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MODEL STUDIES OF 

WATER REQUIR.EMENTS AND SALT-WATER INTRUSION 

INTRACOASTAL WATERWAY 

NEW YORK BAY-DELAWARE RIVER SECTION 

SYNOPSIS 

1. This memorandum is a comprehensive report on a series of hydraulic model in
vestigations of the hydraulic design and the plan of operation of locks and appurtenant 
structures for the prevention of salt-water intrusion from New York Bay into the pro
posed New York Bay-Delaware River Section of the Intracoastal Waterway (hereinafter 
referred to as the New Jersey Ship Canal) and thence into the Delaware River. These 
model studies were authorized by the Chief of Engineers, U. S. Army, on 9 December 
1943, and were conducted at the U.S. Waterways Experiment Station, Vicksburg, Mis
sissippi, during the period January 1944 to May 1945. 

2. The proposed New Jersey Shif Canal would extend across the State of New 
Jersey, from Sayreville at the head o Raritan Bay to Bordentown on the Delaware 
River, a distance of approximately 33 miles. The proposed route for the canal is shown 
on plate 1. As planned at the time of undertaking these studies, the canal would have 
a depth of 22 ft below mean low water and a normal pool elevation of 10 ft above mean 
low water and would be equipped- with tw-0- par&le! ship-locks-and one--yaeht lock- at the-
Bordentown or Delaware River end, and one ship lock, one barge lock, and one yacht 
lock at the Sayreville or New York Bay end. 

3. For the purposes of this study, three models of the New York Bay end were 
used: (a) a 1-to-60-scale model of the Sayreville Locks to determine the volume of salt 
which navigation would ca.use to intrude into the upper pool through the locks, and to 
investigate methods of eliminating or reducing such salt intrusion; (b) a 1-to-150-scale 
comprehensive model of the locks and upper-pool canal to determine the extent to which 
the salt brought in through the locks, in amounts determined from operation of the 1-to-
60-ecale lock model, would intrude into the upper pool and canal toward or into the 
Delaware River; and (c) a 1-to-20-scale model of the ship lock to determine whether the 
hydraulic design and method of operation of the locks found satisfactory from the stand
point of salt-water elimination would also be satisfactory from the standpoint of navi
gation requirements, and to investigate the possibility of scale effects in the l-to-60-scale 
lock model. 

4. The principal conclusions drawn from an analysis of the results of all model 
tests follow: 

a. The prevention of salt-water intrusion through the Sayreville Locks into the 
upper pool and canal can be accomplished by flushing the lock chambers 
with fresh water each time the lock chambers a.re raised from lower-pool to 
upper-pool elevation. With a salinity of 13,000 ppm below the locks, one
half lockful of fresh water for each flushing will be sufficient to hold salt
water intrusion to tolerable limits. 

b. Essential features in the reduction of salt-water intrusion are: high filling 
ports and bottom emptying ports; impermeable 1500-ft guide walls in the 
upper pool; location of the lock-filling intakes in a deep sump between the 
upper-pool guide walls; and scavenging with a comparatively small volume 
of water from the bottom of a deep sump outside of but in the immediate 
vicinity of the guide walls. 

c. The total fresh water requirements during the maximum traffic schedule for 
operation and flushing of the locks with one-half lockful of fresh water and 
scavenging with 25 cfs will be approximately 354 cfs. 

d. The revised hydraulic design and method of operation of the locks and ap
purtenant structures found in these studies to hold salt-water intrusion 
through the locks to tolerable limits will also be satisfactory from the stand
point of navigation requirements, provided that filling and emptying times 
of not less than 6 and 5 minutes, respectively, be used during operation of 
the lock hydraulic system. Shorter filling or emptying times will result in 
ha.weer stresses which might be objectionable. 



PART I: INTRODUCTION 

Authority 

5. On 25 June 1943, the Committee on Rivers and Harbors of the U.S. House of 
Representatives adopted a resolution requesting the Board of Engineers for Rivers and 
Harbors, U. S. Army, to review the previous reports submitted on the New York Bay
Delaware River Section of the Intracoastal Waterway with a view to determining whether 
any changes in the plans for the water supply were then advisable. Pursuant to this 
resolution, the Board of Engineers for Rivers and Harbors in second indorsement, dated 
5 July 1943, subject, "Review of Reports on the New York Bay-Delaware River Section 
of the Intracoastal Waterway," recommended. that model studies be made in connection 
with the problem to be reported on. Authority for the model studies was granted the 
New York District Engineer by the Chief of Engineers U. S. Army, in second indorse
ment, dated 9 December 1943, subject, "Review of Reports on the New York Bay
Delaware River Section of the Intracoastal Waterway." 

The Problem 

6. Since the Delaware River below Bordentown is the source of municipal and in
dustrial water supply for the City of Philadelphia and other municipalities and for a large 
industrial region, and since the channel of the proposed canal would traverse a section of 
the State of New Jersey which obtains its industrial and potable supplies from ground~ 
waters, the intrusion of salt water through the locks from the New York Bay into the 
canal and thence into the ground water and into the Delaware River would be intolerable. 
Therefore, one of the first considerations in the creation of such a waterway a.s proposed 
for this region is to find some means to prevent salt-water intrusion or to hold it within 
tolerable limits. 

7. The problem involved in the prototype was thus two-fold: (a) to develop a design 
and a method of operation for the locks at Sayreville which would prevent the intrusion 
of objectionable amounts of salt water into the canal and the Delaware River, and which 
would not require amounts of fresh water for operating the locks incompatible with the 
means at hand to supply them; and (b) to determine the amount of water necessary for 
the operation of the locks, so that plans could be made for the securing of an adequate 
water supply. 

Reasons for the Model Studies 

8. The preliminary design of the Sayreville Locks and of plans for their operation 
as made by the New York District Office, contemplated the probable reductfon of this 
salt-water intrusion by means of flushing fresh water through the lock chamber each 
time the water in the lock was raised from lower-pool to upper-pool elevation. Since 
neither the effectiveness of this flushing process nor the amount of water required for it 
could be computed, it was necessary that model studies be made to determine both the 
effectiveness of the plan and the amount of water required, as well as to provide a means 
of studying the practicability of the hydraulic design and method of operation of the 
locks. 

Liaison 

9. Close liaison was maintained between the New York District Office and the Ex
periment Station during the course of the model studies. Representatives of the District 
Office inspected the models from time to time. Semi-monthly progress reports were 
submitted to the District Engineer during the course of the study; special reports giving 
results and analyses of the various phases of the model study were submitted after the 
completion of the model tests involved. At various times, conferences were held at the 
Experiment Station, at Washington, D. C., and at New York City between representatives 
of the Board of Engineers for Rivers and Harbors, the Office of the Chief of Engineers, 
the North Atlantic Division, the New York District, and the Experiment Station. On 
one occasion representatives of local interests of the States of New Jersey and New York 
and the Commonwealth of Pennsylvania who were concerned with the project inspected 
the models at the Experiment Station and conferred with representatives of the offices 
named above. 

3 



4 Model Study of New Jersey Ship Canal 

Presentation of This Report 

10. Data pertinent to the results obtained from the model studies are presented by 
means of the following components of this report: (a) descriptive text material; (b) tables; 
(c) photographs; (d) plates presenting a location map, details of the models and model 
appurtenances, details of the lock design and modifications thereof, and the results of 
model tests. The subsequent parts of this report take up the following subjects in the 
order here listed: a descnption of the prototype and a brief history of the project; a de
scription of the models; a presentation of the results of tests on each of the three models; 
and a discussion of the model results. This report supersedes all interim reports which 
have been submitted on the various phases of the model study. 

Definition of Terms 

11. To avoid confusion and to permit ready visualization of prototype conditions, all 
data presented in this report are expressed in terms of prototype equivalents, except where 
otherwise stated. For purposes of clarity, various terms used throughout this report 
are defined below: 

a. Lockful. A "lockful" of water is defined as the volume of water contained 
between the mean-low-water levef and the floor of the particular lock chamber 
ref erred to. 

-b. -li'illing. 'I'he -rai~ing -of -th1' -water surface wi~hin .a lqck chambe~ !rom the 
lower-pool elevation to the upper.;.pool elevation 18 known as "filling" the 
lock. 

c. Emptying. The lowering of the water surf ace within a lock chamber from 
the upper-pool elevation to the lower-pool elevation is known as "emptying" 
the lock. 

d. Scavenging. "Scavenging" is the process of permitting the gravity flow of 
water from the upper pool directly into the lower pool through special drains 
which by-pass the locks and which are so located as to remove the saltier 
water from the upper pool. 

e. Flushing. Salt water from New York Bay enters the lock chamber on each 
opening of the lower lock gates. "Flushing" is the procedure used to remove 
salt water from the closed lock chamber prior to opening the upper lock 
gates. This procedure is begun with the lock chamber at lower-pool ele
vation, and is accomplished by opening both the filling and emptying valves, 
so that fresh water from the upper pool flows into the lock chamber on the 
surf ace while the saltier water near the bottom of the chamber flows back 
to the lower pool. This process, of course, requires a special lock design 
with separate culverts and ports for filling and emptying. 

f. Flushing time. "Flushing time" is the time between the beginning of the 
opening of the filling valve (the emptying valve being already open) and 
the complete closure of the emptying valve. The flushing time is usually 
combined with filling time. 

g. Fillina: time and emptying time. These terms are defined as the times re
quirea for the filling and emptying procedures, respect vely. 

h. Salinity. Salinity is expressed in parts per million (ppm) of salt (NaCl) 
by weight contained in the solution. · 

i. Valve period. A "valve period" is the time required to completely open 
or completely close a valve in the filling or emptying system. 

j. Overtravel. The amount of rise of the water surf ace in the lock above 
upper-pool elevation during filling or the amount of fall of the water surface 
in the lock below lower-pool elevation during emptying is called "overtravel." 

k. Upper-pool lake; canal. The term "upper-pool lake" refers to the lake 
(roughly, two miles square) which lies immediately above and adjacent to 
the Sayreville Locks; the term "canal" indicates the canal proper, between 
the lake at Sayreville and the Delaware River at Bordentown. 

1. Tolerable limits {salinity). No specific salinity in parts per million has 
been established as a tolerable limit in any locality. The term "tolerable 
limits," as used in this report, indicates a salinity so small that domestic 
and industrial water supplies would probably not be affected thereby. ' 

m. Elevations. All elevations specified in this report are ref erred to mean low 
water, Sandy Hook, New Jersey. 



PART II: THE PROTOTYPE 

Location and Description 

12. The proposed New Jersey Ship Canal would extend across the State of New 
Jersey from Sayreville at the head of Raritan Bay, the most westerly arm of New York 
Bay to Bordentown on the Delaware River four miles below Trenton, by way of Old 
Bridge and South River, a total distance of approximately 33 miles. A location map of 
this area is shown on plate 1. 

13. The plans provide for a canal having a normal pool elevation of 10 ft above 
mean low water, Sandy Hook, New Jersey, with a depth of 32 ft at normal pool level, a 
bottom width of 250 ft, and side slopes of 2-~ horizontal to 1 vertical with berms in deep 
cuts. To maintain the canal level, two dams are proposed, one acroBB Crosswicks Creek 
at Bordentown and one across the Raritan River at Sayreville just below the mouth of 
South River. A water-supply reservoir is also proposed to furnish water required for 
the operation of the canal. To accompiodate the eventual maximum traffic anticipated, 
two parallel ship locks and one yacht lock at the Bordentown end and one ship lock, one 
barge lock, and one yacht lock at the Sayreville end were proposed for the purpose of 
these studies. 

History of the Project 

14. A navigable route for small craft from New York Bay to the Delaware River was 
first afforded in 1834 by the construction of the Delaware and Raritan Canal. This 
canal was constructed and operated by state and private interests until it was leased by 
railroad interests in 1871. The rapid development and expansion of the railroads im
mediately following the Civil War made the mule-drawn towboat obsolete and unprofit
able, and, since the canal was not adapted to the passage of modern ships, its traffic de
creased progressively until the operation of the canal was discontinued in 1933, at which 
time its ownership was transferred to the State of New Jersey. · 

15. Since 1909 Congress bas authorized several investigations t<> determine the feas
ibility of a deep-draft navigation route from New York Bay to the Delaware River as 
a part of the Miami-to-Boston lntracoastal Waterway and to handle Philadelphia-to-New 
York and local coastwise traffic. The project has been the subject of numerous reports, 
with sea-level and lock-level canals of varying widths, depths, and alignments being con
sidered. The last of these reports was submitted to Congress by the Secretary of War on 
11 August 1942, pursuant to resolution of the Committee on Commerce of the U.S. Sen
ate, adopted 15 December 1936. 

5 



PART III: MODEL DESIGN CONSIDERATIONS 

General Plan of the Studies 

16. The general purpose of the entire model investigation was to study the nature 
of and means of combating the intrusion of salt water from New York Bay through the 
Sayreville Locks into the canal and the Delaware River. The simplest type of model 
would, therefore, have been one large model of the entire proposed project constructed to. 
such a linear scale ratio that all of the phenomena involved could have been reproduced 
and measured. However, such a model was not practicable, due to the great area and 
cost which would have been involved. It was necessary, therefore, to use three separate 
but interrelated models in order to study and correlate all of the phenomena involved in 
different parts of the full prototype project. 

17. The first of the three models was a 1-to-60-scale model of the lock structures at 
Sayreville, together with a lower pool of salt water and an upper pool of fresh water. 
All parts of this model lock structure were reproduced to scale, and propeller-driven boats 
were routed back and forth through the model locks in accordance with the anticipated 
prototype traffic. This particular model was depended upon to furnish data as to the 
volume of salt which a given number and sequence of ship transits would carry into the 
upper pool for any given hydraulic design and method of operation. The data thus ob
tained permitted the determination of the most effective desig_n and method of O:Reration 
of the locks. However, this model could not indicate the extent of intrusion of the enter
ing salt in the upper-pool lake and along the canal toward the Delaware River, since the 
large scale used permitted the inclusion of only a portion of the upper-pool lake adjacent 
to the locks. The determination of this latter point was left to a 1-to-150-scale compre
hensive model which reproduced the Sayreville Locks, the upper-pool lake, and the canal. 
The rate of salt intrusion used in the operation of this comprehensive model was based 
upon data obtained from the larger 1-to-60-scale lock model. The third model, a 1-to-20-
scale model of the ship lock, was used to study the effectiveness of the hydraulic design 
and the operating plan from the standpoint of navigation, since the forces in the 1-to-60-
scale model were not considered of sufficient magnitude to permit accurate measurement. 
The 1-to-20-scale model was also used to investigate the possibility of scale effects in the 
1-to-60-scale model. The three models used are described in greater detail in subsequent 
parts of this report. 

Model-Prototype Similitude 

18. The precise reproduction of all prototype hydraulic phenomena in a small-scale 
model would require strict geometric and dynamic similitude between model and proto
type. Geometric similitude can readily be obtained by carefully constructing the model 
to the selected linear scale ratio. Strictly speaking, perfect dynamic similitude, assuring 
exact reproduction of all prototype hydraulic phenomena, can not be attained in a small
scale model; in actual practice, however, it is not necessary to reach this perfection. Ac
tually, a model study is feasible, and capable of providing sufficiently accurate and de
pendable results, provided that: one of the dynamic forces involved exercises a major 
control, similitude with respect to this controlling force is attained, and the limitations 
imposed by the lesser forces are duly considered in interpreting model results and drawing 
final conclusions. 

19. It can readily be shown that the force of gravity exercised a major control over 
the hydraulic phenomena involved in the models of the New Jersey Ship Canal and Locks, 
thus requiring that the models be designed in accordance with the Froudian relation
ships. The problem under study required the reproduction, with reasonable quantita
tive accuracy, of the movement of salt water from Raritan Bay through the Sayreville 
Locks to the upper-pool lake and along the canal toward the Delaware River, the dif
ference in densities of salt and fresh water being utilized in various ways to draw off as 
much of the heavier salt water as practicable. The types of flow involved in this travel 
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8 Model Study of New Jersey Ship Canal 

of salt water may be analyzed as follows: (a) on each opening of the lower lock gates, 
the force of gravity caused an interchange of water betweeen Raritan Bay and the lock 
chamber, due to the greater density of the salt water; (b) on each opening of the upper 
lock gates an interchange of water similar to that at the lower gates occurred, except 
that flow through the upper gates was greatly reduced due to the much smaller difference 
in densities at the upper gates; (c) an additional interchange of water through either 
of the lock gates occurred when a ship entered or left the lock chamber, this flow being 
simply a matter of the interchange of a volume of water equal to the ship displacement; 
(d) the water for filling and emptying the lock and for flushing and scavenging also flowed 
under predominant gravity forces; (e) after salt water had entered the upper pool, its 
flow into the deep scavenging sumps, into the upper-pool lake, and into the canal was 
again controlled to a major extent by the greater force of gravity on the salt water than 
on the fresh. The above points, which indicate that the force of gravity controlled pre
dominantly over inertia and friction forces, were particularly true in view of the fact that 
the velocities involved in the salt-water movements in this study were very slow, due to 
the relatively small differences in the densities involved (the highest salinity involved was 
13,000 ppm, with a specific gravity of only 1.0082 at 20 deg. C). It was necessary, there
fore, that the three models of the New Jersey Ship Canal and Locks be designed and 
operated in accordance with the Froudian relationships. 

Salinity Scale Ratio 

20. In order that the movements of salt water in the models be in accordance with 
_Froude's-model laws, -it-was necessary to use a salinity scale ratio of unity; that is, the sa
linity of the water used in the models had to be the same as that in the prototype. The 
validity of this procedure, where the movement of salt water through fresh is involved, was 
established through a series of tests in a glass flume at the Experiment Station to determine 
the laws governing the upstream flow of a salt-water wedge. Details of the test flume 
are shown on plate 7. 

21. The test flume was 1 ft wide and the maximum depth of water was 1.75 ft; 
hence, this depth was assumed to be the prototype depth for the series of flume tests 
described below. Other assumed prototype values were as follows: a fresh-water dis
charge of 0.35 cfs, a salt-water discharge of 0.033 cfs, and specific gravities of 1.000 and 
1.020 for the fresh and salt water, respectively. Under the above conditions, tests were 
made of the travel of the salt water upstream through the fresh water in order to es
tablish prototype conditions for comparison with similar but smaller scale tests of the 
same phenomena. 

22. Tests similar to the "prototype" test just described were then made, using depths 
of 1.50, 1.25, 1.00, and 0.75 ft as scale models of the original 1.75-ft depth. For each of 
these depths the discharges and velocities of the fresh and salt water were based on 
Froude's model law and varied in accordance with the scale ratio being tested. Thus, 
this series of fume tests for the determination of the salinity scale involved the nvesti
gation of the travel of salt water upstream through fresh water for a series of similar 
hydraulic systems. 

23. For each model depth of water used in the test flume (1.50, 1.25, 1.00, and 0.75 
ft), and referred to the prototype depth of 1.75 ft for scale determination, a series of 
tests was made holding the fresh- and salt-water discharges in accordance with the comput
ed scale ratio in each case. For the tests of each of the model scale values, the specific grav
ity of the salt water was varied until the upstream velocity of the salt-water wedge was 
found to be in accordance with Froude's law. Thus, the relation between salinity scale 
ratio and linear scale ratio, such that both fresh-water and salt-water velocities varied in 
accordance with Froude's law, was obtained. For each of the linear scales tested it was 
found that a salinity ratio of unity was required. This fact is illustrated by the curve 
presented on plate 8, which shows the salinity scale ratio actually required to cause the 
velocity of the salt-water wedge to equal that computed from the Froudian relationships 
for each of the similar hydraulic systems. It will be noted that the salinity scale ratio 
for each depth was approximately unity. Depths smaller than 0.75 ft could not be used 
in this particular flume study, because it was found that at lesser depths the vertical com
ponents of flow over the tailgate were such as to cause serious loss of salt water from the 
system before the wedge could advance upstream from its point of entrance just upstream 
from the tailgate. 



Model Design Considerations 9 

24. A 1-to-1 salinity scale ratio has been used successfully in several other model 
i;tudies conducted at the Experiment Station. Among the.se have been a model study of 
::ialinity intrusion in the lower Mississippi River, a model study of the travel of salt water 
in the lower Savannah River, and a model study of salt-water intrusion in the Calcasieu 
River and Lake and the Intracoastal Waterway on the Louisiana coast. The accuracy 
with which these models have reproduced specially collected salinity-intrusion data from 
the prototype substantiates the use of the 1-to-l salinity scale. 

25. Relationships for the transference of model data to prototype equivalents in 
accordance with the Froudian relationships are presented in the following table: 

Scale Ratios Model-to-Prototype 
Dimension Scale Relationship 1-to-60 1-to-20 Comprehensive 

Lock Model Lock Model Model 
Length Lr 1-to-60 1-to-20 1-to-150 
Area Lr 2 1-to-3,600 1-to-400 1-to-22,500 
Time LrYt 1-to-7.75 l-to-4.47 l-to-12.25 
Velocity Lr Vt 1-to-7.75 1-to-4.47 1-to-12.25 
Volume Lr 8 l-to-216,000 l-to-8,000 1-to-3,375,000 
Discharge Lrl¥2 l-to-27,900 1-to-1,790 l-to-275,625 
Salinity 1-to-l 1-to-L ,- 1-to~-l 



PART IV: 1-T0-60-SCALE LOCK MODEL 

Purpose 

26. The purpose of the 1-to-60-scale model of the Sayreville Locks was to determine 
the quantity of salt which the estimated maximum schedule of traffic would cause to 
intrude from Raritan Bay through the locks into the upper pool in a given time for any 
given hydraulic design and method of operation. Thus, through comparisons of the 
results of the various model tests, this model was used to determine the most efficient 
of the various hydraulic designs and operating methods tested from the standpoint of 
holding salinity intrusion into the upper-pool lake to a minimum. This procedure 
provided information as to the salinity-elimination effectiveness of any desired feature 
of hydraulic design or operation, using various quantities of fresh water for operating 
purposes. 

27. It is pointed out that the 1-to-60-scale model could not be used to obtain any in
dicatiop. as to the extent of dispersion and travel of the salt water entering the upper pool 
(in spite of preventive measures) in the upper-pool lake and canal. However, it did 
furnish the rate of entry of salt for each tested condition, which rate was later used as 
a basis for operating the 1-to-150-scale comprehensive model of the locks, lake, and canal 
to trace the further dispersion and travel of the entering salt. 

Description 

2$. General description. During the course of the studies, two different 1-to-60-
scale lock models were constructed and operated, at the direction of the New York District 
Office. The initial model, upon which the first eleven preliminary tests were conducted, 
was a wood and pyralin structure, differing significantly from the final wood and sheet
metal structure only in the number and design of the filling and emptying ports, the sizes 
of the filling and emptying culverts, and the design of the tainter valves in the hydraulic 
system. Each of the models reproduced the following: (a) ~he features of the ship and 
barge locks to scale; (b) a partial lower pool of salt water; and (c) a partial upper pool of 
fresh water. Since the differences between the two models can best be observed by a 
comparison of plates 2 and 3, only the revised design will be described below. 

29. Ship and barge locks. The ship and barge locks of the revised design are shown 
in detail on plate 3 and photographs 1-3; the proposed yacht lock was so small from.the 
standpoint of salt intrusion that it was omitted from the model structures. Each lock 
was 960 ft long and 90 ft wide, and was provided with two sets of intermediate gates 
affording chambers with over-all lengths of 350, 430, 530, 610, and 960 ft and usable 
lengths of 270, 350, 450, 530, and 880 ft. The ship lock had a floor elevation of -35 ft 
mlw and a lower sill elevation of -33 ft mlw; the floor elevation of the barge lock was -22 ft 
and the lower sill elevation -20 ft. Each. lock was equipped with two 15-by-15-ft filling 
culverts, one to each side, and 90 filling ports, 45 to each side. The inside dimensions 
of the filling ports were 3-by-4 ft and the top of each port was set at elevation -1 ft mlw 
(see plate 4 for details of filling culverts and ports). Each lock was also equipped with 
one 21.25-by-21.25-ft emptying culvert into which emptied 22 laterals, each equipped 
with 7 emptying ports. The emptying laterals were 5 ft wide and tapered in height from 
5 ft to 2 ft, and the emptying ports were 1.5-by-5 ft.. Each filling and emptying culvert 
was equipped with 3 reverse tainter valves, so that the intermediate lock chambers could 
be operated independently. 

30. Lower pool. The simulated lower pool was 5.3-by-18.5 ft in the model (318-
by-1110 ft, prototype). In accordance with instructions from the New York District, 
a salinity of 13,000 parts per million, the mean salinity found in the prototype in the vicin
ity of the proposed locks, was maintained in the lower pool at all times. It was found 
during preliminary tests that maintaining a constant lower-pool level· at mean tide ele
vation ( +2.6 ft mlw) would result in the same total salt intrusion as would occur if the 
lower-pool elevation were varied in accordance with tidal fluctuations; therefore, to sim
plify operation of the model, a constant lower-pool elevation of +2.6 ft mlw was maintain
ed throughout the entire testing program on the 1-to-60-scale model. 

11 
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. 31. · Upper pool. The simulated upper pool in the l-to-60-sca.ie model was 33-by-33 ft 
(1980-by-1980 ft, prototype), and included guide walls, scavenging sumps and drains, 

' · and intake works provided for in each of the proposed plans investigated. The upper 
pool was equipped with an electrically controlled automatic inflow-regulating device which 
maintained the desired rate of fresh-water inflow and the correct upper-pool elevation 
at all times. A constant upper-pool elevation of +10.0 ft mlw was maintained through
out the series of tests herein reported. 

Operating Procedure 

32. The operating procedure followed on the l-to-60-scale lock model varied some
what for different tests, as certain plans incorporated flushing and others scavenging as 
·a major means of preventing salt-water intrusion into the upper pool; however, the general 
procedure of the model tests was as follows: (a) the upper pool and locks were filled with 
fresh water having as low salinity as could be obtained; (b) the lower pool was filled with 
salt water having a salinity of 13,000 ppm; (c) all salt-elimination features of the plan 
under investigation were installed in the model; and (d) the estimated maximum traffic 
was routed through the locks in accordance with an established traffic schedule, the locks 
being flushed and/or the upper pool scavenged with the volume of upper-pool fresh water 
designated for that particular test. The details of the model testing procedures and 
methods of operq.tion are discussed more fully in the following paragraphs, and also in 

. subsequent discussions of individual tests. 

-SS. Traffic schecitile. ~he maximum weekly traffic schedule which formed the basis 
for the passage of boats through the model locks is shown in table 5, and was baiied upon 
observations of traffic through the Chesapeake and Delaware Canal during the period 
29 June to 5 July 1942, through the Cape Cod Canal during the period 23 to 29 August 
1942, and upon coastwise traffic and prospective coal diversions between t'he ports of 

, New York and Philadelphia which would not pass through either of the above-mentioned 
canals. The vessels selected from the two canals mentioned above as prospective transits 
through the proposed New ~ersey Ship Canal were tabulated for each day in the 
order of their assumed times of arrival at the Sayreville Locks, which times 
were computed from the times at which such vessels passed given points in the Ches
apeake and Delaware or the Cape Cod Canals. Thus, the actual variations in the flow 
of traffic were reflected in the assumed schedule, in so far as it represents the Intracoastal 
Waterway traffic. To these tabluations was added in convenient order the anticipated 
traffic from New'York to Philadelphia and other Delaware River ports. The estimated 
coal-diversion traffic was then added at the end of the tabulations of vessels for each day, 

34. Boats. One model boat was used for each lock chamber, designed to represent 
the average width, length, draft, displacement, and propeller characteristics of all boats 
assigned to that lock chamber by the traffic schedule shown in table 5. It is pointed out 
that table 5 does not show the sequence of transits, but shows the number of times each 
lock chamber was used and the number of times each chamber was flushed. All features 
relating to the passage of the vessel through the locks' were reproduced to the proper 
time scale. . The lock gates were opened to the time scale, and the vessel passed in or out 
of the locks to time scale (see table 6). However, due. to the necessity for frequently 
adjusting the salinity and elevation of the lower pool, it was not practicable to reproduce, 
the whole series of lockages to the proper time scale, the proper time scale being applied 
for the duration of each individual transit only. 

35. Fresh-water inflow. The rate of fresh-water inflow into the upper pool was reg
ulated by means of a pump and an automatic valve. The valve was controlled by a 
float and a pair of electrical contacts, so adjusted that whenever the elevation of the model 
upper pool was lowered O.OOl ft, the contacts closed a circuit and the water-supply valve 
was opened. Fresh water was then supplied to the upper pool until the correct water
surface elevation was obtained~ As soon as the pool reached its correct elevation, the 
contacts closed the circuit in the opposite direction, closing the automatic valve. This 
arrangement automatically maintained the elevation of the upper pool in the model with
in 0.001 ft of its correct level at all times by allowing the proper amount of fresh water 
to flow into the upper pool to compensate for that which was utilized by the locks and 
for the sea venging process. 
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36. Rates of filling, emptying, and flushing. For the 16 preliminary tests, both 
the filling and emptying valves were opened and closed instantaneously, no valve period 
being used. For all locking operations during the final tests of the various plans, a filling
valve period of 5 minutes and an emptying-valve period of 4 minutes were used, which 
resulted in a 6-minute filling time and a 5-minute emptying time for the 960-ft lock cham
ber. Since the operations of filling, flushing, and emptying overlapped, the over-all ,time 
for a lockage was not the summation of the individual operations. The times required 
for flushing different volumes of water throu~h the various lock chambers on the 1-to-
60-scale model (with lower pool at elevation +2.6 ft mlw) are presented in the follow
ing table: 

· Times of Flushing · 

Lock Chamber Flushed Time of Operation in Minutes (Prototype) 
(see plate 5) 1 Lockful 1/2 Lockful 1/8 Lockful 

S-1 10.8 ·1.0 3.7 
S-2 12.4 8.3 4.4 
S-3 12.7 8.4 4.5 
S-4 13.9 9.3 5;3 
S-5 16.1 ' 10.8 6.1 

B-1 &.a Q.Q_ 3.6-
B-2 9.6 6.7 4.0 
B-3 9.8 6.8 4.3 
B-4 10.5 7.2 4.4 
B-5 12.4 8.8 5.3 

37. Salinity determination. For the purpose of measuring the salinities of samples 
from the model, Mohr's volumetric silver-chromate method was used. . Taking advan
tage of the fact that silver combines with a chloride in the presence of a chromate, a few 
drops of a saturated solution of potassium chromate were added to a measured sample 
of the salt solution, and to this an N/10 solution of silver nitrate was gradually added 
from a burette. until all the chloride had gone. into combination as AgCI and an excess 
of K?CrO formed the red Ag2Cr04, which showed that the reaction of AgNO~ with the 
chlonde was complete. From the equation, number of ml of AgN03 x 58.46 for 100 ml 
of sample= parts per million NaCl, the salinity of the sample was obtained. 

· 38. Salinity measurements. During the course of each test on the 1-to-60-scale lock 
model, salinity measurements were made as follows: 

a. The salinity of the water in the upper pool at the beginning of each test was . 
measured and converted into tons of salt contained in the upper pool. 

b. . The salinity of the fresh-water inflow was measured, and the number of tons 
of salt introduced into the upper pool by the fresh-water flow was determined 
by applying this salinity to the total volume of water used for flushing, lock
ing, and scavenging. 

c. During each flushing process a continuous sample was taken from the filling 
culverts above the upper lock gates. The salinity of each sample thus rep
resented the average salinity of tlie water used for flushing and raising for 
that particular transit. The salinity of scavenging water was determined by 
taking a sample of the water from the measuring basin in which it was caught. 
By applying these salinities to the respective volumes of water used for 
flushing, raising, and scavenging during each transit, the number of tons of 
salt leaving the upper pool by flushing, raising, and scavenging was deter
mined. 

d. At the end of each test, the water in the upper pool was throughly mixed 
and its salinity measured. By applying, the salinity to the volume of water 
in the upper pool, the number of tons of .salt contained therein was determined. 

e. Salinity measurements were made at the surf ace and bottom at all stations 
shown on plate 5 following each 100 transits. These measurements were 
made for the purpose of investigating the progressive increase or decrease in 
salinity at all points within the simulated upper pool. 
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39. Salt computations. From the salinity measurements described in paragraph 38 
above, ·the following computations were made for each model test: 

a. The amount of salt in the upper pool at the beginning of each test, plus the 
a.mount introduced through the fresh-water supply, equaled the total amount 
of salt added to the upper pool through all sources other than by intrusion 
through the locks. 

b. By subtracting this amount from the amount of salt removed from the upper 
pool by flushing, locking, and scavenging, and then adding the amount left 
in the upper pool at the end of. each test, the gross amount of salt passing 
upward from the lower pool through the upper lock gates into the upper 
pool in a given time was determined. ' 

This gross rate of entry of salt through the locks into the upper pool, as determined by 
the above salinity measurements and computations, determined the rate of introduction 
of salt to the 1-to-150-scale comprehensive model in order to determine the extent of dis
persion of this entering salt in the upper-pool lake and canal. However, it is pointed 
out that this gross amount of salt from the l-to-60-scale model did not indicate the degree 
of increase in upper-pool salinity, since the greater part of this gross amount was drawn 
off in the flushing and/or scavenging water before it dispersed in the upper pool proper. 
The determination of absolute increases in upper-pool salinities for any given hydraulic 
design and method of operation must be obtained from results of the l-to-150-scale com
prehensive model; however, the 1-to-60-scale lock model provided not only a basis of 
operation for the former, but also the comparative effectiveness of each of the various 
schemes tested. 

40. Numbering of tests. Tests made on the model were numbered, for identifica
tion purposes, in the order of their operation. The omission of a few test numbers from 
later parts of this report indicates that these particular tests were discontinued before 
completi_on because of breakdowns of the model appurtenances which spoiled the test 
results. 

Preliminary Tests 

41. A series of preliminary tests was first conducted on the l-to-60-scale lock model 
for the purpose of gaining a general knowledge of the phenomena to be studied and of 
developing a model-operating technique for subsequent tests. These preliminary tests 
also served to indicate the advantages of impermeable guide walls and of scavenging sumps 
and drains, to provide general data as to the relative effectiveness of flushing and scav
enging systems, and to indicate approximate quantities of fresh water needed for operat
ing purposes. It should be kept in mind that the results obtained and the observations 
made during these preliminary tests had a definite bearing upon the development of 
features of the hydraulic design and operating method for subsequent testing, and also 
upon the analyses of the results of the final tests. 

Test 1 
42. Description. Test 1 (without guide walls) was conducted for the general purpose 

of familiarizing personnel with operation of the model. Also, by dyeing the salt water in 
the lower pool, observations were made of the various actions occurring during the fol
lowing operations: (a) the movement of salt water into the lock from the lower pool when 
no boat was entering or leaving the lock; (b) the movement of salt water into the lock 
froni the lower pool when a boat was entering the lock; (c) the movement of salt water 
into the lock from the lower pool when a boat was leaving the lock; (d) the general effec
tiveness of flushing the lock chambers with fresh water; (e) the movement of salt water 

' from the lock into the upper pool when no boat was entering or leaving the lock; (f) the 
movement of salt water from the lock into the upper pool when a boat was entering the 
lock; and (g) the movement of salt water from the lock into the upper pool when a boat 
was leaving the lock. 

43. Results. The observations of salt-water movement by means of dye during test 
1 indicated the following: 

a. When no boat was entering or leaving the lock, there was a definite movem~nt 
of salt water into the lock from the lower pool whenever the lower lock gates 
were opened, this movement being the result of density flow caused by the 
difference in the specific gravities of the salt water in the lower pool and the 
fresh water in the lock. 
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b. The movement of salt water into the lock from the lower pool was greatly 
accelerated when a boat was moving from the lock into the lower pool. 
Acceleration of \he salt-water flow under this condition was brought about 
by the flow of water from the lower pool into the lock to replace the volume 
which had been displaced by the boat. ' 

c. The movement of salt water into the lock from the lower pool was consider
ably retarded when a boat was moving into the lock from the lower pool, 
the density flow of salt water into the lock from the lower pool being 
retarded by the flow of water from the lock to compensate for the displace
ment of the entering boat. 

d. Very little mixing of the salt and fresh water occurred until the flushing 
procedure began, the salt water occupying the lower portion of the lock 
chamber with the fresh water occupying the upper portion. When the flush
ing procedure began, the heavier salt water lying on the bottom of the lock 
flowed out through the emptying ports, the salt water remaining in the lock 
apparently being that of lower specific gravity which formed the interface 
between the salt and fresh water and mixed with the entering fresh water 
during the flushing process. At the end of the flushing period, the small 
amount of dye (indicating the presence of salt water) remaining in the lock 
was fairly evenly distributed throughout the lock chamber with somewhat 
higher intensities in each end- of tlie focK. and in sections of-tb:e iock wilere 
the spacing of the filling and emptying ports w~ broken by the intermediate 
gate recesses. 

e. The density flow of diluted salt water from the lock into the upper pool when 
no boat was entering or leaving the lock was very slight, as compared with 
the density flow into the lock from the lower pool when the lower lock gates 
were opened. This was due to the fact that the greater portion of salt 
water in the lock chamber was removed by flushing, so that the difference 
in the specific gravities of the water in the lock and in the upper pool was 
much less than the difference in- specific gravities of the water in the lock 
chamber and in the lower pool. 

f. By far the greatest movement of salt water from the lock into the upper 
pool ocCU!fed when a boat was entering the lock from the upper pool, the 
slight flow of salt water toward the upper pool due to difference in densities 
being greatly accelerated by the flow of water out of the lock chamber to 
compensate for the displacement of the entering boat. 

g. There was no appreciable movement of salt water from the lock into the 
upper pool when a boat was passing from the lock into the upper pool, the 
slight density flow of salt water toward the upper pool being almost entirely 
overcome and reversed by the flow of water into the lock from the upper 
pool to compensate for the volume displaced by the boat. One significant 
result of the passage of a boat from the lock into the upper pool was the 
drawing of salt from the upper pool back into the lo~k. 

Tests 21 3, 41 and 5 

44. Description. Tests 2, 3, 4, and 5 consisted of the reproduction of one, two, two, 
and three weeks, respectively, of the maximum weekly traffic schedule. The tests were 
made for the purpose of determinimg the amounts of salt that would pass through the 
locks into the upper pool during these respective periods of operation and how various fac
tors affected the rate of intrusion and elimination. No upper-pool guide walls were used 
during any of these tests, and the locks were flushed with one lockful of water during 
each transit requiring flushing; no scavenging was used in these tests. The filling and 
flushing water was drawn from high intakes located in the lock walls just above the upper · 
lock gates. The physical features of the upper pool and intake system for these tests 
are shown on plates 2 and 9. These four tests were identical in every respect, except 
for duration and fc;ir the salinity of the fresh-water supply. 
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45. Results.· The results of this series of tests can best be seen in tables 1 and 2. 
It will be noted that the amount of salt passing through the locks into the upper pool 
during the test of one week (276 tons) was greater than onc;-half the amount that entered 
during either of the two week tests (475 tons during test 3 and 451 tons during test 4), 
and more than one-third the amount that entered during the test of three weeks (616 tons). 
It will also be noted from table 2 that for each of these four tests the salinity of the upper 
pool increased to 57 ppm (initial salinity plus increase), there being no further .increase 
in salinity regardless of the length of the test. The results of these tests show that the 
rate of increase in upper-pool salinity decreased as the upper pool became saltier. 
Test 6 

46. Description. Test 6 consisted of the reproduction of one week of the maximum 
traffic schedule, flushing the locks with one lockful of water drawn from high intakes 
located in the lock walls just above the upper lock gates; no scavenging was used. Two 
impermea~le guide walls 310 ft apart, the north one being 1500 ft long and the south one 
1000 ft long, were installed in the upper pool. The physical features of the upper pool 
and intake system are shown on plate 10. The purpose of test 6 was twofold: (a) to de
termine the effects of the impermeable guide walls on the rate of salt intrusion into the 
upper pool; and (b) to determine the effects of high initial upper-pool salinity on the 
weekly rate of salt intrusion into the upper pool. Therefore, the salinity of the upper 
pool and of the supply water was arbitrarily increased to 103 ppm prior to the start of the 
test. 

·47. Results. The results of test 6 can best be seen in tables 1 and 2. The amount 
of salt passing through the locks into the upper pool was 160 tons, representing a decrease 
of 116 tons from the amount found to pass through the locks during test 2 (276 tons). 
There was no change in the salini'ty of the upper pool during the course of test 6 because 
of the ~igh initial salinity J>l .the upper -paol -and ~ply water, the final upper-pool salinity 
·being the same as at the beginning of the test. However, since no guide walls were in
stalled in the upper pool during test 2, the results of tests 2 and 6 are not comparable; 
therefore, it was necessary to conduct another test (test 7) to isolate the effects of the solid 
guide walls and the increased initial salinity of the upper pool and supply water. 
Test 7 

48. Description. · Test 7 was the same as test 6 (described in paragraph 46 above) 
with the one exception that the initial salinity of the upper ·pool and supply water was 
43 ppm for test 1 instead of 103 ppm. The purpose of test 7 was twofold: (a) to provide 
results comparable with test 2 in order that the effects of the solid guide walls could be 
determined; and (b) to provide results comparable with test 6 so that the effect of the 
high salinity of the upper pool and supply water used during the\est could be evaluated. 

49. Results. The results of -test 7 can best be seen in tables 1 and 2. It will be 
noted from table 1 that the amount of salt passing through the locks into the upper pool 
(197 tons) represented a decrease <1f 79 tons from the amount found to pass into the upper 
pool during test 2 (276 tons), and an increase of 37 tons over the amount passing into 
the upper pool during test 6. These results indicate that the construction of impermeable 
upper-pool guide walls decreased the weekly rate of salt intrusion by approximately 29 
per cent (test 2 compared with test 7), and that the high salinity of the up'per pool and 

• supply water used during test 6 decreased the weekly rate of salt intrusion by 19 per cent 
(test 6 compared to test 7). It is also pointed out that the net increases in upper-pool 
salinity for tests 2, 7, and 6 were 13, 5, and O ppm, respectively (see table 2). This in
dicates that the use of guide walls lowered the net increase in the salinity of the upper 
pool proper from 13 to 5 ppm, and that when the salinity of the upper pool and supply 
water was increased from 43 to 103 ppm (test 7 compared with test 6), there was no in
crease in upper-pool salinity. · 
Test 8 

50. Description. Test 8 consisted of the reproduction of one week of the maximum 
traffic schedule during which no flushing or scavenging was carri~d out. The same con

.. ditions existed in the upper pool (guide walls and intake system) as existed during test 
· · 7, except for a minor difference of 7 ppm in initial upper-pool salinity. Tests 7 and 8 

were, therefore, for all practical purposes identical, except that flushing was omitted in 
the latter. The purpose of test 8 was to provide a basis of•comparison for determining 
the general effectiveness of flushing as a means for the prevention of salt intrusion into . 
the upper pool. 
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51. Results. As shown in table 1, the gross amount of salt passing through the 
locks into the upper pool during test 8 was 3855 tons, resulting in a net increase in salt 
in the upper pool of 3593 tons (262 tons being removed from the upper pool through the 
hydraulic system during filling operations). A comparison of the results of this test 
with those of test 7 (flushing with one lockful of water) indicates that the flushing pro
cess removed 95 per cent of the salt that would pass through the locks into the upper pool 
if no flushing were done. (It is pointed out that these ·tests were made on the initial 
lock design, and that the above figures do not apply to the later revised designs used 
in the final tests.) 
Test 9 

52. Description. Test 9 consisted of the reproduction of one week of the ma.ximum 
traffic schedule, using one lockful of water for flushing drawn from high intakes located 
in the lock walls just above the upper lock gates; no scavenging was used. The upper
pool guide walls were extended in such a manner as to reduce the area of the upper pool 
to one-fifth its original area. The physical features of the upper pool and the intake 
system are shown on plate 11. It was the purpose of this test to determine whether the 
size of the simulated upper pool had any effect on the amount of salt passing through the 
the locks into the upper pool. . 

53. Results. The results of test 9 can best be seen in tables 1 and 2. The amount of 
salt passing through the locks into the upper pool during this test was 196 tons (see table 
1), this amount being almost exactly the same as that found to pass into the upper pool 
during test 7 (197 tons), which was identical to test 9 in every respect except for the 
area of the upper pool and a small difference in initial upper-pool salinity. The results 
of. these two tests indicate that the size of the simulated upper pool had no appreciable 
effect on the passage of salt through_ tha locks into- the pool. 
Tests 10 and 11 -

. 54. Description. Tests 10 and 11 consisted of the reproduction of one week and two 
weeks, respectively, of the maximum traffic schedule, using one lockful of water for 
flushing drawn from high intakes located in the lock walls just above the upper lock gates; 
no scavenging was used. The upper-pool guide walls and intake system were the same 
as for tests 6 and 7 previously described. The purpose of tests 10 and 11 was to deter
mine the effects of using a low salinity in the upper pool and supply water on the rate of 
salt intrusion into the upper pool; also, it was desired to determine the rate of salt intru
sion into the upper pool during the second week of operation with guide walls in use (pre
vious two-week. and three-week tests, tests 3, 4, and 5, did not include guide walls in the 
upper pool). 

55. Results. The results of these tests can best be seen in tables 1 and 2. The 
amount of salt passing through the .locks during the test of one week (254 tons) was ap
proximately 27 tons more than one-half the amount for the test of two weeks. It will 
be noted that for these tests with guide walls the amount of salt entering the upper pool 
during the first week was greater than during the second week, as was found to be the 
case in tests without guide walls (tests 2, 3, and 4). Attention ~ also invited to the fact 
that 57 tons more salt passed through the locks into the upper pool during test 10 than 
during test 7; since these two tests were identical in every respect except that the initial 
salinity of the upper pool and supply water was 17 ppm for test 10 and 43 ppm for test 7, 
this further substantiated previous indications that the maximum rate of salt intrusion 
through the locks occurred when the salinity of the upper pool was lowest. 
Revision of model design 

56. At this point in the model operating schedule, the testing program was inter
rupted and the model was almost entirely rebuilt to a different design prepared by the 
New York District Office. This revised design, which is shown in detail on plate 3, was 
used for all subsequent tests (tests 13 - 32). ' 

57. The differences between the initial and the revised designs can best be seen by 
comparing plates 2 and 3. These very considerable differences should be. kept in mind 
when attempting to make comparisons between the results of tests 1 to 11 on the initial 
design with those of subsequent tests, all of which were made on the revised design. It 
is also pointed out that the upper-pool guide walls were 310 ft apart for tests previously 
reported herein, and that all tests reported hereinafter included solid guide walls 1500 ft 
long and 223 ft apart, which fact also affects unfavorably the comparisons of the results of 
the tests on these two designs. · 
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Tests 13, 14, and 16 

58. Description. Tests 13, 14, and 16 'were conducted for the purpose of determi
ning the general effectiveness of scavenging alone as a means of eliminating salt-water 
intrusion into . the upper pool; no flushing was used in these tests. Volumes of water 
equal to continuous prototype discharges of 225, 450, and 100 cfs, respectively, were scav
enged from the bottom of a deep sump located between the upper-pool guide walls, and 
water 1JSed to fill the locks was drawn from high intakes in the lock walls 'just above the 
'11'pper lock gates (plate 12 shows the arrangement of sumps and intakes used for these 
tests). That portion of the upper pool outside the guide walls was molded flat at ele
vation -25 ft mlw. Each of these three tests consisted of the reproduction of one week 
of the maximum traffic schedule, except that only. boats normally using lock chambers 
S-4 and B-3 (see plate 5) were uaed, these boats being approximately the averages of all . 
ships and barges, respectively, using the locks. The tests were conducted without using 
the intermediate lock gates, the 960-ft barge and ship lock chambers being used for all 
transits. 

59. Results. The results of these tests can best be seen in tables 1 and 2. The 
gross'. amounts of salt passing through the locks into the upper pool were 2451 tons for 

· scavenging with 450 cfs, 1855 tons for scavenging with 225 cfs, and 1841 tons for scaveng
ing with 100 cfs; of these amounts of salt only 146, 168, and 409 tons, respectively, re
mained in the upper pool, the remainder being removed by scavenging. The results of 
these tests show that with the highest scavenging discharge, more salt passed into the 
upper pool through the locks, but that the net amount of salt remaining in the upper pool 
wasless. This further demonstrates that plans which effectively lowered the upper-pool 

-salinity in-the vicinity of-the upper lock xates t:.'lmSlld an increase in the gross rate of entry 
of salt from the locks, while at the same time lowering the rate of salinity increase in the 
upper pool proper. With the 225 cfs scavenging discharge, the net increase of 168 tons or 
salt in the upper pool was only 22 tons in excess of the net increase of 146 tons for the 
test using 450 cfs for scavenging; however, the net amount of salt remaining in the upper 
pool increased sharply when a scavenging flow of 100 cfs was used, the net amount of 
salt remaining in the upper pool for this test being 409 tons. It is evident, therefore, 
that scavenging with 225 cfs was almost as effective in the prevention of salt intrusion 
as scavenging with 450 cfs, but that a scavenging flow appreciably less than 225 cfs re
sulted in a sharp incl"ease in the net rate of salt intrusion into the upper pool. 

Final Tests 

60. Following a study of the results of all preliminary tests OQ the l-to-60-scale lock 
model, a conference was held between the various interested offices during which four 
different plans of salinity-elimination (referred to hereinafter as plans A, B, C, and D) 
were devised for final testing. Each of these four plans was subjected to three tests, 
using three different volumes of fresh water equal in amounts to flushing with one, one
half, and one-eighth"lockfuls of water; two additional tests were made of modifications 
of plan B. The total water requirements for these plans are shown in table 7. Each of 
the four plans included identical solid guide walls.1500 ft long and 223 ft apart in the upper 
pool, and a sump (referred to as "sump A" on accompanying plates) outside the guide 
walls from which 25 cfs scavenging water was discharged continuously throughout each of 
the three tests of the four plans. 

61. In presenting the results of the final tests reported hereinafter, the area included 
between the guide walls (which were identical for all of these tests) is not considered a 
part of the upper pool, since the different plans tested involved various installations 
between the guide walls for removing salt water; the significant salinity figure is that 
volume of salt which entered the upper pool proper beyond the ends of the guide walls. 
The gross volumes of salt passfo.g· upward through the upper lock gates are also tabulated 
for purposes of showing the basis of operation of the l-to-150-scale comprehensive model, 
which is discussed in later parts of this report. However, in order to determine the relative 
effectiveness of the various plans in eliminating salinity intrusion into the upper pool, 
comparisons should be made of the tabulated increases in salinity in the upper pool prop-
er beyond the guide walls. · 
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Plan A (tests 20, 21, and 22) 

62. Description. Plan A, tests 20, 21, and 22, consisted of one-week reproductions 
of the maximum traffic schedule, flushing the locks with one, one-half, and on~ighth 
lockfule of water, respectively. A constant scavenging flow of 25 cfe was drawn from the 
outer sump A. The plan included high lock-filling intakes located near the upper lock 
gates and near the surface of the upper pool. No sump was provided between the guide 
walls, this area being molded flat at elevation -22 ft mlw. The physical features of plan 
A are shown on plate 13. Thie plan provided for ea.1:t removal in two ways: through 
flushing and filling the lock chambers with the fresher water from the surface of the upper 
pool; and through scavenging with 25 cfe from the bottom of the outer sump. 

63. Results. The results of the plan A tests can be seen in tables 3 and 4. The 
gross amounts of salt passing upward through the upper lock gates during plan A, tests 
20, 21, and 22, were 343, 339, and 1201 tone, respectively. It is probable that the amount 
of salt passing through the upper lock gates for test 21 (339 tone) is somewhat lower 
than should be indicated due to the relatively high initial upper-pool salinity for this 
test. The amounts of salt passing beyond the ends of the guide walls and into the upper 
pool were 45, 63, and 511 tone, respectively, which figures indicate the relative effective
ness of flushing with one, one-half, and one-eighth lockfuls, respectively, with plan A 
in operation. 

Plan B (tests 23, 24, and 25) 

64. Description. Plan B, tests 23, 24, and 25, were one-week reproductions of the 
maximum traffic schedule, flushing the locks with one, one-half, and one-eiglith lockfuls 
of water, respectively. Pian B was the same as plan A with the exceptions that a deep 
sump with a bottom elevation of -50 ft mlw was installed between the upper-pool guide 
walls, and the lock-filling intakes were located near the bottom of this sump. The phys
ical features of plan B are shown on plate 14. Thie plan provided for salt removal in 
two ways: through flushing and filling the locks with the saltier upper-pool water drawn 
from the bottom of the inner sump; and through scavenging 25 cfs from the outer sump. 

65. Results. The results of the plan B tests can be seen in tables 3 and 4. The 
gross amounts of salt passing upward through the upper lock gates during plan B, tests 
23, 24, and 25, were 228, 346, and 917 tons, respectively. The amounts of salt passing 
outside of the guide walls into the upper pool were 9, 15, and 278 tons, respectively. A 
comparison of these results with those of the plan A tests shows that the low intakes of 
plan B in the sump between guide walls were considerably more effective in reducing 
salinity intrusion. 

Plan C (tests 17, 18, and 19) 

66. Description. Plan C, tests 17, 18, and 19, consisted of one-week reproduc
tions of the maximum traffic schedule, using only scavenging instead of flushing as a means 
for the prevention of salt intrusion into the upper pool. The plan included high lock
filling intakes located in the lock walls near the upper lock gates and near the water 
surface. Scavenging discharges equal in volume to one, one-half, and one-eighth lockfuls 
of water, respectively, were drawn from the bottom of a deep sump between the guide walls, 
and a constant scavenging flow of 25 cfe was drawn from the bottom of the outer sump. 
The physical f eaturee of plan C are shown on plate 15. This plan provided for salt re
moval in three ways: filling (but not flushing) the lock chambers with the fresher water 
from the surface of the upper pool; scavenging from the bottom of the sump between 
the guide walls; and scavenging with 25 cfe from the sump outside the guide walls. 

67. Results. The results of the plan C tests can be seen in tables 3 and 4: The gross 
amounts of salt passing through the upper lock gates during tests 17, 18, and 19 were 
2786, 2079, and 2350 tone, respectively. It is considered probable that the amount of 
salt passing through the upper lock gates for test 17 (2786 tons) is considerably higher 
than it should be due to the relatively low initial upper-pool salinity. The amounts of 
salt passing outside of the guide walls into the upper pool proper were 55, 119, and 443 
tone, respectively. 
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Plan D (tests ~6, 27, and 28) 
68. Description. Plan D, tests 26, 27, and 28 were identical with the three plan 

C tests with the one exception that the lock-filling intakes for plan D were located near 
the bottom of the sump between the guide walls. The physical features of plan D are shown 
on plate 16. Thie plan provided for salt removal in three ways: filling (but not flushing) 
of the lock chambers ~ith the saltier water from the bottom of the sump between the 
guide walls; scavenging from the bottom of this inner sump; and scavenging 25 cfs from 
the sump outside the. guide walls. 

69. Results. The results of plan D tests can best be seen in tables 3 and 4. The 
gross amounts of salt passing upward through the upper lock gates during tests 26, 27, 
and 28 were 2684, 2735, and 2748 tons, respectively. The amounts of salt passing out
side of the guide walls into the upper pool proper were 61, 80, and 457 tons, respectively. 
Test of eliminating intermediate gates (plan B, test 30) 

70. Description. Test 30 was the same as test 24 (described in paragraph 64) 
with the one exception that the downstream (toward Raritan Bay) sets of intermediate 
lock gates were not used during the test. The size and sequence of ships and barges 
passing through the model locks were the same as for test 24, but they were locked only 
through the lock chambers having usable lengths of 270, 530, and 880 ft. The purpose 
of test 30 was to determine the effects of eliminating the downstream sets of intermediate 
gates on the intrusion of salt water into the upper pool. 

71. Results. The results of test 30 can be seen in tables 3 and 4. The gross amount 
of salt passing through the upper lock gates during this test was 415 tons. The amount 
of salt passing from between the guide walls into the upper pool proper was 28 tons, 
representing an increase of 13 tons over the amount passing into the upper pool during 
test 24 (15 tons). It is pointed out that total fresh-water requirements for test 30 (374 
cfs) was 20 cfs greater than that for test 24: {354 ds), since the elimination of the lower 

-interme<liate gates in test 30 involved the use of larger lock chambers which required 
larger volumes of water for filling and flushing. It is evident, therefore, that elimi
nation of the lower intermediate gates approximately doubled the rate of salinity intrusion 
into_the upper pool for the conditions of this test. 

Test of deepening barge lock (plan B, test 32) 
72. Description. Test 32 was the same as test 24 (described in paragraph 64) with 

the one exception that all of the traffic was routed through the ship lock, instead of through 
the shi"p and barge locks as in previous tests. This test was made to determine the effects, 
on intrusion of salt into the upper pool, of constructing two ship Jocks at Sayreville 
rather than one ship lock and one barge lock. 

73. Results. The results of test 32 can be seen in tables 3 and 4. The gross amount 
of salt passing through the upper lock gates during this test was 673 tons. The amount 
of salt passing from between the guide walls into the upper pool proper was 42 tons, 
representing an increase of 27 tons over the amount passing into the upper pool during 
test 24 (15 tons). It is pointed out that the fresh water required for operation of the 
locks and scavenging system during test 32 was 398 cfs, an increase of 44 cfs over that 
used during test 24 (354.cfs); this increase in water requirement. was due to the fact that 
the greater depth of the ship lock as compared to the barge lock required the use of larger 
volumes of water for flushing. It is evident, therefore, that the deepening of the barge 
lock to ship-lock depth approximately tripled the rate of salinity intrusion into the upper 
pool for the conditions of this test. 

Discussion of Results 
Preliminary tests (tests 1 to 16) 

74. 'l'he principal value of the preliminary tests on the 1-to-60-scale lock model 
was to provide information as to the manner in which salt water traveled through the 
locks and into the upper pool, and also to indicate the general effectiveness of various 
proposed methods of combating this intrusion of salt water. While certain valuable 
conclusions can be drawn from the results of these tests, it is pointed out that direct 
comparisons can not be made between results of these tests and those of the final tests, 
due to the drastic differences in the lock designs used for these two series of tests. The 
most significant conclusions to be drawn from the results of the preliminary tests are 
discussed in the paragraphs. below. 
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75. Effectiveness of flushing. The results of these tests show that the flushing of 
the lock chambers with water from the upper pool was a highly effective method of re
moving salt water from the locks. Original plans for the model study had contemplated 
the possibility of having to use as much as two and one-half lockfuls of fresh water per 
flushing operation, one lockful being the minimum volume considered; however, the pre
liminary tests showed one lockful to be so effective that subsequent tests were made 
using one, one-half, and one-eighth lockfuls of flushing water. 

76. Manner of salt-water intrusion after flushing. The exchange of water through 
the upper lock gates due to different densities was found to be a comparatively slow pro
cess, due to the dilution and removal of the saltier water in the lock by flushing. By 
far the maximum intrusion of salt water through the lock gates into the upper pool oc
curred during the passage of a boat from the upper pool into the lock, since this condition 
resulted in a combination of the density flow of salt water into the upper pool and a flow 
out of the lock chamber into the upper pool equal to the volume displaced by the boat. 
During the passage of a boat out of the lock through the upper gates, the tendency for 
density flow was almost entirely reversed by the flow of water out of the upper pool and 
into the lock to compensate for the boat displacement, so that one significant result of 
an upbound boat passage was to remove some amount of salt from the upper pool; this 
amount being dependent upon the upper-pool salinity near the lock gates. 

77. Effect of upper-pool salinity on salt intrusion. The results of several one-, two-, 
and three-week tests, as well as tests using different upper-pool salinities, show that the 
maximum rate of intrusion of salt into the upper pool occurred during the first week of 
operation, or during the period of lowest upper-pool salinity; that is, that the rate of in
crease in upper-pool salinity decreased as the upper pool became saltier. Apparently, this 
was brought about by the fact that an in-creas~ irr ti1e- upper-pooi saiinity adjacent to tne 
lock gates had the following effects: (a) the tendency for the exchange of water due to 
density flow through the upper gates was decreased; (b) the exchange of water through 
the upper gates due to transference of boat displacement drew more salt from the upper 
pool; and (c) more salt was drawn from the upper pool in the flushing and filling water. 
The above points indicate that prolonged operation under stable flow conditions would 
result in a condition of equilibrium, where the rates of intrusion and extrusion of salt 
would become equal and the upper-pool salinity would become and remain stable. This 
indication is substantiated by the results of preliminary tests 2 through 5 as well as sub
sequent tests on the 1-to-150-scale comprehensive model. 

78. Upper-pool guide walls. The results of these tests show that the use of imper
meable guide walls in the upper pool greatly increased the effectiveness of any of the tested 
plans for the elimination of salt-water intrusion. The use of such guide walls lowered 
the rate of salt intrusion in three ways: (a) the water of highest salinity was confined between 
the guide walls in the vicinity of the upper lock gates, where it tended to reduce the net 
gain of salt-to the upper pool through the exchange of water between the locks and upper 
pool; (b) by confining the water of highest salinity between the guide walls, more salt 
was removed from the upper-pool through the lock hydraulic system; and (c) flushing 
and filling operations created a flow of fresh water between the guide walls toward the 
locks which tended to counteract the travel of salt water toward the upper pool proper. 

Final tests (tests 17 to 32) 

79. The comparative effectiveness of the various plans tested, and of using different 
volumes of fresh water for lock operating purposes, can be determined from the data pre
sented in tables 3 and 4 and on plates 17, 18, and 19. These model data indicate that 
the use of only one-eighth lockful of fresh water was not sufficiently effective in prevent
ing salt intrusion. However, the use of one lockful of fresh water was highly effective 
in reducing salinity intrusion, and one-half lockful was so nearly as effective as one lock
ful that operation of the 1-to-150-scale comprehensive model was based upon the use of 
one-half lockful. The model tests showed flushing to be more effective than scavenging 
alone. 
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80. The test results show that either the elimination of intermediate lock gates or 
the deepening of the barge lock to ship-lock dimensions resulted in a substantial increase 
in the rate of entry of salt into the upper pool, even though greater quantities of fresh 
water were used in both cases. This was due in part to the fact that either of these 
changes in design decreased the effectiveness of the flushing operation, it being obvious 
that flushing would be more effective if a boat were inclosed in a chamber corresponding 
as closely as possible to the length and draft of the vessel than would be. the case if the 
same boat were inclosed in a chamber much longer or deeper than the vessel. Further
more, observation of the nature of density flow of salt water into the locks and into the 
upper pool indicated that both of these inflows of salt water were greater in the ship lock 
than in the barge lock, due to the greater depth and cross-sectional area of the former. 
Also, it is believed (and substantiated by subsequent tests on the 1-to-20-scale lock model) 
that the lengthening of the lock chambers by the elimination of intermediate gates was 
accompanied by less effective flushing in the upper ends, due to the fact that the distri
butions of inflow and outflow during flushing became more uneven as the lock chamber 
became longer, both the inflow and outflow (and, hence, the effectiveness of flushing) 
becoming lower in the upper end where salinities were most critical. 

81. Since plan B, as described in paragraph 64 and shown on plate 14, proved to be 
the most effective of all the plans tested in the prevention of salt-water intrusion into 
the upper pool, this plan was selected for testing in the 1-to-150-scale comprehensive model, 
using one-half lockful of water for flushing and a constant scavenging flow of 25 cfs from 
the outer sump A (see plate 6). 
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Purpose 

' 82. As brought out in the preceding part of this report, the 1-to-60-scale lock model 
was used to determine the most effective of the plans for preventing salt-water intrusion 
into the upper pool and also to indicate the actual volume of salt which the maximum 
traffic schedule would bring into the upper pool in a given time for each of the plans 
tested. The purpose of the 1-to-150-scale comprehensive model was to determine the 
extent of intrusion and dispersion of this entering salt in the upper-pool lake and into the 
canal toward the Delaware River, with a view to establishing whether salinities would in 
time exceed tolerable limits in any area of the canal and at what degree of salinity the 
upper pool would reach and maintain a condition of salinity equilibrium. 

Description 
83. The 1-to-150-scale comprehensive model reproduced the Sayreville Locks, the 

entire upper-pool lake above the Sayreville Dam, and the ship canal to mile 11 (the 
layout of this model is shown on plate 6). The model was not extended beyond mile 11 
because the opinion was held that salinity intrusion would not extend that far up the 
canal; however, space was left for the possible extension of the model canal all the way 
to the Deleware River if such an extension should later be found necessary. The entire 
model was built to scale, except that an artificial curve was made in the canal at mile 8 
so that construction costs could be reduced by building the entire model within an exist
ing shelter; in view of the extremely low velocities involved in this section and of its dis
tance from the various regulating works, the accuracy of model operation and results was 
not affected by this curvature. 

84. The model was molded in concrete, and reproduced scavenging sumps and drains, 
guide walls, and flushing and filling intakes, as called for in any particular plan to be 
tested. Provisions were made for reproducing the Raritan River flow, flow from the 
Delaware River end of the canal, and a flow into the canal at mile 10 representing the 
flow of certain tributary streams. 

Operating Procedure 
85. General procedure. The .operating procedure followed on the model during the 

course of the testing program was m general as follows: (a) the upper-pool lake and canal 
were filled with fresh water having as low salinity as could be obtained; (b) the correct 
discharges were introduced into the model to represent flows from the Raritan River and 
the Delaware River, and from streams tributary to the canal; (c) the maximum traffic 
schedule was routed through the canal and locks; and (d) salt was added to the model 
locks in amounts determined from operation of the 1-to-60-scale lock model for the par
ticular plan being tested. Further details of the operating procedure are presented in 
the following paragraphs. 

86. Boats. A model boat representing the average length, width, draft, displace
ment, and propeller characteristics of all ships expected to use the canal was operated 
through the upper pool and into and out of the lock chamber at a speed of 2.5 knots 
(prototype). Another boat of like dimensions was operated at 4.0 knots through the 
canal above the upper pool. The number of passages of these boats per week was in 
accordance with the maximum traffic schedule used on the 1-to-60-scale lock model. 
The use of these boats was necessary in order to reproduce the mixing action which boat 
traffic would have in the prototype. 

87. Addition of salt. The amount of salt introduced into the upper pool during each 
simulated week of each test was the gross amount which was found to pass through the 
upper lock gates of the 1-to-60-scale lock model during a one-week test of the particular 
plan. being tested, t~is amount being converted ~o the scale of the 1-to-150-scale compre
hensive model. This volume of salt was added m terms of the average amount entering 
the upper pool per transit (the total weekly amount divided by the number of transits per 
week), and was introduced into the upper pool through the lock chamber. 

88. Lock gates. The upper lock gates were operated to allow the ship to pass into 
and out of the lock chamber with each transit, thus reproducing the intermittent inflow 
of salt water into the upper pool. 

23 
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89. Flushing and scavenging water. During each transit, a volume of water was 
drawn off through the filling and flushing intakes which was the same volume, to scale, 
as the average volumes used for flushing and lifting in the 1-to-60-scale lock model. A 
constant flow of 25 cfs was scavenged from the bottom of the outer sump A. 

90. Fresh-water flow. The volumes and the points of introduction of fresh-water 
inflows to the model varied for the different plans tested. For tests 3 and 4, the major 
source of the fresh-water supply was considered to be the Raritan River, while for tests 
5 and 6, the major source of the fresh-water supply was considered to be pumped from 
the Delaware River. Fresh-water inflows for each of the tests are described hereinafter 
as the tests are discussed separately. 

91. Salinity observation. Throughout each test, salinity samples were taken at the 
following places: (a) a sample of the water drawn off by flushing and lifting was taken 
during each transit; (b) a continuous sample was taken from the sump A scavenging 
drain; and (c) samples were taken at stations 1 to 11 (shown on plate 20) following each 
forty-fifth transit. 

92. Initial salinity. The salinity of the water in the upper pool at the beginning of 
each iest, and that of the supply water entering the upper pool. and canal throughout each 
test, was as low as could be obtained with the one exception of test 4. For this test, 
the initial upper pool salinity was artificially increased to approximately 400 ppm, while 
the salinity of the supply water used was about 20 ppm. 

Tests 1 and 2 
Preliminary Tests 

93. Tests 1 and 2 on the 1-to-150-scale model were conducted for the general pur
~pose of-iamUiarizing personnei with operation of tbe model and of developing the model 
operating technique. No data were recorded during these tests. 

Test 3 

94. Description. The upper-pool configuration and appurtenances for test 3 on the 
comprehensive model were the same as the initial design used in preliminary tests 6 to 11 
on the 1-to-60-scale lock model (see plate 10), except that the guide walls were intermit
tent, being provided with gaps 20-ft wide on 55-ft centers, and were not designed as salt 
barriers. The fresh-water inflow for test 3 was 567 cfs from the Raritan River, which 
volume provided for flushing with one lockful of water and scavenging 25 cfs from the one 
large sump. The rate of introduction of salt (276 tons per week) was based on the results 
of test 2 on the l-to-60-scale lock model (from column 7 of table 1). Test 3 was made for 
the general purpose of investigating the intrusion of salt in the upper-pool lake and canal. 
The duration of the test was 16 prototype weeks. 

95. Results. The. results of salinity measurements throughout the test are shown 
in table 8 (see plate 20 for station locations). The principal value of this test was in 
showing that the salinity of the upper pool did increase to some extent all the way up 
the canal to mile 11 for the conditions tested. The results are in no way comparable 
with those of subsequent tests, because of the great difference in test conditions which 
can be noted from succeeding test decriptions. 

Test4 
96. Description. For test 4, the model conditions and operating procedures were 

identical to those for test 3 with one exception: the initial upper-pool salinity at the begin
ning of the test was artificiaJly increased to about 400 ppm throughout the lake and canal 
and about 737 ppm in the scavenging sump. The salinity of the supply water was 20 
ppm. The purpose of this test was to investigate the extrusion of salt water from the 
upper pool by flow from the Raritan River alone. 

97. Results. Table 9 shows the results of salinity measurements taken throughout 
this test. Although considerable reductions in salinity were effected in the upper-pool 
lake and the lower end of the canal, the test was abandoned at the end of the thirtieth 
week since it appeared doubtful that the introduction of fresh water from the Raritan 
River would effectively lower the salinity of the canal in the vicinity of mile 11. 
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Final Tests 
· Test 5 (plan B) 

98. Test 5 on the comprehensive model was a further test of plan B, as previously 
studied in test 24 on the l-to-60-scale lock model. The physical features of plan B are 
described in paragraph 64 and shown on plate 14. The rate of introduction of salt (346 
tons per week) was based on the gross amount which passed through the upper lock gates 
during the one-week test 24 on the l-to-60-scale lock model (from column 11 of table 3). 
The fresh-water inflow for test 5 was 354 cfs, which volume provided for flushing with 
one-half lockful of water and scavenging 25 cfs from the outer sump A; distribution of 
this 354 cfs total flow was as follows: 

Inflows 
Raritan River inflow 
Bordentown inflow 
Mile 10 tributaries 

Total 

60 cfs 
280 cfs 

14 cfs 
aM cfs 

Outflows 
Flushing and lifting 
Scavenging, sump A 

Total 

329 cfs 
25 cfs 

354 cfs 

This test was operated through 16 prototype weeks, or until it was evident that the sa
linity of the upper pool had reached a condition of approximate equilibrium. 

99. Results. The results of this test can best be seen in table 10 and on plate 20. 
The values shown in column 0 of this table represent the salinity of the upper pool and 
canal at the beginning of the test; the values shown in the following columns represent 
the variations in salinity for the duration of the test. The salinities shown for flushing 
and scavenging are weekly averages. It will be noted that the 'salinity of the water at 
stations located within the upper-pool lake (stations 1, 2T, 2B, 4, and 4.5) graduall~ in
creased from 11 ppm to 20 to 27 ppm during the first seven weeks of operation, following 
which it remained practically constant throughout the remainder of the test. The average 
weekly salinity of the flushing and scavenging water increased during the first nine weeks 
of operation, following which there were slight fluctuations throughout the remainder of 
the test. At salinity station 5, located in the mouth of the canal proper, the salinity 
gradually increased to about 18 ppm during the first eight weeks of operation and then 
gradually decreased to about 14 ppm during the last eight weeks. At the other canal 
stations, there wa.~ no appreciable increase in salinity at any time during the test, the 
greatest measured increase of about 3 ppm being within the degree of accuracy of salinity 
measurements. 

Test 6 (plan B) 

100. Description. Test 6 on the comprehensive model was a reproduction of twelve 
weeks of the maximum traffic schedule. Operation of and conditions for this test were iden
tical to test 5 (paragraph 98 above) with one exception: the rate of introduction of salt 
into the locks for test 6 was arbitrarily increased 5 0 per cent above that used for test 
5, which was based on actual rate determined from the l-to-60-scale lock model. The 
purpose of test 6 was to determine how effectively the salinity-elimination features of 
plan B would function with the rate of initial salinity intrusion arbitrarily increased 50 
per cent as a factor of safety. 

101. Results. The results of this test can best be seen in table 11 and on plate 20. 
Salinity at stations within the upper-pool lake gradually increased to around 30 to 34 ppm 
by the end of the seventh week of operation, following which they remained fairly constant 
throughout the remainder of the test. At the canal stations above mile 5 (the entrance 
to the canal proper), no appreciable increase in salinity was recorded at any time through
out the entire test. It is evident, therefore, that the salinity-elimination features of plan 
B were sufficiently effective to handle this increased volume of salt without serious salt
water intrusion into the canal. 

Discussion of Results 
102. It is apparent from the results of the final tests on the l-to-150-scale compre

hensive model that the salt-removing facilities provided by plan B would be adequate 
to prevent the intrusion of intolerable quantities of salt water into the canal and the Del
aware River. 

31860 
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103. It is believed that the best results would be obtained by pumping into the canal 
at Bordentown the water used for operation of the Sayreville Locks, as the flushing action 
of this fresh water passing through the length of the canal would assist in preventing 
the movement of salt water toward the Delaware River. The salinity measured at the 
canal stations during test 3 (see table 8), during which the fresh water si.rpply came from 
the Raritan River, showed slight increases during this test due to evaporation of the 
stagnant water in the canal, while for tests 5 and 6 (see tables 10 and 11 and plate 20), 
during which the fresh water supply passed through the canal, there were no measurable 
increases in salinity in the canal. 

104. Attention is invited to the fact that several safety factors were provided in the 
model tests. It was clearly indicated by tests on the 1-to-60-scale lock model that the 
amount of salt entering the upper pool during the first week of operation was greater 
than that entering in subsequent weeks; nevertheless, the amount of salt introduced into 
the comprehensive model for test 5 of plan B was based on the first week of operation 
of the 1-to-60-scale model. Futhermore, when this quantity of salt was arbitrarily in
creased by 50 per cent in test 6 of plan B, no harmful increases in salinity occurred in 
the upper pool, nor was there any indication that any salt water might pass through the 
length of the canal into the Delaware River. 



PART VI: 1-T0-20-SCALE LOCK MODEL 

Purpose 

105. The purposes of the 1-to-20-scale model of the Sayreville Ship Lock were as fol
lows: (a) to investigate the design of the lock hydraulic system; (b) to study the effects 
of the top-filling and bottom-emptying system upon navigation in the lock; and (c) to 
investigate the possibilily of scale effects in the 1-to-60-scale lock model upon salinity 
results. Although only the ship lock was investigated, it is believed that the results 
obtained are applicable to the barge lock also, since the only difference in the two locks 
was in depth. 

Description 

106. The 1-to-20-scale model reproduced the ship lock with all appurtenant elements, 
a 12-by-12-ft (model) upper pool, and a 12-by-12-ft (model) lower pool. Details of the 
model are shown on photographs 4 - 10. The lock proper was constructed of reinforced 
concrete, and the simulated upper- and lower-pool areas were inclosed within brick walls. 
The intake and discharge culvert ports were constructed of sheet metal with a trans
parent plastic window located in the top to permit observation of flow conditions. For 
all tests on the 1-to-20-scale model, the intake ports were located near the surface of the 
upper pool as shown on plate 3. For ease of construction and ready alteration, the fill
ing ports were made of precast concrete blocks sanded very smooth on the inside to sim
ulate the prototype roughness value. After the port blocks were in place, the lock walls 
above were constructed of brick and plastered to prevent leakage. The emptying laterals 
in the bottom of the lock were molded in concrete, and wooden blocks were shaped to 
reproduce the emptying port areas. The emptying culvert was constructed of 14-gage 
sheet metal, while the filling culverts in the vicinity of the ports were of concrete; valve 
chambers in both emptying and filling culverts were constrncted_of_sheet_metaL Trans~ 
parent plastic windows in the chambers of one of the filling valves and one of the empty
ing valves premitted observation of flow through the valves. The tainter valves were 
of metal, machined accurately to the proper dimensions and equipped with rubber seals 
to prevent leakage. The valves were operated by cam-and-gear arrangements driven 
by electrical synchronous motors; replacement of gears premitted the time of opening to 
be changed as desired. No attempt was made to open or close the miter gates; each 
miter gate was constructed of wood and installed permanently in closed position. Sheet
metal skimming weirs located in the upper and lower pools maintained the desired water 
levels in these areas. The boats used during the model tests were constructed of wood 
by the David Taylor Model Basin, Navy Department, and loaned to the Experiment 
Station. These boats were of the following prototype dimensions: 

Type 

Tanker 
Tug 

Ship Dimensions (Feet) 
Length I Beam I Draft 
503.o I 68.o I 29.96 
195.0 38.5 13.75 

Model · Appurtenances and Their Application 

107. The water used in the operation of the model was supplied by two centrifugal 
pumps from an underground sump. The overflows from the skimming weirs mentioned 
in the preceding paragraph were returned to the sump through an open channel. Steel 
rails set to grade along the top of the lock walls provided a datum plane for the use of 
measuring devices. Water-surf ace elevations were measured both by means of hook gages 
and by means of floats attached to the lock recorder instrument. Velocities in the emp
tying laterals were measured with a pitot tube, while velocities at the filling ports were 
measured both by means of a 1-inch-diameter propeller-type current meter and a pitot 
tube. 

108. The lock recorder instrument (see photograph 9) referred to above recorded 
graphically on a paper chart, as a function of time, the water levels in the upper and 
lower pools and in the lock chamber, the positions of the filling and emptying valves, 
and the slopes of the water surface in the lock chamber. Water-surface elevations, 

27 
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valve positions, and water-surface slopes measured by floats located in opposite ends 
of the lock chamber were transmitted to the recorder pens by a system of counter-weighted 
floats, cables, and pulleys. The paper chart was moved across the recorder table at a 
constant rate by an electric motor. A timing pen, recording on the chart time intervals 
of 1 second, was actuated by an electromagnetic relay connected to a system of make-and
break contacts operated by a synchronous motor. All of the recorder pens were of capil
lary tubing provided with small reservoirs for ink. 

109. The longitudinal forces acting upon boats during filling, emptying, or filling-and
flushing operations were measured by means of an electrical strain gage (see photograph 
10) and recorded by means of an oscillograph. The longitudinal mov~ment of a boat in 
the lock chamber was restrained by a relatively stiff steel member approximately 7 /8 
in. wide, 1/10 in. thick, and 6 in. long, so mounted that it would rise or fall with the 
vertical movement of the boat. By cantilever action, any strain set up in this steel 
member was proportional to the longitudinal force on the boat; the strain was measured 
by determining the resulting changes in a resistance-wire strain gage mounted on the 
cantilever. Resistance variations of this gage were detected and amplified by means of 
electronic equipment and applied to an oscillograph. Prior to testing, the strain gage 
was calibrated by placing known loads on the cantilever and reading the corresponding 
deflections shown by the oscillograph. Guides on the boat prevented any transverse 
movement of the boat in the lock, thus insuring that all forces recorded were truly longi
tudinal in direction. 

Operating Procedure 

110. All studies of filling, emptying, or filling and flushing were conducted in the same 
manner. Prior to the start of a test, the upper- and lower-pool levels and the level of 
-the water surface in the lock were set at the desired elevations as determined by means 
of hook gages. In most tests, the upper- and lower-pool levels were maintained at ele
vation f10 ft and 0.0 ft mlw, respectively; where other pool levels w.~re used, they are 
speeifie hereinafter in the discussions of individual tests. The lock recorder pens were 
filled with ink, and the proper size gears to give the desired valve periods were installed 
on the filling- and emptying-valve mechanisms. The lock recorder apparatus and the tain
ter valves were then placed in operation and all data, except for the force tending to 
move the boat, were recorded on the lock recorder; the force tending to move the bo'at 
was measured by means of the strain gage and recorded by an oscillograph as previously 
described. During the tests conducted to study the effect of flushing various amounts 
of water through the lock, the flushing water was caught and measured volumetrically 
in a small sump. Two or three check runs were made of each test to insure the accuracy 
of results. 

111. Tests to investigate the distribution of flow through the filling ports and the 
emptying laterals were conducted under steady flow conditions. That is, if the flow dis
tribution through the filling ports was desired for a certain head, the filling valves were 
set at the proper opening as determined from the lock characteristic curves; the corres
ponding water level in the lock was maintained by manipulation of the emptying valve· 
The above procedure was reversed if the flow distribution from the emptying laterals 
was under study. Velocity observations made at the filling ports or in the emptying 
laterals were converted into discharge on the basis of the average area over which each 
measurement was effective. Although the method of securing flow distribution under 
steady flow conditions is not ideal due to a varying rate of flow entering the lock, it is suf
ficiently accurate for the purpose. A considerable saving in time was effected by this 
method, because otherwise a complete filling and emptying operation would have been 
required for each velocity observation. 

112. Pressures in the filling and emptying culverts were recorded by means of pie
zometers located in the sides along the centerlines of the culverts. The piezometer read
ings were recorded photographically for each foot of rise or fall in water level in the lock 
chamber. Readings from the photographs were used in plotting pressure gradients. 
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Results of Tests - 960-ft Length Lock 
Filling valve operation 

113. General remarks. Tests were conducted on the ship lock as shown on photo
graph 4 and plate 3 for filling-valve periods of 2, 3, 4, 5, 6, and 10 minutes. (Valve peri
ods are usually referred to in the text of this report to the nearest minute; however, the 
accompanying plates and tables show these periods to the nearest hundredth of a minute.) 
Although all valve periods were based on a uniform rate of opening, the actual rate of 
the filling and emptying valves varied slightly from the theoretical rate as shown on plate 
30. Lock characteristic curves obtained for the above valve periods are shown on J?lates 
21 - 26. These tests were conducted with the upper and lower pools maintained at -t-10.0 
and 0.0 ft mlw, respectively, and were made to study the flow characteristics in the lock 
with a view to securing safe operating conditions for short filling times. The time of 
filling disired by the New York District Office was about 6 minutes. The large increase 
in valve period from 6 minutes to 10 minutes was made for the purpose of determining 
whether the initial force on the boat could be reduced by lengthening the valve period. 
During the investigation of the 960-ft lock, the tanker was used for practically all boat 
tests. 

114. Flow conditions. Visual observation of flow conditions in the lock indicated 
that conditions were about the same regardless of valve period. Evidence of flow was 
first noted in about the upper third of the lock where the jets issuing from the ports tended 
to break through the surface. Flow did not appear from the lowest port until about 2 
minutes after the filling valves started to open. As the water level in the lock rose, 
the flow through the uppermost filling ports reversed, so that the flow through these ports 
passed from the lock into the culvert. 

115. Filling time. As would be expected, the time of filling of the lock increased as 
the valve period increased. For valve 1>eriods of around 5 to 6 minutes the filling time 
was almost the same as the valve period, whereas with a valve period of about 10 minutes 
the filling time was only 7.7 minutes. The relationship between filling time and valve 
period is shown in table 12 and on plate 39. From the table and plate, data were secured 
on which the filling coefficients were based. It can be seen that to secure a 6-minute 
filling time, a 6-minute valve period was required; this was slightly different from the 
results of the tests on l-to-60-scale model, wherein a 5-minute valve time was used to 
secure a 6-minute filling time. 

116. Overtravel. The level of the water in the lock rose above elevation +10.0 ft 
mlw during the filling procedure, due to the fact that the volume of water in the culverts 
still had some forward velocity when the water surface in the lock reached upper-pool 
elevation. The amount of this overtravel varied from about 0.4 to 0.75 ft. 

117. Longitudinal forces on boat. The measurement of the longitudinal forces act
ing on the tanker indicated that in practically every instance the maximum force occurred 
about 0.5 minutes after the filling valves were opened, and acted in the direction o~ the 
lower pool. It was also noted that as the valve time was decreased, the magnitu<l'e of 
the longitudinal force on the boat was increased (see table 12 and plate 40). The max
imum longitudinal force appeared to increase rapidly ~ the valve period was reduced 
below around 5 to 6 minutes, whereas for longer valve periods the maximum longitudinal 
force on the boat showed little further change. The tanker was selected for the boat 
tests, since it offered the grea.teP.t cross-sectional area subjected to longitudinal forces. 

118. Boat movement. A series of observation tests to study the effect of the side
filling ports on boat action showed no trouble insofar as drift is concerned. With the 
tanker located unconfined in the center of the lock, filling operations were made with 
both 5- and 2-minute valve periods. In ea.ch case the boat drifted slowly about 40 ft 
toward the lower pool and then back to its original position. No transverse movement 
of the boat was apparent. In one test the unconfined boat was placed adjacent to one 
of the lock walls prior to the fillinp; operation. As the lock filled, the boat drifted to
ward the center of the lock and a short distance toward the lower pool. With the tug 
unconfined in the lock and no load in the boat, the top-filling ports ca.used no noticeable 
roll or pitch of the boat. In the tests of boat roll and pitch, attention is invited to the 
fact that true dynamic similarity did not necessarily exist, as the center of gravity of 
the prototype boat was unknown. Inasmuch as the model boat was not loaded, it is 



30 Model Study of New Jersey Ship Canal 

believed that there obtained a condition conducive to maximum pitch and roll. There
fore, since no such movements were noted in the model tests, it is believed that proto
type boat movements of this nature would not be unsatisfactory. In tests conducted 
with the tug located adjacent -to the lock wall and only one filling culvert in operation, 
the force of the water from the filling ports pushed the tug to the center of the lock and 
a short distance toward the lower pool; however, the tug was not forced against the op
posite lock wall. 

119. Flow distribution at filling ports. Measurements of velocity at the filling ports 
permitted the determination of the average discharge through each port under steady 
flow conditions. From these discharge determinations, the per cent of total flow per 
port was computed and plotted in graphical form (see plate 27). Flow distribution in 
the ports was determined for water levels of +2, +4, and +6 ft mlw in the lock with the 
filling valve set at openings corresponding to those used for a 6-minute filling valve. It 
can-be seen from the plot that the greatest percentage of the flow issued from port no.10 
to port no. 17, whereas the flow through the first 4 or 5 ports was from the lock into the 
culvert. The flow from port 18 appeared to be affected by its close proximity to the 
intermediate filling-valve chamber. The velocity of the issuing jet from each filling 
port was always highest at the top downstream corner of the port, as a result of the up
ward and downstream curvatures of the port (see plate 28). In no case did velocities 
exceed about 7.8 ft per second. 

120. Filling culvert pressures. The culvert pressures recorded and plotted for a 
6-minute filling-valve period are shown on plate 29. These pressures were not very 
conclusive as regards flow distribution, but they do indicate that positive pressures ex
isted for all conditions. Thus there appears to be no danger of air being drawn into the 
culvert. Measurements of the drawdown at the filling valves are shown in table 14. 
These data also indicate that there is no danger of air being drawn into the culvert at 
the valve. The maximum drawdown in the filling-valve riser, to elevation -2.4 ft mlw, 
occurred during a flushing and filling operation but still resulted in a positive pressure 
on the _top ~f the -culvert ~elevation -'5 ft). · 

Emptying valve operation 
121. General remarks. Tests were conducted with the 960-ft lock for emptying

valve periods of 2, 3, 4, 5, 6, and 10 minutes; all tests were conducted with the upper 
and lower pools at elevations +10.0 and 0.0 ft mlw, respectively. As in the filling-valve 
tests, the valves were operated to provide a uniform rate of opening (see plate 30). The 
time of emptying desired by the New York District Office was about 5 minutes. The 
IO-minute emptying-valve period was investigated to determine if a slower valve would 
reduce the amount of overtravel below 0.0 elevation. Lock characteristic curves obtained 
with the 960-ft lock and the above valve periods are shown on plates 31 - 36. 

122. Flow conditions. No unusual flow conditions were observed during the empty
ing procedure. There was no evidence of turbulence within the lock, but immediately 
below the discharge ports in the lower pool, a boiling action occurred which would hamper 
the t~ng of boats in this area during the emptying operation. 

123. Emptying time. The time of emptying varied from about 3.6 minutes for ap
proximately a 2-minute valve period to about 8 minutes for a IO-minute valve period 
(see table 12 and plate 39). From the data shown on plate 39, the emptying coefficients 
discussed in paragraph 129 were computed. It will be noted that a 4-minute valve period 
was necessary to empty the lock in 5 minutes; these results are in agreement with 
those obtained on the l-to-60-scale lock model. 

124. Overtravel. The most significant item of concern observed during the empty
ing procedure was that of overtravel. The overtravel caused a small head differential 
which in the prototype w.ould permit the miter gates to be opened with less difficulty; 
however, any drop in water level in the lock below the lower pool level as a result of over
travel would permit more salt to enter the locks when the miter gates were opened. 
Since the reduction or elimination of the amount of salt entering the locks was of pri
mary importance, it was desired to eliminate overtravel if possible. The actual amount 
of overtravel varied from about 0.7 ft to about 1.4 ft for valve periods from 6 to 2 minutes; 
for an emptying-valve period of 10 minutes, the amount of overtravel was reduced to 
0.4 ft. The time during which overtravel existed was of several minutes duration. As 
the increase in valve period from 6 minutes to 10 minutes resulted in only a 0.3-ft re
duction in the amount of overtravel, it is not believed practicable to entirely eliminate 
overtravel by increasing the valve period. 
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125. Longitudinal forces on' boat. The longitudinal forces on the boat during the 
emptying operation were much less than observed for the filling operation (see plate 
40). It was also noted that when the maximum force was recorded in about the first 
0.5 minute after the valve was opened, it acted in the direction of the lower pool, whereas 
when recor..ded 5 to 7 minutes after the valve was opened, the force acted in the direction 
of the upper pool. Unlike the forces exerted during filling, there appeared to be no con
sistency as to the time the maximum force was exerted after the valve was opened. 

126. Boat movement. Only a few boat-movement tests were conducted during the 
emptying operation, as little movement was apparent. The boat for the most part 
tended to move slightly toward the lower pool. Practically the same conditions existed 
with either the tanker or the tug in the lock. 

127. Flow distribution in emptying laterals. Velocities' were measured in each lateral 
at the last emptying port adjacent to the lock wall. These velocities were converted to 
discharge on the basis of average area, and a plot of per cent of total flow per lateral was 
made (see plate 37). It was found that about twice as much flow was discharged from 
the laterals in the lower portiun of the locks as was discharged from the laterals in the 
upper portion. The maximum velocity recorded in the laterals was about 15.0 ft per sec. 

128. Emptying culvert pressures. The pressures in the emptying culvert for approx
imately a 4-minute emptying-valve period are shown on plate 38. The pressure grade 
line indicates a gradual drop from the upper end of the lock to the lower end. Attention 
is invited to the fact that piezometer 16, immediately below the emptying valve, was 
affected by the valve during the first few feet of opening. 

Lock coefficients 
129. The coefficient of discharge for the 960-ft lock hydraulic system was computed 

from the formula C = 2AL( ~+cf - \(d). in_ which-
Ac (T . - Kt,.) f2g= 

C = lock coefficient 
AL = area of lock in sq ft 
Ac = area of culverts in sq ft 
H = lift or drop in ft 
d = measured overtravel in ft 
T = filling or emptying time in sec 
t,. = valve time in sec (assuming uniform rate of valve opening) 
K = constant 

In the above equation, the term (T - Kt,.) is the filling time for the hypothetical case of 
instantaneous valve operation. This term was derived from the series of tests in which 
the filling time, T, was observed for various uniform rates of valve opening, t,.. The 
constant, K, was computed from the relationship between filling or emptying time and 
valve time shown on plate 39. Values of H, d, T, and t,. were obtained directly from the 
lock characteristic curves shown on plates 21-26 and plates 31-36. From table 12, it 
can be seen that the average filling and emptying coefficients are both about 0.74. The 
filling and emptying coefficients provide a means of computing additional lock-filling 
curves in the event minor changes are made in the tested hydraulic system or if valve 
periods other than those tested are desired. 

Filling and flushing operation 
130. General remarks. As described previously, one of the plans for eliminating or 

reducing the amount of salt passing through the locks was to flush a certain amount of 
water through the locks during the filling operation. Volumes of one, one-half, and one
eighth lockfuls for flushing were selected for testing in both the 1-to-20-scale and 1-to-
60-scale lock models. During the conduct of this phase of the investigation, all 1-to-
20-scale model tests except one used 6-minute filling-valve and 4-minute emptying-valve 
periods; these valve periods were necessary to meet the 6-minute filling and 5-minute 
e~ptying times desi~ed by the District Office, which tests described previously had in
d1c~ted would be satisfactory. The tests were conducted with the upper and lower pools 
mamtained at elevations of +10.0 and 0.0 ft mlw, respectively. Lock characteristic curves 
obtained for the above conditions are shown on plates 41-44. 
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131. Flow conditions. Flow conditions in the lock appeared to be about the same 
as those described in paragraph 114 on the filling procedure. The extra volume of flow 
passed through the locks for flushing had no appa~ent effect. 

132. Filling and flushing time. Using one lockful of water for flushing, and using 
periods of 6 minutes for the filling valve and 4 minutes for the emptying valve, the total 
time to fill and flush the lock was 13.0 minutes. The time for flushing only 'Yas 12.9 
minutes. The filling and flushing times with a 5-minute filling and 4-minute emptying 
valve were 13.08 and 12.9 minutes, respectively, for the same volume of flushing water. 
Using one-half and one-eighth lockfuls of flushing water and 6-minute filling and 4-minute 
emptying valves, the total times of filling were 9.2 and 6.3 minutes, respectively; the 
times of flushing were 9.0 and 5.38 minutes, respectively. The preceding times of fill
ing and flushing can not be compared directly with those presented on the 1-to-60-scale 
lock model since the lower-pool level of the latter was maintained at elevation +2.6 ft 
mlw, whereas all the preceding tests on the 1-to-20-scale model were conducted with a 
lower-pool elevation of 0.0 ft mlw. Since fluctuations in upper- or lower-pool elevations 
would occur in the prototype due to drawdown or tide variation, a test was conducted 
wherein the effect of head on time of flushing was determined (see plate 45). In this 
test the upper-pool elevation was maintained at elevation +10.0 ft mlw and the head 
was varied by changing the elevation of the lower pool. The time of flushing one-half 
lockful of water was determined for lower-pool elevations of 0.0, +1.0, +3.0, +5.0, +1.0, 
and +s.o ft mlw. It will be noted from plate 45 that the time of flushing varied from 
a minimum of 9.1 minutes with the lower pool at 0.0 elevation to a maximum of 15.8 
minutes with the lower pool at +8.0 elevation. For a lower-pool elevation of +2.6 ft 
mlw the time of flushing was 9.9 minutes; for the same conditions a flushing time of 10.8 
minutes was obtained in the 1-to-60-scale model. 

133. Overtravel. About the same amount of overtravel of the water surface in the 
-iock above elevation +10.0 ft mlw was observed during the flushing tests as was recorded 
for the filling tests alone. 

134. Longitudinal forces on boat. The longitudinal forces on the boat during the 
filling and flushing operation are shown in table 12. The magnitudes of the maximum 
forces on the boat during the flushing and filling procedure did not vary significantly 
from those recorded during filling operations. 

Effect of reducing number of filling ports 
135. General remarks. In the belief that the ratio of the filling-port area to filling

culvert area was too large, three tests were conducted for conditions of filling only, with 
various combinations of the ports closed. The ratio of filling-port area to culvert-area 
for the Sayreville Locks was about 2.4 to 1, whereas ratios range from about 1-to-1 to 
1.25-to-1 for other locks recently constructed. One reason for such a large area of fill
ing ports was the belief that the large area would reduce the velocity through the fill
ing ports, thus improving the effect on navigation and possibly reducing the mixing effect 
of salt water in the lock chamber. It was believed that if model tests showed no change 
or an improvement in lock performance, the number of ports in the revised design could 
be reduced. However, inasmuch as only three combinations were investigated, no def
inite conclusions could be determined as to which combination should be incorporated 
in the final design. Lock characteristic curves obtained with various combinations of 
filling ports closed are shown on plates 46-48. For purpose of identification the three 
combinations tested have been designated types 2, 3, and 4 port arrangements (see table 
12). . 

136. Flow conditions. With various combinations of ports closed, flow conditions were 
about the same as those observed previously with all ports open. With types 2 and 3 
port arrangements installed, wherein a few of the uppermost ports were open, some re
versal of flow was still noted. The complete closure of the upper three ports on each 
side, however, as in type 4 arrangement, eliminated practically all flow from the lock 
into the culverts. 
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137. Filling time. In all three cases (types 21 3, and 4 port arrangements) the block
ing of ports had practically no effect on the time of filling; all tests of filling were conduct
ed with 5-minute filling valves. The time of filling in each case (including the regular 
port arrangement) varied from a minimum of 5.25 minutes to a maximum of 5.5 minutes. 
Hence, it can be concluded that as many as half the 90 ports included in the revised design 
could be eliminated without having an adverse effect on navigation conditions. How
ever, additional tests would be necessary to determine the effect on salt mixing in the 
lock chamber. · 

138. Longitudinal forces on boat. The closure of various combinations of filling 
ports as shown in table 12 caused practically no change in the longitudinal forces acting 
on the boat. The maximum force recorded for the revised design was 14.4 tons, whereas 
the maximum force with types 2, 3, and 4 port arrangements was 15.01 12.8, and 14.6 
tons, respectively. 

139. Flow distribution at filling ports. Inasmuch as the type 4 combination was the 
best of those tested, the flow distribution at the ports was examined for this type with 
the water surface in the lock at elevation +2.0, +4.0, and +6.0 ft mlw. Results of 
this test are shown on plate 49. Comparison with plate 27 indicates that the distribution 
of flow was about the same as that observed with the regular arrangement, except for 
the reversal of flow through the uppermost ports. 

Effect of variable valve opening 

140. Since tests of a uniform filling-valve opening had indicated that as the valve 
period was increased the longitudinal force on the boat was decreased (see plate 40), it 
was decided to study the effect of decreasing the valve time for the first qµarter opening~ 
Tests were condueted with over-all filling-valve times or 4.9-, 6.1, and 7.3 minutes (see 
plates 50-52); the over-all valve time with variable speed operation was increased over 
uniform valve operation by the increase in time for the first quarter opening (see plate 
30). The results of the tests showed that the use of variable-speed valve operation re
duced the longitudinal force on the boat considerably during a filling operation (see table 
12). No tests were made to indicate what would happen if a variable valve period were 
~sed which would increase enough in the last-quarter opening to maintain the same fill
ing time as previously observed with uniform valve operation. 

141. No tests were conducted with a variable-speed operation of the emptying valve. 
It Waf'! thought at first that a decrease in the time of operation of the last quarter of gate 
opening would decrease the amount of overtravel, but the test discussed previously with 
a IO-minute emptying-valve period had still resulted in 0.4-ft overtravel. One test was 
c~nducted wherein a 4-minute emptying valve was used in such manner as to practically 
ehminate the overtravel observe.d in previous emptying tests without affecting its total 
em_Ptying time. During the emptying operation, the 4-minute valve was opened at a 
uniform rate to the three-quarter opening and then closed immediately at the same rate. 
This elimination of overtravel probably would help prevent the entrance of salt into 
the lock chamber from the lower pool. 

Flow distribution at intake and discharge ports 

142. Measurements of velocities at the four ports of the intake from the upper pool 
to the filling culvert and at the exit from the emptying culvert to the lower pool indicated 
the distribution of flow. The velocities were measured at water levels of +2.0, +4.0, 
a.nd +6.0 ft mlw in the lock with the filling or emptying valve, depending on the opera
tion, set at openings corresponding to those used for a 6-minute filling or a 4-mmute 
emp.tying valve (see plates 53 and 54). The velocities of flow from the upper pool into 
the intake ports indicated that slightly more flow was passed through ports 1 and 2 than 
through ports 3 and 4; it was also observed that velocities were generally from 1 to 2 
ft per sec higher on the upper-pool side of each port. The velocities recorded at the dis
charge ports indicated that the distribution of flow from ports 2, 3, and 4 was fairly uni
f?r~; flow from port 1 was slightly less than observed through the other ports. Veloci
ties rn each port were generally about 2 to 5 ft per sec higher on the lower pool side than 
on the lock side. 
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Results of Tests - 350-ft Length Lock 

143. In order to study the effect of filling, emptying, and filling and flushing on a 
shorter lock length, the lock chamber contained between the two uppermost miter gates 

. was selected as presenting the most critical conditions. Tests .similar to those with the 
960-ft length lock were conducted, although the extent of testmg was reduced by elim
inating some of the faster valve periods. As the tanker used in the tests of the 960-ft 
lock was too long, a tug was used in all tests of the short lock. The results of all tests 
on the 350-f t lock are summarized in table 13. 

Filling valve operation 

144. No unusual flo~ conditions were observe~ within. t~e short lock for filling-valve 
periods of 4, 5, and 6 mmutes. It was noted durmg the f1llmg procedure that the upper 
two or three ports reversed direction of flow. The distribution of flow in the filling ports 
for three water levels in the lock is shown on plate 58. The filling times for valve periods 
of 4 5, and 6 minutes were 3, 3.4, and 3.6 minutes, respectively. With the tug loaded 
to the proper draft, the longitudinal forces on the boat were negligible; this is attributed 
chiefly to the fact that the tug even when loaded had only a small draft. With the tug 
located adjacent to the lock wall and unrestrained as to movement, it was observed during 
filling that the tug moved about a third of the way across the lock, returned to the lock 
wall and then moved again toward the center of the lock and slightly toward the lower 
pool: No pitch and roll of the tug was noted, even without load. About the same 
amount of overtravel was observed in t~e ~hort lock as in. t~e long lock. The character
istic lock curves shown on plates 55-57 md1cate that the filhng curve fluctuated consider
abiy immeaiateiy after -the -uvertravel.. 'J?his wa~ ~t-t-ribut-a-ble ti> the relatively small 
size of the lock chamber. Pressures w1thm the filhng culverts are shown on plate 59. 

Emptying valve operation 

145. Lock characteristic curves secured with 3.5-, 4.2-, and 5.2-minute emptying
valve periods are shown on plates 60-~2. For the ~hove valve periods the emptying 
times observed were 3.4, 3.8, and 4.0 mmutes, r~pe~tively. No unusual flow conditions 
within the lock chamber were apparent. Long1tudmal forces on the boat were negli
gible. Measurements of velocities in the emptying laterals showed th~t a fairly uniform 
distribution of flow existed (see plate 63). The overtravel observed m the tests of the 
long lock also occurred in the short lock. Pressures within the emptying culvert for the 
3.5-minute valve period are shown on plate 64. 

Filling and flushing operation 

146. In order to determine the lock characteristic curves and times required to fill 
and flush one, one-half, and one-eighth lockfuls of water, tests were conducted similar 
to those of the long lock; only a 6-minute filling-valve period and a 4-minute emptying
valve period were used during the tests. The filling and flushing times for one, one-half 
and one-eighth lockfuls were 7.3, 5.3, and 4.3 minutes, respectively. For the same con~ 
ditions, the maximum longitudinal forces on the tug were negligible. The lock character-
istic curves secured are shown on plates 65-67. · 

Effect of closing filling ports 

147. In order to determine the effects in the short lock of closing certain of the fill
ing ports, lock characteristic curves (see plates 68 and 69) were recorded for types 3 and 
4 port arrangements which are described in table 13. The results of these tests indicated 
that the closing of some of the ports had practically no effect on the lock performance 
as was also the case in the long lock. Filling times and forces on the boat were simila; 
to those recorded previously on plate 56 with all ports open. 

Discussion of Results 

148. The model studies of the hydraulic system, New Jersey Ship Lock, indicated 
that the lock as d~igned would function s11:ti~factorily if per.iods of about 6 minutes and 
4 minutes, respectively, are used for the filhng and emptymg valves. The only turbu
lence observed during tests occurred during the filling operation in the third of the lock 
from port 5 through port 17 where flow from the jets broke through the water surf ace 
and caused small ripples. The same amount of turbulence was observed in the long lock 
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as in the upper short lock (350-ft length). No difference in turbulence was noted for the 
various valve periods investigated. During the emptying procedure, the only turbu
lence observed was at the discharge ports in the lower pool where the flow impinged on 

. the opposite lock wall and caused considerable boiling action. 

149. The top-filling-port system appeared to have no appreciable adverse effect upon 
the navigation conditions in the locks. During filling or flushing, the longitudinal forces 
on the tanker for a 6-minute valve time did not exceed 12 tons, and in the short lock with 
the .tug did not exceed 1.5 tons. Longitudinal forces during the emptying operation 
were always less than during the filling operation. With the tanker unrestrained in the 
lock, the boat either stayed in the center of the lock, or, if started adjacent to a lock 
wall, moved toward the center of the lock and then slightly in the direction of the lower 
pool. No study was made of the pitch or roll of the tanker. With the tug unconfined 
and unloaded in the lock, attempts were made to study roll and pitch, but only a very 
slight amount was apparent. Hence, the tests indicate that the top filling ports would 
be satisfactory from a navigation viewpoint. . ' 

150. The distribution of flow in the filling ports was not good. Flow in the upper 
5 or 6 ports reversed direction during a filling. operation, .passing from the lock into the 
culvert. This uneveµ distribution was improved by closure of some of the ports. Flow 
from the emptying laterals was about twice as great in the lower half of the lock as in 
the upper half. At the intake and discharge ports, the flow appeared to be fairly well 
. distributed. Distri.bution of flow into the lock chamber from any one filling port was 
not particularly good, the maximum velocity of the issuing jet occurring near the top 
downstream corner of the pOI"t opening,: dua to_ the. upward and downstream curvatures 
of the port. 

. . ·~ ' 



PART VII: SCALE RATIO TESTS 

Hydraulic System 
Description . 

151. Identical tests were conducted on the l-to-60- and l-to-20-scale models for the 
960-ft length ship lock to investigate the possibility of scale effect on flow through the 
hydraulic system of the former. Comparable data were obtained on each of the two 
models as to the time of filling, emptying, and flushing. Three valve periods were used 
for the filling and emptying proredures, and two valve periods and a volume of one lock
ful of water were used for flushing procedure. For these tests the upper- and lower
pool levels were maintained at elevations +10.0 and 0.0 ft, respectively. 

Test results 
152. The results of the tests on the two models to study scale effect on flow through 

the culvert system of the ship lock are shown in table 15. These data reveal that the 
time of filling and emptying of the 960-ft lock was about 10 per cent faster in the l-to-
20-scale moqel than in the l-to-60-scale model. While this difference might be attrib
utable in part to scale effect, it is believed that a major part was due to the fact that 
the sheet-metal culverts of the l-to-60-scale model were at the time of this test some
what corroded after the long period of operation with salt water. The time of flushing 
one lockful of water with 5-minute filling and 4-minute emptying valve periods was 12.9 
minutes on the l-to-20 model and 16.9 minutes on the l-to-60 model; with a filling valve 
period of 6 minutes and a 4-minute emptying valve period, the time of flushing on the 
l-to-20-scale model was also 12.9 minutes as compared to 17.5 minutes on the l-to-60-
scale model. 

Salinity Tests 
General 

153. Identical tests were made on the l-to-20-scale and l-to-60-scale lock models to 
investigate the possibility of any effects which the different scale ratios might have upon 
mixing and elimination of salt water in the lock chambers. The tests conducted for this 
purpose were of two types: (a) tests to obtain a comparison as to the percentage of elim
ination of salt water from the locks by the flushing process in the two models; and (b) 
tests to o.btain comparative data on the vertical distributions of salinity in the lock cham
bers after the flushing process had been completed. 

Percentage elimination tests 
154. Procedure. For each test of this series in the l-to-60- and l-to-20-scale models, 

the 960-ft ship lock was filled to elevation +2.6 ft with water having an arbitrarily 
selected salinity of 5,000 ppm. The lock was then flushed with one-half lockful of fresh 
water and raised to elevation +10.0 ft, after which the water remaining in the lock cham
ber was thoroughly mixed and samples were taken to determine the amount of salt re
maining in the lock. Three identical tests of this type were conducted on each of the 
lock models. 

155. Results. The results obtained from this series of tests showed that the per 
cent of salt eliminated by flushing was practically the same in each of the two models, 
being 46 percent in the l-to-60-scale model and 46.5 per cent in the l-to-20-scale model. 
Attention is invited to the fact that these figures are not indicative of the effectiveness 
of the normal flushing process, but only of the comparative effectiveness in the two 
models of different scales. 

Tests of vertical distribution of salinity 
156. Procedure. The test made to compare the vertical distributions of salinity in 

the two lock models after completion of the flushing process were, in so far as practicable, 
identical on both models. These tests were conducted as follows in both models: (a) 
the 960-ft ship lock was filled to elevation -2.0 ft with fresh water; (b) salt water, having 
a salinity of 13,000 ppm, was artificially introduced into the lock from the lower pool 
through openings near the floor of the Jock until the water surf ace in the lock was raised 
to elevation +2.6 ft; (c) samples were taken at 6-ft intervals of depth at both ends and 
the center of the lock to determine the distribution of salinity before flushing; (d) the lock 
was flushed with one-half lockful of fresh water and raised to elevation +10.0 ft; and (e) 
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samples were taken at 6-f t intervals of depth at both ends and the center of the lock to 
determine the vertical distribution of salinity after flushing. Attempts were made to 
obtain similar initial' salinity distributions in both locks prior to flushing so that an ac
curate evaluation could be made of the comparative effectiveness of f1ushing in the two 
models. The time of flushing one:.half lockful of water and raising the lock level from 
elevation +2.6 to +10.0 ft _was 9.9 minutes and 10.8 minutes, respectively, on the l-to-
20- and l-to-60-scale ~odels. The difference in flushing time can be attributed largely 
to the previously explained fact that the culverts of the l-to-60-scale model were some
what . corroded. 

. 157. Results. Table 16 shows the distributions of salinity in each of the two lock 
models both before and after flushing, and also the per cent of salt eliminated in each of 
the models. D~spite all ~r~cticable precautio~s, the _initial, vertical distribution of salin
ity before flushing was difficult to reproduce mdenttcally ID both models; however it is 
felt that the accuracy attained was sufficient for all practical purposes. It will be' seen 
from table 16 that the flushing process removed 78 per cent of the salt in the l-to-60-
scale model and 76 per cent in the 1-to-20-scale model. The difference of 2 per cent is 
considered negligible, and well within the degree of accuracy of such tests. 

Discussion of Results 

. 158. On the basis of the results of the scale-ratio tests described above, it is conclud
ed that scale effects, if any, in the s~i~~ty tests in the l-to-60-scale model were negligible. 
It is believed that the degree of s1m1htude between the l-to-60-scale and l-to-20-scale 
lock models was as close as the accur{locy of operation and measurements would permit and ·. 
that the similarity -of -both -with -the -prototype -was sufficiently accurate for pra~tical 
solutions of the problems involved. 



PART VIII: CONCLUDING REMARKS 

159. It will no doubt have been noted that the complete model testing schedule re
ported hereinbefore reflects some lack of coordination, so that the results of certain of 
the tests can not always be directly correlated. This was due to two things: in the first 
place, this was a new type model study of a new type of problem, so that an understand
ing of the complicated phenomena involved had to be developed in the various interested 
of fices as the study progressed; in the second place, details of several of the model tests 
were specified by certain interested of fices at various times during the course of the study 
without complete coordination with the remainder of the testing program. However, 
it is felt that the model study has indicated a solution to the problem of preventing harm
ful salinity intrusion through the proposed Sayreville Locks, and of determining the fresh
water requirements to accomplish this purpose. 

160. It is desired to point out that the scope of the model tests was confined to a study 
of the functioning of a given lock furnished by the New York District Office, and did 
not include the refining of the design of the hydraulic system of the lock. While the 
design of structures and the method of operation as tested in the models were found satis
factory both from the standpoint of navigation and prevention of salt-water intrusion, 
it is believed that certain changes in the design· of the locks and appurtenant structures 
would improve navigation conditions as well as salinity elimination. The limitations of 
time on the testing schedule of the models prevented the collection of sufficient model 
data upon which to base definite recommendations as to details of the most effective 
design; however, subject to further model testing, indications. are that the following mod-

. ifications would be desirable: 

a.. The lock hydraulic system could be improved by reducing (probably by 
one-half) the number of filling ports, by cliangiilg tlie sliape or- tlie fiIIing 
ports to obtain a more uniform distribution of flow from each port, possibly 
by tapering the emptying culvert or varying the size of the emptying laterals 
to obtain a more even distribution of flow into the emptying culvert, and 
by further study of filling-valve and emptying-valve operation to reduce both 
overtravel and maximum hawser stresses. (In the above connection, it is 
pointed out that more even distribution of flow into or out of the lock cham
ber would increase the efficiency of the flushing process in removing salt.) 

b. The sump between the upper-pool guide walls should be shifted as far as 
possible toward the locks, so that salt .water passing the upper gates would 
enter the sump more quickly, and so that velocities set up by drawing water 
from the sump would combat salinity along the full length of the guide walls 
instead of half this length. 

c. -The upper-pool sump outside the guide walls should be a double sump lo
cated nearer the ends of the guide walls, and the bed of the upper-pool lake 
should slope toward this sump. 

d. The use of some type 'Of submersible vertical-Hf t gates, which could be 
lowered only enough to pass each boat, would decrease the intrusion of .salt 
through the upper gates. 

161. Although the model tests are not sufficiently complete to provide the basis for 
final recommendations as to all details of the most effective hydraulic design and method 
of operation. for the .l~cks, the data obta:ined are sufficiently complete. and JtCcurate to 
show that with a sahmty of 13,000 ppm m the lower pool, the hydraulic design and the 
operating method tested in the model would be successful in preventing the intrusion of 
harmful quantities of salt water through the Sayreville Locks. Model test results indi
cate that for the conditions tested the plan B design and method of operation, using a 
total fresh-water discharge of 354 cfs (including 280 cfs from the Deleware River), 
would successfully prevent the intrusion of intolerable quantities of salt water into the 
upper-pool lake and canal and the Delaware River, and would not be objectionable 
from the standpoint of navigation. · · 

162. Futhermore, the Experiment Station is confident that the effectiveness of plan 
B could be increased appreciably by certain of the modifications suggested above. It 
is believed to be entirely possible that a final plan could be developed which would prevent 
almost entirely the intrusion of salt into the upper pool. 
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1 2 3 

TIA No. Plate No. Type of Test 

2 9 One week· fiuahin& with one looldul from 
high intakes • no upper pool guide walls 

3 9 Two weeb • flushing with one lockful 
from high intakes • no upper pool guide 
walls 

' 9 , Two weeb • flushing with one lockful 
from hiah intakes • no upper pool guide 
W41ls 

II 9 Three weeb - flushing with one lockful 
from high intakes - no upper pool guide 
walls 

8 10 One week - fluahina with one lockful 
from high intakes • guide walls in upper 
pool . 

7 10 One week - flushi~ with one lockful from 
high intakes - gui e walls in upper pool 

8 10 One week • no flushing • guide walls in 
upper pool 

9 11 One week - Uuahinfi: with one lockful from 
=h intakes • gwde walls extended to 

uce ai9e of upper pool 

10 10 One week· fiushillllt with one loekful from 
high intakes • guide wall11 in~upper pool 

11 10 Two weeb • flushing with one lockful 
from high intekea • guide walls in upper 
pool 

13 12 One week-guide walls-acav~ng from 
aump between guide walla wit 2211 els 

H 12 One week • auide walls· acave~na from 
aump between guide walla wit 450 els 

18 12 One week - guide walls· acave~ng from 
wmp between guide walla wit 100 els 

• RPmgOnly 

TABLE 1 

Missiasippi River Commission 
U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF NEW JERSEY SHIP CANAL AND LOCKS 
l-to-60-Bcale Lock Model 

RESULTS OF PRELIMINARY TESTS 
(Bait in Prototype Tona) 

' II 

Salt in Upper Pool from 8oUJ'Cell Other than tht OUlh Locke Salt Removed from Upper Pool 

Salt in Upper Pool I Salt Introduced With I 
at Becinnina of Teet Frelh Water Supply Total RaW and I Bea • I Fl. BetweenG~alls Total 

280 3'7 827 Ml Ml 

311 978 1289 1402 lf02 

219 838 1066 1138 1138 

218 11311 13111 1606 1603 

BU lOllO 1874 1210 1210 

281 42' 8811 1191 1191 

303 118 421 37e- 379 

41 342 383 1129 1129 

103 HI 244 33S 335 

811 278 383 887 887 

288 394 882 481• 1690 2071 

269 874 933 498* 2479 2977 

1911 2t(I 4311 1184• 1077 1881 

8 7 

Salt Left in U~r Total Bait 
Pool at End of eat Ent~=r (Includes Volume Pool t 

Between Guide Loeb 
Walls) (6-j-8-4) 

382 278 

382 '711 

388 • '61 

382 818 

824 180 

291 197 

3897 381111 

60 198 

163 2M 

1111 41111 

WI 181111 

4<11 24111 

8Ui 1841 



Teet No. Plate No. 

2 9 

3 9 

• 9 

II 9 

8 10 

7 10 

8 10 

9 11 

10 10 

11 10 

13 12 

H 12 

18 12 

TABLE 2 

Mississippi River Com~on 
U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF NEW JERSEY SIDP CANAL AND LOCKS 
l-to-60-Scale Lock Model 

RESuLTS OF PRELIMINARY' TESTS 
(Salt in Prototype Tons - Salinity in Part.a Per Million) 

' 

Initial I Increue in Salt in Upper Pool 
BetWMD Gn•"e w .. n. I • h ..... ,,e Gwde Walla I J!alure Upper Pool Type of Teet U~J:ool 

pp;;{ PPM I ToM Prototype I PPM I Tone Prototype I PPM I Tone Prototype 

One week • flushing with one lockful from high " 13 82 
intakes • no upper pool guide walls 

Two weeb • flushing with one lockf:ul from high f9 8 Ill 
intakes • no upper pool guide walls 

'l'wo weeks • flushing with one Joc:kful from high u 23 H8 
intakes • no upper pool guide walla 

Three weeks· flushing with one lockful from high 3f 23 H8. 
intakes • no upper pool guide walla 

One week • fl~ with one lockful from high 103 0 0 
intakes • guide waJ in upper pool 

One week • flushing with one lockful from high f3 II 30 
intakes • guide walla in upper pool 

One week - no flushing· guide walla in upper pool llO 1193 31193 

One week - fl:-=. with one lockful from high u 7 9 
intakea • Fde w extended to reduce eiM of 
upper poo 

One week • flushing with one lockful from high 17 10 60 
intakea • guide walla in upper pool 

Two weeka • flushing with one Jockful from high H 11 87 
intakes • guide walla in upper pool 

One wee~de walla • ocavencin&: from sump M 177 118 11 llO 39 188 
between · e walls with 2211 cfa 

One week • r.de walls • ocavencin&: from sump 80 1811 117 8 29 u H8 
bet ween gui e walls with fllO cf• 

One week • C: walla • ecavencin&: from sump fll 309 1911 118 2H 94 f09 
between gui e walla with 100 cfa 



T• Plate 
No. No. Plaa 'l')'lle of Toot 

17 11 c One ....... - -ftllllinll with ODii lookful from-= bet- pide -u. -fillias 
fro.!" . illtalt• 

18 11 c One week - -ftllllinll with one-half 
loekful from awnp betweea plde .....U.. 
fillias from hish mtakeo 

19 11 c One -k--==with -..is)lth 
loekful from aump - pide Walla-
fillias from hish antakeo 

20 IS A !!:': ru= iro'!.Ul~u.~"" loekful 

21 11 A One week - fluohills ;,;th one-half 
lockful and fillins from hiah iDtakeo 

22. 11 A One week - fl~ with ~th 
loekful and fillias rom hish intakea 

23 H B One week - fluahins with one loekful ud 
falllas from low intakeo located in wmp 

ll4 14 B One week • fluahins with one-bu 
loeldul and fil~rom low intakoa 
located iD wmp ,,_ saicle w.U. 

26 H B One week - flmhills with ooe-eishth 

J::!{::i :ct.!!~!.".:. l~n~ 
211 18 D One week - 11<&vensiD11 'Oitb one loekful 

from 111Dll' bet ween saicle -U. • fillias 
from low mtabl 

27 IG D One week - acavenslns with ono-half 
loekful from 11101p betweenpldewalla-
rillias from low intakeo 

28 10 D One week - -vensinll with one-eiahth 
loeldulfromaum11betweensaicle-U.-
fillins from low mtakeo . 

80 H B One week - fluahins with ODe-half look-
ful and lillias from low iDtakeo • lower 
eet of intermediate ptea eliminated 

12 H B One week - flmhllls with one-half lock-
ful and fillias from low lntalt• - all 
traffae routed throush ahip lock 

TABLE J 

Mil&isaippi River Commilaion 
U. 8. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF NEW JERSEY SHIP CANAL AND LOCKS 
l-t.o-«l-8c:&le Lock Model 

RESULTS·OF FINAL TESTS 
(Salt in Prototype Tona) 

kit ill U-Pool and Bet- Gaicle Wallo 
from 80UreM other than tbrousb Loeb ~ .. ~ ~!'!:'.:'/!'!•· 

kit w-
llalt. la tr- Gulde Wallut Salt Iatrodueed Bump A ~ S....,.U.S 
Pool at JlesiD- Besinnins ol With J'rmh Total 26efa w-
nillllol Teat Teot Water 811ppl:r !lea~ J1uahins Gulde Wallo 

l ll a ' I • 7 

11 7 118 178 18 1100 2046 

llH 31 313 1118 29 - 1911 

m 33 172 442 72 ~ 1226 

ao 6 lOll 181 6 31111 

224 22 31111 SH 28 -
91 9 61 111 11111 613 

eo 8 118 UNI 9 311 

M 9 80 163 9 371 

M 9 40 113 29 aoe 

M 9 129 202 13 ~ 2891 

79 11 91 183 29 sea- 2268 

II 7 '6 103 70 ... lMl 

II 7 92 UIO 9 '32 

M 9 82 1111 8 G'8 

• Baioins Onl7 
NOTE: Solid llKJO.lt saicle wallo in upper pool for eaeh ol theee teat•. 

Column 11 med u buie for volume ol aalt introdueed durins teeta in 1-t~llO«ale eom~ model. 

Total Bah :..-= l!alt la l!altBet- m-111 
U-Pool Gulde Wallo r.!r""a- l!alt ill 

Total •t End ol •t End ol u~>Pool Teot Teot CB-t++lll-4) 

8 9 10 11 12 

2771 lOll 81 2788 Ill 

2190 Ma lH 211711 119 

IMO eso 412 2360 443 

373 91 ae Ma '6 

uo 287 48 339 ea - em 68 1201 111 

324 419 21 228 9 - 79 311 - 11 

Ill 342 111 917 271 

:11170 126 91 lMl84 81 

3&60 U8 109 2731 ao 

2070 IOI m 27'8 417 

... 79 '6 411 28 

660 IOll .. m u 



TABLE 4 

Milllliasippi River Commission 
U.S. WATERWAYS EXPERIMENt STATION 

I 

MODEL STUDY OF NEW JERSEY SHIP CANAL AND LOCKS 
1-~e Lock Model 

RESULTS OF FINAL TESTs 
(Salt in Prot.otype Tons - Salinity in Parte Per Million) 

I 
· Initial I-In Salt 1-ln&k 

U&Pool Between Guide W.U. In Upper Pool 

Teet No. Plate No. Plan Type of Ten 
it)' 

PPM I To1111 PPM I Tou PPM 
Prototype Pro&o&ne 

17 16 c One week • -~ with one loekful from aamp 
. bet- IUide - - filling from hip int&bii 

11 IM 78 • 12 65 

18 16 c One week - -veqiq with one-half locldul from 49 139 83 28 119 
aump between pide walla - filliq from blab intaltee 

19 1~ c One week - -'V'.=.r;:na with ~th loekful from 62 41412 419 97 "3 
aamp bet-n pi walla - filliq rom bi&b intakee 

20. 13 A One week - fluahina with one loekful and filliq from 11 118 31 10 46 
bi&b intakee 

21 13 A One -k - lluablq with on&-balf loekful and filliq 49 61 u H 83 
from high intakee 

22 13 A One -k - fluahlng with one-el&htb lockful and 20 1()6 49 112 611 
filliq from hi&b intakes 

23 14 B One week - fluabiq with one Joekful and filling from 13 21 13 2 9 
1- intaltee located in awnp bet- guide walle 

24 H B 0.. wee.k • fluablng with an&-balf loekful and filliq 
from lowintakeeloeated in sump bet-pid• walla 

H 43 27 3 16 

25 H B One -k - fluabiq with :::;ietb loekful and H 227 144 00 278 
filliq from low intakee located aamp between 
IUide walla 

28 UI D One """k - -Yeqi':tj with one loekful from sump H 129 82 13 81 
between pide -Ila- f liq from low lntakee 

27 18 D One week - -vena1ns with an&-balf lockful from 17 166 98 17 80 
sump between guide walla - filliq from low intakee 

28 18 D One week --~ with on&-elcbtb loekful from 11 420 24141 99 467 
aump bet"""n · e walls • filliq from low intakes 

30 H B One """k - fluabiq with on&-balf Joekful and filliq 11 81 38 8 28 
!w~.:untakee - lower set of intermediate ptee 

32 H B One week -fl~ with an&-balf loekful and mi:: H 91 67 9 42 
from low inialtee • 1 traffic routed tbroucb ebip 



TABLE 5 

Mississippi River Commission 
U.S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF NEW JERSEY SHIP CANAL AND LOCKS 
1-to-60-Scale Lock Model 

SUMMARY OF MAXIMUM WEEKLY TRAll'FIC SCHEDULE 

Usable Length 

of Chamber 

Ship Lock with Intermediate Chambers Ba.rge Lock with Intermediate Chambers 

No. of Locka.ges I No. of Flushings No. of Lockages I No. of Flushings 

270 5 26 11 

350 6 4 37 22 

450 23 19 14 14 

28 21 25 25 

880 17 21 20 25 

NOTE: Test 30 was made using lock chambers with usable lengths of 270, 530, and 880 f.t only. 

Test 32 wa.s made routing a.II traffic through the ship lock. 

.. 



TABLB 6 
Miasiaaippi River CoMmission 

U.S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF 
NEW JERSEY SHIP CANAL AND LOCKS 

1-to-80-Bcale Lock Model 

TIME SCHEDULE FOR ROUTING TRAFFIC THROUGH LOCKS 

· Operation I 
Time in Minutes (Prototype) 

Ship Lock J Barge Lock 

Time opening gate 2.15 2.0 

Time boat entering lock 6.15 4.0 

Time 'closing gate .H 2.0 

Total time of operation 11.15 8.0 

Time opening gate 2.li 2.0 

Time boat leaving lock 5.15 3.0 

Time closing gate ~ ..!:! 

Total time of operation 10.15 7.0 



Distribution 

Scavengi~ from Sump A 
(Plans A, , C, and D) 

Flushi~ (Plans A and B) or 
Scavenging (Plans C and D) 

Filling Lock Chambers 
(Plans A, B, C, and D) 

Total 

TABLB 7 

Mississippi River CommisaiQn 

U. S. WATERWAYS EXPERIMENT STATION 
MODEL STUDY OF NEW JERSEY SHIP OANAL AND LOCKS 

l-to-60-Scale Lock Model 

WATER REQUIREMENTS - FINJU, TESTS 
Volume in cfs (Prototype) 

Ship and Barge Locks with Two Ship and Bara\ll Locks with One 
Sets of Intermediate Gates Set of Inter~te Gates 

1 Lockful I 112 1..ockfu1 I us Lockful 1 Lockfw• I 1/2 I.ockfuI 111s Lockfu1• 

25 25 25 25 2,5 25 

426 213 53 

116 116 116 124 12'. 124 

li67 19' 371 

• No Model Tests Made of These Conditions 

Two Ship Locks F.ach with Two 
Sets of Intermediate Gates 

1 Lockfu1• I 1/2 Lockful · 111s Lockfu1• · 

25 25 25 

542 271 68 

116 116 116 

683 412 209 



TABLB 8 

Miaiissippi River Commission 
U. 8. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF 
NEW JERSEY 8HIP CANAL AND LOcKB 

l-to-1~ Comprehensive Model 
RF.BULTB OF TF.8T 3 

(&linity in Parts Per Million) 

I 
'llme in Weeks - PrototYJ>e 

Station 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Flushing 3IS 37 46 IS8 47 47 43 43 47 49 51 47 53 43 54 46 

Scavenging 19 19 22 24 24 25 23 24 24 25 22 26 28 23 27 25 

1 B 17 17 17 20 19 18 20 19 21 20 20 19 22 24 20 27 19 

2T 17 • 18 20 21 19 23 23 22 24 21 23 23 25 28 26 30 25 

2B 17 21 19 21 . 21 23 22 23 24 22 25 23 24 26 27 27 26 

4 B, 17 19 17 17 20 20 20 20 19 19 21 19 20 23 23. 24 21 

4.5B 17 18 17 20 19 2'J 20 20 21 19 20 19 22 23 24 25 21 

5B 17 17 17 18 17 21 20 21 20 19 20 18 21 21 23 23 20 

6B 17 17 17 18 18 18 19 20 20 19 20 21 21 21 21 21 21 

7B 17 17 18 18 18 19 19 20 20 19 20 21 21 21 20 21 21 

SB 17 17 17 17 17 18 19 20 19 19 19 19 20 21 22 22 22 

9B 17 18 17 17 18 19 17 18 19 18 18 19 20 21 22 22 22 

9.ISB 17 19 17 20 18 19 17 18 19 17 19 18 22 22 24 24 22 

10 B 17 17 18 18 20 19 17 18 19 19 19 19 19 19 20 20 20 

11 B 17 17 17 17 17 18 19 19 19 19 19 19 19 19 19 20 20 

NOTE: T indicates sample taken at lllll'flwle; 
B indicat.es sample taken at bottca. 



Station · 

TABLE 9 

Mississippi River Commission 
U.S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF 
NEW JERSEY SHIP CANAL ANI) LOCKS 

2 3 4 Ii 6 7 8 9 

1-to-150-Scale Comprehensive Model 
RESULTS OF TEST 4 

(Salinity in Parts Per Million) 

Time in Weeks - Prototype 

lo 11 12 13 a 111 16 rr 18 19 20 21 22 23 24 211 26 21 28 29 ao 
~~~~~~~~~~--~~~~~~~~~~~~~-~~~~~~~~·~~~~. 

Fluahing 

Scavenging 

l B 

2T 

474 320 208 1112 127 98 911 79 76 71 75 70 68 70 67 611 118 69 68 66 67 69 69 69 69 69 71 67 ' 71 68 

718 ~ m ™ ~ ~ ~ ~ ~ M M ~ ~ fil ~ 50 U 50 ~ U ~ 50 ~ 50 U 50 50 M 53 511 

~ ~ m m 1~ ~ ~ M 50 50 u ~ u 42 u « u u u 42 

1133 450 308 183 139 110 71 74 119 116 112 112 60 49 50 49 48 ~2 53 51 

42 42 46 « 47 

48 53 48 112 49 

45 47 

49 56 

«504944 

47 50 50 50 

2 B 871 612 377 329 163 142 126 81 68 68 M 511 53 48 49 48 111 51 411 50 53 52 52 111 53 46 511 49 49 48 52 

4 B 5119 423 305 180 132 107 77 72 116 56 111 112 47 46 47 44 45 411 47 46 44 48 44 47 49 48 48 47 49 47 46 

UB ~429 ~mm lU ~ u 116 M fil 53 u ~ u 46 u ~ ~ ~ 44 ~ ~ u ~ ~ u 46 50 ~ ~ 

5 B 421 424 · 353 291 180 1611 125 107 84 69 117 72 119 119 112 51 113 5p 112 51 47 M Ill 50 50 50 M 112 53 ~ ~ 

6 B 424 439 421 422 376 307 283 210 201 160 150 134 115 104 104 88 78 7.0 67 62 57 60 83 68 70 60 60 57 60 M 116 

7 B 431 4311 4411 443 440 402 367 333 306 303 2« 2M 233 202 174 152 139 132 132 126 118 143 178 1114 136 121 111 98 92 81 76 

8 B 413 426 440 440 446 448 4112 4411 414 398 366 3811 318 320 293 2611 247 25~ 246 232 2411 289 307 2611 248 232 219 223 203 169 159 

9 B 402 416 424 426 430 439 438 446 440 441 457 4118 %9 438 434 429 432 41p 408 407 418 407 401 364 362 3115 345 324 292 309 295 

un~w~~m~m~m~~~~-~~m~mm~~~~382~~~~~~ 

10 B 404 408 4111 414 416 427 428 433 427 450 4111 463 466 461 480 479 477 47p 468 470 467 459 4311 400 395 389 381 382 398 383 396 

11 B 416 409 409 408 408 410 412 419 412 432 429 441 442 434 4411 443 452 461 467 477 484 4811 490 448 433 427 428 428 4311 439 439 

NOTE: T indicates aample taken at surface; 
B indicates sample taken at bottom. 



TAllLB 10 
· Mmiaippi River ('.ommjwjon 

U. 8. WATERWAYS EXPERIMENT sTATION 
MODEL BTUDY OF 

NEW JERSEY SHIP CANAL AND IbcKs 
1-to-lfO.Bcale Comprebemive Modftl 

RESULTS OF TEST I 
(Salinity in Part. Per Millioo) . 

Time in Weeb - Prototype 

8tatioa 0 I 2 a 4 I 8 7 8 9 10 11 lt 11 H 11 18 

ll'lulbinc '2 12 II 17 II 18 ea tlO 78 u 11 11 • n 20 20 

Seaveagiag 17 21 ., K 21 27 21 K 21 • 21 27 • a .. .. 
l 8 11 12 11 11 .11 ·18 21 ., 21 21 21 21 22 K 21 21 21 

2T 11 12 12 18 21 K K K 21 21 • • t8 • t8 t8 K 

28 11 11 18 21 21 • K 27 t8 • • 27 27 a • t8 .. 
48 11 11 11 19 17 21 21 ·21 K K K • 27 21 21 n 21 

UB 11 II 11 11 17 21 21 21 21 19 It 21 • 17 18 17 17 

18 11 11 11 11 11 II II 18 18 18 II 11 14 14 It 14 II 

18 ll ll ll 12 11 ., 14 11 14 14 12 14 11 II It 14 14 

78 11 11 11 11 11 11 11 11 11 11 11 II 11 II II 11 II 

88 11 11 11 11 11 11 11 11 II II II II 11 II II II II 

98 II 11 11 11 11 11 II 11 II 11 II II 11 II II II 11 

9.18 11 11 11 11 11 11 11 11 11 II 11 11 11 II II II II 

10 8 II 11 11 11 11 11 11 11 11 11 11 11 II 11 II 11 II 

II 8 II 11 II II II II II II II II II II II II II II II 

NOTE: T india• mmple taken at -'w; 
8 indim• mmple taken at bottom. 



TABLB II 

Milsisaippi River Commiaaion 
U. 8. WATERWAYS EXPEIUMEN'l' STATION 

MODEL STUDY OF 
NEW JERSEY SHIP CANAL A.NJ> LOCKS 

1-to-1150-Scale Comprehensive ~odel 
RESULTS OF TEST 6 

(Salinity in Pa.rte Per Million) 

Time in Weeks - Prototype 

Station 0 1 2 3 4 5 6 7 8 9 10 11 12 

F1usbing 61 100 98 89 92 81 98 91 98 96 105 100 
Scavenging 13 25 27 30 31 33 36 35 35 34 29 32 

1 B 11 11 12 13 115 20 23 22 25 27 28 28 27 

2T 11 14 25 
~ 25 29 30 31 32 31 33 34 29 30 

2B 11 15 25 28 29 30 31 3l5 32 31 34 31 31 
4B 11 14 23 25 23 27 29 32 29 24 26 26 28 

UB 11 13 16 17 18 21 24 26 24 23 23 23 24 

6B 11 11 14 15 14 13 13 14 16 17 16 17 18 
-6 B 11 11 11 11 11 11 11 11 11 11 11 11 11 

7B 11 11 11 11 11 11 11 11 11 11 11 11 11 

SB 11 11 11 11 11 11 11 11 11 11 11 11 11 

9B 11 11 11 11 11 11 11 11 11 11 11 11 11 

9.6B 11 11 11 11 11 11 11 11 11 11 11 11 11 

10 B 11 11 11 11 11 11 11 11 11 11 11 11 11 

11 B 11 11 11 11 11 11 11 11 11 11 11 11 11 

NOTE: T indicat.ea 1&D1.ple taken at surface; 
B indicat.ea l&Dlple" taken at bottom. 

• 



Time of Operation 

Valve Fill Fill 
Teat Run Period Operation or and 
No. No. Minute Empty Flush 

l 2 •. 88 Filling 5.50 

• •. 85 Filling 5.38 

5 4.75 Filliq 5.25 

2 2A 1.98 Filliq 3.85 
a 1 2.98 Fil liq 4.20 

• 1 5.86 Filliq 5.88 
4 1 3.90 Fillina. 4.84 
8 3 1.92 Emptyma: 3.65 
7 3 3.70 Emptyiq 5.10 
8 2 2.80 Emptying 4.18 
9 2 4.70 Emptying 5.28 

10 1 5.62 Emptying 6.20 
12 1 4.83 Filling 5.50 

13 5.001'' m1 and 
4.00E Fluab 13.08 

14 6.00F Fill and 
4.00E :F1uab 13.00 

16 5.90F Fill and 
4.05E Flush 9.23 

19 6.00F Fill and 
4.00E Flush 6.30 

2S 3 9.80 Filling 7.70 
26 1 9.25 Emptyinc 7.97 
42 1 7.30 Fillmg 7.03 
44 2 4.90 Fillinc 5.48 
46 .2 6.10 Filliq 6.35 

TABLB 12 

Mississippi River Commiaai!oo 
U. 8. WATERWAYS EXPERIMEN'r STATION 

MODEL STUDY OF 
NEW JERSEY smP CANAL AND LOCKS 

l-to-20-Scale Lock Model 

SUMMARY OF PERTINENT DATA - LOCK LENGTH 960 FT 

Wat~urface Slope Maxim.im 
Character of Muimum Rate of Fill or Empty in Lock Chamber Longitudinal Force 

Riae Inflow 
or or Water-Surface Muimum Over 

Fall Outflow Time Elevation Slope Time Force Time Travel 
fpm cflf Minutes Lock Chamber Ft/1()0 Ft MinutE. Tona Minutes Ft 

2.80 •• 032 3.50 -f-5.60 -0.027 8.70 +t•.40 0.52 0.50 

3.00 4,330 3.60 +11.10 -0.025 •.80 +15.00 0.44 0.65 

3.00 4,330 3.40 +5.30 -0.022 2.40 +12.86 0.55 0.70 

~ 

4.25 6,130 2.35 

loo 
-0.068 2.20 

1
.70 2.28 0.70 

3.75 5,410 2.30 .30 -0.042 2.33 .20 0.46 0.10 
2.60 3,750 4.00 .oo -0.022 2.90 .oo 0.67 0.60 
3.10- 4,470 3.00 .25 -0.028 2.80 .10 0.52 0.50 
4.00 4,770 2.30 .65 +o.015 0.60 .20 0.37 1.40 
3.00 •.330 3.45 .80 -0.027 6.70 -7.30 5.36 0.80 
3.70 4.325 2.70 .75 ~-012 0.70 +10.30 0.409 1.30 
3.10 4,470 3.70 .25 .010 0.62 7.90 0.372 1.20 
2.60 3,750 4.30 .80 -0.014 8.30 -5.30 7.00 0.70 
3.00 4,330 3.40 .40 +o.018. 6.20 +14.60 0.52 0.50 

2.00 2,880 12.50 +o.oo -0.028 11. 70 +16.20 0.484 0.70 

2.00 2,880 12.60 +11.00 -0.028 11.60 +12.00 0.5511 0.70 

1.90 2,736 7.50 +o.70 -0.027 8.70 +16.20 0.522 0.60 

2.85 4,104 4.50 r :u.022 11.80 +13.35 0.448 0.80 
1.90 2,736 4.50 .75 .017 12.00 -8.80 7.40 0.40 
1.85 2,624 3.50 .so -0.010 10.70 -3.03 8.12 0.40 
2.55 3,672 5.50 .90 -0.016 4.80 -4.20 4.70 0.60 
3.00 4,320 4.50 .75 -0.013 5.90 -9.30 3.35 0.60 
2.80 4,032 4.50 .40 -0.015 6.10 -9.10 5.22 0.74 

Lock 
Remarb ' 

Coefficient 
"C" 

0.716 

0.722 1'Jpe 2 Port ~ Even port• pl~ 
aed in ri&M cu1veri wall, odd porta pluged 

left culvert wall. 

0.735 ~ 3 Port Arru&ement. IUcht culvert porta 
p ~· 2, •• 6, 8, 10, 12, 14:t.!6· 18, 20, 22, 24, 
28, 2, 36, •o. and 44. ft culvert~ 
~uged, 1,3,4, 7, 9, U, 1814, 17, 19,21, ,29, 

• 37, •1. and '4. . 

0.702 
0.757 
0.744 
0.747 
0.71• 
0.686 
0.730 
0.771 
0.728 
0.709 ~ 4 Port Arrancement. Plop In ri&ht and 

t culvert ~rtl u follOW11: 1, 2, 3, 4, 9, 14, 19, 
23, 28, 33, 41, 43, 44, and '6. • 

Flushed one lockful of water 

Flushed one lockful of water 

Flushed 011&-half lockful of water 

0.8114 
Flushed one-eighth lockful of water 

0.961 
0.656 Variable apeed valve 
0.707 Variable speed valve 
0.642 Variable speed valve 

NOTE: In all teeta the elevation of the upper and lower pools waa maintained at +10 ft and 0.0 mean.low water, reopectively. Plue values indicate water-surface slopes and longitudinal forces on boat 
toward lower pool. 

f 



- Time of Operation 

Valve Fill Fill 
Teet Run Period Operation or and 
No. No. Minute Empty Fl118h 

Z1 4 3.90 Filling 2.98 

28 2 3.50 Emptying 3.42 

29 4.90 Filling 3.40 

30 2 5.20 Emptying 4.00 

31 2 5.80 Filling 3.62. 

32 4.20 Emptying 3.85 

34 5.85F Fill and 
3.80E Flueh 7.30 

36 5.90F Fill and 
3.90E Flueh 5.32 

39 5.90F Fill and 
4.00E Flush 4.35 

40 4.95 Filling 3.43 

41 4.90 Filling 3.60 

TABLE 13 

Mississippi River Commission 
U.S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF 
NEW JERSEY SHIP CANAL AND LOCKS 

l-to-20-Scale Lock Model 

SUMMARY OF PERTINENT DATA - LOCK LENGTH 350 FT 

Maximum 
Character of Maximum Rate of Fill or Empty 

Water-Surface Slope 
in Lock Chamber Longitudinal Force 

Rise tnflow 
or or Water-Surface Maximum Over 
Fall Outflow Time Elevation Slope Time '1 Force Time Travel 
fpm cfs Minutes Lock Chamber Ft/100 Ft MinUt"lf Tons Minutes Ft 

4.70 6.768 2.50 +8.10 -0.010 2.00 +o.90 l.27 l.05 

3.60 5,184 l.50 +s.65 +o.oos l.65 0.00 1.25 

4.25 6,120 2.50 +6.70 -0.008 l.50 +o.90 2.16 0.70 

3.30 4,752 2.50 +4.25 -0.002 2.40 -1.50 4.28 1.20 

3.80 5.472 2.50 +5.90 -0.003 2.40 -1.20 2.72 1.15 

3.50 5,040 2.50 +4.00 +o.003 l.80 0.00 1.22 

2.10 3,024 3.50 +5.30 -0.010 3.57 +l.42 3.07 1.37 

2.65 3,816 4.70 +7.90 -0.007 5.20 +l.62 2.45 1.27 

3.95 5,688 3.50 +7.90 -0.009 2.30 -l.46 3.70 l.05 

4.30 6,192 2.50 +G.50 -0.008 2.30 -1.60 3.83 1.22 

3.80 5,472 2.50 +G.50 -0.010 2.20 -1.50 4.13 1.05 

Remarks 
Lock 

Coeffioient .. c .. 

0.406 

0.281 

0.408 

0.278 

0.402 

0.259 

· Fluehed one lockful of water 

Flushed one-half lockful of water 

Fluehed one-eighth lockful of water 

0.375 ~ 4 Port Arrangement. Plugs in right and 
t culvert ports as followa: 1, 2, 3, 6, 9, and 111. 

0.347 1!r,:: 3 Port Arrangement. Right culvert ports 
pugged were 2, 4, 6, 8, 10, 12, 14, and 16. Left 
culvert ports plugged were 1, 3, 6, 7, 9, 11, 13, 
15 and 17. 

NOTE: In all tests the elevation of the upper and lower poole was maintained at +10 ft and 0. 0 mean low water, respectively. Plus values indicate water-eurface elopes and longitudinal forces 011 boat 
toward lower pool 



Operation 

Filling 

Filling 

Filling 

Filling 

Filling 

"l'luah and 
Fill 

Flush and 
Fill 

TABLB H 

Millllsippi River Commillion 
U. 8. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF NEW JERSEY 8HIP bANAL AND LOCKS 
1-tc>-20-Scale Lock Moctel 

DRAWDOWN AT FILLING VALVE-LOdx LENGTH 960 FT. 

Valve Time - Minutes 

I 
Dr&wdown of Wat.er Surface 

Belo'w Upstream Right Valve 
Filling Emptying Elevation in Feet 

4.88 -0.80 

1.98 -1.80 

2.98 -1.80 

6.86 -1.00 

3.90 -1.00 

6.00 4.00 -2.40 

6.00 4.00 -2.00 

NOTE: Top of filling culvert at Elevation -a.o. 

Type Culvert 
Design 

Original 

Original 

Original 

Original 

Original 

Original 

Type 3 



TABLB 15 
Mississippi ·River Commilaion 

U.S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF 
NEW JERSEY SHIP CANAL AND LOCXB 

1-to-60- and 1-to-20-Bcale Lock Models 

RF.BULTB OF SCALE EFFECT TESTS 

Time Opening 

Filling Valve 

In Min. (Prototype) 

3.9 

4.88 

IS.86 

Time Opening 

Emptying Valve 

In Min. (Prototype) 

3.7 

4.7 

5.62 

FJLLllfG 

EllPT'YllfG 

Time of Filling 

In Min. (Prototype) 

1:20 1:60 

4.8 

IS.9 

6.2. 

6.8 

Time of Emptying 

In Min. (Prototype) 

1:20 1:60 

4.7 

IS.9 

6.0 6.6 

FLUSlllNG Wim ONE LOCKFUL OF WATER 

Time Opening 

Filling Valve 

Time Closing 

Emptying Valve 

In Min. (Prototype) 

Time of Flushing 

In Min. (Prototype) 

In Min. (Prototype) 1:20 1:60 

4 12.9 16.9 

6 4 12.9 17.IS 



Depth 

-35 

-29 

-23 

~11 

-11 

-15 

+1 

-35 

-29 

-23 

-17 

-11 

-15 

+1 

+7 

TABLE 16 

Mississippi River Commission 
U.S. WATERWAYS EXPERIMENT STATION • 

MODEL STUDY OF 
NEW JERSEY smP CANAL AND LOCKS 

RESULTS OF SCALE RATIO TESTS ON SALINITIES 
(Salinity in Parts Per Million) 

North End Center South End 

1:60 Scale 1:20 Scale 1:60 Scale 1:20 Scale 1:60 Scale 1:20 Scale 

Salinities in Parts per Million before Flushing 

49M Ml4 5013 6328 47M 151157 

3266 31524 32915 3280 315152 3466 

1014 1350 1444 13158 1043 960 

-zm -129 206 134 218 94 

92 38 92 38 92 36 

69 38 157 32 69 38 

157 42 157 40 157 42 

Salinity in Parts per Million after Flushing 

699 814 1516 676 6153 7415 

2715 4153 344 401 309 361 

2152 338 287 304 287 327 

241 276 2715 276 2715 270 

1915 224 241 2SO 2152 238 

138 1915 206 1152 2152 204 

1115 144 138 149 172 147 

126 121 126 1115 138 127 

Reduction in Average Salinity by Flushing 

Scale Average Salinity Average Salinity Per Cent Salt 
Model before Flushing after Flushing Removed 

1:60 1142 ppm 248ppm 78 

1:20 11158 ppm 2715 ppm 76 

Difference 2 



GENERAL VIEW OF l-T0-60-SCALE MODEL LOOKING TOWARD LOWER POOL 

PHOTOGRAPH I 



GENERAL VIEW OF 1-T0-60-SCALE MODEL LOOKING TOWARD UPPER POOL 

PHOTOGRAPH 2 
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w SIDE VIEW OF 1-T0-60-SCALE MODEL SHOWING FILLING AND EMPTYING CULVERTS 



GENERAL VIEW OF 1-T0-20-SCALE LOCK MODEL 

PHOTOGRAPH 4 
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(J1 FILLING AND EMPTYING CULVERTS, 1-T0-210-SCALE LOCK MODEL 



EMPTYING LATERALS AND FILLING PORTS, 1-T0-20-SCALE LOCK MODEL 

PHOTOGRAPH 6 
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-.I SKIMMING WEIR IN UPPER POOL, 1-T0·.-20-SCALE LOCK MODEL 





lJ 
I 
0 
-l 
0 
Cl 
:::0 
)> 
lJ 
I 
(!) LOCK RECORDER, l-T0-20-SCAir'E LOCK MODEL 
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STRAIN GAGE FOR MEASUREMENT OF LONGITUDINAL FORCE ON BOAT, l-T0-20-SCALE LOCK MODEL 
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. WAR DEPARTMENT 
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FILLING CHARACTERISTICS 
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.VALVE TIME 2 .98 MIN 
FILLING TIME 4. 2 MIN 
OVERTRAVEL 0. 7 FT 
MAXIMUM W. S. SLOPE -0.042 FT/ 100 FT. 

2 

LONGITUDINAL FORCE 

EUPTYJ,'.NG VALVE:=:--:,.. 

3 4 5 6 7 
TIME -.MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
.RECORDER CHARTS • 
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MAXIMUM LONGITUDINAL FORCE ON BOAT +24. 2 TONS 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 

TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

CORPS OF ENGINEERS, U. S. ARMY 
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U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO - 20 SCALE LOCK MODEL 

FILLING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME. 3.9 MIN 
FILLING TIME 4.84 MIN 
OVERTRAVEL 0.5 FT 

FILLING 

MAXIMUM W. S. SLOPE -0.028 FT /IOOFT 
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LOWER POOL 

ElllPrYING VALVE 

3 4 5 6 7 
TIME - MINUTES ~ 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

MAXIMUM LONGITUDINAL FORCE ON BOAT +17.0 TONS 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES ~IND LONGI
TUDINAL FORCES ON BOA1" TOWARD TYPE BOAT TANKER 

DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT· 

LOWER POOL. " 

8 

CORPS OF ENGINEERS, .U S. ARMY 

0 
UJ 

~ 
0 

10 
LL 

.J 
~ 

20 ~ 
0 
::J 
I-

+ 30 5 z 
0 
.J 

9 10 II 12 

MISSISSIPPI RIVER COMMISSION 

U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO - 20 SCALE LOCK MODEL 

FILLING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 4.88 MIN 
FILLING TIME 5.5 MIN 
OVER TRAVEL 0. 5 FT 
MAXIMUM W. S. SLOPE -0.025 FT I 100 FT 
MAXIMUM LONGITUDINAL FORCE ON BOAT tl4.4 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29 .96 FT 
LOCK LENGTH 960 FT 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTVPE UNITS. 

PLUS VALUES ON SCALES IN[)ICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 

MISSISSIPPI RIVER COMMISSION 

U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO- 20 SCALE LOCK MODEL 

FILLING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 5.86 MIN 
FILLING TIME 5.88 MIN 
OVERTRAVEL 0.6 FT 
MAXIMUM W. S. SLOPE -0.022 FT /IOOFT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT +11.9 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

'<:'RATE OF RISE 

LOWER POOL 

EMPTYJ:NG VAL VE 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROl,1.1 AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BqAT TOWARD 
LOWER POOL. 
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MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO- 20 SCALE LOCK MODEL 

FILLING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIMt 9.8 MIN. 
FILLING TIME 7.7 MIN 
OVERTRAVEL 0.4 FT 
MAXIMUM W. S. SLOPE +0.017 FT /100 FT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT - 8 .8 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.95 
LOCK LENGTH 960 FT 

UPPER POOL-=-=e, 

WATER SURFACE LOCK 

EMPTYING VAL VE=::--,. 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROT()TYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 

8 

CORPS OF ENGINEERS, U. S ARMY 

9 10 II 12 

JJ.ISSISSIPPI R1VER COMMISSION 

U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO - 20 SCALE LOCK MODEL 

FILLING CHARACTERISTICS 
REVISED DESIGN 
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DISTRIBUTION 
FILLING PORTS 
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D D D D 
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NOTES: VELOCITIES SHOWN ON ABOVE FIGURES 

ARE IN PROTOTYPE FT PER SEC AND 
WERE BASED ON TESTS MADE WITH 
f'LDW AT A CONSTANT RATE. 

NEGATIVE VELOCITIES INDICATE FLOW 
FROM LOCK CHAMBER INTO CULVERT. 

LOCI< LENGTH HO FT. 

CORPS or ENGINEERS, us. ARMY 
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U S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY or HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

l-T0-20 SCALE LOCK MODEL 

VELOCITY DISTRIBUTION 
IN FILLING PORTS 

REVISED DESIGN 
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I -TO- 20 SCALE LOCK MODEL 

- .... 

10 

PRESSURE GRADIENT .. FILLING CULVERT 
REVISED DESIGN 
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GENERAL TYPES OF VALVE MOTION 
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SUMMARY 

VALVE TIME I .92 MIN 
EMPTYING TIME 3.65 MIN 
OVERTRAVEL 1.4 FT 
MAXIMUM W. S. SLOPE t0.015FT/11.lOFT 

2 

UPPER POOL 

EMPTYING VALVE 

WATER SURFACE SLOl?E 

LOWER POOL 
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RECORDER CHARTS. 
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U. S. WATERWAYS .EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

z 
g 

MAXIMUM LONGITUDINAL FORCE ON BOAT +14. 2 TON: 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES l'/"'DICATE 
WATER-SURFACE SLOPES ,AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 

I - TO- 20 SCALE LOCK MODEL 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

EMPTYING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 2.8 MIN 
EMPTYING TIME 4.16 MIN 
OVERTRAVEL I. 3 FT 

··-· --·- --··-· -· -- ·- - -

2 

MAXIMUM W. S. SLOPE +0.012FT/IOOFT 
MAXIMUM LONGITUDINAL FORCE ON BOAT +t0.3 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

UPPER POOL ............... 

EMPTYING VALVE--: 

FILLING, VALVE==:--:--,. 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOtYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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EMPTYING CHARACTERISTICS 
REVISED DESIGN 



WAA DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY 

I;: II 
I 

ffi10 I-
LL 

ID 
8 

UPPER POOL 

g9 ' ti:+O.I WATER SURFACE LOCK 
EMPTYING VAL VE 88 I 

w 
.:J 7 n. 

9 

FULL 

l:) 

VI z 
z 

Vlo.o z ;6 ~ffi 
- 30~ 

~===------......;:~=~:__-----==~--..... =·-,---·---- ---------·---·---·-- I 
w 

0 u 4 n. 
~5 5~ i'.t: 0 

:::!! a: 
" :::> w 
~4 4~ Vl-0.1 ~ w 

I~ LL a: 
w3 31~ 2l:) ~ ::l~ z 
~2 2~ ;:: 

I-VI n. 
LL :::!! a: I 10 w w 

!;( w I 

~o o~ 4 

0 

0 

SUMMARY 

VALVE TIME 3. 7 MIN 
EMPTYING TIME 5.1 MIN 
OVERTRAVEL 0.8 FT 
MAXIMUM W. S. SLOPE -0.027 FT /100 FT 
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MAXIMUM LONGITUDINAL FCRCE ON BOAT -7. 3 TONS 
TYPE ~T TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 
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TIME- MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RE~ORDER CHARTS. 

ALL SCALES ARE IN PROTQTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES .AND LONG!
TUDINAL FORCES ON BOAi TOWARD 
LOWER POOL. 
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EMPTYING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 4. 7 MIN 
EMPTYING TIME 5. 28 MIN 
OVERTRAVEL I. 2 FT 
MAXIMUM W. S. SLOPE t0.010 FT /100 FT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT t7.9 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

CORPS OF ENGINEERS, U. S. ARMY 

UPPER POOL 

SURFACE LOCK 
EMPTYING VALVE==------

FILLING VAL VE==------

3 4 5 6 1 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM ,l\UTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES A.ND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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SUMMARY 

VALVE TIME 5.62 MIN 
EMPTYING TIME 6.2 MIN 
OVERTRAVEL 0. 7 FT 
MAXIMUM W. S. SLOPE -0.014 FT /100 FT 
MAXIMUM LONGITUDINAL FORCE ON BOAT -5. 3 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

CORPS OF ENGINEERS, U S. ARMY 

UPPER POOL 

LONGITUDINAL FORCE 

- RATE OF FALL 

~c:::=::-_____ 
FILLING VALVE~ 

3 4 5 6 1 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FRO~ AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOJ,ff TOWARD 
LOWER POOL. 
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SUMMARY 

VALVE TIME 9.25 MIN 
EMPTYING TIME 7.97 MIN 
OVERTRAVEL 0.4 FT 
MAXIMUM W. S. SLOPE - 0. 01 FT/ 100 FT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT-3.03 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.95 FT 
LOCK LENGTH 960 FT 

UPPER POOL~ 

WATER SURFACE sdoPE 

FILLING VALVE .......... 

3 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED f"ROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTO'rYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAt TOWARD 
LOWER POOL. 
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MODEL STUDY Of HYDRAULIC SYSTEM 
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I - TO- 20 SCALE LOCK MODEL 

EMPTYING CHARACTERISTICS 
REVISED DESIGN 



-a 
r 
> 
-I 
rn 
UJ 
-....I 

WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY 

LATERAL NUMBERS 

2 3 4 5 6 7 6 g 10 II 
10 

12 13 14 15 16 17 Ill IQ 20 21 22 

II 

!--+---+--+---+--+---+---+---+----------<---+----<---+------------ -- -- --- -· ---· ~· 

B 

7 

3: 
0 
..J ... 8 I-

5 
..J 

~ 
g 5 

... 
0 

I-
2 

4 "' ../ u ........_ / .......... a: 
Ir ____, 

3 

2 

LEGEND 

0 + 2-FT ELEVATION IN 

"' + 4-FT ELEVATION IN 

D + 6-FT ELEVATION IN 

........... / 

LOCK 

LOCK 

LOCK 

NOTES: DATA BASED ON TESTS MADE WITH 
FLOW AT A CONSTANT RATE 
LOCK LENGTH llllO FT. 

I 
/ 

u. s. 

/ 

MISSISSIPPI RIVER COMMISSION 

WATERWAYS EXPERIMENT STATION 

MODEL. STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

l-T0-20 SCALE LOCK MODEL 

FLOW DISTRIBUTION 
FROM EMPTYING LATERALS 

REVISED DESIGN 



"U 
r 
:> 
-I 
rn 

WAR DEPARTMENT 

+10 I 

a: 
w 

+10 

~ +9 

~ -t-8 
...J 

~ +7 
w 
::; 

f- + 6 
w 
w 
u. 
I +5 
f
z 
w 
o+4 
~ 
a: 

" w+3 
a: 
:::> 
~+2 
w 
a: 
a.+ I 
u. 
0 

5 0 

~ 
~-I 
...J 
w 

-2 

-
~ -

~·" t: 
I 

I 2 3 

,. 
" !\ 

:: 
\ ~ 

DISTANCE IN 100 FEET 

2 3 4 5 6 7 6 

,,,- +8 Fr £LEV• IN LOCK - -~ 

~ 

-+6 'FT "'LEV I~ LOCK - . --,,,- 'r+4 FT ~LEV IN LOCK --......! 

- ro-
a i.---- +2 FT ELEV IN LOCK 

-

.-..-- 0 ELEV Ill LOCK - -kL 

\ ~ 
,, 1·: ., ii " I!! " :!l, " !\. " ,. " I 1:. ii tl, " ,. 
\ '~ :1 i " ' i 

,. :\ ,1 \ ", i •', •\ !· \. " •\ 

I I 'X! I t XI : I 
I I I I I I I 

4 5 6 6 9 10 11 12 _y 
EMPTYING CULVERT PIEZOMETER NUMBERS 

NOTE: PIEZOMETERS LOCATED ON CENTERLINE OF DISCHARGE 
CULVERT. 

PIEZOMETER READINGS RECORDED PHOTOGRAPHICALLY 
ON EVEN FOOT DIFFERENTIAL OF WATER SURFACE 
IN LOCK CHAMBER. 

LOCK LENGTH 96D FEET. 
3.7 MINUTE VALVE. 

-- , 
\ 
\ 

-~ ~ ......... 
' '\ 

\ - r--... 
,........__ 

-::-eo 

' ; 
,. 

" 1:: " ! !i " " :1. " " .. , I•\, ", '· 
I I 
I I 

13 14 15 

\ 
\ 
\ 

\ \ 

\ \ 
-....:i ....._\ 

\ 
\ 

IX 

CORPS OF ENGINEERS, U. S. ARMY 

9 10 II 

/ 
".\ ~.,. 

v F-f '" 1: ',, ,,, '' v' '' ' I ,_, 
i L• 

I I 

16 17 16 19 20 

MISS1SSl~PI RIVER COMMISSION 

U. S WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

l-T0-20 SCALE LOCK MODEL 

PRESSURE GRADIENT 
EMPTYING CULVERT 

REVISED DESIGN 



,, 
r 
}> 
-I 
fTI 

WAR DEPARTMENT 

10 

• 
• .. 

~ 7 
z 
2 • 
I ... 
:I 5 
;: 

! 4 
.J 
.J 3 ;: 

z 

10 

• 
• .. 

~ 7 
z 
2 • 
I .. 
~ 5 

" z 4 
-; 
I-

~ 3 ... 
2 

--

---

--

I 
......-

T• 2..70 + 0.55 Iv- ...._,_,_ 
.... 

f-"ai ---- - ~..,. 

z 3 

T•2..45 +0.631v- -......__ n 

p..... _..., - -------L--" 

2 3 

NOT[: LOCK LENGTH HO FEET 

-" '-"" -
~ 1--..---

s 
VALVE TIM[ - MINUTES 

- 1--......-
0 ---1------ __,,. 

5 • 
VALVE TIME - MINUTES 

CORPS OF ENGINEER U. S. ARMY 

. 
-- -- 0 

- --
~ -

7 

f"ILUNG 

• • IO 

--------- --

EMPTYING 

8 9 10 

MISSISSIPPI AIV(• COMMISSION 

U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF" HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

l-T0-20 SCALE LOCK MODEL 

EFFECT OF VALVE TIME ON 
FILLING AND EMPTYING 

REVISED DESIGN 



"U 
r 
)> 
-I 
(Tl 

J;l. 
0 

WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY 

U) 
z 
g 
1 
w 
u 
a: 
0 ... 
..J 
<( 
z 
0 
:::> .... 
i3 z 
3 

JOr---+--+----i-+----+--+-f--~1,---\.t--+--+----i-+--+--t--f--+--+--+-+---+--+----1-+----+--+-+--+--+---+-+--+--+----l-+----+--+-+--+--t 

28t--+--1~-+--+-+--+--1--+--+'>.-+--+--.;f---+--+-+--+-->---+--+-+--+--f--4---+-+--+--l--4---+-+--+--l---l---+-+--+-~l---l--+--l 
\. +--~il_t---+---+---l--+--+--+-t---+----+-+--+--t---+-----+--+--+---1t--~ 

26r----t--t--t--t-~t--t--+--t--+--1-\.4<-1t---+--r-+--+---11---+--+-+--+--t---+--;--+--+:-t--~i--+--r-+--+---11--+--+-+--+---i-+--+--1 
24 t---+--+--+---lt--+--+--+---t-+--+--\\.-+.----1~+--+--+---+:--+---~--t---t- 1-l --+ 

t---1--+-+--+--+---+---+-+--+--+---+--+'-"<-l---+-+--+--t---->----+--+--+--t--~--+--+--+-t-~lt---+---+--t--+---1~-+--+-+--+--;-~ 
22 \J I ! j 

r---+-t---t-~-+-+----+---- _J_ __ l_ _ _,~ -L __ ~--- -+ 1 I ___ , ______ _;__ _ ~-- --f-- __ --+---+----!---+--+--+-----< 
20 ! I '\. I I ' 1-1 ' ' I 

>---+---<--+--+-+---+----':--- _J___-+- __J _ - 'L_ --+- ---+- --+I! __ __,II_ --f--+-~-r-·-~- --t-+---+-t---+---+-+--+--+---l 
18 I I I -T"\.. I i • 

1---+--+--+--+--+----+-___,1_+--+---+--+---+--+-- _ ~"--~-- J __ j_ _ _J __ --+-----1--- _ L_ +- _,l_,___,__+---+---+--+--t 
16 i i . K ! :--'-FILLING i i ) - I ! 

-~~-- -i- , __ -~-- -}-- -t- --+-~ J-- -~ -T-~ f-- -+---+---+--+-

14 . "' ' I 
1 

12 -~ -t----- -- -t-" "1- ~+- -- i- l - -- -~~ "-~ -~ - -! -- - f-- - - -- --- r------1--~·- f-----+--+---1 

r---+--+---+-f--+--+----1~+-_J '>- --4. _ -~- L _ J__ I :----:.._ 
! ~ 1 I : - I j-t1=rr-t=f=t:=t==+=t:=+:=t=t=t;~ 

IOt---t--t-+--t--t---t--t-+--'--t----F-~~-+--+-+---t--;--t--+-t---t---l-+--+-+--t----,!--+--+-+---+-f-+--+-+---+-f--t--t-i ---+-- i ......._,....._ 1 i __ I _ I I 

8 :=:~::~:-~:-~--~_;-_--+-;--+ 1--t-+---+--+--+-__,~---+-~--i-""'-·~-_,,1_---+--<*f __ -+-.1-__._l---"->--~l--1---+--+!--~+~-::._:-=.:=--+-+-~I· -+----!-+-+----+-+-+--+-~ 
1 [_ e ~ ~!___.-EMPTYING --+! 
I - .:...........__ I ----r-- ' -+----11-+--+-+--+---t--+--+-+--+--l--+--+--l 

' I I 

---=-~~~d ~ -+~ -j 
4t=::t==t=t=::t::=t=::t=~=t==t==t=::11==t=t'=::t::=t=::t==t=t=::t==t=::t==t=t==~=t==t=J::J::::t::I:::=t==t:3E;l;;:l:::t::::t=:t::~=l --+- ~W--l--r-- - --+ 

2 I I ! I I i 

6 ' 

-~ -- -
I I ! -1 -- r--T I 1--

I 

-· ---------- -- - --

32 

30 

28 

26 

24 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

00::::::::::::-=:~:~----_.+_--_._-+~l-~2-_·-_._1-_·_._--~~ .... 3--~~--'---'4'--~-'---'-r---_-5 ..... --_-.... t_-_-...___.__-+t; ____ _._ ----~---i~>-·-.... ;_-_-..._1-__.-+_-_-_._+-_-_.-81 

9 10 
MISSISSIPA RIVER COJAllllSSION 

U. S. WATERWAYS. EXPERIMENT S.TATION 

U) 

z 
0 .... 
I 

"' u a: 
0 ... 
..J 
<( 
z 
0 
:::> .... 
i3 z g 

VALVE TIME - MINUTES MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

NOTE: LOCK LENGTH 960 FT 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 

I -T0-20 SCALE LOCK MODEL 

MAXIMUM LONGITUDINAL 
FORCE ON BOAT 
REVISED DESIGN 
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SUMMARY 
FILLING VALVE TIME 6.0 MIN 
EMPTYING VALVE TIME 4.0 MIN 
FILLING AND FLUSHING TIME 13 MIN 
OVERTRAVEL 0. 7 FT 
MAXIMUM W.S. SLOPt -0.028 FT/100 FT 

-----

2 3 

MAXIMUM LONGITUDINAL FORCE ON BOAT +.12 .0 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
VOLUME OF FLUSHING WATER I LOCKFUL 
LOCK LENGTH 960 FT 

4 

FILLING VALVE 

5 6 8 9 
TIME -Ml\~UTES 

NOTES: CURVES ARE TRACE:> FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGl-

~~~l~:~g~_CES ON BOAT TO~iARD 
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CHARACTERISTICS 

REVISED DESIGN 
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SUMMARY 
FILLING VALVE TIME 5.0 MIN 

EMPTYING VALVE TIME 4.0 MIN 
FILLING AND FLUSHING TIME 13.08 MIN 
OVERTRAVEL 0. 7 FT 
MAXIMUM W.S. SLOPE -0.028 FT /100 FT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT tl6.2 "TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29. 96 FT 
VOLUME OF FLUSHING WATER I LOCKFUL 
LOCK LENGTH 960 FT 

3 4 

WATER SURFACE LOCK--

5 B 9 10 • 
TIME -MINUTES 

II 12 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LbNGl
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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SUMMARY 
FILLING VALVE Tiii.iE 5.9 MIN 
EMPTYING VALVE TIME 4.0 MIN 
FILLING AND FLUSHING TIME 9.23 MIN 
OVERTRAVEL 0.6 FT 
MAXIMUM W.S. SLOPE -0.027 FT /100 FT 

2 3 

MAXIMUM LONGITUDINAL FORCE ON BOAT + 16.2 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 2 9. 96 FT 
VOLUME OF FLUSHING WATER 1/2 LOCKFUL 
LOCK LENGTH 960 FT 

UPPER POOL 

4 5 6 8 9 10 
TIME -Ml\"UTES 

NOTES: CURVES ARE TRACED FROM AUT0\"1ATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 
. I 

PLUS VALUES ON SCALES INDICAJE 
WATER-SURFACE SLOPES AND L.ONGI -
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. ' 
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SUMMARY 
FILLING VALVE TIME 6. 0 MIN 
EMPTYING VALVE TIME 4.0 MIN 
FILLING AND FLUSHING TIME 6.3 MIN 
OVERTRAVEL 0 8 FT 
MAXIMUM W.S. SLOPE t0.022 FT/100 FT 

2 3 

MAXIMUM LONGITUDINAL FORCE ON BOAT +13.4 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
VOLUME OF FLUSHING WATER 1/8 LOCKtUL 
LOCK LENGTH 960 tT 

FILLING 

4 

VALVE 

5 6 8 9 10 
TIME -M1'1UTES 

NOTES: CURVES ARE TRACED FROM AUTOt.IATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LbNGI -
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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EFFECT OF LOWER POOL ELEVATION 
ON FLUSHING TIME 

REVISED DESIGN 
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SUMMARY 

VALVE TIME 4.85 MIN 
FILLING TIME 5.38 MIN 
OVERTRAVEL 0. 65 FT 
MAXIMUM W. S. SLOPE -0.025 FT/ 100 FT 
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U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

MAXIMUM LONGITUDINAL FORCE ON BOAT -tl5.0 TONS 

ALL SCALES ARE IN PROTO'TYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 

I - TO- 20 SCALE LOCK MODEL 

TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

FILLING CHARACTERISTICS 
TYPE 2 PORT ARRANGEMENT 
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SUMMARY 

VALVE TIME 4.75 MIN 
FILLING TIME 5. 25 MIN 
OVERTRAVEL 0. 7 FT 
MAXIMUM W. S. SLOPE -0.022 FT /100 FT 
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MAXIMUM LONGITUDINAL FORCE ON BOAT tl2.9 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 
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TIME - MINUTES 

NOTES: CURVES ARE TRACED FRO""/ AUTOMATIC 
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ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES ,INDICATE 
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FILLING CHARACTERISTICS 
TYPE 3 PORT ARRANGEMENT 

REVISED DESIGN 
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SUMMARY 

VALVE TIME 4.83 MIN 
FILLING TIME 5.5 MIN 
OVERTRAVEL 0.5 FT 
MAXIMUM W. S. SLOPE +0.018 FT /100 FT 
tiAAXIMUM LONGITUDINAL FORCE ON BOAT 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

Lo'CK 

----------
WATER SURFACE SLOPE 

l.ONGITUDINAL FORCE 

LOWER POOL 

h,1PTY/NG VALVE--...... 

2 3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS-

ALL SCALES ARE IN PROTC>TYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
+14.6 TONS WATER-SURFACE SLOPES AND LONGI

TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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TYPE 4 PORT ARRANGEMENT 

REVISED DESIGN 
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FLOW AT A CONSTANT RATE. 
LOCK LENGTH 960 fT. 
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SUMMARY 

VALVE TIME 4.9 MIN-VARIABLE SPEED 
FILLING TIME 5.48 MIN 
OVERTRAVEL 0.6 FT 

UPPER POOL 

2 

MAXIMUM W. S. SLOPE -0.013 FT /100 FT 
MAXIMUM LONGITUDINAL FORCE ON BOAT -9.3 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

LONGITUDINAL FORCE-:-;.:, 

~LOWER POOL 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOl'YPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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FILLING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 6.1 MIN-VARIABLE SPEED 
FILLING TIME 6.35 MIN 
OVERTRAVEL 0. 75 FT 
MAXIMUM W. S. SLOPE -0.015 FT /100 FT 
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MAXIMUM LONGITUDINAL FORCE ON BOAT .:...9.1 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LErv.;TH 960 FT 

FILLING 

LOWER POOL 

EMP°rYING VALVE~ 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. , _ 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON B01

1

!1.T TOWARD 
LOWER POOL. 
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MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO- 20 SCALE LOCK MODEL 

FILLING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 7.3 MIN -VARIABLE SPEED 
FILLING TIME 7.03 MIN 
OVERTRAVEL 0.6 FT 
MAXIMUM W. S. SLOPE -0.016 FT /100 FT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT -4. 2 TONS 
TYPE BOAT TANKER 
DRAFT BOAT 29.96 FT 
LOCK LENGTH 960 FT 

LONGITUDINAL FORCE:::---
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TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTO'rYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAt TOWARD 
LOWER POOL. 
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DETAILS AND VELOCITY 
DISTRIBUTION AT INTAKE PORTS 

REVISED DESIGN 
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SUMMARY 

VALVE TIME 3.9 MIN 
FILLING TIME 2.98 Ill.IN 
OVERTRAVEL 1.05 FT 
MAXIMUM W. S. SLOPE -0.01 FT/100 FT 
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MAXIMUM LONGITUDINAL FORCE ON BOAT tO. 9 TONS 
· TYPE BOAT TUG 

DRAFT BOAT 13. 75 FT 
LOCK LENGTH 350 FT 

FILLING VALVE: 

WA TE:R SURFACE: SLOPE-
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E:MPTYING VALVE:::---, 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONG:
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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U. S. WATERWAYS EXPERIMENT STAclON 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO - 20 SCALE LOCK MODEL 

FILLING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 4.9 MIN 
FILLING TIME .3.4 MIN 
OVERTRAVEL 0. 7 FT 
MAXIMUM W. s.· SLOPE -0.008 FT/100 FT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT +0.9 TONS 
TYPE BOAT TUG 
DRAFT BOAT 13. 75 FT 
LOCK LENGTH 350 FT 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TkACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES .AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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EMPTYING UILVE=:----. 

9 10 II 12 

MISSISSIPPI RIVER COMMISSION . 

U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO- 20 SCALE LOCK MODEL 

FILLING CHARACTERISTICS 
REVISED DESIGN 



'U 
r 
)> 
-i 
(Tl 
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SUMMARY 

VALVE TIME 5.80 MIN 
FILLING TIME 3.62 MIN 
OVERTRAVEL 1.15 FT 

----

2 

MAXIMUM W. S. SLOPE -0.003 FT/100 FT 
MAXIMUM LOt-K;ITUDINAL FORCE ON BOAT -12 TONS 
TYPE BOAT TUG 
DRAFT BOAT 13. 75 FT 
LOCK LENGTH 350 FT 

WATER SURFACE SLOP€ 
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TIME - MINUTES-

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTO,TYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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MISSISSIPPI RIVER COMMISSION 

U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW .JERSEY SHIP LOCKS 

I - TO - 20 SCALE LOCK MODEL 

9 

FILLING CHARACTERISTICS 
REVISED DESIGN 
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NOTES: DATA 8ASEO ON TESTS MADE WI.TH 
FLOW AT A CONSTANT RATE. 

PORTS 18-45 NOT IN USE. 

LOCK LENGTH 350 FT. 
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MISSISSIPPt RIVER COW.USSfON 

U.S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO - 20 SCALE LOCK MODEL 

FLOW 
FROM 

DISTRIBUTION 
FILLING PORTS 

REVISED DESIGN 
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DISTANCE IN 100 FEET 

NOTE"S: PIEZ0t.1ETERS l.OCATEO ON CENTERLINE OF LEFT 
FILLING CULVERT. 

PIEZOMETER READINGS RECORDED PHOTOGRAPHICALLY 
ON EVEN FOOT DIFFERENTIAL OF· WATER 
SURFACE IN LOCK CHAMBER. 

PIEZOMETERS 12 - 23 WERE NOT IN USE. 

LOCK LENGTH 350 FEET. 
Sll MINUTE VALVE 
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U. S. WATE;RWAYS EXPERMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

1-TO- 20 SCALE LOCK MODEL 
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PRESSURE GRADIENT. FILLING CULVERT 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 3.5 MIN 
EMPTYING TIME 3.42 MIN 
OVERTRAVEL 1.25 FT 

2 

MAXIMUM W. S. SLOPE +0.005 FT/100 FT 
MAXIMUM LONGlTUDINAL FORCE ON BOAT 0 TONS 
TYPE BOAT TUG 
DRAFT' BOAT 13.75 FT 
LOCK LENGTH 350 FT 

CORPS OF ENGINEERS, U. $. ARMY 

UPPER POOL=='> 

LONGITUDINAL FORCE---=-e,_ 

WATER SURFACE LOCK----. 

I_........-

FILLING VALVE 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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MISSISSIPPI RIVER COMMISSION 

U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO- 20 SCALE LOCK MODEL 

EMPTYING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 4.2 MIN 
EMPTYING TIME 3.85 MIN 
OVERTRAVEL 1.22 FT 

2 

MAXIMUM W. S. SLOPE +0.003 FT/100 F'T 
MAXIMUM LONGITUDINAL FORCE ON BOAT 0 TONS , 
TYPE BOAT TUG 
DRAFT BOAT 13.75 FT 
LOCK LENGTH 350 FT 

EMPTYING VALVE 

LONG/TIJDINAL FORCE~ 

Fit.LING VALVE-----...._ 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTqTYPE UNITS. 

PLUS VALUES ON SCALES \NDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BO.A:r TOWARD 
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LOWER POOL. I EMPTYING CHARACTERISTICS 
REVISED DESIGN 
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SUMMARY 

VALVE TIME 5.2 MIN 
EMPTYING TIME 4.0 MIN 
OVERTRAVEL .1.2 FT. 

2 

MAXIMUM W. S. SLOPE -0.002' FT/100 FT 
MAXIMUM LONGITUDINAL FORCE ON BOAT -1.5 TONS 
TYPE BOAT TUG 
DRAFT BOAT 13. 75 FT 
LOCK LENGTH 350 FT 

EMPTYING VALVE----...... 

WATER SVRFACE SLOPE~ 
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FILLING VALVE' 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. 

'ALL SCALES ARE IN PROTCITYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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MISSISSIPPI RIVER COMMISSION 

U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

I - TO- 20 SCALE LOCK MODEL 

EMPTYING CHARACTERISTICS 
REVISED DESIGN 
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NOTES: DATA BASED ON TESTS MADE WITH 
FLOW AT A CONSTANT RATE. 
LATERALS 11- 22 WERE NOT IN USE. 
l.OCK LENCTH 350 rT. 
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U. S. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

l-T0-20 SCALE LOCK MODEL 

FLOW DISTRIBUTION 
FROM EMPTYING LATERALS 

REVISED DESIGN 
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4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 
EMPTYING CULVERT PIEZOMETER NUMBERS 

NOTE: PIEZOMETERS LOCATED ON CENTERLINE OF DISCHARGE 
CULVERT. 

PIEZOMETER READINGS RECORDED PHOTOGRAPHICALLY 
ON EVEN FOOT DIFFERENTIAL OF WATER SURFACE 
IN LOCK CHAMBER. 

LOCK LENGTH 350 FEET. 
3.5 MINUTE VALVE. 

MISS1$SIPPf RIVER COMMISSION 

U $. WATERWAYS EXPERIMENT STATION 

MODEL STUDY OF HYDRAULIC SYSTEM 
NEW JERSEY SHIP LOCKS 

l-T0-20 SCALE LOCK MODEL 

PRESSURE GRADIENT 
EMPTYING CULVERT 

REVISED DESIGN 
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SUMMARY 
FILLING VALVE TIME 5.85 MIN 
EMPTYING VALVE TIME 3. 8 MIN 
FILLING AND FLUSHING TIME 7.3 MIN 
OVERTRAVEL I. 3 7 FT 
MAXIMUM W.S. SLOPE -0.01 FT/100 FT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT t 1.4 TONS 
TYPE BOAT TUG 
DRAFT BOAT 13.75 FT 
VOLUME or FLUSHING WATER I LOCKFUL 
LOCK LENGTH 350 FT 

3 4 ~!ME -M~NUTES IO 

NOTES: CURVES ARE TRACED FROM AUTO~ATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN AAOTOTYPE ,UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGl-

~~~l~:'f.6g~_CES ON BOAT TO:.VARD 
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CHARACTERISTICS 

REVISED DESIGN 
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SUMMARY 
FILLING VALVE TIME 5. 9 MIN 
EMPTYING VALVE TIME 3.9 MIN 
FILLING AND FLUSHING TIME 5.32 MIN 
OVERTRAVEL 1.27 fT 
MAXIMUM W.S. SLOPE -0.007 fT/100 fT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT tU; TONS 
TYPE BOAT TUG 
DRAFT BOAT 13. 75 fT 
VOLUME OF FLUSHING WATER 1/2 LOCKfUL 
LOCK LENGTH 350 .fT 

3 4 

I ~ 

WArER SIJli.'FACE SLOPE 

LOWER POOL 

5 6 8 9 10 
TIME -Mir'

1

~UTES 

NOTES: CURVES ARE TRACED FROM AUTO~IATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURFACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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l-T0-20 SCALE LOCK MODEL 

FILLING AND FLUSHING 
CHARACTERISTICS 

REVISED DESIGN 
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SUMMARY 
FILLING VALVE TIME 5.9 MIN 
EMPTYING VALVE TIME 4.0 MIN 
FILLING AND FLUSHING TIME 4.35 MIN 
OVERTRAVEL 1.-05 fT 
MAXIMUM W.S. SLOPE -0.009 fT/100 FT 

2 3 

MAXIMUM LONGITUDINAL FORCE ON BOAT -1.46 TONS 
TYPE BOAT TUG 
DRAFT BOAT 13.75 fT 

•VOLUME OF FLUSHING WATER 1/8 LOCKFUL 
LOCK LENGTH 350 fT 

4 

WATER SURFAG'E SLOPE 

LOWER POOL-.,. 

5 6 8 9 
TIME -MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS. ' 

ALL SCALES ARE IN PROTOTYPE Ul,~ITS. 
PLUS VALUES ON SCALES INDICATE 

WATER-SURFACE SLOPES AND LQNGl
TUDINAL FORCES ON BOAT TOWi,RD 
LOWER POOL. 
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FILLING AND FLUSHING 
. CHARACTERISTICS 

REVISED DESIGN 
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SUMMARY 

VALVE TIME 4.9 MIN 
FILLING TIME 3.6 MIN 
OVERTRAVEL 1.05 FT 

UPPER POOL 

WATER SURFACE l.DCK 

2 

MAXIMUM W. S. SLOPE -0.ol FT/JOO FT 
MAXIMUM LONGITUDINAL FORCE ON BOAT -1.5 TONS 
TYPE BOAT TUG 
DRAFT BOAT 13.75 FT 
LOCK LENGTH 350 FT 
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VALVE 

WATER SURFACE SLOPE~ 
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0 ~ 

LOWER POOL~ 

EMPTYING VALVE=--::--.. 

3, 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED F"ROM AUTOMATIC 
RECORDER CHARTS. 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES INDICATE 
WATER-SURF"ACE SLOPES AND LONGI
TUDINAL FORCES ON BOAT TOWARD 
LOWER POOL. 
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I - TO- 20 SCALE LOCK MODEL 

FILLING CHARACTERISTICS 
TYPE 3 PORT ARRANGEMENT 

REVISED DESIGN 
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SUMMARY 

VALVE TIME 4.95 MIN 
FILLING TIME 3.43 MIN 
OVERTRAVEL 1.22 FT 

UPPER POOL 

WATER SURFACE LOCK 

MAXIMUM W. S. SLOPE -0.008 FT/100 FT 

2 

MAXIMUM LONGITUDINAL FORCE ON BOAT -1. 6 TONS 
TYPE BOAT TUG 
DRAFT BOAT 13. 75 FT 
LOCK LENGTH 350 FT 
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LOWER POOL. 

EMPTYING VALVE-......, 

3 4 5 6 7 
TIME - MINUTES 

NOTES: CURVES ARE TRACED FROM AUTOMATIC 
RECORDER CHARTS.· 

ALL SCALES ARE IN PROTOTYPE UNITS. 

PLUS VALUES ON SCALES lt,~DICATE 
WATER-SURFACE SLOPES A\ND LONGI
TUDINAL FORCES ON BOAl° TOWARD 
LOWER POOL. 
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FILLING CHARACTERISTICS 
TYPE 4 PORT ARRANGEMENT 

REVISED DESIGN 




