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PREFACE

The E. I. du Pont de Nemours and Company, Engineering Department,
Wwilmington 98, Delaware, requested the Waterways Experiment Station to
couduct the studies reporte: herein in & letter dated 22 May 1956. The
studies were conducted on the existing Delawars River model, end author-
ity to perform the tests was granted by the Fhiledelphia District, CE,
and by the Office, Chief of Engineers. The du Pont Company paid all
costs in connection with the model study and with the preparation and
publication of this report. '

) The study was conducted in the Estuaries Section of the Hydraulics

: Divicion of the Waterweys Experiment Station during the pericd 24 September-
1 November 1956. Engineers of the Watervays Experiment Station sctively
connected with the study were Messrs. E. P. Fertson, Jr., Chief of Hydrau-
lics Divisicu, S. B. Fenwick, Chief of the Rivers end Harbors Branch,

H. B. Simmors, Chief of the Estuvaries Sectixbn, W. H. Dobb, Project Chief

of the model, and C. J. Huval. Mr. L. L. Falk of the du Pant Ingineering
Department was present for and actively e7s~siated in the prosecutiocn of
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QU PORT PIANTS EFFLUERT DISPERSION IN DELAWARE RIVER

Hydraulic Model Investigation

PART I: INTRCDUCTION

The Problem, and Purpose of Tests

P

1 Deepwaber Point arnd Usrneye Point Plants of the du Pont Company,
located on the New Jersey shore of the Delaware River east of Wilmington
(see plate 1), are presently discharging high-acidity, high-density by-
products i‘roin tvo retention basins through tide-controlled sluice gates
into the Del)ware River. The sluice gates open during times of ebdbing
currents and close during times of flooding currents. The gate for the
Deepwater Point Plant is locasted at the mouth of/Whopping John Creek and
the gate for the Carneys Point Plant is located at the mouth of Bcuttown
Creek as shown on plate 2. Currents adjacent to the share line in the
vicinity of the discharge points are low; and the plznt efiluents are
not being rapidly and =fficiently dispersed throughout the river wvater
passing the plents. Efflucnt concentrations in 811 small embaymenis and
pockets along the KRew Jersey chore are at times higher in the vicinity
of the plents thon elsevhere along the shore line,

2. To alieviate this situation it vos prppssed that the present
method of releasing efflusnt internittently through the two tidsl sluice
gates be chanred to s continusus release wethod utilizipg pipes extend.
ing into the river along *the chonnel bottom.| Fhe pricsry purpose of the
model tests wag to detcocine vhet henefits, th tre vey of wors rapid dis.
pergion of effluents and eliination of areces of high concentration,
could be expsctcd from the preposed changes. It was further desired to
determine the nminimm length of discharge line that would be required
far each plant in order to fnsure sdéequate mizing of plent efflucnt and
river waster. In addition, tesis were wz2de to determine the effects of
two proposed plans for altering (stmightcning) ithe shore line between
Deepvater and Carns)s Points (e8 chowm on plate 2) cn effluent disparsion
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and distribution. The probable effects on effluent dispersion of dredg-
ing a proposed snchorage adjacent to the plants tc -40 £t mlw within the
limits shown on plate 2 were also iﬁvestigated.

3. The purpose of the shore line alterations being considered by
the du Pont Company is to control chore 2rosion. Definita conclusions
zoncerning the effects of these alterations on shore arosion cannot be
derived from tests in a model built to as small a scale as the one used
in this study. However, certain effects of the changes in shore line
features on the hydrauli;cs of the rivexr may have a bearing on shore ero-
gior, and these effects are shown correcily by the model.

Izprovements Tested

4, The proposed pipelines to replace thr sluice gates sre to cx-
tend from the shore perperdicular to channel center-line statlons 1684000
‘and 1784000 as located on plate 2. At the Deepwater Point Plant, oppo-
site channel station 1784000, four lengths of 5-ft-dism discharge line,
i.e., discharge line extending O ft, 400 ft, 550 £t, and 650 £t from the
shore, vere studied. At Carneys Point Plant, opposite channcl atation
163+000, three lengths of l-ft-dimm discharge line -~ 1200 £t, 1500 £t,
and 2000 £t -~ were studied.

5. Three shcre-line conditions were investipoted during tre study
3 and are designated as the existing shore linz, snd pleps 1 ond 2, a&)) of
: vhich are shown on plate 2. The existing shore line is the unirproved
195k shore line in the vicinity of the two plants. Plan 1 consists of
the minimum alteration required to straighten the existing shore line far
sbout a mile dovnstreasm from the Carncys Point Plant, cnd in cdditifon it
extends in‘l':o and contains gpproximstely one-third of Eelrs Cove. The
plan 2 shore line is approxicatzly perallel to and 1000 £1 froa the exict-
] ing chore line in the vicinity of the Carneys Point Plant. A Giled chon-
§ : mel for the diecharge from Whopping Jokn Creek i provided, and ths plan

| 2 shore line also extends into Helms Cove as docs plan 1.

6. The proposed Decpwater Point anchorcge, to be dredged by the
Corps of Engineers, has an approved project depth of ~-k0 £ mlw within
-the limits shown on plate 2.
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PART II: THE MODEL AND ITS VERIFICATION FOR THESE TESTS

7. The tests were conducted in an existing model of the Delaware
River, limits of vhich are shown on plate 1. The model and appurtenances,
apd 1te rdjustrent and verification are described in Watervays Experinent
.Sfution Technical Memorandum 2-337, Report 1, Delevare River Model Study,
Wydraulic and Salinity Yeriflcatica, Muy 1956, ond are not repeated in
ﬁ:; report. The referenced report aleo discusses the modei-to-prototype
sicalc relationships for time, velocity, discharge, etc., which are de-
pived by the Froudian scale relationship. The horizontal scale of the
model i8 2:1000 and the verticsl seale is 1:100. The scale relationship
Pfor simulstion of concentrations and density of the plant effluent, ap-
Llicable to the results of testa reported herein, is 1:l.

: 8. Although the over-sll modei wes in adjustment to the prototype,
it was necessary to verify its correct sisulation of local hydraulic
éonditions in the prodlem area. For this purpose, prototype velocity
<:iata were gathe:ed at three stations designated X, Y, and Z on plat 2.
Amrases of comparable model and prototype current velocities st these
vf‘elocity stations are shown on plate 3. These plots indicate that the
nfiodcl reproduction of current velocities in the problem area was very
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! 9. Additionsl observatians of prototype surface currents vere

acde by means of floats released aud tracked through the prototype prob-
lewm area. Duplicate relesces vwith rcspect to both time of tide and loca-
ltion of release points of floats were made in the medel in order to learn
Whether the model simulated all conditicns as observed in the prototype.
comparisons of model and prototype data showed that both the directions
_lnd velocities of surfnce currents in the problem ares vwere reproduced
With gufficient sccuracy; however, these data ars omitted from this re-

Port for reasons of economy.
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- PART III: TESTS

Test Procedures and Types of Data Obtained

[ 10, In order to insure the best reproduc’ ion of effluent disper-
sion under various conditions, testing techniques were designed to sinmu~
late sll possible proictyns festures as closely as possible. The initial
acidity of the effluent was sirulated by use of methylene blue chloride
dye, and the prototype effluent conditions of discharge, specific gravity,
and initial concentration were scaled to tue correct model vai!.ues. . Pipe-
Jine discharge from the Carneys Point Plant was regulated by a small var-
iadble speed pump, while the Deepwater Plant discharge was released monuslly
frow an 8- by 1-ft graduated cylinder containing the stock solution of

the effluent. The specific gravity of the effluent was sdjusird to the
desired walue by the addition of scdium chloride. Difficultir« in obtain.
ing the initial effluent condilions vcre experienced during the testing
program, and adjustments of test results, as explained later, vere neces-

, sary to insure ccaaparadbility of values.
| 11, The concentration of dye was determined photometrically using
a Beckman model DU spectrophotometer. The spectrophotometer used meas-
ures light transmission (or extinction) through a l-cm sacple path at the
: characteristic wave length of the dye. The spectrophotouater response

is calibrated in terms of dye concentrations in parts pzr million. Water
samples were obtained from several locations throughout the model prior
to starting release of the plant effluent, and these ssrples were ana-
lyzed to determize the normal turbidity of the model water. The average
value of these turbidity samples. taken throughout the testing progrem .
vas 0.06 yzu, and since this value was ép szall and little difference in
turbidity was notcd between tests s 0o carrection for normal turbidity
wvas made, . o :
12, In each test samples were taken at middepth, mid.channel ap-
b proximately every £ifth tidsi cycle at times of both high- and low-water
% slack of the current until sprroximate stability of the disperscd crflucnt
? (d4yo) upstream from the problam area was reached. OSamples were t.hon taken
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e or four tidal cycles for the purpose, Iir most cases, of either lo-
ing the places and times of maximm concentraticns or verifying the
*cnce of high concentrativns. One set of £ius) mid-channel gamples
u.b taken at both high- an? low-water slack after the local samples had
h‘\tn obtained.
‘ 13. As a further aid in determining the local effluent distribu-
‘l" on, photographic color transparencies of the problem area were taken
hourly intervals for ihe first tidal cycle and usually for half of
f‘h gecand tidal cycle for all tests. Un eddition, color motiaon piciures
a? initiasl effluent dispersion in the problem area were made for tests 3,
_tp 14, and 16. The color transparencies provided an excellent record of
I@itinl dispersion patterns, and vere used extensively in the prepara-
Fon of this report; however, the cost of reproducing them msde their
iiclusion in this report impracticsble.
{  1h. At the beginnizg of each test, sanples were tuken from near
1# sufaces and from the botioms of the tubes containing the supplies
o? effluent for the entire test. In sddition, similar ssmples were taken
gt intervals throughout the test. When these samples vere annlyzed, it
u"t found that in most cases the actusl concentration of the dye differed
Seevhat from the desired conceatration. In order to directly coxpare
results of one test to those of another, it wzs necessary to £djust
1+¢ data by the ratio of the desired dye concentration to the actuzl dye
q.)ncentmtion. This correction factor used for edjustmznt of test dstis
“h arrived at by obiaining the arithmetic meen of all values of the ef-
ucnt concentration obtained during the test and dividing this valus
Iéto the desired dye concentration. The results of tests involving s
dlﬂdmrge from both plants vere adjusted by a factor representing the
s of the Gesired dye concentrations divided by the sum of sctuzl dye
Céﬂccntrations. The correction factors computéd frem each test are
f?buluted on the following psge far tne convenlence of the reader.

|
|
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;:}w problem area at & number of ssmpling stations during the final
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Test Correction Test Correction

Tumber Factor Number Fector
3 1.126 11 1.25%

h 1.418 12 1.509

5 1.465 13 l.235

6 1.646 14 1.987

7 1.231 15 1.148

8 1.058 16 1.21%

9 kon 17 1.00k

10 1.208 18 1.156

15. Ir all ix5ts mean tidal conditions were reproduced and ef-
fiuent releace was not siarted until saliuity end tidal conditions were
Xnown to be stable. Fresh-.atar discherge conditfons vere sirulnted by
iniroducing the required flows for the discherge to be reproduced into
the model at the various inflow points shown on plate 1.

Prelimi- vy Tests

16. Tests 1 and 2 were trial tests to determine the best locelio:n:

for sarpling stations, the worlkesbility of tesling and cnumplizg tocchnlogucy '

etc., and no detalled recuwils of these tests are included in this roport.
Hovever, thelr repulis indicated that the optimim length of ddr-horgn
line for each plsnt could best be deoternined frea indivicual tuotis during
vhich only one plant discharge would be siculnted, following vhich the
discharge of both plants should be reproluccd, using the optimun ddrelnxg
line length for each, to .determirne the effects of shose-~linu clongaes,
fresh-vater dischorge, and effluvent density on effluent dfspirsica.

e

Bese T. stg

1T. In molel investigutions, tests of exisiing protoiyps coud? -
tions, referred to as base tests, are mcde to provide a dircet bosie for
evalusting the results of subsequent tests incorperating prepscod iroowy.
went pleng. Sinece the effluent dicrersion frou each plont vos flrot Lo
be studied - parately, 1t wes nocessary to establish correspsniing bLuoe
conditions. First a test of existing (or bose) conditions with only th:
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discharge of the Deepwater Point Plant sluice gate simulated was conducted
ad designated test 3. Then a base test for conditions with only the
darneys Point Plant sluice gate discharging was conducted snd designeted
test k. Finally a dase test, test 5, of conditions reprcncnting. both
Sluice gates discharging was canducted. Mean fresh-water diuchargs con-
ditions (16,475 cfs at and including the Schuylkill River) were simulated
in all the base tests, and ghore-line conditiors as observed in 195% were

wed throughout the problem area. Test conditions sre sumnarlzed in
. I

tadle l. Lo

' 18. 1In test 3, the Deepwater Pon;"t. Plant effluent was released at

fhe rate of 150,000 gal per .min for the 6-br interval between the houra*

« 1.5 and 7.5, which included most of tlhe ebb portion of the tidal cycla.
®e releese point wes at the mouth of Wﬁopping John Creek, as shown on ,
plate 2. The model was aperated for 15 .gtabiuty eycles prior to beginning
relesse of the effluent, and operation ués continued for 45 tidal cycles
atter effluent release was started. Samples for spectrophotometer anal-
yeis to determine the initiml turbidity were obtained prior to starting

The effluent release., Saxples were obtained at middepth, mid-channel &t
fivecycle intervals, starting with cycle 5 and ending with cycle 45, at
s;elecu.d channel stations at times of local high- and low-wnier slack.

The adjusted results of these sarplings are contained in isble 2, During
cyeles k2-44, samples were oblained at various times throughout tha cycle
a%t eight of tlie sampling stations shown on plate 2, and the adjusted re-

N

sulis of these samplings are presented in table 3. oy

| 19. In test b the sizulsted Carneys Point Ilar’ effluent ves in-
. froduced at the mouth of Bouttown Creek during the 3-.hr interval between
hn\m 1.5 and k.5 at the rate of 15,700 gal per min for 27 tidsl cycles..
'}m test was conducted in a manner identical to test 3 and the results

of sarplings made during this test are presented in 4ebles 2 and 3.
20. The conditions for tests 3 and & were combined for test 5.

All time references in this report refer to cycles zero, vhich is the
eycle during which efflusnt relcesé was started. Hour 0.0 is the tims

of the moon's transit of the T5th weridisan. .
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The results of sanplings made during this test are also inciuded 4n
i tahles 2 &nd 3. )

Tests of Improvencnt Plans

21, Table 1 swmarizes the test conditions rfor all tests cen-
dueted. It is apparent from this table that test 3 waus ths beee tent
xor tests 6, T, 8, 12, and 13 in all of which only the Deepratcr Point
Plant wes discharging and effluext outfall, shore-line » &né snchoroge
conditions were varied. Test % was the base test for tests 9, 10, and
11 whichk involved only the Carneys Point Plant discharge and in which
the outfatl location and type of effluent release wore varied. Test, 5
was the base test for test 1k which coubined the plen 1 chore line with
ihe optimm lengths of discharge line for the tvo Plants rs hzd been de-
termined from the individual teste with only one plont discharging.
Test 14 wus 4in turn the base test for evaluating the effects of Srech.
water discharge (tests 15 and 16), the effccts of the rlen 2 ghere Mine
as compared to plan 1 (test i) s end the effects of redueirs tia spoc il
gri.vity of the plant effiuents (test 18),
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PART I¥: TEST RI'SUITS

Irdividvnl Testy of Deepwater Point Plant Nischerge

. mmnmqgumnxelamﬁi
\ @2, Coumparicor of results of tesh 6 witk those of test 3 shows
the effects oa efflrens dlspersion of chreging from the intermittent

{pe relesss used at_present to a continucus relesce at the shore;

‘ wbtle cemparison of the resulte of tests 8, 12, and 13 with thosge of
. test 6 sanvws the effects of extending the discherge l4ne various dis-
tences into thz river. The outfall points for all these tesls were
located an & line perpendicular to the chonnel center 1ine‘at ckannel
station 178+0C0, and the volume of effluent discherged during each
tigul cycle for ail tssts wes spproximately equal. The distance be-
tween the shore and the cutfell point, and the depth of pipe invert
simuleted for esch test are shown in teble 1, end ihe effluent dis-
churge points or outfalls sre located on plate 2, The results of all
of thesz tests are presented in tsbles 2 end 3.

23. The effects of the pipeline leagths used in these tesis on
effluent aistribution ere shown grephiccily on plate 4, which yres nis
the £iral ccncerniretions observed at timcs of high- &nd low-woter oloek
nlong the centor line of the rsvigation chonrpel. The mexirum cffcct
of discherge linc 1 zih was noted when the outfall was locetled 40D £t
from the shave line (test 12). Additicnal lengtihs of pipzline bey rd
Los £t eppesred to offcr little benefit in decrenping conzentrations
in the frmediete vicinity of the plant or im the chinntl propir with
the exception of concentrotion: at the cable tover (point ¥, plute 2).

oL, Close exsmineition of plete 4 shows tlut the recults ol test
13, outfall 550 £t from share, do not fall between tue recults of tonts
8 end 12 in which the outfells were located 650 and K0l £t fvom shure,
respectively, es would norumelly be expscted. As en indiccticon of tte
probeble validity of test 13; plots of dye conccntretion vo tiue (o
represented by 1ideld cycles efter releuse of cfflucnt) for tects in

this series were prepared froz the mid-chen 1 ovserveticns nt stullon
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1704000, These plots ave shown on plzte 5 and indicate that effluent

- in the problem area vere steble when the final observetions were mage.

~ shore to a paint 40O £t from shore (tests 6 and 12) greatly reduced the
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concentrations were extremely errstic at the time the {inal obeerva.
tions for test 13 were made, and this is attributed to the fact that j
the effluent injection epparutus failed temporariiy shortly after g
cycle 20. After the apperatus was repeiret, the effluent was released
at aprroximately double the normal rate until the deficiency in totel
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dye required was corrected. Operation time wvas not sufficient to per- 4
mit proper mixing of th: effluent introduced at the high rate prior  i7}
to obtaining the f£inal samples. This should be kept in mind in evale ; .3
i ‘f. !
1y

NI

Gy
y
V22

usting the results of tefst 13. g
25. The plots or:effluent concentration vs time were found to
be very valusble in~dett.;rminmg whether or mot effluent concentrotions
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Examinstion of the plots for tests 6, 8, 12, and 13 show that condi-
tions were essentinlly sjta'ble for tests 8 and 12, concentrations vere
st111 increasing for test 6, and concentrations vere very erratic for
test 13. 1In the case of test 6, the greater length of time required
for stability of effluent concentrations appeers to be atiributeble to «.
location of the outfall at the shore. The much lower velotities near {
the shore required en appreciebly longer time to effectively dicpzrse |, -
the contaminant over the entire width of the river.

26. The results of observations rmzde at the esd of ench test vt
verious times throughout a tidal cycle sre recorded in teble 3. All
samples were teken at middepth unless otherwise noted. The maximm
velue observed durirg a cycle was recorded st the lovalion of sach
serplirg station on a msp, and the S-ppm, 10-pra, and 50-ppm contours
vere drswn with the assistence of the color tmnsr'zrencies. Such plotsa
for tests 3, 6, 8, 12, and 13 are shown on pletes 6-—10, respectively.
Comparisons of these plates show that changing {ron the existing dis-
Posal system to the continuous discharge at the shore (test 3 end test
6) greatly reduced the size of the eren of highost concemtratiea (50
Prm) but had little effect on the size of the arcas of lower conentyt-
tion (10 end 5 ppm). The cusnge from the eontimusus dischorge et the
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' ¢ize of the areas of all concentrations. .Farther extension of the dis-
clarge line into the river (tests 8 and 13) did not furtiuer reduce the
pize of the arec.: of contamination.‘

2?0" In order lo determine the effect of pipeline length on con-
rcntrations throughout a tidal cycle at critical locations in the jrob-
 lem ares (stationsK; M, and L, plate 2), the values obtained from ob-

: acrvations made at these lscations throughout a tidal cycle were plotted
.vo tize end are shown on plate 11. (These data are also included in
table 3.) Eﬁt‘tensions of the outfall point 400 £t from the shore toward
‘ the channel causeé s reduction- in: dye:- coneentration throughout the tidal
“teycle 8¢ all,\ tnreg crit:.ca;.l locotions. Maximm concentrations at loca-
‘tion N, undér the Delsvare Memdrial-Bridge, were decreased from abuut

6 ppr +o nbout 2 ppm. Maximuhi concentrations at station M, located ad-
 jncent tc ihe submerine pover- cable tower, vere reduced from about 827
{ oy to ebout 4.6 ppum; vhile maximim concentration at station L, located
 near the shore upstrean from the outfall point, were reduced from about
5.4 to about 2.5 ppm. Shifting the outfall to & point 650 £t from the
:e.hqré further reduced tbe waximum concentration at location M to 1.4

[l:p‘m with little effect elsevhere. .

}‘r'ects of rroposed anchorcee -

28. Conditions for tests 7 end 8 were identical ercept that the
iproposed Deepwater Point anchorege dredged to -0 mlw within ihe limits
¢thovn on plate 2 was dncluded in test 7. Corpsrisons of the results of
;t!xcse tests are shown on plates 5 end 12. Contours of the w=xirm ob-
g"f‘rved concentrations for tests 7 and 8 ere shown on pletes 13 and 8,
7WP‘(:tivel;‘{. These data indicate thet dredging the enchorege weuld
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{have no significert effect on effluent dictritution in the problien ercs.

Indivicvel Tents of Ceorncys P'int Plcnt Discherge
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29. The coxplete results of the tests of plens 9, 10, and 11 are

f"Vcn in tables 2 snd 3. Plete 14 includes & plot of the effluent cone ;
é"’!!trations ve time at chonuel station 1704000 throughout eech of ihese |
g tots. At the end of tests 10 erd 11, concentrztions were 3 cticelly '
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" pize of the areas of all concentrations. .Farther extension of the dis-
carge line into the river (tests 8 and 13) did not further reduce the
pize of the erec.. of cont&mination.:

‘ 27. In order 1o determine the effect of pipeline length on con-
 centrations thioughout & t1dal cycle at critical locations in the probe
 jem ares (ctationsN, M, and L, plate 2), the values obtsined from obe
f;acrvations made at these Iscations throughout & tidal cycle vere plotted
vo time and ard shiown on plate 11, {Thése data are alsc included in
 ¢eble 3.) Extensions of the outfall point 400 £t from the shore toward
{ thic ‘channel causéd. @ reduction ;ﬁ:@y&&x{:‘dﬁcejt‘gtr’a,_ﬁ;bn throughiout the tidal
gcyclé 8% all taree critical locotions. Maximum concentrations at loca-
iuon N, undér the Delawvare Memdriel Eridge, were decreased from sbuut

6 pp to obout 2 ppm. Maximul concentrations at station M, located ad-

ypa-to about 4.6 ppm; while maximin concentration at stetion L, located
near the shore upstresm from the outfall point, were reduced {rom about
6.4 to sbout 2.5 prm. Shifting the outfall to a point 650 £t from the
:e)xqré further reduced tbe whximm concentration st location M to 1.4

: - Fppn with little effect elsewhere, .

: Yrrects of rroposed enchsrege .

28, Conditions for tests 7 end 8 were identical except that the
:proposed Deepwater Point anchorege dredged to 40 mlw within the limits
rliovh on plate 2 wes included in test 7. Corpmrisons of the results of
Ithese tests are shown on plates 5 end 12, Comtours of the mmximm ob-
g"”ﬂed concentrations for tests 7 and 8 ere shown on pletes 13 and 8,
- %rcnpcctively. These data indlcate thet drecging the cnchorcge would

g - ihave no sipnificent effect on effluent distribution in the probien erca.

"

- oy

Indivicucl Tests of Cerneys Deint Plont Discherge |

29. fThe complete results of the tests of plens 9, 10, end 11 are
Eiven in tables 2 and 3. Plste 14 includes & plot of the effluent con-
%z.m,tmtions vs time st channel staiion 1704000 throughout eech of these
‘;‘"c"t“- At the end of tests 10 erd 11, concextraiions were p ctically
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the effluent. The complete results of tests 5 (bace test) and 14 ave’
included in tables 2 a.nd 3. Comparative curves of the effluent cone -
centrations vs time at channel station 1704000 for tests 5 and 1% are
shown on plate 21l. It is epparent that stability from the standpoint
~ of dye concentration was not reached by the end of either test. Test
14 was continued for 47 tidel cycles, and it does not appear that the
ultimste maximum values would greatly exceed the f£inal observed values
for this test. All corresponding values would be considuredbly lower
than values determined for bese or ‘test 5 conditions. The high- end
lov-water slack dye concentrztion profiles along the channel centexr
line for bdoth tests are shown on plate 22 for compzrison. Dye cone
centrations upstream from the cutfall points ere considerebly higher
for test 5 than for test 14. The effect of chenging from sluice
gate to pipeline on local concentrations throughout a tidal cycle at
stations N, X, and D (located as chown on plate 2) are shown on plate
23. These comparative curves show that local concentrations were re-
duced at all three locations. The meximva concentration centours,
shovm on plate 24 for test 5 and on plate 25 for test 14, clearly
shov the edventeges of movirg the outfall points awvay from shore and
changing to a contimuous-type discherge. The areas where corcentra-
tions exceed 50 rpm ere prectically eliminated, and the arecs vhere
concentraticmsexceed 10 rpa ere greatly reduced end moved ewvey fron
ghore. Concentrations exceeiing 5 ppa vere elimireoted alcrg tho
shore upstresm frem Deepveter Point. It 4s pointed out ihot s alxoct
ell stations where concentretions exceedirg Y Tra were observed, the
sample ‘vas obtained from the bottom. Surfece strples et the cens sta-
tions showed lesscr corcentretioms. ‘
Effects of fresh-wvptor ddrchorge
31. Results of testr 15 and 16 mede to deturmize the offects of
frech-wvater discherges of 32,950 and 5,000 cfs, et and including the
Schuylkill, shculd be compored to the results of test 14 which vas mede
for similcr corditions with a mesn frechevater discherze of 16,475 efs.
The corplet’ results of these tests are ircluded in tebles 2 and 3.
Effluent couccntretions at chonnel station 1704000, plotted age™ b .
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time in tidal cycles for tosts 14, 15, end lé, ere shown on plate 2L,
The results of test 15 with the high discharge indicate that dye con- |
ditions had become stable prior to termination of the test. Dye con- %
ditions were mractically stable by the end of test 14 es has been pre- %
§
§
}
i

PR IVPL oA M §

Crtans crent atag i

viously stated, and only small increases in me.cimum concentrations
could be expected upstrean from station 1704000 had madel operation
been continued until stebility wes reached. Dye conditions were ina
very transient state apd were still rapidly increasing at the erd of
test 16, which was made for the low fresh-water dischsrge. Subsequent
tests involving dye releases at other locations under low discharges
i -~ -indicated that-modal-opératicn- for-some TO to 80 tidal cycles is neccs- |
sary to cbtain stedble dye conditions for & discharge equivalent to 5000
cfs, at and including the Schuylkill. It is evident that stable mexi-
mm values for th: low discharge would grestly exceed correcponding
values for the high discharge at and upstresm from station 1704000. It
3 : is believed th:t stable mexirum values for & mean discherge (test 1h)
: ; would have been exceeded had test 16 been contimued until stebility
of dye conditions had been reached. 3
32. THe mid-chennel dye concemtration profiles for high- and ‘iow- :.
water sleck times for the three tests are shown on plate 25. The o~ §
gressive movement of the effluent upstresm es the fresh-voter dischorge
is decreased is clexrly illustrated. The diffcrence betuvian the results
. of teot 16 for the low discherge end the results of the other two iests
: would have been much grester hed tect 16 been contimued until stoble
dye conditions hed beem resched.
33. The contours of meximum corcentraticns at the end of iteatn
14, 15, axd 16 are choin on plztes 25, 27, end 28, recpostively. Coue
: C raricon of plotes 25 end 27 shows that doublirg the discharpe (from 16,47
‘ to 5725950 efs) grectly reduced values at all lozcticrs. Plste 28, showe
ing the results of final observations for test 16, is ixcluded, but it
" should be noted that stability of dye conditions hsd not heen resched.
Velues were still lov, since the dye wes still being trensported in en
upstream direction et the ¢»d of the test.
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_I_:f_fects of plan 2 shore line

3%. The conditions for test 17 were the game as descrided for
test 14, except that for test 17 the shore line between Deepvater Point
end Carneys Point was revised to confarm to the plen 2 shore line (se=e
plate 2). Effluent comcenmtrations at statiom 1704000 throughout each
of ths tests ere shown ¢m plate 29. Velues for test 17 were initially
lower thon corresponding velues for test 14, and this condition stild
existed at the end of test 17, at which time dye corditions could not
be considered to be staeble. The low initiel concentrations observed !
during test 17 are attributed in part to the fost {hat the initial-dye- ;
concentration of the Carneys Point Plant effluent wes only 75 per cent '
of the desired toncventration. This was distovered and corrected by
changing the effluent supply during the ninth tidsl cycle. The €xet - -
gver-all effect of this dye deficiency camst be computed from svells ,‘* -
eble date. The profiles of dye concentration elong the channsl comter B
14p= at the end of both tests cre shown on plate 30. Values for test
17 are much lower than corregponding values for test ik. It is not

i Ll v IV o D Sy e oL

!
|

. belteved thst the chence in shore line froduced buch dvastie charge .
; in the dye distribution throughout the problem area &s is mdicated _v";
[ by the results plotted om plates 29 end 30. The devrease in d;ﬂz con- ’;
centration in the problen eres should have been srcorpanicd by an in- i% ‘
creese in Gye corcentratisn elsevhsre if the tetel volume {ntroduced 15 %gl ‘

the peme. Since such en increcse was not appareat, tlie results are e

| evidently affceted to some deoree by the deticiercy in totel e in- ks
troduced ceursd by the low-initial corsesirstiza of the Corneys Polud ‘é
efflucmt, Tine-ogucure rhotogrerhs of caxfesti being brensparted on ‘g

the water surfoce at time of mexicum currcnts wore wde for boody, %

plen 1, end plen 2 cozditions with the swan freshevater diecharge. g{
Sfrdler phstogterhs were mfie with the roposcd enchorese dredged in '@g

the mdel. Dreminction cnd corperison of photogrephs 1y 2, axd 3, g:;
Bhowing muzlsce-eurrent directions et strengths of flood and ebb for ,-g%f
base, plan 1, snd plen 2 conditions, recpuotively, shov the mrogres- fi

give elimination of chsre-line eddies, firct ao the plem 1 ehore line 2

wvas installed, and then ug the chenge to the rslnn#? 3"55:#:‘* L.rn_ W m.,. 3 g‘%
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The flood-tide eddy area upotrea’* from Deep.rater Point was completely
elininated by the plan 2 shore line and ebbing currents were also
drought into excellent alignment in the vicinity of the two outfall
points. Similar effects may be noted on photographs 4.5, which show
current directions for the base test and plan 1 and plan 2 shore lines
with the anchorags dredged. Apparently the plan 2 shore line also
caused an increase in velocities at the outfall points accompanied by
dncreased turbulence and more rapid mixing and dispersion of the dye.
These factors would result in values of dye concentrations for test. 17
being lower than corresponding values for test 14, Iowever, it does
- not-seemIikely-that the. Jarge- difference indicated by comparis.a of

the curves on-plate 30 would be caused by the shore-line change alone,

The contours of maximm eoncenu'ations at the end of tests 1t end 17 are -

shovn on phtea 2% &and-2
Effects: of_ deercasing the
" density of the plant effluvents

" 35. The conditions of test 14 vere repeated vor test 18 except
that the salinity of the efflusnt was reducea to the meen density obe
“ served in the probled-ared, The corplate results: of ter 18 are in-
cluded intebles 2,3, and 4. The dye éoncentrations obuerved at sta-
tion 176;090 through ut tne:-'teéit, ‘are plotted on plate 29 with those of
tésts 14 and 17. -Conditions et the end of test 18 epponr to be feirly
steble, end little difference in the rete o incresse in dyc concentra-
tion at-tation 1704000 is noted between test 17 end test 4. The
finel profiles of dye concentrations observed elong tic thuumel center
line for test 18 are shown on plate 30, end mo significant difference
is epperent between the results of tests 14'and 18. However, comprrinen
of the contcurs of rextivam local concentratio“s on plete &5 for test W
end on plete 32 for test 18 indicates that the ‘density decrezse resuited
in the effluent being reteired in the chollow-water erees, or in depths
equal t0 or less than the depth of the outfell. The heavier effluent
used for all tests except test 18 hud been cbserved to £low from the
outfall point with tbe slopz of the bottom which-is generclly towerd
the chemnel, where higher velocities end increcsed turbulence exivted
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. tiong in concentrations occwrring during a ticdal cysle cen be seen from

- %

and where larger volumes of weter for dilution of the e,rﬂuen't vere
availsble. This phenomenon wvas yarticularly spperent during times of 1
slack current. This resulted in a rapid dispersion rate, accompanied T
by lesser concentrations locally and in geueral. The downslope migra=
tion of plant effluent d1d mot occur when the demsity difference between :
it and river water was reduced to zerc. The plant effluent téndpd to 1
remain in the vicinity of the outfall points in higher concentrations than i
had been obeerved for test 14, and tbe area where concentrations exceeded
5 ppm wes greatly increased as a result of decreasing the density of
plant effluenis. ' i

36. The results of observaticns mede at selected chanmlstationa
during the i7th cycle of model operation, after release of the p}.n.nte
effluent vas started for test 18, ‘sre included in table 4 along with
sinilar observations far tests 15 and 16 which vere for conditlons of
high end low fresh-water discharge, respectively. The test 18 observa-
tions at stations 1404000, 1704500, end 2254000 are shewn on plate 33
vhere dye toncentrations ere plotted egeinet time in hours. The verine.

R

a3

o

RN

a2

e

P

Yy

-

an examinstion of plate 33. Naximm concentrations in the chennel, in
and upstreem from thz yroblem sres, occur during the portion of the tidsl
cycle when currents ere f£looding as illustreted by observations et sta-
tions 1404000 and 1704000. Yeacimum@qnccntratipns doynstreen at steticn
2254000 occur durinz the ebbing portion of the tidal cyele. Iata cone
taired in teble 4 end on plate 33 do not rerresent final values but are
included to chow the vorietion thot can be expecied at selected loca- -
tions within a tidsl cycle.
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38.
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PARY V: CONCLISIONS

The following general corclusions have been reached on the
dasis of results of model tests reported kerein.

Definiie bdenefits with respect to reductiomsin moximm
concentrations near the shore can be expacted an a
rcsult of converting the intermittent-sluice-gate

type effluent release row being utilized to a continuous-
tyre relecase from a pipeline extending from the shore
tovard the channel. The plant effluent would in effect
be released in a larger volume cf water vhere better
mixing conditions exist with resultant generally -lower
coacentrations throughout the problem area. The tests
indicated that the proposed pipelines preveated con-
centraticms in excess of about 5 ppm near the shore and

at the surface.

The minimm length outfall line for the Deepwater Point
Plant, located on the alignment shown on plate 2, to in-
sure a significant reduction in concenteations at the
cable tover and at the power plant intake (locaticns M
and P, respectively, on plate 2), 1s 650 ft. Extension
of the Carrceys Point outfall dbeyond 1500 £t does not
appear justified; however, test results indicate that no

shorter length should be used.

Effluent concentrations thrcughout the problem area will
decresse as the fresh-water discherge incresses and the

reverse will accompany any reducticms in fresh-water
discharpe. :

The proposed plan 1 and plsn 2 revisions to ithe shore line
a8 showvn on plate 2 will czuse reducticns in lo=al con-
centratiazs chiefly because of the elimination of posikets
snd projecticas found aleng the originnl shore line which
tend to trap the effluent in smll eddies and create
pockets of higher cuncentraticns o

Ko materisl benefit would be derived from mecsures ta.ken
to reduce the density difference between the plant erflucxd’ ‘
n.nd the river wuter. Test results irdicated that the ‘

heavier efflucnt movcd .downslope, particularly ncar and
during times of slack current, vhich ‘materially alded thej
dispersion process.’

It should be pointed out that tke abm conclusions refer en-
tire]: to the effect of the various ru:tors tested on the adility of the

model currents to disperse and dilute the dye which was used to simlate
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the scidity of the effluent £rom both the Dcepwater Point and Carncys
voint Plants. These resultn mur i be interpreted by engineers wvith knowl-
edge of the chemistry involved in the actual dilutien process in the pro-
totype and ¥ho are aware of the concentrations vhick can be tolerated at
eriticel locatioms.

29, Conclusions requested regerding tpe effect of the plan 1 and
plan 2 shore lines on shore erosion camnot be dravn from the results of
any of the tests reported herein., Erosion of the shore between the two
plant. sites probsbly 48 not the result primarily of t4dal currents bub
of wash from passing ships. The scale reletionships to which the e:xis’ca-
ing Delaware River model is consiructed meke +the anelysis of problems

of this type impossible.
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