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Model of Oswego Harbor, New York 



PREFACE 

Request for a model investigation of Oswego Harbor vas initiated 

by the District Engineer, Buffalo District, in a letter dated 19 August 

1947, and authority was granted by the Chief of Engineers in a second 

indorsement thereto dated 28 August 1947. Construction of the model 1ms 

completed in February 1948 and the model tests were conducted during the 

period March to August 1948. 

Liaison was maintained during the course of the investigation by 

means of progress reports and conferences. Prior to undertaking the in­

vestigation, an engineer of the Water•,rays Experiment Station visited the 

Buffalo District Office to confer with representatives of the District 

Engineer about the prototype problem and the model study. Personnel from 

the Great Lakes Division and the Buffalo District •-rho, at various times, 

visited the Waterways Experiment Station to attend conferences and vrit­

ness model demonstrations 1-1ere Colonel H. D. Vogel, CE, District Engineer, 

Messrs. H. C. Woods, S. B. Hunt and W. L. Davis of the Buffalo District, 

and Messrs. E. Ttl. Nelson, J. I. Thomas, W. E. McDonald and W. H. Booth 

of the Great Lakes Division. Engineers of the Waterways Experiment 

Station actively connected with the model study -i,vere Messrs. E. P. 

Fortson, Jr., F. R. Brown, R. Y. Hudson, and H. B. Wilson. 
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SUMMARY 

A hydraulic model investigation was performed of the harbor at 

Oswego, New York, to determine whether the proposed general plan of 

harbor improvement was adequate to protect the harbor from wave action, 

and if it 'i7ere not, to devise a plan which would afford sufficient pro­

tection at minimum cost. The study was conducted using a concrete model 

geometrically similar to its prototype with a linear scale of 1:100. It 

was concluded from the results of the model study that: (1) the origi­

nally proposed break,mter plan would not be adequate to protect the 

harbor from 1vave action; (2) a breakvater plan developed during the 

model study, very similar to the originally proposed plan except for 

slight differences in length and alignment, would be satisfactory; 

(3) an artificial spending beach should be constructed at the southeast 

corner of the New York State Barge Canal Terminal; (4) an alternate 

breakwater plan developed during the model study vrould afford more 

effective protection from vrave action than any of the other plans, but 

the cost of constructing this plan might be prohibitive; and (5) the 

existing impervious, vertical-valled vrharfs in Osvrego Harbor magnify the 

action of 1vaves 1¥hich gain entrance into the harbor through the naviga­

tion openj_ng, making it desirable to avoid the construction of addi­

tional wharfs or other harbor structures of this type, unless the 

structures are to be located in harbor areas arn;ply protected from vrave 

action. 



WAVE ACTION AND BREAID~ATER LOCATION 

OSWEGO HARBOR, NEW YORK 

Model Investigation 

PART I: INTRODUCTION 

1. Oswego Harbor, Oswego, New York, is located on the south shore 

of Lake Ontario, about fifteen miles from its easterly end, at the mouth 

of Oswego River. The harbor is afforded some protection from storm waves 

by a system of converging rubble breakwaters which form a navigation 

opening 650 ft 1-ride. The harbor area inclosed by the converging break­

water system is nearly 250 acres in size. A large portion of this area 

has been improved and is maintained at a project depth of -22 ft lwd 

(low water datum for Lake Ontario is 244.0 ft above mean tide at New 

York City). Plate 1 shows the existing breakwaters and shore-line struc­

tures within the harbor area. 

2. The harbor is exposed to wind waves generated by storms from 

all directions between w·est and northeast. Storms occur most frequently 

from the directions west to northwest and, because of longer fetches in 

these directions, such storms usually generate the largest waves. However, 

because of the alignment of the existing navigation opening and the presence 

of an efficient spending beach on the east side of the inclosed harbor, 

the largest storm waves from the west-northwest directions do not cause 

intolerable wave-actlon conditions in the more important operating areas 

of the present harbor, Instead, storms which approach the harbor from 

the directions north-northwest to north-northeast are the most critical. 

Storms from these latter directions have caused considerable damage to 
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docks, delays in loading and unloading vessels, loss of cargo, and dif­

f].cul ty to ships maneuvering in the harbor. 

3. Tentative :plans for improving wave-action conditions in the 

harbor :proposed a detached rubble breakwater 1000 ft in length aligned 

to :protect the navigation opening, and thus the existing breakwater­

inclosed harbor area, from storm waves from the north to northeast di­

rections. The general plans of harbor improvement also included an 

east-harbor breakwater 4900 ft in length inclosing an area of about 80 

acres for harbor expansion (plate 3). The :proposed east-harbor break­

water, although included in the elements of the different breakvrater 

plans tested in the model investigation, was not a cause for concern and 

consequently 1vas not a part of the problem under study. 

4. The model study was :performed to determine whether the origi­

nally :proposed breab.,rater would be adequate to :protect the harbor from 

wave action during storms, and, if it were not, to devise a plan which 

would afford sufficient protection, It was desired to determine the 

breakwater plan which would provide optimum :protection at minimum cost. 

It was believed also that the model would serve a very useful purpose in 

:providing a visual aid in the understanding and integration of the com­

plex and interdependent factors involved in the development of plans of 

harbor improvement. 
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PART II: THE MODEL 

Design of the Model 

5, Selection of the linear scale for the model w·as based. on con-

sideration of such factors as the required absolute depth of vater in 

the model to prevent appreciable frictional resistance and surface ten-

sion effects, absolute size of the model waves, available shelter space, 

available wave-generating and measuring apparatus, cost of construction, 

and ease of model operation. Because of the effect of the depth-over-

wave-length ratio on wave refraction for short-period waves, it was 

necessary to use a geometrically undistortod model (horizontal and ver-

tJ.cal lJ.near scales equal). After the linear scale had been selected 

the model was dosJ.gnod in accordance with Froudo' s1 model laws. :Based 

upon Froudo's laws, a linear scale of 1:100 and ~ specific weight scale 

of 1:1, the following model-prototype relationships were derived: 

Characteristics Dimensions 2 Model-Prototype Scale 

Length L Lr = 1:100 

Area L2 Ar = L 2 
r = 1:10,000 

Volume L3 vr Lr 
3 1:1,000,000 = = 

Time T Tr 
l/2 1:10 = L = r 

Velocity L/T v = L l/2 
= 1:10 

r r 

Specific Weight F/L3 y = l:l 
r 

l 
2 

ASCE Manual of Engineering Practice, No. 25, "Hydraulic Models," p 9 & 43. 
In terms of force, length and time. 
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Characteristics Dimensions Model-Prototype Scale 

Unit Pressure F/L
2 p = L r yr = 1:100 r 

Force F F = L 3y = 1:1,000,000 
r r r 

Weight F vT = L 3 y = 1:1,000,000 
r r r 

Energy FL E = L 4 y = 1:100,000,000 
r r r 

Description of the Model 

6. The model was a concrete structure 9100 sq ft in area which 

reproduced, to scale, all of the existing harbor area, about one-half 

mile of the Oswego River, and the shore line and shore-line structures 

from i~nediately west of the shore-end connection of the outer west break-

water to a point about 2800 ft east of the outer end of the east-arrowhead 

break.vmter, Sufficient area of Lake Ontario north of the harbor was molded 

to the correct hydrography- to insure proper reproduction of test -vraves .from 

the west to northeast directions. Plate 1 shows the extent of the harbor 

and lake areas contained w·i thin the model linli ts. 

7. A plunger-type wave machine3 60ft in length was used tore-

produce prototype waves to scale in the model. The model waves 1vere 

reproduced in accordance with the same scale ratios as those used for 

model construction (par0graph 5). The waves were generated by the peri-

odic displacement incident to the vertical and periodic movements of the 

plunger in water. The wave machine was mounted on rollers so that it 

could be moved to proper locations for generating waves from desired 

3 
For detailed description see Waterways Experiment Station TM No. 2-237, 

"Model Study of Vlave and Surge Action, Terminal Island, San Pedro 7 

Calif,", dated Sept 1947, p, 24. 



directions, Figure 1 is a v1e1r of the model showing thG -...,ave machine 

in the background . 

Fig. l. General view of model; base-test conditions, 
7- ft storm waves from north direct ion 

8 . vTave heights in the model w·ere measured "~.'i th a wave- height 

gage4, or pick- up unit, in connection with a recording oscillograph. 

The wave- height gage consisted of series- connect ed resistors installed 

in a direct- current circuit vith the resistors so calculated that the 

current varied directly with submergence of the gage in ~ater . 

4 
Ibid . ' p . 25. 

5 
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PART III: TEE TESTING PROGRAM 

Selection of Test Conditions 

Still-water level 

9. All model tests in this investigation 1vere conducted using a 

still-water level of +3.5 ft lwd. This selection was based on the aver­

age mean monthly level of Lake Ontario5, which is +2.0 ft lwdy and an 

estimated valuo of 1.5 ft for the average effects of wind and seiche 

action on the local vater level during storms. Thus, the value of + 3. 5 

ft lwd represents an estimate of tho average elovation of tho wator 

level for Lake Ontario, in tho i1nmodiate vicinity of Oswego Harbor, 

during storms of such intensity and direction as to necossitato protec-

tion from wave action. 

10. As shown by the Lako Survey records, the water lovel of Lake 

Ontario varios from year to year and season to season. The seasonal 

variation is more or less periodic, the highest lake levels occurring 

in the summer months. In addition to the seasonal variations, lake 

seiches are caused by sudden changes, or a series of intermittent-

periodic changes, in atmospheric pressure and similar changes in 1vind 

speed and direction. In turn, the seiche oscillations cause periodic 

changes in local water levels (with periods ranging from a few minutes 

to a few hours) and relatively high surge currents in the harbor. Surges 

5 
"Monthly Mean Hater Levels of the Great Lakes, 1860-1949". From 

official records of the U. s. Lake Survey, 630 Federal Building, 
Detroit, M}_chigan. 



due to seiches are capable of causing troublesome, and sometimes damag­

ing movements of vessels moored to piers in harbors. Hovmver, the 

problem at Oswego was considered to be due primarily to short-period 

wind (surface) waves and no attempt w-as made to reproduce seiche oscil­

lations in the model for this investigation. 

Wave dimensions and directions 

11. Waves in deep water. As previously stated, Oswego Harbor 

is exposed to surface waves which are generated by winds blowing toward 

the harbor from the directions west to northeast. These limiting di­

rections are determined by the shape of Lake Ontario and by the loca­

tion of Oswego Harbor with respect to the lake shores (see plate 1). 

For the model investigation, the directions west, northvrest, north­

northwest7 north, north-northeast and northeast were selected for use 

in ascertaining the relative advantages and disadvantages of the 

various improvement plans tested. The dimensions of wind waves in 

water of depth greater than about one-half a wave length are deter­

mined by the wind speed, wind duration7 and the distance, or fetch7 

over which the vind blows, To insure that the advantages and dis­

advantages of each test plan are evaluated as accurately as possible, 

the relative frequency of occurrence in the prototype of the differ­

ent waves used for testing should be known, and the model waves, 

propagated from the different directions of approach, should have 

the same relative dimensions as the corresponding prototype waves. 

The maximum waves which it is possible to generate from the major 

(quarter points of the compass) directions, according to formulae 

7 
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derived by Stevenson6 and to the thAory of Sverdrup and Munk7, using a 

wind speed of 50 knots, are as follows (fetch in nautical miles, wave 

height in feet, and wave period in seconds): 

Wave Height Wave 
Direction Fetch Stevenson Sverdrup & Munk Period 

NE 17 6.6 12.2 5.2 
N 30 8.4 17.0 5.9 
NW 33 8.7 18.0 6.2 
w 130 17.0 33.0 8.2 

The theory of Sverdrup and Munk is thought to give -vmve heights too 

large for conditions of short fetch and high wind velocity. Wave peri-

ads given by this theory seem to be in good agreement with fact. Based 

on these premises, and giving more vreight to the results obtained from 

Stevenson's formulae, the maximum storm waves which may approach Oswego 

Harbor are estimated to be more nearly as follows: 

Direction Wave Height (ft) Wave Period (sec) 

NE 7.0 5.2 
N 9.0 5.9 
NW 9.5 6.2 
w 18.0 8.2 

These maximum -vmves occur very rarely and, therefore, it would require 

an excessively long-term wind record to determine the relative frequency 

of occurrence for the different directions. The wind rose for Os-vrego 

6 

7 

"The Design and Construction of Harbours, A Treatise on Maritime 
Engineering," by Thomas Stevenson. 3rd Ed., pp. 26-35. Adam and 
Charles Black, Edinburgh, 1886. 

"Revised \{ave Forecasting, Graphs and Procedure," Wave Report No. 73, 
1948, Scripps Inst. of Oceanography Univ. of Calif., La Jolla, Calif. 
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Harbor (plate 1) which vras prepared by the Buffalo District, CE, from 

wind data for the period 1936-1945, indicates that wind with a speed 

greater than 25 mi per hr occurs with the following relative frequencies 

referred to the northeast direction: 

Direction Relative Frequency of Occurrence 

NE 
N 
NW 
w 

1 

5 
17 
12 

Tho average wave dimensions resulting from storms with wind speed above 

25 mi per hr are estimated to be as follows: 

Direction Wave Height (ft) \If ave Period (soc) 

NE 5.0 5.0 
N 7.0 6.0 
NH 8,0 6.0 
Vl 12.0 8.0 

These values were ~sed as deep-water waves in the testing of tho differ-

ont plans of harbor improvement. Hhere intermediate wave directions 

wore used for testing, corresponding wave dimensions wore obtained by 

interpolation. Thus, in the analysis of tho model test results, tho 

wave.heights in tho harbor for each plan and test-wave condition can be 

compared directly in determining tho ability of oach breakwater plan to 

protect tho harbor against waves from the different directions. The 

ovor-all efficiency of each plan is determined from consideration of 

those wave hoight results in conjunction 1-rith tho relative frequency 

of occurrence of tho waves from different directions. 

12, Waves in shallow water. As waves approach a shore over a 
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sloping beach, certain changes begin to take place in the wave height, 

length and direction of approach after the waves reach depths of water 

less than about. one-half the deep-water 1vave length. \fuen the waves 

feel bottom, the velocity of progress begins to decrease vrhile the period 

remains constant, Therefore, the change in velocity appears as a de-

crease in wave length. Several wave lengths later, depending upon tho 

slupo of the beach, vravo height begins to increase rather_ rapidly, and 

the wave length continues to decrease, until the \·rave becomes unstable 

and breaks, If a wave approaches a .sloping beach at an angle, the portion 

nearest shore begins to slow down before the portion in deeper water. Thus, 

the ~>rave front begins to curve toward the shore. Because of these facts, 

and since the Oswego Harbor model area was not extended into deep water 

(in order to reduce the cost of model construction), the wave heights, 

lengths and directions of approach of the test waves at the model wave 

machine were not the same as the corresponding wave heights, lengths 

and directions of approach of the selected deep-water test waves. After 

the deep-water test waves had been selected, as described in the pro-

vious paragraph, they were charted into the positions of the wave 

machine by wave-refraction diagrams8, and the resulting wave dimensions 

and directions were generated in the model tests. The shallow-water 

1vavo characteristics which •..Tore reproduced on the model at the positions 

of, and by, the wave-machine plunger, compared with tho corresponding 

doep-water waves; aro shown bolow (D.W. = deep water; 8,\-J, = shallow water): 

8 
"Breakers and Surf, Principles in Forecasting."· H.O. No~ 234; 1944. 

Issued by the U.s. NavyDepartment. Hydrographic Office, 
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Direction Wave Height Wave Period 
D.W. s.w. D.W. s.w. D.W. s.w. 

NE N 32° E 5.0 4,0 5.0 5.0 
NNE N 15° E 6.0 5.5 6.0 6.0 
N N 4° E 7.0 6.5 6.0 6,0 
NNW N 23° TtT 7.5 7.0 6,0 6.0 
NW N 46° W 8.0 7.5 6.0 6.0 
w N 85° TtT 12.0 10.0 8.0 8.0 

Breakwaters 

13. Since determination of the crown height of the proposed 

breakwaters was not one of the purposes of the model study, all tests 

were conducted with the crown of the model breakwaters arbitrarily 

raised to prevent overtopping. In this way the effects of different 

plans, and small changes in the elements of a particular plan, could 

be more accurately delineated. The prototype breabvaters will be of 

pervious rubble-mound construction. The model breakwaters reproduced 

the general shape of the prototype breakwaters but were constructed of 

concrete and were impervious. This was allowable because of' the fact 

that the amount of wave energy which is transmitted through rubble 

breakwaters by short-period wind waves is insignificant. 

Description of Plans Tested 

Base-test conditions 

14. The term "base test" is used in model investigations to de~ 

note tests conducted with the existing prototype conditions installed in 

the model. The purpose of' these tests is to obtain basic data for use as 

a reference to which the results of tests of various proposed improvement 

plans may be compared. The prototype features used as base-test conditions 
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usually include, in addition to those elements existing in the harbor 

prior to the model study7 any improvements contemplated or authorized 

which would be carried out regardless of the model study (improvements 

not related to or involved in the problems about which the model study 

is concerned). However, in this instance, the east-harbor breakwater, 

which had been authorized prior to the model investigation, was included 

in the elements of the plans tested rather than in the base-test condi-

tions, because some of the plans involved changes in its length and 

alignment. Base-test conditions and the elements of all plans tested 

included the removal of shoals immediately in front of the existing 

navigation opening to a depth of -25 ft lwd. Figure l and plate 2 

illustrate base-test conditions. 

Plans A, B, Bl, and E 

15. Plan A was the breabrater plan of improvement originally pro-

posed; its elements are listed in tables land 2 and shown on plate 3. 

This plan consisted of a detached rubble breakwater 1000 ft long situ­

ated about 1040 ft9 from the existing navigation opening with a straight 

alignment and a bearing of north 60° 45' west. Plans B and E were modi-

fications of plan A. These plans were devised and tested to determine 

the elements of a plan similar to plan A which would afford maximum 

protection at minimum cost, The plan-B breakwater (see tables l and 2 

and plate 4) was 650 ft long, and situated about 640 ft9 from the exist-

ing navigation opening with a straight alignment and a bearing of north 

9 Measured from the center of the existing navigation opening to the 
nearest point on the center line of the breakwater. 
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75° 20' west, Plan Bl consisted of the elements of plan B with a spend­

ing beach at the southeast corner of the New York State Barge Canal 

Terminal (see table 1 and plate 19). The plan-E breakwater was 850ft 

long and situated about 910 ft9 from the existing navigation opening with 

a straight alignment and a bearing of north 75° 20' west (see tables 1 

and 2 and plate 9) • 

Plan C 

16. Plan C consisted of tvro detached breakwaters forming a 1mve 

trap or arrowhead type of protective works immediately north of the 

existing navigation opening. The western leg of this breakwater plan 

was 1110 ft in length with a bearing of north 16° 28' east, and the 

eastern leg was 970 ft in length with a bearing of north 46° 20
1 

west. 

The elements of plan C are shovm in tables 1 and 2 and on plate 5. 

Plans D, Dl and D2 

17. Plan D was an alternate type of protective works having two 

navigation openings and designed to utilize a portion of the east-harbor 

breakwater. This plan consisted of a detached breakwater 1550 ft long 

with a straight alignment and a bearing of north 47° 00
1 

east. Plan D 

also involved the removal of about 330 ft of the north end of the exist­

ing east-arrowhead breakwater and the realignment and lengthening, by 

410 ft, of the vest end of the east-harbor breakwater (see tables 1 and 

2 and plate 6). Plan Dl was tested as the ultimate development of plan 

D. In this plan tho western navigation opening vrould be closed by ox­

tending tho detached breakwater of plan D 750 ft to tho north ond of tho 

existing west-arrowhead breakwater (tables 1 and 2 and plato 7), Plan 
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D2 was tested as a possible first step toward the development of plans 

D and Dl. The detached break1vater of i;his plan would have the same 

alignment as that of plan D but the length would be reduced to 1100 ft. 

Plan D2 involved the realignment of the west end of the east-harbor 

breakwater, as in the case of plans D and Dl, but the length of this 

portion of the breakwater would be reduced to 4800 ft. A portion of the 

north end of the east-arrowhead breaklvater would not be removed as in 

plans D and Dl. The elements of plan D2 are listed in tables 1 and 2 

and shown on plate 8. 
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PART IV: TEST RESULTS 

Test Data 

18. Plates 17-24 shm-r, graphically, wave data for each plan and 

direction of storm wave compared with comparable base-test data. The 

vrave-height data on these plates \vere obtained at 21 selected '\vavo-gage 

locations throughout the harbor area. Locations of these gages are also 

show·n on plates 17-24. Plates 2-16 show test results by \>Tave-height 

contours. These data are more comprehensive and are shown only for the 

most important wave directions (north and north-north'tTest), The north 

direction is the most important for base-test conditions (fig. l), and 

north-northwest is the most critical direction for a majority of the 

plans tested. 

Results of Tests 

Base tests 

19. The data obtained from tests with base-test conditions in-

stalled in the model, as shown on plates 2, 10, and 17-24, indicate 

that considerably more \·rave action results in tho harbor when tho vravos 

are from the north. Tho second most critical direction is north-north1vost. 

During severo storms from the n:orth-northeast direction, tho areas adja-

cent to tho northeast ends of tho Lackavanna Coal Dock and tho Nmf York 

State Bargo Canal Terminal are. sl?-bjoctod ·to fairly heavy vave action. 

Plans A, B an&E 

20. Plans A, B and E are grouped for discussion because of thoir 

similarity. Plates 3, 4, 9, 11, 12, 16 .. 17, 18 and 24 prosonttost 
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results of these plans. Plan A appeared to be satisfactory in protecting 

the harbor from 1-raves from the north to northeast directions and would 

not increase action in the harbor due to w·aves from the nortlnrest to 

north. However, the detached breakwater of plan A reflected westerly 

waves into the harbor, and, because of the size and frequency of occur­

rence of west waves, this condition would be intolerable, Plans B and E 

were designed and tested to determine a detached break1vater alignment 

which would provide sufficient protection from northerly waves and, at tho 

same time, would not reflect ivesterly waves into tho navigation opening. 

It was also necessary that tho breakwater plan selected be satisfactory 

with respect to navigation requirements at the harbor entrance. Tost 

results sho-vr that plan B would provide the best over-all protection to 

the harbor of any plan in this group. Hmrever, there is some question 

as to "lvhother the navigation opening would be considered satisfactory 

by ships' masters. Plan E, which was a compromise betw·een plans A and B, 

was devised to increase the navigability of the harbor entrance. Both 

plans B and E provided sufficient protection from waves from the critical 

directions without reflecting -vrest w·aves into tho harbor. 

Plan Bl 

21. This plan consisted of the elements of plan B with a spending 

beach added in the southeast corner of the NOli York State Barge Canal 

Terminal. The test results shown on plate 19 indj.cate the efficaoy of 

this plan, Table 1 show·s tho low rock yardage required to obtain this 

high degree of protection from wave action. IJ:'ho effectiveness of tho 

spending boach is obscured by tho fact that plan B provides such a high 
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degree of protection. However, numerous observation tests showed that the 

plan-Bl spending beach reduced wave heights 50 per cent or more in the area 

immediately north of the spending beach for base-test conditions and all 

plans investigated, and, by eliminating the standing wave system w-hich 

originated at the vertical-1,ralled corner of the New York State Barge 

Canal Terminal, caused wave action to be more tranquil over the harbor 

in general. The impervious vertical-walled piers in Oswego Harbor in-

crease the degree of wave action by the formation of clapotis-type 

standing waves. Due to this fact, wave absorbers, judiciously positioned, 

can be a very effective means of reducing wave action in the critical 

harbor area, 

Plan C 

22, The arrowhead wave-trap form of detached breakwaters has 

been adopted at several harbors 1vhere added protection from waves is 

desired uithout tho usual corresponding increase in entrance navigation 

difficulties. The results of tosts on plan C, however (see plates 5, 13 

and 20), show that in this instance the added arrowhead breakwaters 

would not provide adequate protection to tho harbor. The failure of the 

plan-C breakwater to provide the desired degree of protection at Oswego 

Harbor is attributed to the effect of the shallow-depth contours, north 

of the existing navigation opening, on wave refraction, Tho hydrography 

of the lake area immediately north of the arrovrhead breakwaters is such 

that vavo refraction focuses wave energy on the navigation opening thus 

preventing normal expansion of the wave fronts after thoy havo entered 

tho arr01rhoad. Tho efficacy of this type of broakwa tor system J.s based 
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on the expanding of wave fronts (diverging orthogonals), and the conse­

quent reduction in wave heights, between the two navigation openings of 

the arrowhead form of wavo trap, 

Plans D, Dl and D2 

23. These breakwater arrangements were devised to provide, ulti­

mately, the best possible wave protection and navigation entrance con­

ditions. Plan Dl represents the ultimate development of this scheme, 

with plans D and D2 representing initial stages in its development, 

The results of plan D2 (the first stage in the ultimate development) 

compare favorably with those of planE except for an increase in wave 

action in the area in~ediately east of wave gage number 15 (compare 

plates 23 and 24, 8 and 9, and 15 and 16). The second stage of con­

struction, plan D, reduced the wave action in this area of the harbor 

to a satisfactory degree (plates 6, 14 and 21). Plan Dl provided 

practically complete protection to the harbor as well as space for an 

enlarged harbor (plates 7 and 22). 
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PART V: CONCLUSIONS 

Conclusions 

24. Based upon an analysis of the model test results, it is con-

eluded that: 

a. All plans tested, except plans A and C, would afford ade­
quate protection to the harbor from storm-wave action. 

b. Plan Dl would afford more protection to the harbor than 
any other plan tested, Next to plan Dl, plan Bl would 
afford the most protection. 

c. The spending beach feature of plan Bl should probably be 
adopted, regardless of the type of detached breakwater 
selected for construction, because of its effect in 
reducing wave action in the harbor at relatively low cost. 

d, Navigation difficulties might be encountered by ships 
entering the plan-B harbor entrance during storms from 
the west, and by ships entering the plan-D and plan-D2 
harbor entrances during storms from the north. 

e. The impervious vertical-walled piers in the harbor tend 
to magnify the amplitude of waves which enter the harbor 
and impinge on the pier 1-ralls. Construction of additional 
vertical-walled impervious piers should be avoided, unless 
they are located in an area amply protected from wave 
(:l.Ction. 

f. The plan selected for construction should be chosen from 
the following plans:. B, Bl, E or Dl (listed in order of 
construction costs). Without regard to costs, plan Dl 
should probably be selected. Selection of this plan 
would allow for a larger harbor area and would provide 
optimum protection with excellent navigation entrance 
conditions. If sufficient money were not available at 
present, plan D2 could be constructed first; later, plan D 
could be constructed; then at some future date, plan Dl 
could be completed. If this scheme is considered too 
ambitious, either plan B or plan E should be selected, 
depending on the judgment of competent navigators as to 
the difficulty of ships entering the plan-B opening during 
storms. If the plan-B opening is considered too dangerous, 
plan E should be selected. 
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Table 1 

LENGTHS AND VOLUMES OF BREAKHATERS TESTED 

Breakwater Construction Break-vra tor Removal 
Length Gross Volume Length Gross Volume 

Plan Ft (1000 Cu Yd) Ft (1000 Cu Yd) 

East Harbor l1.900 216.6 1030 50.7 
Breakwater 

A 5900 308.5 1030 50.7 

B 5550 275.4 1030 50.7 

Bl 5550 282.3* 1030 50.7 

c 6980 409.6 1030 50.7 

D 6860 357.1 1360 80.9 

Dl 7610 413.8 1360 80.9 

D2 5900 324.6 1030 50.7 

E 5750 294.7 1030 50.7 

* Includes spending beach at southeast corner of New York State Barge 
Canal pier. 



Table 2 

LOCATION OF PROPOSED BREAKWATERS 

PLANE COORDINATES 

Latitude ~Ft) Departure (Ft) 
Plan Point Designation North East West ---

A West end, detached 5,084.3 235.1 
breakwater 

A East end, detached 4,595.7 637.4 
breakwater 

B West end, detached 4,545.0 311.0 
brealnmter 

B East end, detached 4,380.4 317.8 
breakwater 

c North end, west arm 4,912.0 752.0 

c South end, vest arm 3,847.5 1,066.6 

c North end, east arm 5,07!+.0 81.0 

c South end, east arm )+ J 1+04. 3 620.7 

D West end, detached 4 J 381.2 225.7 
breakvra ter 

D East end, detached 5,438.3 907.9 
breakv:ater 

D North end, east-harbor 4,515~4 995.2 
breal~water (relocated) 

D Angle, east-harbor 3,560.8 1,949.8 
breakwater (relocated) 

D Angle, east-harbor 3 J ~·69 .8 2,400.7 
broak-1-rater (relocated) 



Table 2 (Con' d) 

Latitude ~Ft) Departure (Ft) 
J:lan Point Designation North East \vest ---

D Angle, east-harbor 4,476.4 4,743.6 
breakwater 

D East end, east- harbor 3,934.5 5,536.0 
breakvrater 

Dl Junction, existing and 3,733.9 604.5 
proposed breakwaters 

Dl Angle, proposed exten- 4, 381.2 225.7 
sion 

Dl East end, proposed 5,438.3 907.9 
extension 

Dl North end, east-harbor 4,515.4 995.2 
breakwater (relocated) 

Dl Angle, east-harbor 3,560.8 1,949.8 
breakvrater (relocated) 

Dl Angle, east-harbor 3,469.8 2,400.7 
breakwater (relocated) 

Dl East angle, 
breakvrater 

east-harbor 4,476.4 4,743.6 

Dl East end, 
breakwater 

east-harbor 3,934.5 5,536.0 

D2 West end, 
breakwater 

detached 4' 381.2 225.7 

D2 East end, 
breakwater 

detached 5' 131.4 578.8 

D2 North end, 
breakwater 

east-harbor 4,154.8 1,355.8 

D2 Angle, east-harbor 3,560.8 1,949.8 
breakwater (relocated) 



Table 2 ( cont 1 d) 

Latitude ~Ft) Departure ~Ft) 
Plan Point. Designation North East West --

D2 Angle, east-harbor 3,469.8 2,400.7 
breakwater (relocated) 

D2 East angle, east-harbor 4,,476.4 4,743.6 
breakwater 

D2 East end, east-harbor 3' 934.5 5,536.0 
breakwater 

E East end, detached 4,6oo.6 539.8 
breakwater 

E West end, detached 4,815.8 282.5 
breakwater 

E, A, B West end, east-harbor 3,124.2 1,083.6 
and C breakwater 

E, A, B Angle, east-harbor 3,079.0 1,491.1 
and C breakwater 

E, A, B East angle, east- 4,476.4 4,743.6 
and C harbor breakwater 

E, A, B East end, east-harbor 3,934.5 5,536.0 
and C breakwater 

NOTE: Origin of coordinates is triangulation station "South Base" 
located at southeast corner of New York State Barge Canal 
Terminal. 
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