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PLANS FOR ELIMINATION OF SHOALING

IN NEW CASTLE-FINNS POINT RANGES, DELAWARE RIVER

MODEL INVESTIGATION

SYNOPSIS

This memorandum constitutes a comprehensive report on a model
study of the New Castle and Finns Point Ranges section of the Delaware
River ship channel, The model investigation was authorized by the Chief
of Ingineers, U, S, Army, on 10 September léuO, and was conducted by
the Waterways Experiment Station during the period June 1941 to January
1945.

The problem with which the model study was concerned was that of
shoaling in the above-mentioned ranges, whefe the annual shoaling rate
averages about 2,000,000 cu yd. The purpose of the study was to pre-
determine the effectiveness of various proposed improvement plans in
eliminating or reducing maintenance dredging in the ship channel, Plans
tested consisted of: (1) installing structures designed to reduce shoal-
ing byvdirecting tidal currents into conformity with the dredged channel;
(2) realigning the navigation channel to conform more nearly to the
alignments of existing tidal currents; and (3) constricting the cross-—
sectional area of the chanhel to increase flood and ebb velocities in
the channel reach subject to excessive shoaling. iests were conducted
on & fixed-bed model in which transportation and deposition of shoaling
material, as affected by the various hydraulic forces, were reproduced

and studied,



2 Synopsis

The model study indicated that any of plans 1, 4, 18, and 21 (de-
scribed in paragraphs 29, 38, 65, and 72, respectively) would decrease
to some extent the present rate of shoaling in the channel, and would
improve the alignments of flood and ebb ‘currents in the vicinity of Pea
Patch Island. It is doubtful, however, that the benefits accruing from
installation of any of these plans in the river would be commensurate

with the cost of construction.



PART I: INTRODUCTION
The Problem

1, The problem with which the model iﬁvestigation was concerned
was that of shoaling in the New Castle and Finns Point Ranges below Pea
Patch Island in the Delaware River ship channel, The iocation of the
problem area is shown on figures 1 and 2. The average annual shoaling
rate in these ranges is about 2,000,000 cu yd. New Castle and Finns
Point Ranges are each approximately 2 mi long with a navigation channel
800 ft wide having a project depth of LO ft.

2. Little i1s known of the origin or the manner of travel‘and
deposition of the material that shoals the Delaware River channel. It
1s generally believed that the original source of shoaling material is
in the upper reaches of the river, and that this material is silt brought
downstream during high discharges and kept in a more or less constant

state of agitation by the action of tidal currents. The silt is appar-
ently swept upstream by flood tides and downstream by ebb, gradually

settling to the bottom in the deeper areas of the channel and in areas
not subjected to current action of sufficient magnitude to keep the

material in suspension., It also appears reasonable to assume that a

large percentage of the material is deposited in the shoal areas of the
river, whence 1t 1s swept into the dredged channel by cross-channel

currents of the flood and ebb tides,

The Model Study

3. The purpose of the model study was to investigate and analyze
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6 Part I

the shoaling problem described above and to develop the most efficient
plan for the reduction or elimination of the heavy shoaling in the ship
channel, In general, the proposed plans tested were designed to reduce
shoaling either by directing tidal currents into conformity with the
course of the dredged channel, by realigning the project channel to con-
form more nearly'to‘existing tidal currents, or by constricting the
cross—sectional area of the channel to effect local increases in flood
and ebb velocities in the channel reach subject to excessive shoaling,

L. The accurate reproduction of observed prototype tidal heights,
current directions, and current velocities, and a reasonably close re-
production of the prototype distribution of shoaling in the different
sections of the channel were required for a reliable hydraulic model
study of the problem. Accordingly, the investigation consisted of the
following three phases: (a) hydraulic verification, or adjustment of
the model to reproduce accurately the observed hydraulic phenomena of
the prototype; (b) shoaling verification, or development of the technique
of introducing shoaling material into the model so as to reproduce pro-
totype shoaling distributions; and (c) testing of the various proposed
plans of improvement to determine their effects upon shoaling in the
channel,

5. The model study was authorized by the Chief of [Ingineers in
second indorsement dated 10 September 1940 to letter from the District
Engineer, Philadelphia District, CE, dated 22 August 1940, subject,
"Proposed Delaware River Model Studies", The study was conducted by the
Hydraulics Division of the Waterways Experiment Station intermittently

during the period June 1941 to January 1945, Close liaison was maintained
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between the Experiment Station and the Philadelphia District through
correspondence, conferences, and inspections of the model throughout the
course of the study. Semi-monthly progress reports were submitted dur-
ing the period of testing, and special reports giving complete analyses
of the various phases of the study were submitted after completion of
the model tests involved. This report comprehends.and supersedes all

previous reports on the New Castle-Finns Point Ranges model study.



PART IT: THE MODEL

Description

6. The model study of the New Castle-Finns Point Ranges was con-
ducted on a model formerly used for studies of shoaling in Deepwater
Point Range, Wilmington Harbor, and the Delaware River entrance to the
Chesapeake and Delaware Canal., Reproduced in the model were ihe Delaware
River from Artificial Island to a point one mile above Bellevue, the
tidal portions of the Christina River and Brandywine Creek, and about
three miles of the Chesapeake and Delaware Canal. Model limits in re-
lation to the prototype can be seen by referring to the location and.
layout maps on figures 1 and 2,

7. The model was of the fixed-bed type, all areas being reproduced
in concrete molded to prototype configurations by means of‘sheet—metal
templets, and was housed in a wooden shelter to protect it from effects
of the weather. The model was constructed to linear-scale ratios, model
to prototype, of 1:800 horizontally and 1:80 vertically. These ratios
fixed the following model-to-prototype relationships: slope scale, 10:1;
velocity scale, 1:8.74; and time scale, 1:89.4. Thus, one prototype
tidal cycle of 12,42 hours wés reproduced in the model in 8.33 minutes.,

8. The model was molded to the hydrography as shown by the
Delaware River survey of 1932, supplemented by partial surveys of 1938,
The Chesapeake and Delaware Canal was molded in the model as a uniform
section with a bottom width of 250 ft, a depth of 27 ft, and side
slopes of 1 on 2., The Christina River and Brandywine Creek were molded

to partial surveys of 1926, 1936, 1938, 1939 and 1940. All of the



The Model : 9

surveys used were made by the Philadelphia District, CE.

Auytomatic tidal apparatus

9, Tide reproduétion. Observed prototype tides and tidal currents

were reproduced in the model by means of three identical tide reproducers,
located at Artificial Island, Bellevue, and in the Chesapeake and Dela-
ware Canal. Bach of these apparatus consistedbof the following component
parts: (a) a movable, motorized waste weir installed across a pit at

the end of the model; (b) a centrifugal pump for supplying water to this
pit on the moael side of the waste weir; (c) a waste line connecting the
opposite side of the waste weir to the sump; and (d) an automatic control
apparatus located within the model for regulating the operation of the
waste weir to maintain proper tidal elevations in the model, Thus, the
correct tidal flow was reproduced in the model by;maintaining.correct
tide heights through synchronous operation of the three tide reproducers.

10. Tide control., Each of the automatic control devices for regu-

lating the operation of the motorized waste weirs was equipped with a

cam (cut to a polar plot of the prototype mean tide) rotated'by a syn-
chronous motor at a speed determined by the computed model time scale.
Riding vertically on this cam was a rod carrying a pair of electric con-
tacts, one above the other, which rose and fell in accordance with the
plotted tide curve., A third contact, placed between ﬁhis pair of con-
tacts with very slight clearances above and below, waé attached to a rod
supported by a float which rose and fell with the surface of the water

in the control pit. The control pit was connected to the model by means

of pipes, allowing the free passage of water between the model and the
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control pit. Thus, whenever the water surface in the model rose slight-
ly above or fell slightly below its proper elevation at any time during
the tidal cycle, the float forced the middle contact to close the elec-
tric circuit through the upper or lower contacts, respectively. Closing
of the upper circuit actuated the motorized waste weir in a downward
direction, directing more of the pump output back to the sump and causing
the water surface in the model to fall to its proper elevation; closing
of the lower circuit reversed the direction of the weir, causing the
model water surface to rise to its proper elevation. Since a variation
in the amount of movement of the motorized welr was required during the
tidal cycle, it was necessary to control the movement of the weir by an
interrupter which consisted of a cam, mercury-tube circuit breaker, and a
motor. The tide thus simulated was a very accurate reproduction of the
observed prototype mean tide,

11. Tide recorder. Iach automatic control apparatus was equipped

with a recording device which inked on a roll of paper a continuous
record of the model tide curve, superimposed upon the prototype curve
being reproduced. The prototype curve was inked by a pen riding on the
plotted cam, while the model reproduction of this curve was superimposed
by a pen riding on a float in the control pit. This feature permitted a

visual check on the model tide reproduction at all times,

Shoaling apparatus

12, Shoaling was reproduced in the model by injecting finely~
ground gilsonite, a commercial asphaltic compound with a specific gravity

of approximately 1.035, The equipment used for injecting gilsonite into
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the model consisted of a mixing tank containing a motor-driven propeller
which kept the supply of gilsonite and water thoroughly mixed, and a
centrifugal pump and a system of pipes and valves for distributing. the
mixture to the points df injection. The valves were adjusted so that
the amounts of material introduced for the various tests were as nearly
identical as practicable. At the end of each model test, the shoaling
material deposited in the model ship channel was picked up hydraulically
by means of a flexible tube equipped with a small dustpan-like head and
connected to a very small centrifugal pump, The gilsonite thus picked

up was separated from the water by means of a centrifuge and measured.

Gages

13. The model was equipped with point gages graduated so that
tidal heights could be measured to the nearest 0.08 ft (prototype).
~ Tidal heights were measured at selected stations at half-hourly inter-

vals throughout a tidal cycle.
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PART III: TRIFICATION OF THE MODEL

14k. Before the predictions of model tests of proposed plans could
be accepted as trustworthy, the reliability of the model first had to be
established. Thus, it was necessary to adjust the model to such a de-
gree as to verify its ability to reproduce accurately the known action
of the prototype. The verification of the New Castle-Finns Point Ranges
model consisted of two phases: (a) hydraulic adjustment, which brought
tidal heights, current directions, and current velocities into close
agreement with corresponding phenomena measured in the prototype; and
(b) shoaling adjustment, which resulted in establishing a model tech- -
nique that would reproduce with sufficient accuracy the percentile dis-

tribution of channel shoaling as measured in the prototype.

Hydraulic Verification

Adjustment of tides

15. As previously stated, the initial step in the adjustment of
the model was the adjustﬁént of the tide-reproducing equipment so that
prototype mean tides were reproduced to scale at the three control sta-
tions, When this had been accomplished, tidal heights at intermediate
stations were adjusted by varying the roughness of the model bed. The
model was operated under mean-tide conditions only, and prototype data
were available to check the accuracy with which the model reproduced
tides throughout the channel length., Plate 1 shows plots of both model
and prototype mean-~tide curves at the Bellevue, New Castle, Reedy Point,

and Artificial Island gages.
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‘Ad justment of currents

16, In order to adjust model current velocities and current direc-
tions to agree with observed prototype data, it was necessary to make
further refinements in the roughness adjustment of the mbdel Qhannel.

The degree of accuracy with which prototype velocities were reproduced

in the model can be seen from an inspection of plate 2, which shows plots
of model and prototype mean-tide velocity curves, Comparisons of model
and prototype ebb and flood current directions, obtained in both model

and prototype by use of floats, are shown on plates 3 and 4. In comparing
these current directions, it should be kept in mind that the model repro-
duced only the mean tide, while prototype observations were necessarily
made on days having slightly different tidal variations. Photographs 1
and 2 show model surface-current patterns (as indicated by confetti) in

the problem area at strength of ebb and flood flows, respectively.

Shoaling Verification

17, The operating techniqﬁe developed in hydraulic verification
of the model was followed exactly throughout the shoaling verification
and all subsequent model tests., Shoaling verification consisted of the
cut-and-try development of a method and volume of shoaling-material in-
Jection which woula reproduce in the model a distribution of shoaling
in the channel comparable to shoaling measured in the prototype. Al-
though many trial tests were made.during this phase of the study, in
progressive attempts to develop the required technique, only the final

successful procedure is described,
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Assumed manner of prototype shoaling

18, Since so little is known of the manner of deposition and move-
ment of shoaling material in the Delaware River, it was essential, prior
to adjustment of the model, to arrive at basic assumptions as to the
nature of prototype shoaling. The following assumptions were based on
a study of all prototype data available:

a. That the original source of all shoaling material in the
Delaware River is in the upper reaches of the river,
while upstream and downstream movement of such material

occurs with flood and ebb tide.

b. That the general movement of silt i1s progressively down-
stream, since ebb flow is greater in magnitude than flood,

¢c. That shoaling is the result of both the deposition of
suspended silt and the movement of this light silt (after
deposition) back and forth along the river bottom with
varying tidal flow.

19. It is evident, if the above assumptions present a correct
pilcture of the action of shoaling material in the prototype, that maxi-
mum shoaling would occur under two conditions: (a) in areas of the river
where velocities of flood or ebb flows are too low to prevent rapid depo-
sition; and (b) in portions of the channel where bottom velocities (par-

ticularly those during the ebb period) are so low that movement of

material previously deposited is at a minimum.

Method of operation

20, With the above assumptions in mind, it was decided that shoal-
ing could best be reproduced in the model by injecting into the stream a
shoaling material consisting of a mixture of gilsonite and water., It
was found by trial that a mixture consisting of 7 parts of gilsonite to

100 parts of water would pass freely through the injection apparatus,
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would introduce a volume of material which the model currents could dis-
perse without creating unnatural bars at the points of injection, and
would produce easily measurable deposits over the problem area. Shoal-
ing material was introduced into the channel well above the problem area
between stations 189+175 and 197+250 for five corisecutive ebb periods
(hours 2.5 to 6,0) in order to permit the material to move and deposit
naturallj throughout the model. The gilsonite, being a very light mate-
rial, moved downstream and gradually settled to the bottom of the channel
where it was moved upstream and downstream with varying phases of the
tide, gradually progressing downstream or accumulating in those portions
6f the channel in which velocities were too low to move it further,
Through the reproduction of a combination of deposition and movement
along the bed, the percentile distribution of prototype shoaling in the
three shoaling ranges of the problem area was reproduced with a reason-~
able degree of accuracy. At the end of the injection period, operaﬁion
of the model was discontinued and the gilsonite within the problem area
was collected and measured. In order to check the accuracy of shoaling
distribution in the problem area, the volumes of shoaling deposited were
measured by sections (figure 3) as follows: |

a., Section 1 (New Castle Range), station 226+000 to station
229+000,

b. Section 2 (New Castle Range), station 229+000 to station
236+029, ; ‘

c. Section 3 (Finns Point Range), station 236+029 to station
2L,6+000.

Results

21, The total volume of shoaling obtained in the problem area
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during the shoaling verification tests was 2643 cc. The following tabu-
lation presents a comparison of the percentile shoaling distribution by

sections in the model and prototype:

bodel Prototype
Section (Per cent of total) (Per cent of total)
1 18,0 16.7
2 52.0 68,2
3 30.0 15.1

Discussion of Results

22. The results of hydraulic verification of the model indicated
a high degree of similitude between hydraulic phenomena in the model and
prototype. Furthermore, results of the shoaling verification indicated
that hydraulic forces in the model transporﬁed and deposited shoaling
material in close similitude with prototype shoaling. The model was
therefore considered verified and the model operating technique estab-
lished, so that reliable tests could be undertaken of proposed plans

for reducing shoaling.,
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PART IV: TESTS OF PROPOSED IMPROVEMENT PLANS

Testing Procedure

Method of operation

23. The model operating procedure developed during the verifica-
tion phase of the study, as described in the preceding part of this
report, was followed as closely as possible in all tests of proposed
improvement plans. Measurements of tidal helghts and current veloci-
ties, photographs of current patterns, and volumes of shoaling were
obtalned for each condition tested. Tide and velocity observations were
always made for two consecutive tidal cycles, the results presented here--
in being in each case the mean of two cycles. In conducting shoaling
tests, two consecutive identical tests were made of each proposed plan
of improvement; thus, the shoaling results presented in this report are

in each case the mean of two separate -- but identical ~- tests.

Method of analyzing results

2L. DBvaluation of shoaling volumes. In order to evaluate the

effects of each plan upon shoaling of the navigation channel, the
volume of shoaling obtained in each test of an improvement plan was
compared to that obtained in a model test with no improvement plan
installed, The volumetric difference obtained in this manner indi—
cated the increase or decrease in éhoaling which could be attributed
to the Improvement plan in question. A test in which no improvement
plan was installed in the model is referred to in this reporﬁ as a

"base test", since it constitutes a basis of comparison for determining
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the effects of plans of improvement.

25. Interpretation of test results., In interpreting the results

of the model tests, it should be kept in mind that the results of shoal-~
ing tests of improvement plans are not to be considered as strictly quan~
titative in nature and must be interpreted mainly on a qualitative basis.
It is believed that tests of improvement plans resulting in shoaling in-
dices greater than 0,90 should not be considered as indicating a signifi-
cant improvement over existing conditions, asvthe accuracy of the model
in reproducing #olumes and distributions of shoaling under identical test
conditions is considered to be within approximately 10 per cent.

26. Evaluation of tide curves. The tide curves shown on plates

9-23 represent observations taken at the two tide control stations. The
minor fluctuations shown on these plates should not be interpreted as
indications of the effect of the various improvement plans in the model,
as the curves plotted show only the variations in operation of the auto-
matic tide machines., These curves are presented only for the purpose of
showing the consistency of the reproduction of the tides for each plan

tested,

Base Test

27. Upon completion of the model verification, the results of the
final verification test were established as being representative of exist-
ing conditions throughout the problem area. The shoaling results obtained
in this test were used as the basis of comparison to determine the effec-
tiveness of the various improvement plans tested; therefore, this test

will be referred to hereinafter in this report as the "base test",
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28. As a check on the ability of the model to repeat itself,
duplicates of the base test and all other tests run on the model were
made, The results of each test presented in this memorandum represent
the average of two identical tests. At the end of the testing program,
a rerun of the base ﬁest was conducted to check the operation of the
model throughout the entire series of tests. The results of this test

checked the results of the original base test within about two per cent.

Tests and Results

Plan 1

29. This plan consisted of a dike extending downstream from the
lower end of Killecohook Dike for a distance of approximately 20,000 ft
along the general alignment of the 6-ft contour (plate 5). The line
of the dike then turned and connected with the New Jersey shore on a
line parallel to and 700 ft west of the Salem River entrance channel,
The purposes of this dike were to deflect the currents so as to bring
them more nearly in line with the existing channels, and to increase
existing current velocities through this reach by reducing the cross—
sectional area of the river,

30. Installation of plan 1 in the model caused general increases
in flood velocities at station 223+500 with no appreciable change ih
ebb velocity. The plan had no noteworthy effect on velocities at
station 239+000, (See plate 9 for tide and velocity measureﬁents.)
There were slight changes in the direction of flood and ebb currents
(photographs 3 and 4), the direction of flow being more in alignment

with the existing charmmel than under basic conditions. The shoaling
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index obtained for the test of plan 1 was 0,83 (table 1), indicating
that the plan would decrease slightly the present rate of shoaling in

the problem area,

Plan 24

31. This plan consisted of a training dike beginning at the lower
end of Pea Patch Island and extending downstream 7700 ft, on an align-
ment parallel to and 1300 ft west of the center line of the existing New
Castle Range (plate 5). This dike was designed to keep the ebb flows of
the main and secondary channels separated until their directions were
parallel,

32, Installation of this plan in the model increased flood veloci-
ties at stations 223+500 and 239+000 and slighﬁly decreased ebb velocities.
(See plate 10 for tide and velocity measurements.) There was no appre-
ciable change in the direction of flood and ebb currents (photographs 5
and 6), The shoaling index obtained for this test was 0.98 (table 1),
indicating that the plan would have no appreciable effect on the rate of
shoaling within the problem area. It may be noted, however, that the
rate of shoaling in section 3 was slightly decreased, while that in sec-

tions 1 and 2 was slightly increased.

Plan 2B

33. Plan 2B was the same as plan 24 except that the length of the
training dike was 5700 ft instead of 7700 ft (plate 5).

34. Installation of this plan caused slight increases in flood
velocities at station 223+500 and slight decreases in ebb velocities at

this station and at station 239+000, (See plate 11 for tide and velocity
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measurements.) The shoaling index obtained for this test was 0,91 (table
1), indicating that the plan would cause a slight decrease in shoaling

within the problem area; however, it was observed that deposits of shoal-
ing material above the problem area were greater for the test of plan 2B
than for the base test. The plan had no appreciable effec£ on the direc-

tion of flood and ebb currents (photographs 7 and 8).

General conditions for plans 3 through 8

35, It was assumed that the depths for the full widﬁh of the re-
aligned or new channel in plans 3, L, 5, 6, 7, and 8 were 4O It wherever
the existing soundings show depths iess than 40 ft, and that the abandoned
portion of the channel would eventually shoal to natural depths. The as-
sumed natural depths were determined for each line of soundings by assum-
ing a uniform slope of river bed between the first soundings outside the
existing east and west channel limits that seemed to have been unaffected
by channel dredging, and the existing channel was filled on an even slope

between such soundings.

Plan 3
36. This plan consisted of a 6.5-degree change in the alignment
of New Castle Range, beginning at channel station 223+000, with the down-
stream end of the relocated reach connecting with the present Finns Point
Range extended (plate 5). The purpose of this plan was to realign the
channel through this reach to conform to the general direction of the
flood and ebb currents insofar as practicable.
37. The shoaling index obtained for the test of this plan was 0,89

(table 1), indicating that the plan would effect a slight reduction in
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the rate of shoaling within the problem area. It may be noted that the
rate of Shoaling in section 3 was materially reduced, while that in
section 1 was increased by approximately the same amount, There were
slight increases in flood velocities at stations 223+500 and 239+000
with no appreciable change in ebb velocities. (See plate 12 for tide
and velocity measurements,) The directions of flood and ebb currents
were not appreciably affected by the change in channel alignment (photo-

graphs 9 and 10).

Plan 4
38. Plan L consisted of a combination of plans 1 and 3, as out-

lined in paragraphs 29 and 36 above (pléte 5)

' 39. The shoaling index obtained for the test of this plan was 0.85

(table 1), indicating that the plan would cause some decrease in the

rate of shoaling within the problem area. There were general increases

in flood velocities at stations 223+500 and 239+000 with slight decreases

in ebb Velocities. (See plate 13 for tide and velocity measurements,)

The alignment of flood and ebb currents was about the same as for the

test of plan 1 (photographs 11 and 12).

Plan 5
40, This plan consisted of the realigned channel of plan 3
(paragraph 36) and the training dike of plan 2A (paragraph 31) with
the dike turned 6.5 degrees to make it parallel to the realigned chan-
nel (plate 5).
L1, The shoaling index obtained for the test of this plan was

1.16 (table 1), indicating that the plan would slightly increase the
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present rate of shoaling within the problem area. The greater portion
of this increase in shoaling occurred in section 1, sections 2 and 3‘
shoaling to about the same extent as observed during the base test.
Flood velocities at station 223+500 were slightly increased with no
appreciable change in ebb velocities., At station 239+000 flood veloci~
ties were generally increased, while ebb velocities were decreased.
(See plate 14 for tide and velocity measurements.) The directions of
flood and ebb currents were, in general, the same as for the test of
plan 2A (photographs 13 and 14).
Plan 6

L42. This plan consisted of the realigned channel of plan 3 (para-
graph 36) and a dike similar to that of plan 1 (paragraph 29), except |
that the dike was located along the 10-ft contour instead of the 6-ft
contour (plate 5). The purpose of this plan was to effect local in-
creases in current velocities by reducing the cross-sectional area of
the river,

L3. The shoaling index obtained from the test of this plan was
0.87 (table 1), indicating that this plan would reduce to some extent
the present rate of shoaling within the problem area. The greater por-
tion of this reduction occurred in sections 1 and 2, the raté of shoal-
ing in section 3 being about the same as observed during the base test.
There was a general increase in flood velocities at station 223+500 with
little change in ebb velocity. There was no appreciable change‘in
velocities at station 239+000, (See plate 15 for tide and velocity meas-—
urements.) Both flood and ebb currents followed the alignment of the

channel through sections 1 and 2, current directions in section 3 being
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about the same as observed during the base test (photographs 15 and 16).

Plan 7

L. This plan consisted of the realigned channel of plan 3 (para-
graph 36) and a training dike 4000 ft in length located 1600 ft east of
the center line of the channel at the intersection of the realigned New
Castle Range and the Finns Point Range extended (plate 5)., The purpose
of this dike was to direct the flood and ebb currents intc alignment with
the dredged channel,

L5. The shoaling index obtained for the test of plan 7 was 0,99
(table 1), indicating that the plan would have no appreciable effect on
shoaling within the problem area. The plan had no appreciable effect on
current velocities at stations 223+500 and 239+000, (See plate 16 for
tide and velocity measurements.) Flood currents followed the alignment
of the dredged channel more closely than for plan 3 (photograph 18);
however, the dike caused the ebb flow to cross the dredged channel at

about station 232+500 (photograph 17).

Plan 8

46. This plan consisted of the realigned channel of plan 3 (para-
graph 36) and a training dike parallel to and approximately 1600 ft east
of the channel center line, and extending from station 222+000 to 226+000
(plate 5)., The object of this dike was to direct ebb currents into
alignment with the New Castle Range channel.

L47. The shoaling index obtained for the test of this plan was
1.34 (table 1), indicating that the plan would materially increase the

present rate of shoaling in the problem area. It may be noted that the
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rate of shoaling in section 3 was only slightly increased, the greatest
increase occurring in sections 1 and 2., Flood velocities at station
223+500 were increased, while there were general decreases in ebb veloci-~
ties at this station. The plan had but little effect on velocitiés at
station 239+000, (See plate 17 for tide and velocity measurements.)

The direction of eEb currents was in alignment with the dredged channel;
however, the direction of flood flow was generally across the channel

(photographs 19 and 20).

Plan 9

48, This plan consisted of a training dike parallel to and ap-
proximately 2200 ft west of the center line of the Finns Point Range,
and extending from station 238+000 to station 244+000 (plate 6). Inspec—
tion of current direction photographs for the base test indicated that
ebb currents followed the existing channel alignment fairly well, but
the flood currents divided and passed on both sides of Pea Patch Island.
It was the purpose of this plan to guide the flood-tide currents past
the Chesapeake and Delaware Canal éntrance and into the New Castle
Range channel, and thus increase flood velocities through the problem
area.,

49. After thorough consideration by both the Experiment‘station
and the District Engineer, it was decided to forego making a shoaling
test of plan 9. Photographs of‘the model currents were made with this

plan installed (photographs 21 and 22).

Plan 10

50, This plan consisted of a combination of plan 24 (paragraph 31)
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and plan 9 as described in the preceding paragraph (plate 6). Since
current directions as affected by plan 9 did not indicate an iﬁprovement
over existing conditions, it was decided to forego testing of plan 10

entirely and test plans that showed promise of being more effective,

Plans 11, 11A, 11B, and 11C

51. Plan 11 consisted of a dike approximately 9400 ft long with
its upstream end located 2400 ft west of the center line of the New
Castle Range at station 213+700, From this point the dike extended
downstream, roughly following the 6~ft contour, to the wharf on the east
side of Pea Patch Island, where the dike connected with the island
(plate 6). This plan was designed to direct the ebb currents into align-
ment with the main charmel, Plan 11A consisted of a dike, roughly
following the 18-ft contour from station 229+400 to station 235+800, and
located 1600 ft east of and parallel to the cénter line of the New
Castle Range ship channel. At station 235+800 the dike turned and
connected with the New Jersey shore above Salem River. Plan 11B, an
alternative fo plan 11A, was the same as plan 11A except that the up-
stream end of the dike was extended to connect with the projecting point
of the Killcohook disposal area, and the downstream section was not
connected with the New Jersey shore but remained parallel to the channel.
A third variation, plan 11C, consisted of a combination of plans 11A and
11B. This plan, if constructed in the prototype, would create a desir-
able disposal area. The obJect of these plans was to cut off the flow
across the Salem Cove shoals Which causes the flood currents to cross

the ship channel just above Pea Patch Island.
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52, Only photographic tests showing current directions were made
of these 4 plans (photographs 23 through 30). It is apparent from these
photographs that either of plans 11A, 11B, and 11C would’effectively
eliminate the flow across Salem Cove shoals, resulting in improved flow
conditions in the river channel, However, due to the cost of actually
building plans of this type, none were tested to determine shoaling
effectiveness.

Plan 12

53. This plan consisted of: a dike extending from station 237+
350, 1600 ft east of and parallel to the ship channel, to station 229+
300, at which point it turned 13.5 degrees east and extended 2300 ft
upstream; a dike similar to the structure of plan 2A; and extensions to
both the north and scuth jetties of the Chesapeake and Delaware Canal
(plate 6). The object of this plan was to cause the currents, normally
flowing back and forth in the secondary channel west of Pea Patéh Island,
to flow through the main channel.

54. Only photographic tests Showing current directions with this
plan installed were made (photographs 31 and 32). The model study of
the entrance to the Chesapeake and Delaware Canal indicated that further
extensions to the Jetties, other than the ones already authorized, would
have harmful effects on the shoaling conditions in the entrance. Since
this plan involved extensions to both the north and south jetties at
the entrance to the canal, and since the greater portion of the dike
called for in plan 12 would be located in relatively deep w@ter, making
the cost of the dike system prohibitive, it was decided that any further

testing of this plan should be omitted.
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Plan 13

55. This plan consisted of a dike approximately 4400 ft long,
located 1200 ft east of the center line of New Castle Range at its upper
end and 1600 ft east of the center line at the lower end, and extending
ffom channel station 233+000 to station 237+300 (plate 6). The purpose
of this plan was to direct more of the flood currents into the New
Castle Range channel,

56. Only a photographic test, showing current directions with

this plan installed, was run (photographs 33 and 34).

Plan 14

57. This plan consisted of a dike about 2600 ft long, extending
from station 237+500 to station 24,0+000 (plate 6). The upstream end of
the dike was 1200 ft west of the center line of the Finns Point Range,
and the downstream end was located 1600 ft west of the center line, The
" purpose of this plan was to deflect into the main channel the flood cur-
rents normally flowing to the west of Pea Patch Island.

58, Only a photographic test was run. Photographs 35 and 36 show

current directions with this plan installed in the model.

Plan 15

59. This plan consisted of a dike approximately 4000 ft long
located west of the New Castle Range with the upstream end of the dike
1200 ft west of the channel center line (plate 6). At a point 1700 ft
downstream the dike was 1400 ft west of the center line, and the down-
stream end of the dike was 2000 ft west of the center line of the New

Castle Range channel, The dike extended from station 228+700 to station
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232+600, The purpose of this plan was to direct the flood flow into the
main channel,
60. Only a photographic test was made, Photographs 37 and 38

show current directions with this plan installed in the model,

Plan 16

61, This plan consisted of a dike 2000 ft in length, generally
located 1000 ft west of the center line of New Castle Range and ex—
tending from station 230+500 to station 232+500 (plate 6). The dike was
located at a slight angle with the ship channel‘and was designed to in-
crease the velocities of flood currents in the problem area,

62. Only a photographic test of this plan was conducted. Photo-
graphs 39 and 40 show current directions with plan 16 installed in the

model.,

Plan 17

63, This plan involwved the removal of the eastern half of Pea
Patch Island (plates 7 and 8). It was proposed to dredge this area to
conform to the hydrography as shown on plate 7, and it was assumed that
the dredged ﬁydrographic conditions in the affected area would be self-
maintaining. Computations indicate that roughly 5,500,000 cu yd of
material would be removed under this plan. It was proposed to deposit
the excavated material on the remaining portion of the island and in
- the river west of Pea Patch Island dike within the boundaries shown on
plate 8, It was estimated that the dredged material would fill the
proposed disposal area, including the remaining portion of the island,

to an elevation of +12 to +14 ft, The object of removing this portion
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of the island was' to bring the ebb flow into aligmnment with the existing
channel below Pea Patch Island. Under existing conditions the eastern
end of the island, and particularly the wharf extending toward the chan-
nel, deflects the ebb flow away from the island, causing it to cross the
channel in that vicinity at a sharp angle.

6L. The shoaling index obtaine& for this test was 0,90 (table 1),
indicating that the plan would reduce slightly the present rate of shoal-
ing within the problem area. All of the reduction occurred in section 3,
there being a slight increase in the rate of shoaling in section 1. There
were material reductions in both ebb and flood velocities at station 223+
500, (See plate 18 for tide and velocity measurements.) These reduc—
tions were due to the considerable . increase in cross—sectional area of
the channel at this point. There was no change in velocity at station
239+000, The direction of ebb currents closely followed the alignment
of thé ship channel through the problem area§ however, the flood currents
crossed the channel between stations 235+000 and 230+000 and again at
station 226}000 (photographs 41 and 42).
Plan 18

65. This plan involved the removal of the portion of Pea Patch
Island east of the line shown on plates 7 and 8, It was proposed to
dredée the area east of this line to the hydrogfaphy shown on plate 7.
The 700,000 cu yd of material estimated to be dredged under this plan
was to be deposited in the angle between the upper western end of the
island and the dike, as shown on plate 8. This plan was designed to
improve the ebb flow conditions in the problem reach of the channel.

66. The shoaling index obtained for the test of this plan was
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0.85 (table 1), indicating that this plan would reduce to some extent
the present rate of shoaling in the problem area. Due to the enlarged
cross section of the channel, there was some decrease in the flood and
ebb velocities at station 223+500, although not so great as was observed
for plan 17. There was no appreciable change in flood or ebb velocities
at station 239+000, (See plate 19 for tide and velocity measurements.,)
The direction of ebb flow was in alignment with the dredged chamnel, and
that of flood flow was more nearly in alighment with the channel than

for plan 17 (photographs 43 and A4k4).

General conditions for plans 19, 20, and 21

67. In testing plans 19, 20, and 21 it was assumed that the depths
for the full width of the realigned channel were 4O ft wherever the
existing soundings indicéted depths of less than 40 ft, and that the
abandoned portion of the channel would eventually shoal to natural

depths conforming to the adjoining portions of the river bed.

Plan 19

68. This plan consisted of a l.67—degree change in alignment of
the New Castle Range beginning at station 221+000 (plates 7‘and 8). The
lower end of the relocated reach connected with the present Finns Point
Range extended. This plan was designed to shift the channel away from
the area of apparent excessive shoaling on the western edge of the present
channel and also to bring the chamnel into closer alignment with tﬁe
direction of ebb currents.

69. The shoaling index obtained for the test of this plan was

1.05 (table 1), indicating that the plan would increase very slightly
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the present rate of shoaling within the problem area., The plan caused no
appreciable change in current velocities at stations 223+500 and 239+000.
(See plate 20 for tide and velocity measurements.) The directions of

flood and ebb currents were approximately the same as those observed dur-—

ing the base test (photographs L5 and 46).

Plan 20

70. This plan consisted of the realigned channel of plan 19 (para-
graph 68) and a training dike located 1200 ft west of and parallel to the
center line of the realigned section of New Castle Range, beginning oppo-
site station 227+000 and expending downstream a distance of 5000 ft (plate
8). The purpose of this dike was to eliminate, to some extent, the inter-
ference with the ebb flow in the main channel by that from the secondary
channel.

71l. The shoaling index obtained from the test of this plan was 1,13
(table 1), indicating that the plan would slightly increase the present
rate of shoaling in the ﬁroblem area, There were slight decreases in ebb
velocities at stations 223+500 and 239+000 with no appreciable change in
flood velocities. (See plate 21 for tide and velocity-measurements, )

The directions of flood and ebb currents were about the same as observed
during the base test, except for slight local effects in the vicinity of

the training wall (photographs 47 and 48).

Plan 21
72. This plan consisted of the realigned channel of plan 19 (para-
graph 68) and a training dike extending from station 224+500 to station

228+100 (plate 8). The upper and lower ends of the dike were, respectively,
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1650 and lAOO ft east of the center line of the realigned section of New
Castle Range. This plan was designed to deflect the ebb currents, normal-
ly flowing over the shoal area east of the channel, into alignment with
the dredged channel.

73. The shoaling index obtained for this test was 0,86 (table 1),
indicating that this plan would decrease to some extent the present rate
of shoaling in the problem area. The greater portion of this decrease
occurred in section 1, the section of the channel most affected by the
training wall, ZEbb velocities at station 223+500 were reduced slightly
with no change in flood veleocities. There was little change in flood or
ebb velocities at station 239+000, (See plate 22 for tide and velocity
measurements.) The direction of flood currents was not materially affected
by this plan; however, the ebb currents followed more closely the alignment
of the dredged channel (photographs 49 and 50),

Plan 22

4. This plan consisted of a training dike parallel to and 1300
ft west of the center-line of the New Castle Range, beginning at station
215+000 and extending upstream a distance of 3600'ft (plate 8)., From
this point, the dike turned eastward 23 degrees and continued along this
line a distance of 2500 ft until it met the existing Pea Patch Island
dike., The hydrography simulated in the model during this test was the

same as that of the base test., The purpose of this dike was to deflect

1

a portion of the ebb flow away from the shoal area west of and immediate
ly above Pea Patch Island into alignment with the dredged channel.,
75. The shoaling index obtained for this test was 0.97 (table 1),

indicating that the plan would not materially affect the present rate of
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shoaling within the problem area. It may be noted that shbaling in sec-
tion 2 was increased. The plan caused no appreciable changes in flood
and ebb velocities at stations 223+500 and 239+000., (See plate 23 for,
tide and velocity measurements.) The directions of flood and ebb cur—
rents were not improved over those observed during the base test (photo-

graphs 51 and 52).
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PART V: DISCUSSION OF RESULTS

76. Of the twenty-two proposed plans of improvemént tested in the
New Castle-Finns Point Ranges model, the four most effective were plans
1, 4, 18, and 21, which effected reductions in total shoaling of 17, 15,
15, and 14 per cent, respectively, in the model tests. These four plans
may, therefore, be considered as being about equally effective in reduc-
ing shoaling in the problem area.

77. However, as has already been pointed out, the model reproduc-
tion of volumes and distributions of shoaling under identical test con-
ditions is considered to be accurate only to within about 10 per cent,
It is the opinion of the Fxperiment Station, therefore, that none of
these four proposed plans could be expected to effect a very great per-
centile reduction in shoaling, but that any of them would reduce shoaling
by 5 per cent as a minimum. |

78. A study of the effects of plans 1, 4, 18, and 21 upon cur-—
rents in the navigatlon channel shows that any of these plans would
improve to some extent the alignment of flood and ebb currents in the
vicinity of Pea Patch Island, and that plan 21 would effect the best
over-all alignment of currents with the channel, However, it is not
believed that such current realignments would be of significant value,
exceplt as reflected in the shoaling reductions discussed above,

79. In view of the fact that none of the plans tested in the
model produced any very outstanding improvements, the Experiment Station

does not recommend that any plan be installed in the prototype.
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Base Test, Strength of Flood
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Plan 1, Strength of Ebb
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Plan 1, Strength of Flood
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Plan 2A, Strength of Ebb
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Plan 2A, Strength of Flood
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Plan 2B, Strength of Ebb
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Plan 2B, Strength of Flood
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Plan 3, Strength of Ebb
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Plan 4, Strength of Ebb
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Plan 4, Strength of FLood
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Plan 5, Strength of Ebb
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Plan 5, Strength of Flood
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Plan 6, Strength of Ebb
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Plan 7, Strength of Ebb
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Plan 7, Strength of Flood
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Plan 8, Strength of Ebb
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Plan 8, Strength of Flood
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Plan 9, Strength of Ebb
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Plan 9, Strength of Flood
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Photograph 23



Plan 11, Strength of Flood
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Plan 114, Strength of Ebb
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Plan 114, Strength of Flood

Photograph 26
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Plan 11B, Strength of Ebb
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Plan 11C, Strength of Ebb
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Plan 11C, Strength of Flood
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Plan 12, Strength of Flood
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Plan 13, Strength of Flood
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Plan 15, Strength of Ebb
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Plan 15, Strength of Flood
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Plan 16, Strength of Flood
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Plan 17, Strength of Ebb
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Plan 18, Strength of Ebb
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Plan 18, Strength of Flood
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Plan 19, Strength of Ebb
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Plan 19, Strength of Flood
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Plan 20, Strength of Ebb
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Plan 20, Strength of Flood
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Plan 21, Strength of Ebb
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Plan 21, Strength of Flood
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Plan 22, Strength of Ebb
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Plan 22, Strength of Flood
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