curve hr.s cbout, the 5.:'Jf..C s hape r.s ·c.hc average

fr~sh-l"T[!.tcr f l O'·..r C1.~Q ( fiG. 12), except i n Sopt.orebcr 't·:he;n t: hump

CUJ:"V"O. In Dol~v1[' "ro 2::'..~... tho .,,:.vcr~0(; r i vor Lcv cL curve i s about t~10

s cmo shape :':.3 tho aV '3rt.gC) 8 0 ['.. J.ovul (~\1rV(; at ktl~ntic City , Il . J.

(fiG. 12), except i n ?·12.y vrhcn c: hunp vlh i ch cor responds to t he maxamum

frash-w~tcr r:ov occurs ( 19 ) . Fi [,uro 12 has t he ever-age river Lcvo.l,

Itt Phi.Lado.l>

phi.a t he ~vcre.t;o riV01' luvc]. is T:1ai!''':'~:" c. func tion of the f r c.:sh-l1c.tcr

f'Lotr fron J (".ntl[·.r~; t o J une and. t hen becomes r,1£'.iYJ.y Co f'uncto.on of tno

C'.V0ro.gc SCD. level f or t he r cms.m dcr- of tho yC,::'.I" .

If sufficient s2.1i nity d:::t :::. ~J'0ro o.v£ci lc.b10 f or t he S ~"'.IJC

3J..yo.:\l" pcri()d ~ ono no doubt could corrclc.tc the advance ~nd r etreat

c~ sc.:_i ni ty "lith tho i'r coh'''Hate:r d.i.schnr'gc and s ea l evel changoa,

Cnc ':1.~e;ht p":'ot til.:.: o.vor~bo Locct.Lons of 2. ~~ticul['.r isochlor f or

ccch month t o Got c. plot of ~.....rcragc Dr.-linity conditi ons i n t ho same

).J :J~il~r no .:n r i V()!'" lovel: the aver-ago height of t ho surf'acc of e.
river at, ~ny poi nt. f or 0.11 st [J.r cs of t he tide: csrca: D. 2~·-hour periods
usurLIy d c..:tcrmincd fror~ hour-ly heiGht r-oadanga .



sense that f igm:'o 12 r-cpr os ont.s tho aver-age disch,,;,~rgo~ avorngo son

level end .::vc r2.Gu river l ovel for ccch morrth , ·f£.r:..~tions from ever-ago

discharge or sua :Level in ::".riy irdividuo.l ~1'0~r causes vari r;t:i.ons from

the c.v.:!rC'.gc sc.linit~r. For cXQmple~ during J~u~ry 1956 the ~vc~a~Q

S(;~ Lcvc'L c.t Atl~,ntic was 6 . 83 f c (::t (0 . 68 f'cct. above c.vor~gc ) , and

tho ever-ego f'Lotr at 'I'r-orrt.on H.?S 7:; 100 efs (.5s900 cfs below tho

Tho ~vcrc.SG specific conduct~ncc ~t RcoCtr Point w~s

13, 000 mi cr omhoo. In 1:2.;)' of 19.56 ~ tho ['.vcrc.go s ea Lovo.l. w£..s G. 6G

fuot (0.31 f eet cbovo c.vcr'D.go) and t~10 aver-age flow ~t 'Ilr.::nton

31 ~ 000 cfs (8~ 51.J..O cfs above ;:vcrt.g r.:. ) . The ~'.vm:·c.go specifi.c c ondu c -

t.cnco i:.t HCC0.y Poin·t, tras 20 1 mir..;rOl(:!10S . The iIlcrcC'.scd f'r-och-vz.t.cr...

d i.achar-gc <:.nd tho decr ease in s ea levol in i~lr\.y moved th[.; salt "m.tor

scc.H.:'.l"d~ and tho s ::J.in:i.ty [I.t R....cdy ?oin~ and c.Lsouhor-o docr-ccs cd,

Ot.hor- 0~ :::. li1pJ.i,) ::-; of vD.ri:--.tion of fect s 0;;: Y0 ,~.l""ly SC2. level and

frcsh"l1t .t\"ir fJ~olT cr 11 be obt::d,ncd b;.r cor,:p ;"'.1."2.J13 tho 50['. Lcvo.l. z.nd the

fr~3h··vm.tl;r fIoH CtU"O'TTOS for ~'. p<:'.rticnl::r yo:..~r 1-1:'t :l cvcr cgo curves.

1':0.010 10 ~1.:lS t.ho ostir;"..:~tcd s[_linity conditions and tho a ctur.L con-

ditions f or 1945· f l....om cur-ve compar-Lsont

'l'~blo 10 . *- ··Zstinu:.tl;o. s[l.}..init;y conda.t i.ons for 1949 f r om compar-Lson
of 191}9 S 0 c. Lcvo I r.nd frnshu1'l~'.tc!:' f'Lotr curves, ..=Ul dat.a
i s fOl' !·:arcus Hook , P.:.: .

Juno
Jul~l'

f.UI; .
Sept.
Oct.
!Jov.

Sr.l :·l.n i t y bvg!.".l1 to l i\OV0 ups t .rc rrn s lO1.·Tly :-: t l~.rGUS Hook.
S2.1init;t advanced \ lp S t t'C<."" .111 but at t: f D.stOl" r a t a th2.n in Juno .
1. £l"Ct'.tcr nd'tll:'.nco th'-'.n in Ju: .~:- .

Sc.linit jr sti~.l cdvcncang ,
Fo..r thust advance of the 32.1t for t he SUl1TlDr of 19!;.9 .
Still soma evidence of e. s,:-:,linit.y intrusion c.t Er>.T'cUS Hoole,
but r(;tl'cnt of tho sclt h,'xl stC'.rt C".d.
No ovadcnco of s a.J.Ll1ity in'!~sion <::'.1:. E['.l"cUS ~ook .
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J-.vcr c.go s <"lini ty
for month (ppm en

June
July
Aug.
Sopt .
Oct.
Hov.

Doc.

Sv.l i ni ty bC3<".n to incro['~sc vor.f slm'11Jr••• •••
SD.linit3t conti.nuod t o mcr-oasc• • • ••• •• •• •• . •
SL(l_ini":':';{ iner-c as ing • • • ••••• •• • •• ••• •• •• • ••• •
3.:.1ini ty i nGrC2s i ng • .• •• • • • ••••• • • •• •• • • • • • •
I'~:J:imurn s 0.1init:r r-occhod (1::.520 ppm Cl) • . • • •
L2.r~c dccrc~sc i n s~li~ity but still consid
cr2.blc cvrdcncc of ~, s~·.J.inc inv~.s i0n • . • .. • • •
3[~11nity cl.':'cr02.sinG ~ l"cnGhing ~ value of
1.:_[) ppm Cl on Doc . 1[~ and continuin;;; to de..·
cr-ease t o about 12 ppm Cl •• •• ••• •• •••• •• ••• •

22
197
512
839

1140

762

215

During tho sumn er- of 1955, t;,,, cvcrcgc :·resh- w2.t e r flow

Lncr-cancd 2.boVL the normaL f or Liri.s ti."!1C of :rC2.r . 'l'1:ble 11 shows

n comp~rison of the s~l~nity ( i n t crlTIS of specific conductctnco), t ho

frosh-vrator f1011 ~11f...i. soc. level f or the por-i.od of October to November-

?~b10 11. ..-3~:~.il1it;:r ~ f :!.ou and s ot. LcvcL compar-Lson (monthl;.r rvcr.:~gcs)

l-ic~l1 sec LcvoL
C.t At l rillt i e
C 5.t~r, N. tT.

(fcet )---,_•._ ----

Avcr~g0 specific
conduc t.rncc a t .:~vorc.gc flow Cot
:l.uc«;r Poarrt , Dol . 'lroncon$ N. J .

(micr0n!;OS) ( cf's )......_._.._- - --_.__..--...--_._-Period

Oct.
Nov.

~·.pr o

iit.~l

5, 910 26, 7CO
2}o COO 21,600

Goo 31,0 00
630 1[:, 300

7. 03
6.6[:

6.68
6.36

The f low ['.t. 'rr -ont.cn was ('.l)~)roxirnc.t (.;l~r the S C'.t10 in Octobor

s eventh t.ht.t in Oc t.obcr- 19~j5 . ·Th0 0 . 35 f oot . l evIor ave r-ego monthly

50 2. leve l fOl~ ..·\.pr i l i5 t.ho Inr'.jor f::.:ctOJ.~ contr ibuting to the sclini ty

*'l'v.bl o 10 covers the pcr i.cd of June t o December- as ~n?lysDS 1·1Or c not
Q·l c.ilc.blc for the f i r ::>t 5 morrths cf 1949.
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dccrc,G,so . .~~g<".in, t ho f'Lows f'IC c:'.iJprox iTIk"..tcly the s cmo in rJo"/um'bcr

1955 F.nd ~·r~~r 1956 ;; but t ho s£lini t y in Hr.:l 1956 ....12.5 onl~7 about onc -j,

fifth thc.t of ,'ovcmbcr 1955. Similc.rlys t ho 0 .)2 f oot Iovle r monthly

deer-case h1 sa.l.Lm.t y,

Tho s Gvcr:5..ty of sUinitJr inv~sions ITl£'.y bo predicted each yc~r

T1:o pr ::d.icti o11S t.re; b::'.s od O!1 c. 1,lot :10d i llust rc.tcd i n

Appendix t. (pq ,;c 8/ ) . Tho pr--:c.ict cc: ordc;- r.nd t ho c.ct u£:.l order of

s r'..li~ity rnvcsacns (in or der of dc.cr-cas i.ng s oyority of tho mvaeacn)

ar-c Gi ven in t'.blc 12. Sevor i t y is ba sed en cvcr agc cont.anunatc.on

Predicted ol~cr o~

s ;"'~inc inv2..sivn

Tc.b10 12. ··· ··01'c1.or of s ~:ljnit;y" i nvc.sions (most
ecvcro i lTl.:;sion at, tho t op of t he l i s t ) .

Order of s~linc

i n7 .::.s i tx ".i b.;.s\.. - c~ en
c:vg. s <:.l illi t y .:-:t:,
l lar-cus :1oc1·: 5 Pa.•- - - - - --- - - - -------------

1954
191;'9
1953
1950
1951
1955
1952

,

1951' }

1949
1953
19.')5
1950
1951
1)52
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Vnri~.tion of ~~l~ .loriclo ,..:it h D}SC!lt:.r''[;C r.nd Ri"'tor Lcvc.l

on t he chl.or-Idc conccrrcr-at ccn of the..: river. Pr-o.l.ongcd pcr acds of l ew

f : .OH5 ~'(,sult in Lig:l c111or :;_do conccrrtr-at.acns .:'.t Chc:stOl' ~ p .;'.• If t ho

f10\'1 c.t Tl' cnton drops to le s s t;lc.r. If. OOO cfs for )0 co 60 dcys, t ile

chlori<.lo concontc-cto.on r ncrocscs ::t ·;h0s t \..,;r . For ox.~.:nplc 5 in June

2 ,000 c i s dl'l'~.n::; Ju1~' and ugust, (n.e. i). During t i:cs .... ttJO months

t ho dc.il:" r;1;-'.x i r.!U.f'1 ~hJ.oridc c onc cnt o-atacn incr00-s cd stcf'_d~ly f'rom

200 ppm on July 1 to moi:c the,l 1 , .5110 ppm ~t the] end of :.uGust (fiG. 1).

to 800 P~)i7l Qt tho sr:I ll,.; locc:c.:i.on (fie. ill,) <:'.:fte;r t: pcrio(~ of 1 01-1 flo,,;

of f point r.bont 30 dr.ys ~.ft, ..r t lh.; s"L:-l't of its rise . In 19!,;"9 , tho

nc......""Cir:!Ua:l ch.Lcr-Ldc l 0vGlcC: ont D.t 5'00 ppm in 3vpt ol11oor; in 199.J.~ r.t

1}300 ppr; in O;'.r131' :~uGust . lihcl1 tJ 10 chlor ic:o conccnt.r-at.aon has in-

cr -eased t o r:~pr:JJ:L·-I['.t.;i;j" 1 , CDC' pp:~ ext; s hcrp'ly mcr c ascd disch[,.rgc--

even of c. f 01.-t d~.;.;"s 1 durr.ticn--is lil:cl;y t o produc e P. cor-r-ospordxng

l'/Sinco tho discho.:.--go of t he ~O~.~N~'.1~':; Ri ver be l a".: Tr-ont.on is difficu"!..t,
t o measure bcccuso of t he t.ide.l natur-e of t:10 r-rvor-, t~lC strL.C'':T,flow
G.isc: l.:.rc c Lt s cvcr-e.L poirrcs s out h of Trenton h".3 been <.: stir,~~.t(.;d . :~ll

f'Lotr figl':....CS used ::-:\:. .-;l1i...s (, >..;1" cr i'~~ '_l"CUS : I00k~ lr. , ?ro a r-c.sul.t of t hese
os t iriu,toS. ~'h(;S0 c<I.::'..1.ut'.t :~ .c,ns; "" l-,i ,:: !.-~ ltJ(; !'C sto.rt.:.;G. i n _'·~ugust 1953, er-e
b....-scd on t~1C rx.c crd of l'lu~T of t hv :)Cl~~W.:tl·~ ~~iv~r ct, Trent on pl us the:
0s t i..rn.: .tui contribution :2"roI:1 t~l:: dl'C.i l1.:'.[ c t'.1'O[!' oc1m'l Tr Lnt0n . 'Ehi s
contribution is cs 't im.......t (.cl fr ':>!H ·~iyl,.; r-ecords Dot g2.{;ing s t.:,_t i ons on
tributar~.o3 cnt,:;::' inr; ~h() 1.1c.J."':¥n2"'~ l:i v,...v helot-: TrLnt.on. Such e:~.gcd

tribut.:'.ric:s c ompr-i.s c [;5 per- cent of t he: totc~l . dl"['.int'~gL: ['.1"o£'. aoovc
Har cus Hook on t h..:: PCnlls;yl"l ::.niC. side , ~'.nd on-L~T :20 pOl" cent of tho
crca t-."':Jovc Iic.rcus :~oQk on tho NCM (Jc:rsu~r s.i.dc. , :::ontl'ibut :i .on f r om the
ungagcd ['.r o!.: is dut ,..;rrnincu b~l usa of ,'1 drr~i.no.gu ~.rC;:'. r .:ttio .
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Mollmum Chlor ide
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dccroaso in chl.or-adc conccnt .rot dcn ,

Tn 1954, trci-c r.s ...s in flow on /.ugust 10 ::nd 22 :~t ~cst(;r

wer e f ollow.:.d by deer-cases in chloride: conccnt.rct don ct Chester-

(fic; . 1) . L"'rg:0 dnc r-ccoce in f lew r esult in a r-cduct.Lon of chloride

ccncent-r'at don vhdch r;J:;/ c crrt dnuo for some weeks unt i l <.r,~in pcratatcnt.

10'" f lo1'1 c c.'I.\$US t1. o ch.Ior udo concont.r-at.Lon t o i ncrease , Tho ur fe-ets

of f l ow on chl oriC:o conccnt.rrrtaon em be seen 1'101"0 cl'.sily on C moving

u .:.i cht c.Jd r.v,')r~.gu ch.cor-cdc curve , r.-.S i s i-cprr. contcd i n fiZ".U'..::: 15. Tho

cur-ve (; i V0 S ..... ' fci;;ht of C. 1;. t o t110 t.i....::inur.1 pcr-ts per nilli en chl.cr ddc

of r, p::~:::~ir.ul...l' (~J'; C. ) of t h ...- !!1.,:,x:!Jm.U,l ,.r;r-t.o JX.:r milli on chlori de

t o thu dt'~l 1x:!'Ol'O t~)i3 one , :'Ie. C. 1 of 'the. r"...-:d.!'lllr'l par-te per r.ullion

chlo~idc t o the ~~y ~1r0( : drys buf orc tho ono in quvs t i on . Irrccu-

l rxi t i cs er-e r -emoved .:-.rr. pr-onounced pr -o' Longcd c..;! fect 5 due t o f l ow

ccn 00 50:;n. K~.jor incr ...cece jn flou ct. Trent on or ':::l.;"s t cr .:-x;.:

gun(.;r~l1y f ol.loww b'J C. deer -case i n chkor-xdo conccrrt c -c t.Lon .:!.t

.\.n Inc r-ocs o in d,....i l y aeon r i vee- 1(,ve l occur-a co a r csult of

an Incr -eas e in t ho C1u['nti t y of w~tcr in t h.:.: r i vcc-, This ccn occur

by t he :L"1trcduction of l :!.rc.:: querrtc.taoa 0: f r esh v-vtcr-, but us ut'.1.J.7

r e-sult s f ..-on the <::.dd.ition of sot.... vctcr t o t ho.. r iver . Gcnc.rclly, when

t :1C d.:l11y r.lt:.;r;.n r iver l LNcl tncrcas cs , qur..nt iti.J :; of s nJ.t water- arc

rnovinc: ~nto the r i vor end the s~lt wc.t" r moves upst .r-cera, The converso

is true when tho; dt.il:.~ racon riv~r Lcvck f alls . nccrccsce in chlorido

concontc-at a.on ar-c USUt·.:u:.~ c: r csu.l.t of ancr-cascd D Cl'-1 or docr-ccecd ck.i lj
.

~':1(J~1 r~vor Lcvo'L , A cor, :~) :1.n.ction of both of t hose r-ctcre should
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in chl.or-adc c cnc cntc...,:>.t ions duo t o v.:'ri:~.tions in de......iJ.y raccn r-Iver- Lcvck

ar-c mor-e pr-onounced uhon '::'h t; cl"':lc~'"iG.l- cone ....rrt c-ct.Lcn i s ".t Least. scv-

c.r <'.l hundr-ed pcr-ts per mi llion. 'I'hu dr-cp i..'1 tho d"lily ~~:ir,'IUIll

end dee r-cas ed moan r i ver l evel. 'ili~ Lowes t; s<"lt ccnc cnt a-at dcn f oX"

river l evel .

tit hcut.: t he f l ow deer-cased, t~l,; ;::L." : ::il:n.'il1 chf.or-idc »cvcr-uicacs s dccr-ccscd,

1c·,,01s. .".t Pr.i 'L.:'.dol phlr'. 'tho clU';·::..r cncc lx.t xrccn me -n 1 0\1" W......t or r.t

sust~inod f IcHs of 6 ,000 "t: ..:. S end .a....en ::.. O'W v-rtcr- r:t o: euatr- ancd D OH

of 11, LOO era vee C. 1S f t . The difi'(.'l~cncc bc'tucon nc r.n h i gh \...~t .-r

r~tos dccro~scs .
...'. .,.... . ,'...W
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~ . t 3 'i' r oo .•Uf:\.''s - 0 , 19.9;', ' the f'r-osh-trct .or- f l Olrl ancr -cesod about.

l ~ OOO ct e , but the t ot.::..."l ~o-..r vcs be.Lea ) , 000 cr s, 'I'hc smd ..l Sncz-casc

in f 'rcsh-orvtor- :L:1-O\.-T could cont .rdb ct c constdcr cbty l ess 'then C. l ft .

::'0 t i:IQ r i ver Lcvc.L 'l'bc r-I ver- l ove] cha nge for t h is per -Led W.:'..'3 cppr-ox-

i.M.:'cto17 0 . 85 f t . k t PhilU:::c l phiz) . For- the period of :.ueust .$...13.

1954 . the; riv er level dccr-oasod b:t- , .ppr ox i rr.;::,t oJ.:,r 0 .95 f t . The r lou

inC!"0<!5C of ) , 000 ere could ccccurrt f or l ess tl~n 0. 1 f t . of thi s

Often t .hc chr.nGGs 11":' t :1C cb.Lor-tdc concont.r-- t.Lon w e c. r esult

of the si'lU1t anoous r.ct don (jf ~~!l :lou end dr.iJ-:,- rcen r-i ver- l evel.

dmum chkoi-fdc cur..vo (!"i:.::;: . 13) ; one on .:.u.:.,-us t 27 end t ho ot her on t he

J 1st. ::::oth of t hese pecks ~~"O 0: t he aemc hcicht.. . 'Ihor -c r'X1:: t wo

c orr-ospordf ng per-ks i n t he. de::.i~T nccn r-Ive r- j.cvoj, cur-ve ; t ho one on

By cornpor i n::; t ho &1il:r moan rdvcr- t cvca cur-ve and the chlor i c10 curve

to c hydr-cgr-aph of :'101:-1 l'.t Chcs 'to;-, t ho apparent mconafst .cncy i s

r -emoved , ~l.O hi:;:hcr flo;l on 1.Uf,"USt J 1s t wco sa.ff i c i .:r.t t o of f nct t ho

off oct s of t h-.o higher d..-".11y mor-n r-I ver- tcvct. , Tho peck chloride of

2 ) 120 ppm f or t ho .swecc- of. - 1954 :oc~ on October- 15; 'rhi s pc..··J:

r csult od f r om t ho sudden end ~" ~ l'[~;O m cr -ocs c i n r -iver- l evel (fir:. 1:3).

l<"'i Gur L. 16 i s :;. t i n•.- ec i-acs pl ot of t ho n..':'.Xi r.1UIn and r.-.inirm.l.."1

cb'Lc...... do ccnccrrtr-ct acn• •-.t '.··.· S+ ·· ,~ ?.. •..··...h en " '0-+ -.~ hydr-ogr-aph.. ........ _ ¥ _ . J • ..., _ .... _~ "• • " _ ,, _ ..... ~ uJ ...... v :;,.. ...

ct; 'I'r -or rtcn , H. J . f or 195,). Tl;;~ chl.cr'Ldc conccrrtrr-t.Lons mcro-ecd

55



· ,· · · , '·~· ..I····I..· I .. " ·,·· ···I····I·_··I ..l:::.::::::.:::' , - .
•....,.....•...., , , .• , .. , __ ..,:: :.:J :::: ::::, .

-..- ., -.-.-_.- ' -, .,. '• .•.•. ' - ::.:1.••.•.•..• _.

.. . ._-- . : : .:::I: :: :l:: " ~ "· ' "

~

'"~
i
•
~-•

o

•
~

~
~

~

•
%

,;
c•u••
•.'o

u
:0•u..
•v
5

I
=

14

...• 2

• •• tl . 0 II
100 .

...• _..,....,....,....,..._. 0
.:;;\::::1:: :I:::a ::::r ::.

. j ...., .

, _ 'tOOl .

.. ., ...,,;:::1"::1:::: · ·· ···

' ''J+ 1"'I28C ' ...
::nl2T0! :;:\::::1';>1::::1'" ' ..

" . 11 '. 11

",1'.IU..

"I'
: J ... •. ...

J

....,.., · I..··j··"j" j"'l '::+';': :!tf\ '::: :::' :: ' :

...,..-.-.., -.

';"'::::I::"! :J ~: I . • ..

upon... , .
" 0 . 1 . 0 11

1: ~: l: :: : I :;. .. . . ·, ... . ' .. ._1...

...,

', :I .:; .lI :.V :: :/C.

·· ·,···'····1"'1"'1'<1'.... .... ..... - ..: n

ur--L.:J. I : I "':' ! l -il_i~ II ' F !"·l.Lt+," ' I I 1 , . I ' \1 I .. , Il 11 . '· 1 1: . . . :. ~ I : .I

I~L....!... JL:
I ' r:-:;o r

. .... .-.... . . • • : I

",,,ou.,.

. , n t · ". ' 1 ' ' . . , . .. , .. . . , .• . , " ' 1.• .!

. .. .. . ... . . . . .. , ...

· · ,'· ' 1 " "'" I ' . : ! .. l i ·:· : : :: :: : · :: ; : : : :; ~ :: }::r:-!

- _ _ _.. . " ' , -..,_ .

=.

..., ..". ~ J :: : :
•...-, ....•_..•.- •.~~. , -- •.,..• ..• , . ·. : :~ l , : :: l :: ;'

'--', ·,··..'··'·=HSFE··_·".-_...•• . . ,. ,. ..., .0. - ~;:;: : ;:~: . ~ :; .;.:

. , , 'j

__.1 :~ ,r· :,,,:: ' 1'::.1'_ . l. ~: l: ::: 1::::/: ::: '

N "

,, ;;;: ,, :::.1::;:[ :: '<: :; 1':::1::::

·· '··'I'-l"j-· I-~""' ·, -::. : : ~-: ::;; :;~ :::; :::. ;;: :,: ...

-.

:=-:!-

..::t::::t:;:.:: :=1:::.j:=I ::.::I::~ I::: : t::::1 :::'"

I. II • •• II • •

3000 :. ':.:~-: "~ ~t~ ;~ : ~;:2:. :.:::=.::, ~ " "" cc"
.:' :: : ~' ;o ." ~. ::::+,'

.•• ": : " ' ;:::::1 :

2200

••00

'.00

%
••o

••o

~

%••~
U-•
•v
t
:0
u

~

1

:.

..

.!

' N .. .\ I A.' \" ,. , I ' ,.. I ' . r ~ .. . I . " . . 1

II '0 , •...., ....... " 0 "'011
~....... 30

~

0>

Fi;ur . II . - Tim...rl.. of mu imum and mlnlmur.. doH) ChIar id . co ne . nlrations ot
Ch••t.r.. Po . (Jun. -Otl .1955I, with on in".rt.d hydro;ropn of flo .. 01
Tr.nton. N.J.



in July .1S ti.10 !'low nt Tront on deer-cr-eed , On f.~~t 1; , Hurricnno

Conm c pca acd t hr-ough ronnsylv:;o.ni~--within 2 (1.."75 tho s.:'.1t dnvesd.on

rot ccct cc.. wee washed cut . Tho chlor i de c onccrrtr -atdons c.t Chest er

dr-opped t o ;0 ppm ",.f t c!' t ho hccvy df schcr'gc on t ,ugust, 13 , end di d

not d:'OP Il!UCh i:lclcw t11i s fi{.'1X....o, cl t,1'lew:".h some of tho hi glu.st wctor

c.i schlTGcs over r -ecorded occurrod f r olll : .U[;us t 19 t o t ho f irs t week

in ::ov~::h:lcr.

The mininrom chl or i de changes in c. s:i-i,!jJ.~ p rrctor-n r.s the

r~-:;d.."':lUl:l chlor ide, rot fluct~tions in r.ti.n i ::m.U3 chloride :'X~ Less 'then

1..'1 maxdmora, ~:tro.':](; f l O'., changes :;00 CX't:-r.;BC (·.-::.i ly moen r i -Jcr Lev el,

chcngcs S:10': U? r cr;.dily in t ho reirJ.:-.lUlJ: chlor ide curve. On Scpt on

bcr- 1, 1?54) th... :~.G\oI nt Chc s 'ccr- i...ncrcnscd and t~1.C d..-'.i ly r.1OCn river

Level, 8'Xl f."I.il1.i...'mrnl chl ori de docror.acd , 'l'hia occur-red case on

Cr-oas - uoc t d.on St udios f rom Dc.tccca-c :~~orl:Q Jridr,c t o Reedy Point

Tt ;-:[',5 been sheen ~r:;vio\1s1y t :1.:".t cppr-cxjraat c diss ol v....d sol i ds

f ro conveni ently cetdraat cd rrce the elcr:t.r ic::J. conduct i v i t y of t he

cct.cr-, Fi guro 17 shou s tho sIlCc i f ic conduct.cnc o ef Do'Ir-sar-o River

wa t .or- on f our dat -es f1'OI.1 30ptCl,1OC:;" 1:. 195.5 t o Oct.obor- ; , 195.5, =tt

e c.Icc t.cd l occ.t ions bet ween t ho I'.c:; .~.w:'rc Ec : c r i cl Bridge :>.:xl ::Ca tr

Point . c. 10- ;11110 ..-cr.ch of t i'lC r-jvc i -, Th0SC; Locct.Lons wer-e chosen

wit h r-ef er -one .... t o 'tho shcpc of t ;lu r-Iver- chcnnc.L end er-e i dentif i ed

b"J buoys 'Hhi ch er-e shewn on n."'.vi:"r'.tion mapa ( ·::'~blu 13).
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T~ble 13. --Loc~tion of s~ing s~.tions f~ cross-scctio~~ s~~inc

Right side
01' chermc'L**
l1l,.st co.luran
of b r idge

Ono T<11.10 below Dck ....T~e

I k,itlori;:~ Bri dge

ll'iJW C<:;;tlo

Bufkhoad 3r~r Range

Pon P~tch Isl~id

~ce<ly Point

W:ZGZ:: l'~imT[,Y bet ween :;1C2 ::

IP 6lF Hidvm:r between "5D1I

r.::4n:: 1-liG.lrq botsroon I:1B::

illF::r 1 Hi dwo;r bct Hocn ' Boll ~t

Pea Pc.tch

l!:'Z'iF 100 yds , Host C"21"
of "111';

»cn d O\·r.1Str 0CIJ s ddc of '.Jri dZ:l.
u U1s-1:t end 10ft s ide ' Then f :.,::irI(; dovmst.rocra,

S<~los wer-e coDcc'tcd :3 f c(.;t bc·:':..Oi·: the: e cc-reco end 3 f eet

above the bott om of 'tho r-Iver- end f r om. t he rif:ht s ide , center , end

l oft sido of t he chermo'L , T~lv s~ J.-...cific conduct.cnco , i n mfcr-cmhos ,

is S~10W11 for each scmpko on t ho d.i~(;rrT.l l:ivr o: bar- hc i bht pr cportioncl

t o thL conductdvd.ty of tho wa t or-, I n cddt.t.ton, a number printed bo-

low t ho ber- di".cr'.::T.3 gavcs t:lv ,,"ver uc ':) spc:.;ci fic conducbanc o of the

cr-osa- e cct .Lon, The cr'csu-acctc.on drr.U4 co'Ll.oc'tod oro c i v!.m in -tebl .os

14 =i 15 .

Preceding and ..:luri 1'IG this per-ted of invcs t iC<lt i on {Sopt.cm-

bel' t o October 1955) J t he rlC" ~ of w<~U,;r i n tho Dal:':l-lL'.1"O Ri ver U <'.S

gr-eeter- t.licn usual. f or t.:li s 'tdmc cf ;;."'C~. r. r.0~VJ da.schcr'go began on

.ruguat, 13 . On :~ueust 19 , t he di:3ch~:rGo mccsur-cd c.t Tr-ent on , N. J .
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was 'tho greatest, in 53 yc:!XS.

The crcae- scctaonaj, i nfo!'llk:.t i on ccd.Loc'tcd in 1956 is Given

i n t able 22. The cross-scctio!k~ studios of 1955 ~nd 1956 indic~tc

'that. there is l i ttl e,. or no vt.ri::ltion i n s :.>linity c cr c es tho navi gt'..

t i on channel of tho river . The s rJ .inj.ty of tho Dck:..ere River var-Ies

with depth, being sc.l.tdcr- on t ho bot t om. Tho var'Lat d.on between top

nnd bottom becomos grc::ltor s ~s the concontr~tio~ of di ssol ved s o15ns

end density mer-oases , This r -ckctd.onahdp is mc.irrt.cmcd 'thr-oughout.

each tiCk;} cycluo

Frc~ucncy of ~hlorido Occurrence

Frequency cur-ves f or chl.or-Idc , in par-ts pCI' milli on , ~,t

H~.rcus Hooks P9.. . (1950- 1955) , Crarrlon, IJ. J . (19 .50- 1955), E'11d

Br idcsburg, P<"'. . (1952-1 955) h~vc been constructL~ (f i g. 18) . Thoso

cur-ves dndi.cat.c t ho f'r'cqucncy of verdoue chl.or-fdc conccrrt r-at.aon,

Lr-rcspoctdvc of t ho chr-onol omcc.L sequenc e, and ere h.ns cd on a spot

ecmp'lc ecce d e..7 ct. Ccmdcn, tho mexdmum chkor-Ido conccrrtz-at don ccch

day ut i3ridcsburg end on t ho ever-eg o chl ori de; eac h day .r..t H".:.rcus

Hook . ,At I ocet, 64 per-cent, of t ho t :U.lO ct. l lr-r-cus Hook end. 90 pcr

cl,.;nt of t ho time c.t C<'.lnd.cn ~ 95 parccnt of t ho t i me c.t Br i dGsburg,

t he chloride ccnccnt .r-at.aon i s equal, t o or l oss t hr.n 40 ppm. I t

is i nt c r os t i ng t o noto t ha t bct w00n ~~nrlcn ~d ~~~id(;sburg t here

i s V CFJ Lf t .t.Lo chang e in t .hc chl.or-ad., ccnccnt.r-at.Lon, Only about;

5 percent 01' t he t dmo i s t .hcr-c en cpprcodcbko dif f e r ence end t hi s

ueue.Lly cmourrt e t o no mer-e 'than about, 50 ppm chl oride . The dzily

sempl,o et. Cemlon 90 per-cent; of t .hc t .anc is t-:i thin 20 ppm of t ho tT'",1X-
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inn.un chlor ide at; BridcsburC. :'.c:'t.wccn C.r-m.:.:n end l·:.r-r cus Hook, 35

per-cent, of 'tho t i..rtl0 'thor-o i s consddcrnbl ,c cliffcrcncc in chlori de

c oncont.r'ct.Lon,

The wa't cr- t Or.lpcrr'.turc vei-I cd s ccsonnl.Iy, 1>..;i::1::; W<:'.rr.1O'::it in

t he Irrt o sure-or- moths erd c oldest, L'"1 the Lc.tc w...ntc.r ncertha ,

DiffL;r onc (:5 of 10 t o 2O'F occ1..11""::"O'1 ..i t h depth rnd dt .s't.cnco in t he

r-oach of t ho r1VOl~ under- illv QstiC.....tion . :. nccsurcncrrt usi.ng: a

¥t1itr.~r urdcrvctcr t:.C ,.:IO: 10"t.0::.· 0': c-tcr- cntcrirr; the Dckcnaro :li v;;r

frow. 'tho Ch:' i stU1::' J~iv..)r (uhici.) ires 1 dogr-co coo'l.or- 'then tho DoJ.t'.'VTc.ro

i::1.vc.:r .::.t t .ho t i,;"'";1C ,)f no-suromcrrt ) i..:<'.icr .too t hr.t vrct .cr- f r o!'! t hi s

::ul-i-jczncc UBur'.ll::r d.:cct t c.dce t .S c r-ccukt. of uLrxl cc t d.on

and dncr'casdng l:"',::.110:' [ ~~~C t o prccipit~.t:'-?n . ~;i.."X!s blO\oring \..1' tho 0Cy

;.ri11 bl(.""..~ s ::.l t wctor- f r oI:'l the 00(.[".11 into t :1C: b.~r~ dncr-ocaang 'the river

l ovel .:'.00 t he :;:'.J.ii1it:;·. ':ii rrl .:: f r-om ....nether- dire ct ion ~J bl~1 W.2.tOl'

s oav-r-d, t .hus r xluc i r"lb 'the r -iver- LcvcL ['.xx:. s .:'linit:t .

~1.::l l:-ln:b H~d.cl: pr-odoc., hi.30'l to.dc.s C:-X..3~ Incr-ocsos in

srli nity, vThi l t:: t ·!....: i - ...i.l~~ c.c ccap.:T,;rlrll; ;~ hur-rdccnc Hill t end. t o do

crosse scl.ir.ity. ~11c Lncr-cea c i ..'1 r -Ive..~ 10\'::1 ~-f:1ich i s caused q,r

wirrl usur..J .lJ... 'tckc n p.lcco f"h'st, ~rodn':L"'lf: c ~~pic: jncTl;::.se.: . in S.llinity,
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and t ho mcrccscsd runoff then causes en equally r -apdd decr ease ,

fcrc~ t ho s :ut w~.tcr lxywcrd. 'TI10 t ot:'..l ef f ect upon s~inity i s

a r osult r-nt of both wind v~locity ~, dir0ct i on- - tho l~off asscci~tod

wi th 'the proc i pi t at i on and 'the dur -vcdon of tho v1ini and pr-oc j pftat.j.on ,

'I'abkc 16 s hows 'tho dc.ily seen r i ver Love d .?t 'the t irlo of t he hurri -

cones of 1954 2nd 1955.

Tc.bl o 16 . - - D2iJ..y u,:laTJ River Lcvok at Philmelphi a , P~.

n <,ys dnrjn;; which D.-.i ly moon river-
r iver l...-vcl Has in- l evel ct Phil~ . , Pc..

Hur-rdcnn c _E!:.~mcud b:'" hur-r-Lceno a ( in .rcct )

Cer-ed .~.ugust )C. 1954' 7.45. . )1• 1~54' 7.92••U£US ...
.:k.p l:. . 1. 1954 7.29

Edna Sopt. , 9, 1954 6.72
S(,!Jt . 10, 1954' 7.4)
Sr.-pt . 11, 1954 6.97

F..."'..Zol Oct . 14. 1954 7. 15
Oct . 15. 1954* 9.1C3
Oct . 16, 195" 7.95
Dd. 17. 195'+ 7.20

Connie August 12, 1955* 7. 15
:,~ust i ). 1955' 10. 55
:.tlt,"tl5t 14. 1955 8. 50

Di nno LU{;\lst 17, 1955 7.8)
.cuguat. i f , 1955* 8.96
:.ug\'\3t 19. 1955' 9. 42
Lueust 20, 1955* lC.7)
:.~~t 2:11 1955 9.18

- "
*Dat 0 of hurric~~ i n Phil~·d.:.,J.phi.":'. er oa,
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With each hur-r-Icane thoro Wl!.S en increas e in dnily moen r iver level.

Thos e incrc~scs wore a r esult of wir~ velocity ~, in ~ f ew i n

at.cnccs , of runoff. {Soc page ~t/ f or tho contr i but i ons made by

runoff t o r i vcr Lcvc.L , )

The winds of c hur-r-Lceno i n t ho Norther n Hcm.sphoz -o c trcutetc

c ount er-c'Ioclori s e cr-ound t ho low ( voyc ") as shown in fieuro 19 . The

e f fects of hur-r-Icane winds upon seclinity i n t he Dc.lrwnr -e River de

Pc.nd upon tho }Xlth of t he hurricnne in r el ati on t o t he rivor . If

t he hurr i cane passes t o t ho cas t, of the Do'Icrrer-c ntvcr , i. e . ~ out

i n the J.t l cntic ocean, t he t-1inds blot., vct.cr out of the DcLawru-o River

into tho Bey, figure 20,;., ceusdng the s o.lt vrat.cr- t o move dcwnst .r-cem,

Shoul d t he hur-r-Lcano peas Lnl.end, Hos t of the Dol~'.\·1D.ro Ri ver , the

Hinds t end t o blow bey wet-or- into tho r iver, f dgur-c 203, causdng

t ho salt water t o move upst.r-ccm,

Tho pc'th of Hur-r-Icenc Ccr-c.L in 1951" was offs hore (fig. 21)

Er-om 33Vl to NNZ. Thus, the; DcLcwar-o Bey wee west of t ho hur-r-Lceno

a nd the pr-cvrd .L'lng vj.nds in tho bay wer-e WrM, whdch bl ew wat.or- out

of tho Dc'Lawar-c Bey. Tho river level , f r om 'tnb f,c 16, was not much

h igh0r thrn usucf, , end l i t tle mcr ccec i n s ['.lini.ty due t o t ides WC"$

to be cxpoct.cd, Hcr-vy rarnral.L, t cbkc 17 , i n ccmtnnat.Lon with t ho

'Hind velocity end direction pr-oduced I'Lus bdng of t ho chloridc.s s oc 

war-d, On t.uGUst 31 , 1951} , t.hc dr,iJ ;y F\C.C'.n r -iver Lov c'L ' lncr-oc.sod and

'ther -e wes a cor-i-osponddng Lncr -ceac in tho chl orido c onc ontr-atd.on a t

Chest er , Pa, This dncr-caso i n s r:li nity i s at .t.r-i.butcd t o salty vct.c r

moving upstc-ccm, Ilur-r-i.ccnc Edna f ol101'1Od shor t ly af t.or- cerca ,
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Tabl e 17. --na~1all and wind dcta f or the hUl~·ica~0S of 1954 and 1955

De.Lanai-e 3~~~

'?t:. • I~ ),..,. npn \ ..,

; ;f?x::.r.um trir.d
veIocd.cy end
dar-ect.aon ?.J.:.

J5-4{) mph (3 to SH)
30 mph (~'l)

18 '7ip.'<1
26 mph

19 mph
32 npLi.

)1 r.:ph

29 mph
30 r:1ph
13 mph

21 mph
17 nph

Aver -age '·lin:'.
vel oci t y at.
DeLawar -e Bay

( " ) C • 1.... ,>Jep-c.. 0
' ._0) .. t 11\.J. ,, ' , .:.>0 ') •

( " ) i··' ·.... ,"- .'"\• . ~ · " 6 ' ..-....
(' . ~ 1 . " ' u ' J '

": ~ " ' I , .- ',:,. ...

mph
- -.:'-'
"'':'- ' .

l;.c mph
42 l"!ph

26
49

!.iC-4.5 nph ( SE)
4c- !.t-; mph (3E)
·c . ',, )t" mpn \0

2. 65 Inches

0.60 i:1c11es

c.65 i nchos

0.897 i nches
3.72 anchos
.. <' tncnesJ. . .......

1. e1 dnches
3. 99 dnches

*~vzrage r ai nf al l fo r
several s tations ill
the cat c.ucent. 02=e 3
of t:1C river-

Period of tir1C
Ilurz-Lcane in Ph~.c . a:1 C&

..
Car-of. Aug. 30- ) 1, 1954

Edna Sept. 10 , l Sj 2.j·

Hazel Oct . 15. 1951J.

Connie AUG. 12, 1955
;"ug. l J ~ 1955
;.ug . 14~ 1955

Daene -":.00:. 10, 1955
'.u: . 19, 1955

,~ For mor e ccnp.let;e mrcc-matccn, ccnsul.c U. .
~ . Depar-tment of Ooranerce Heather Bur-eau Publ. 26 (17) •

-co



iiurric~ Edna, in 1954, had c. p.:\th cppr-oxazzrtoky tho 5 c.' 00 as cero't

(fie. 21) . \..finds wore f r om the nor-thwest, and cgrdn a sc.linit y

r et r eat occur r ed. The drop in the: meximum chloride concorrtr-at.Lon

wee about 28 percent (gr -a ph 22D). For the 5 days f ol l owing tho

hurri c tn o t hero W~ ess~nti~llY n~ r ecovery of ti1C chl or i do concon

t.r-ctdcn ct. Chcs'tcr-, The path of Ilczo'L , in 19.54, was mor e or l ess

p<:'.r~llol t o th~.t of Grrol , but inltJrl, s o H..:.zcl pcsscd t o 'the west

of nctevcrc &,y ( f l g . 20 ) . Tho winds i n JoL.:.wcrc !3.-"'.Y wer-e rrcn t he

southc~st ~~ blL~r occ~n w~tcr i nt o the bay~ c~usine higher tid~s

'than uormaj, {t.abl ,c 16) end Incr-ccaod s t'.linit :r . Du.ri r.g tho per i od of

high t ide on Oct.obcr- 15~ c 60 - mph wfnd blo~'l f or 1 hour up the

DeklrlCXC Ri ver. f orc inG s nl t w:-.tcr into the est uar-y , On Oct.obor- 16,

t he w1ni shiftc..d nrd subsided, end t he dell:.- mean t id:D. o'lcvat d.on

dr-opped, Very l i ttle r-can : .CCCr:JIXmicd. tILl s b ur-r-Iceno (t.:1.b1c 17)

end tho l:J<:'. jor cf£cct s upon st'_linit;r wer-e c r -oa ul.t, of winds . The

chlori<.le conocnt.r-ct.Lcn ancr -cr.scd appr-ox tmc.tcIy 1, 000 ppm I'r-om the

14t h t o the 15t h of Oc'tobcr- , [';00 deer-cas ed 700 ppm on t .hc 16t h.

Tho Ik~ticulcr conditi ons c~using thes e ch~ngcs nro indic~tcd in

graph 22C. Tho chloriG0 c onccrrtr-ct.Lon r-ecover-ed irnr.tcd i~.:Loly end

increased ~tcr this hurric~.

The pat.h of HUITi c c...."1c Connie C.ug. 13 . 1955) v ee inlmrl and

west of the Do'Lcvarc !"U.vor ( f i r;. 21) . l·L"xilr.llB ld.'ld velocit i es Her e

40 to 45 mph STI: on ,:"ur,.;ust 12 <'.!rl 1) . Th(j unusue.I heavy pr-ccdpd.tntdon

acccmparryl ng this Inu.......accno pr -oduced cxtr.:..mulY 'thor-ough flu shi ng of

tho Dcdrorcr-o la ver . Tho chloride: conccrrt z-atdcn dropped r.t Chest e r
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from cbout, 1,100 ppm t o 30 ppm. Ilur-r-aceno Di.ano (;.ug. 13- 20, 1955)

passed anl .and west of t ho Do'Lewaz-o Ri ver nnd them crossed t he r iver

jus t nor-th of Pl'u.Lado'lphdn, ?-!D..<'dmum wind vel ocities f or this ~1Urri

cane wore JO_Ll{) mph S to $1,'1 l".t Dcjrwcr-c Bey on :.ugust 13t h. The

hcavfca't r un of f in 53 year-s cccompr..trued t.his hur-r-Lcanc nod t-csul.t.cd

in f o.rt h0r r -ct.r-ont. of t he aaLt; we'tcr -, Pr-cccdrng tho hur-r -iccnce ,

ther e vee t ho s'tur-t of a s21in:'Lt;r anvasaon ; tho chl.or-Sdo concont..ra

t i on at. Ches ter hcd been rising f or 1}Q deys end WD.S ebcvo 11, OQO

ppm. Ther-e ves no oer'Ly r -ecovery f r om Dione or Conni e <!t Ches t er ;

tho chloride conc entration did not ris0 above 30 ppm ct. <lIlY t ime

during tho next; for uorrt ha ,
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Sumrr.D.ry

During the sur,1fficr ~onths, under conditi ons of r educed f l m1,

sal t vat .or- Invades the f resh water areas of the Dcdevcz-c Ri ver .

Tho soli ni t y dnvcaaon f o'Ll.cwcd a general p at.torn of w .vc.ncing from

J uno to l eta Oct .obcr-, <'J1C. r -ct.r-eatdng at tho bcg.lnmng of November',

Di ss ol ved solids incr ocscd downstr~~ from Phil~dclphia to P.ccqy

Poi nt , D..::::1. , as did mos t of t he chcnuccl. constituent s . Hcwcvcr-, the

ni t .r-et.o ion doer -cased s l i ghtly end the f l uor i de: and silie:'. were not

sienificantl y diff erent . Dissolved s ol i d conC0ntr~tion vari es with

t ho t i de. On the obb t i de the dissolvLd ~olids docrocsc ~ do so

until t he f ollC"l-Ji nG Llccd tide when thc~" agrdn begin t o Lncr-oceo,

1. c cmpcr-Ls on of wnt e:r-stc.g(l dat.a end c onducti vit y det.e

ahcvrcd 'that. mnxfmum dissolvcd sc'Lids occurred somctdmo ef't .or- IlU.'.X

imum stcgo, i·lin i muB daaso'Ivcd s olids occurred soactdmc crtcr

rmrumum s'trigo, 'I'ha maxi mum di ssol ve d solid ccncorrtz-at.Lon occur..s

a t or ncar- hir;h-lITc.ter slack end t ho n~inir.rum nt; cr ncar- Lets-water

al.eck, rocc-o er-e t v c hieh-l~c.tcr uLccks end t vro Lea- wet.or- s l t:eke

occh dey .

Tho advance and r -ct.r-oct. of s<"_linit:7i f or 'the most per-t , <:'.!'Q

a r -csuk'tcnt, of t he r r osn-vet.cr f 1m-1 of tho r iver end tho son. Loved.

out s i de the bey. I nc r-eases In s ua Lcv o.l. will move t!10 sclin" water

ups'tr-oam; dcci-ccs ce vTil.l. n:L1ClIJ 'the s t:..lt:r vctcr- t o move dcwnst.rcnm,

Encr-eas oa in fr'osh- wct.cr- f J.Ol{ v,111 mcvo 't he ee.Hnc \';~tcr dccnat.r -cam

and decreases nil l f'.ll ow t ho aal.ano wat er- to move ups 'tz-cam, Thu

ecncr~ movcmDnt of s~lino water ~cy Jo ostL~~~rl f r om tho .:::.ver~go



f r csh-wc.ter f l er.., C'lrVC and t he aver -ego s oa LovoL curve f or the

De~wcro Ri ver . TI10 mos t f~verc.ble cornit ions for salinity intru

s i ons in t he Dcjrwcr-c Raver- occur in tho per iod rr-cra 1.ugust t o

Oct.obcr-, During t his per i od t ho 5~ l evel i s at, its highest and

r iv<Jr new c.t its Lcarcst. , 3cl.ini't.;y i ntrusion usually et. cr-t.s in

dune end bui lds up unt i l Sept....mbcr- , Fr om October t o Dec ember-

thoro arc mar ked deer-cases in s.:..linit~r i n tho cst u."'.r:r . Tho wet.or

of tho Do'Icwcr-o f.i vcr -;o:ill untu.1J.;r cont.cdn l ess dfas cfvcd s ol i ds i n

t he period from December- t o J.:r.y t~)"'.11 ~t ~ other- 'tdmc of t he ycar-,

Isochlcrs of 10'"0101' chl ori de conc cnt.rct dcn l l.l...ll cdvanco cr

r -ete-oct. mor e r epi dl y 'then thos e i sochlors of hiCh;:;r chlor i de c cn

centr c..tion.

Li t t l e vurdat d.on in sd_init~.. ","c r oss t he n~vig['.tion channck

of the r iver vee detec ted cctvccn t he D01<.:..I."TC J-:0r.tori~1 3ridi3c and

Roody Pcdrrt , Ti.:c s~~init:r vra-dcd in tho vcrt.Icej., bcdng mar c ec.Hno

on t ho bottom i n the r -each of t:1C r i ver wher e s tiinit:r i rr·...as dcn \'1:'..5

pr-cvakcnt., This condi t ion becomes more: pr-onounced ;·lit h I ncr-cao ang

s .:!.linitios .

This f requoncy of occurr-ence of chkor-Idc i s oquc.L t o or Less

t hem :35 par-ts per rn:i2.2.icn .:.t Le-nt, 61.. per-cent of t ho tdmc at i·:m-cus

Hook , ani 96 per-cent. of t he t i m;; c.t the Scnjarun l" r~{~in Br idge ,

Phi l..."'.dol phi<'.. Tho u~t.::r t CI11p0r=.t Ul·(; vet-Los S(;.:".s ~ ·n<:'lly wit h c.

'tcmporrrtur-c c':.i.f f e r .:.:nc .;:. 0: 10 t o 201 \-1 i th depth crd length of the

5cgrocnt s'tudfcd,

Eur-r-Lccncs ti"fcc t s[~inity as c r -csukt.arrt of td rxl direction
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and vel ocity ~na runoff from prccipi~tion. ~ hurric~e whoso eyc

P~S0S t o tho west, of t he Dcl:.w:,.l'O F.ivcr- i s nsu.."l1J.y acccnpcmcd b"J

wirrls 'thct, f orce scl.t wet.or- i nt o 'the cst u -r.....r, incr~c.sine t he salinity.

If this phenomena is foll owed by hC['.V'J r~.inft'll i n t he ups'tr'cem

r eaches , thc dncr-caaod rrceh-vctcr ::unoff quiclr.ly drives t he scl.in1ty

s ocs erd. A hur-r-Icenc p-.ss ing t o the cas t, of t he Bay and Ri v o::.: r i s

acccmpamcd 'b-J winds whi ch move vet.or- scavr.rd, This , end <,ny subac

quont r rd nrej.L, both r esult in mov-ing t he saj.jnc wat er scavcrd,

:.t t h e: bcgdnmng of t il ";: s ureaor- of 1955 , the wc'tcr- f r om Ruedy

Point ) upst.r-ccm, contt.incd l ess t.h-n 2; 200 ptt:l of chl oride . On

July 19 , c t hi~1)-H<:,.tcr s l ack t .hc chloride conccrrt.r-et.Lcn at Reedy

Point and t ho D..::kH.:.rO Ecmcr -Lr.L 3ri~c, in t ho center of t ho n......vi 

gat .Ion channo'l , 'ecc-e 4 :950 ppm end 2. 420 ppm, respectively. On

;~ucust 2 ~ 'tho c onc ont.r-a t.Lons ' -10 1'0 5~3eO ppm <'.t Reedy Pei nt and 2 , 880

ppm o.t the: Do'Lavcr-o Kc..!ilor i a l :::1'1.:(;,;. :..rtr.:r hocvy n:.noff fror.) pr-om 

pi t..i.t i on accompcnyang hUITic:'.I'l03 i n _':"Ul;.~t (Coreuo, .:.t~~JSt 12- 14;

Da.cnc, :~%~st 18-19 ) , t he chlf:·rir.~0 ccnccrrtr-at.Lons C.t Eccdy Podnt.

hcd doer -cased t o 2.0SQ ppm .:'.nd c.t the: Do).Q,unre: Hcmor it'.l Bridcc t o

) 2 = .
r o Gppr cci.:1.blo s <:,l inity invo.sion coeur-r-ed in 1956. The

cvor'egc of t he m.:~~iJm.ull chloride t.t Chcst.or-, P::-.. - - bot -':>locn r..>id-fxtC\lst

and Oc'tobcr-c-cra s 1~4 jx.r-t,s per- lllil!.ion. :Dul'-inJ t.'1.c other sumner

months , pr-I or- t o ma d ~·!.u£:ust ~ t ho mt,}:itn.1f.1 chkcrddo conccnt.rtrt .Lon W~

bcLcv 40 per-ta 1'01' ::U:.J :t on.
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1 l ~ . 'rcr-onato, V. G. , 19.53 ~ Report of s t udios r -cdrvt od t o scli nity
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195J ~
1956:

Tide t~bles, v~ st co~t

Scrdr....L No. 771..

16. U. S . Coast. nn::l Gcodct a.c SUT"lC.y , 19.5J} , Our-rent. t<'.bl~s, I..t .Lcrrtdccoast, Nor th lJtl\)rie~.: 19; 5 , 1956 ~ .3cr lcl Nc . 777.

17 . IT. S . \i(';r',t hcr B\u'rJ<.e\1., 19.%, rIUl"'!"i c r..no r -rdns :"m needs of
:-..u[,.u s t 1955 , Oar-aIdncs t o N":;'tl EnGl:".oc. ~ T.....chru.cak Pr.pcr- He. 26 .

l B. l~ .. s. l.Jo.:'..t h0r Dur-o-n, 1955 , !:\.',l'·r i c'J1c t :...~cl: chcr-t.s r Cdz-c ,Let ter 26-55.

19 .. Zoskincl ~ L. E. , t.nG. La J...nchc...ur-, E. : .• , 1?26s 'l'idcs cn<:1. cur-r-ent-si n :k.JZ \-I:".I'Q a";j a ).} ~iyc::c: U. 3. :1.....pt . of ccnen.rcc, 3pcci l'2
Pub . 123.
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Dct.cmunctd.on or Nccs ur-caacnt;

Tompcr'a'tur-c•••• • • • • • • • • • •• •• • •

p:I• • • •• • ••• •• • • • • • • • •• •• • • • • • •

S,....'Cifi c conduct.cnc c • •• •• • • ••

SiJ.i~c. • • • • •• • • • • . • • • • • • •• • • • •

Iron • • • • •. ••• • • • • • • • • • • • • • • • •

:::cleil....m • •• • • • • • • • • • • • ••• • • • ••

l:"''''.[.!1cs i um ••• • • • • • • • • • • • • • • • ••

Bdcru-boncto • •• • •• -•• • • •• • • • • • •

3ulf.:lto •• • • • • • • • •• • • • • •• ••• • •

:::hlor i dc • • •• • • • • • • • • • • • • • • • • •

Field t .hcr-nomot.cr- s ensitivity 1°F or
l.fui t n(;y t.hcrmcmctcr- scnsd.tdvc t o O.20I" .

Labor-a t ory \<!J.l0......tst.cnc bri dGe; eoL' . \li th
ri1.£.t::IlUl.~ o).u-::tr od.::s cr':i~~~t.:rl t.c~.inst

st.:'n1:~ p otcasaum ch'Lcr-ado <".t 25° ::.
For fic~_ dGt~i~tions--port~b:v

darcct -c-ccdtng, Solu Br-Sdgo end dirG:c t 
:c(.<'.(:'i.r';s lin... ; -"?t'r~tc..d c ontinucus
s:x:c i fic ccnjcct-ncc r-cccrdcc-s ~dt!l e:
r~'-11b~ of 0 t o 50, ( 'CO rmc r-omhos •

.):r;"Cc t r '?pilotO'Jlutcr mer .surcmcrrt of c olor
dcvcLopcd b:,r <'iliit ion of ercnoruum
Mol~Tb..l:'..to .

Spcct.r-cpho'tomc 'tor- In.::<'.surOOCffi. of t~lO

color d(;v~lopcd trJ t ho~tion of
2 ~ 2 I bi p;T i :ljno s ol ut i on .

':it::..-~tion tn th st.:-N...ard ',;,'itrc v cr
So.art d.on i n tl10 pr-esence cf ::8 Vcr
Indaca'tor-,

Spcct.r-cphot .cmct.or- mcr.sur-omcnt. of col or
devo' Lopcd trJ cddkt.Lcn of ;·;:-i oc;'lr orno
31=:.01: T.

:LA..t .credncd ui t h D crlC pho'tomct.cr -,

Ti t r .?tion with 5t...~.rr.l:'.1"d. s u).furi c ccad
t o pl l 0 1' 1~ . 5 ~ 5 dot.ermined b;r : u or:li)l 
GJ~Bs-~~ctrvd0 p: MCt~r .

Spcc'tr-ophot.c-ectcr- t i tr.:\ticn of .:J..-:: Q
hQ11c scdutd.on ,nt h bardun chl.or-adc
i n p r-esence of t~ Jorin indic:,.:::'or .

';it:.'c.t ..:..d ~T1:th silver nitrr'.to in pr-o
s ....nee of pot.aesarm clu-omato ,
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Fluor ide • • • •• • • • • • • • • • • •• . • • • : oMpcu-cd c olor omotric<'l1ly with s'tend
crde of zdz-comura nitr ntc- clizerin
r ud sol ut i on .

Ni trctc • • • • • • • •• • • • • • • • • • • • • • Spcct rophot crnctor eccscc-ceont of the
col or devel oped Qy tho cdditi on of
phcnoldisulphonic aci d ~ 2lIIl1Onium
"'"t!roxidc.

Dissol ved Sol i ds •• • •• •• ••• ••. iksi duo upon evapor 2.tion of solution
crrl ho~ting at leoOF' f or one hour in
plctinum dish.

Hardness • • •• • • •• •• • • • • • •• • •• • Cal.cukzt.cd from t he cquf val.ont, cak
cdum and mzcgnosdurn, or t itrf'.tcd with
st...n:lzrd Ti trn. Vt.-T Solut ion in tho
presence of UniV;:':T TI .
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.:.ppcrxiix :••--I·icthod of pr cx:Ucting the order of scl.ine inv~ions f or
c mmbcc- of year-s on t ho beet s of r i ver Level, ct, PhilE'.
delp;.1in and SOl'. l evel a 't At l..m t i c Ci t y . (Prodict i on on
e: r caetavc bceas cnfy)

Tho dif'fcrunce betwee n river l c.ovcl l'.t ~delpl1il'. and s ua

l evel at ;.t l2.nt i c Cit:t {t.abdo 16) h...as boon r.suagncd vrducs of 1 to

7 for each mont h from. J\lI'K.; t o oct obcr-, dcpcnddng upon tho differor..co.

Tho largest difference r ocei vos ~ v~ue of 7: t ho next l crgost 6;

and so on (table 19 ) . Tile t otcl. value of t he 1 t o 7 ass agnmcnta

when arr-anged f rom t ho l owes t t o the hi ghest gives t hu pr edict ed

ar-r-cngcmcnt. s hown in t.:o.b1c 12 ~ p.?.:;:c L/S.

Tabla 18 . --ili.ff ercnco between r i ver Level, <'J'rl s ee. Loved (in rcct.L

Yoar 1949 1950 .-1951 1952 -illl_ .!-.954 -.1255
Hont h

June 0.47 0.4:J 0. 37 0. 42 0.49 O. I}) 0. )2

July . 37 .3" . )2 .1"7 . 30 . 28 . 2!J

••ug . .17 . 20 .24 .% . 22 .16 .79

Sept . . 15 . 11 . 23 . }C . 19 .26 .}4

Oct. .07 . 11 .20 . 11 .02 .20 . 62

Tcblc 19 . --:JTr:ngcr.x:.:nt of yo..~s on the 1 t o 7 l'.Ss i gnroont s .

Honth J une JuJ," :.ur. Sept . Oct.._
~--

Yom- Tou.l

1949 5 6 2 2 2 17

1950 6 5 3 1 3 18

1951 2 4 5 5 4 20

1952 3 7 6 7 3 26

1953 7 3 4 3 1 1e

1954 4 1 1 I, 4 14

1955 1 2 7 6 7 23
81



• • ;:r . ~ ~"' .'"

"!. r:";~"!. '1 '7
-0 -0 ... -0 ..... .....

P.'P.~ s ~~.. '" .. '" .. ...

• •
~ a ~ m ~ ~ ~ g s

~ix-

J
IE•
J_
~ u

~-

·j<r~ u• •· -

~r-~-t----------------

i/---:--t--- - - -----

Jf---=--+-- - - - - ---- - - --

11---='--+--------- - - - - 
3

I
1.1--_ -+- _
i
~.I--:..-I------.:'---------------

k
if-----I
•

n:
"!. ~ 1 ~ ~ ~ '7 ~ "!.
~ .. ... ... -0 ... ... '" ..

••-r
•

. .I' . .. .. . .. .. . .
• • •'" ::: ~ £ ~ .'" .,. ... . .

' ··t""" : :,; . . . i
d.Hi Hf



;f
f ~ i
•

~ '1 .,
• • •

.. ........ .... .... ... "" ..
~ ~ '1 '1 '1 '1 ~ ~ ~ ~.. .. .. .. .. .. "" "" .. ""

•••••
•
.!

:: :1: : t . : ,: :::' . '· . . . . . .. . . . . .
: :::J : 2·~ : : : : :
: : .... : 1 : fIo· ,J· : : : :
•• ... .. . .. _ S1 . ~.· - • 1· ~ . . .'" ' " t' ... . : : . . .

flo :IIi ... • • ./0 . " 9 ""
.... ~"'· S1 ·· ·7

ijii iJIflJ:iij! .,



j ." g ~n~ 8

e . '1 :1 ~ ~ ::I 1J

j ~ ~t'.~ ~

""""'"

! !
li li

~ J )

j ' H ~ H 1
"~-+-+-H

j

~ ~ U! § ~

~ ~~ ~ :~:
" ii i ii, 'i

i

;: "'

•,
i •
; i
j a

.. ..... .. "' .. .. .....



i
I l a II

•

~ ~ ..
n~~ oS!! ~g~H ~. ~ ~•.

•• •
•,. •

a •E '

E !

· ,s

. ,

~ n§ ~: g : ~ ~ ~.

,

I.

!
I

f
II
'H
H
i !
l L• • •
~ i &
P I
d ~
It " f--t++ ++-1-H--1-H----1f+--I-f+-.J----jI+-+-J-l-I-++-J.-++-J.-++-J.-++-J-+I-+-+-l--+--l
• iHd
I•
~

,
}~ : a~

•R •
Ii ' if
• ••

a '
.... .. .... ... .. ... ....... .... .. t' .. .. .. .. .. .. ~. t • • , • • > .. , . t. .. ., .. • .. .. .. .. ..

"' if.,•
h
~,

.-1
i~

n ! ,
l' ~ " ::; ' i
:' '' ..-..
r ~ i .=

1 · !
-
h
"

A
' H,...

il~

"



..... ., ._ ""' '''~_ • • •_ N ... ""_

_ _100 _ 11. -_ " _ I ~. t. __ _t•
. . .... .. _ , ..., 1 __ "" , .. _ ••f . ,.. _ ...__ ~_ I . ,...., _ _ I. _ . _ ._ I " .." .

-.-..-.-le" _I " ",-," t _ _ , ., ... " , _ _ ....
..,...,, _ ., J..o _ ~ _ _ ._. 0 " ". '" -.. c_
__ , _ -"1 011 _ " 01 _ . - >. 1' _ ...

' " 0 - · .
.

.... .n . _.n. '-"" ....'n.- "" '- - - ""
1.._ - - --- "- T_ ...... c....>w..-.

....._..
"" '- - ---- ._ 1'" , ..._ 1 '-' . , .-_ ,"f' '~._J ,-, - .-,,, , ,......._ , ,-. eo ..... 1-' ,...._ , '-'

• -. " '.- ,- ,..,. ... • ".~ '.- .1. ,. • '.- W 1 .~ . » ''- ~, -. " '.~ '.- 1. . .. • '.- - 0 0 "., 1." • " '.- a. I'" Y..... • '.- " . 0 0 a.-'<O 0 '_ a • ,- ,-
• .-. • .... '.- .-. • '.- ". )...... • • •~to - ) .... ,. a •••• ,-, .-. " '.- ". .-. • '.- '.- ) . )10 .. • - 0 ) , )10• a '.- 0

• 1,... • '.~ 0 - 0 - 0 T" O _ • ,- ".• .-. a '- '.- 1 , )10 II' " ....... 1 . - .....- .. '.- 0 1 , 10 • • ..- ,-
• ... .. a ..- '.- ' ,}111 _ • '."'''' '.- ...,- .. <. W 0

. ,to _ • '.- l . n o
• a, )IO • a ,.- ,- ".- .. ..- 0 • •:lO • • ''- •• ~;"'. • ,- ·- "... ... • '.- <.- ._- • • •T<O '.- .,_. • ".- - a. • '.- ·.. ._- • '.- '.- ._- • ,- - ~m _ • '.- ·• ~.., - a '.1'50 <.-

. , 0<1 _ • J.T." '.- 1", :lO . • ..- .. .a_ u ..- '.-• ~- • '.')0 '.- 1>.1' ... • '.- m

• • '.- ".<10 Y,". a '.- 0 .-. " '.- ••
" ~:IO : • '.- '.- u.m,.. • '.- <. - 10)10 ,.. • '.- '.-• -. .. '.<)10 '.- ~ ' ''' . .. 1." )10 . < .» - U <.- 1.' '''.. 0 '.- '.- >•• • .. '.- - ._- .. '.- 1 . 1""- ,-- u '.- ".'''' II", .. • - - 0 0 '.- '.-• .-. • '.- a. I'" u," .. " ... 0 J . m ... " '.- ,-• .-. .. 1.1'50 '.- 1 ,0<1. - '.- 0.. 0 '.- ".1'"• . , )10• • '.- 0 J . ..... • <.- · ,.m... • ".- >.''50
n ,.:lIl . a "."''' a.I '50 ••m. " ' ...... I."'".. ,.:lO ... • '.- '.- - 0 '.- 0 ".,., - • -.- '.-• ,-- a '.J'50 1.''''

" . )0 _ a ....... '- ja:~10 ... • '.- '.-• ,-- a '.- 0 ' ,)0 ... » ".'"'" ~ ' , lO .. o ...,. 0 -- " -.- '.-n .... ... a ..- '.- ._- " '.- 0

•
_.

a '.- <.- 0 0 '.- 0

• ._- 0 ..- 0

11. ... _

" '.- '.- ,.... • q .OIO ,.-
• ._- • '.- · 0. 0<1 ... 0 , - . U.)O .. • '.- '.- ,.- • 9.'. '.-• 0 - . •• "-_.- _'". -"" -",- "" - -- -- '- ~~ -- -_. _. --- - -~.

_. - - ---- . .... I"P, (00 · _ 1 '-' - . .... I"" ,....-) '...., •• .._ ("', ,..._ , '- ' "
._,.., , .. . ..-1 ...,

•
_.

• '.- '.- ._- • 9.'10 '.- .......... • <.- - .-- a - ••• 0 - ........ '.- ..~ ... a ".' COO - .-- • '.- W, ...., ... a '.- - ••• • " ~ <.

• 0 0 -.- '.-
_.

a '.- '.-• .....- .. '.- w ._. .. ,- 1.:• ._- • U._ '.- ..~ ~ • ".- '.- • •111 _ • '.- - '-- " '.-, U'1 =- • '.- ,- --. • '.- - ._- - '.- -• •• • '... '.-
_.

o ..- '.• -- " on -• --- • '.- '.-
n _ _

• ' ''~ · ,_.
" - ...

• u _ n .... '.- II,,.. _
" '.- ., _.

" - a
u u _ 0 '.- · 1,,0<· _ a - · Ro., • a - •
u ... • '.- - ...... ... a V, 0

u _ _ .. .. •.. ". • ~. I'" - " ........ " - 0 .-. .. .. 0

U ". a '.- '.- ....'- • '.- 0 '- 0 • - •
u ,- o '.- 0 1''' · ... • a < • ,-- - - •• ••• • ~ ."'O - )' '''. U .. U
0 ••• • '.- · ,.<.0 .. a '. • " '".. • .. •- ."".: : • ) . l Xl '.- .."" ... u ,. ,
• .,~ ~ • '.- 0 1..... .. ... , I"., _ .. - •• .- .. I.'''' · .,.... ... - ~ - • • )0 _ .. - •
" ._- U U ._ .... ..~ : • '.- 0 e,,, ... .. = .. .,m... .. .- ..
U ..- U .... ..... • '.- <.- .,,", - .. <.- - ._.

"
,. U.. f,JO _ • '.- ..- ~1 ~ 0 ~ .""" - " J" . • '.- - ,,0<1 .. " ., ••

U _ _

• "'.100 '.- U _ 0 '.- · 1'''''' ... - ".' 10 - I..... .. " - •
" U,. " <.- '.- ),..., .. U - - ),0<1 ... " .. ..
• ... ... .. '.- 0 III.... .. .. ....... . < I ..... .. " - a
0 u.JO .. " U ._ '. ' '50 4''''' .. • ~~ · " '0 ... " '.- - ) . 00 ... " - a
• U.• • • '.- ..- 11,m _ • 0 " O<l ... o '.- -" .-. " U._ ..- U,. _ • '.- ,'" I."" ", .. '.- - >•• ,.. • - ..
• .-. ..

~.= ;.~
II . .. " '.- ... ) ..... ... " - ... ,.0Il ... a ,. .,

• , .-.- • •
_.

••
•• '-It'" s.... " . _ ,no ",..,n.

"" ="iii, ~.- -. "" t....... _ _.....
-~. -. t......_ - -- Qo,lo.... -- --~.-

._-- (.....-1 ,-, - .... ("P, (00• ..-1 '- ' ., ,_ 1.,1 (00. ..._ 1 '- ' •• ._ 1'" (00.._1 ,- ,
- - - - ,-I a,)O • u = U ' ,JO ... a 1." /0 ,. ,.10 _

" ..- '.- ••• • " ....
'- - • '.- - t . ... _ .. '.- '.- ._- " ,... ,-,

'-;: • ,. • ,_. • ' . l 'lO - .....- , '.- 1. 1'10 I,J<> . " '.- '.-• ::: ; • - • ~.. ... • ,- •• .,m_ a ..- '.- f , . ... • '.- '.-, • - " • •1\ ... • '.- ,- t ,,, ... , . ..- '.- 111. _ , ' .W ....
• f'~ :- • '.- .- ,-- " ' . ' ,,0 V· II , . ... , '.- ' .1'"• ~ ; • .. • U •• • ' '- .. • 0 - • '.- '.- ",.... • '.- '.-• 0 - • .-- • '.- .. u•• .- • ,- -.- h . .. " '.- '.-• U.lt " ., •• u'i! ~ • '.- •• ._- , '.- '.- .-- " '.- '.-- -- • " - ,-. , '.- ,- .-- " '.- '...... .. 1..... ....U u _ • ,. • T

• '.- - ._- a ..- '.- ~ . ,.. ... • -.- ~=U .- .. - - .- • '.- - .... • V · ~:: ,-- • '.-" .- • - on ". • '.- - .-. , '.- ..",, - • '.- .....
• ••• • W •• ... • '.- - ._- • .,. ,- -- • '.- ".u .- • .- .. - ._- .. ..- ,- '-- , '.- '.-• ~ .. '.-..; ~ • •• .. ,.• .. '.- - "1~ :- • '.- 1.. .. ....' - • '.- '.-" •• • - -

~l
• ).'''' '.- .- , ..- '.- ._.

" -.- '.-U '-; : • •• - • '.- - _.
• ..- 1. ' )10 I",D ... • ...... '.-• ..~ ~ • - - " ..- '.- 1" 00 _ • ..- I . . ..

11, ... _ • '.- ....
• ••• u - •• .. '.- - • • • • '.- '.-n ~. ; • - - • '.- <.- l"~ ~ • ..- '.- 1..... _

" '.- '.-• a , ,- ,- I ... • •
, - '....n = • U . " '.- ''- U _

Ul~
• = • U _ • W '.- I"; :- • ..- '.- I ."" .. , ».' JO ....

• ••• n • ,- I . ", ... " ..- '.-
" '.- ... .- • ..- '.- ". ,-
H ••• .. '.- - "H

• " ~ '.- I"., .. • ..- '.- a, . ... 0 '.- '.-
0 .- • - "' ,- • '.- '.- I.", _ .. ..- l . l '" ).~ ... • ' .- '.-• :1~

• - •• ,.• • ,~ I••'" '1f
.. ' .>to ' . ' )10 .."' - • '.- '.-

n a '.- - ... • '. IJ.~ I••", ,. a '.- <.- "". • -.- '.-• ". • 1.'''' - ,- • ..- '.- ... • <.- <.- • • loO ... a ..- ......- n - - ... • '.- '.- .,. • ..- '.- • • )(> - • '.- '.-,- " ,- ,_. ....' " -.- '.-
• h

'--



·.




