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INTRODUCTION 

In the summer of 1930, the writer made a reconnaissance survey of the 
beaches and harbors of the Pacific Coast of the United States for the U.S. Beach 
Erosion Board. In the preceding years many tidal inlets on the North Pacific 
Coast had been improved for navigation by constructing jetties, and the prog­
ress of these inlets towards stabilization was being followed through frequent 
hydrographic surveys which were available for study. The obvious fact that 
large inlets were found at large bays and small inlets at small bays suggested 
the possibility that there might be a unique relationship between entrance area 
and tidal prism. The data then available (2) 2 showed good agreement with 

A = 4.69 X 10-4 pO.B5 •••••••••••••••••••••••••••••• (1) 

in which A = the minimum flow cross section ofthe entrance channel (throat) 
measured below mean sea level, in square feet; and p = the tidal prism 
corresponding to the diurnal or spring range of tide, in cubic feet. [The tide 
tables of the U.S. Coast and Geodetic Survey list either the diurnal or the 
spring range of tide but not both. Along the Pacific Coast of the U.S., the tide 
shows a diurnal inequality with the long runout following mean higher high 
water (ebb tide). The 1931 paper (2) was based with one exception on data per­
taining to inlets on the Pacific Coast and the diurnal range was used in the 
correlation. Within the accuracy with which tidal prisms may be calculated, 
either the. diurnal range or the spring range may be used, depending on which 
range is listed in the Tide Tables.] 

Note.-Discussion open until July I, 1969. To extend the cloSing date one month, a 
written request must be filed with the ExecutiveSeoretary, ASCE. This paper is part of 
the copyrighted Journal of the Waterways and Harbors DiviSion, Proceedings of the 
American SOCiety of Civil Engineers, Vol. 95, No. WWl, February, 1969. Manuscript 
was submitted for review for possible publication on February 21, 1968. 

a Presented at the Tenth Conference on Coastal Engineering, held at Tokyo, Japan, 
September, 1966. 

1 Prof. of Engr. Emeritus and Dean Emeritus, ColI. of Engrg., Univ. of Calif., 
Berkeley, Calif. 

2 Numerals in parentheses refer to oorresponding items in Appendix 1.-Referenoes. 
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The data then available agreed closely with Eq. 1, but the agreement was 
regarded as fortuitous for the following reasons: 

1. The tidal prism was computed as the product of the tidal area at high 
water shown on the USC&GS charts times the diurnal or spring range in the 
ocean at the inlet. 

2. There was no apparent effect of the size of bottom material in the inlet 
channel on the flow area. 

3. Jettied and unjettied entrances followed the same curve. 
4. The data pertained, with one exception, to the Pacific Coast where the 

tide shows a marked diurnal inequality and only a small variation in range 
with location. 

The writer believed at the time that precise and extensive data would demon­
strate the influence of the factors just mentioned and that Eq. 1 was merely 
an approximation of a relationship which would depend upon material size, 
degree of exposure to wave action, jetty protection, and possibly other quan­
tities as parameters. 

FLOW AREA-TIDAL PRISM DATA 

Casual comparison by a number of writers on other inlets has shown a 
surprisingly small deviation from Eq. 1 for large and small inlets, with and 
without jetties, on the Atlantic, Gulf and Pacific coasts of the United States, 
Mexico, Southeast ASia, and Australia. The phenomena involved seemed too 
complex to yield so simple a relationship and the present study was undertaken 
to eliminate data of uncertain accuracy and to discover any consistent influence 
of the factors mentioned previously. Clearly, the nature of such data makes an 
appraisal of the accuracy a matter of judgment, but a few considerations could 
be applied, namely: 

1. If the tidal range is approximately constant around the shores of the bay 
and the low water area is 75% or more of the high water area, the prism can 
be computed with an accuracy of + 10%. 

2. When the tidal range in the bay is markedly less than at the entrance, as 
in the case of Fire Island Inlet, accurate determination of the tidal prism must 
be based upon a detailed summation of the surface area, range, and phase 
relationships or upon flow measurements at the entrance. 

3. The high water area is usually deineated accurately on the charts, but 
the low water is frequently ill defined. 

4. Surveys are usually made for navigation purposes and are incomplete 
outside the navigable areas. 

Appraisal of the available data in the light of these considerations yielded the 
data shown in Table 1, believed to be accurate within + 10% in flow area and 
:!:. 15% in tidal prism. -

Inlets without jetties, ranging from Delaware Bay with a tidal prism of 
1.2 x 1011 cu ft to Estero Punta Banda with 3.0 x loa cu ft, follow the linear 
relationship 

A = 2.0 X 10-5 P ................................. (2) 
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O.15po.15 '" ................•...•..•...... (6) 

Caldwell (1) has studied the velocities at tidal inlets, as reported by the USC 
&GS, as affected by the shape of the interior water surface. Comparing Cald­
well's data on velocities with E q. 6, at inlets where the tidal prism is known, 
yielded fairly good agreement with Eq 6. The writer has not quoted these data 
because the theoretical basis for Eq. 6 is hydraulically not very sound. A 
thorough study of the hydraulic flow conditions in tidal inlets is needed. 

CONCLUSIONS 

The data cited pertain to inlets in equilibrium under tidal currents on the 
mainland coasts of the United States. Conclusions drawn from these facts are: 

1. The equilibrium minimum flow area of an inlet, with or without jetties, 
is controlled by the tidal prism. A reduction of the tidal prism by sedimenta­
tion, vegetation, or artificial fill will reduce the flow area. 

2. If the tidal area is connected to the sea through two or more inlets, the 
sum of the flow areas corresponds to the curve in Fig. 2; closure of one or 
more of these channels will enlarge the flow area of the others. 

3. Jetties not only stabilize the position of an inlet but also protect it against 
closure under wave action. 

4. Very small inlets can be kept open by tidal currents, if they are protected 
against strong surf and littoral drift. 

5. The equilibrium flow area ofan inlet depends to a minor extent, if at all, 
on bed material size. 

6. Tractiveforce does not appear to provide a meaningful criterion for the 
equilibrium conditions of tidal inlets. 

7. Estuaries of large rivers follow the same flow area-tidal prism rela­
tionship as tidal lagoons and bays. 

APPENDIX 1. -RE FERENCES 
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8,1931. p. 738. 

APPENDIX II.-NOTATION 

The following symbols are used in this paper: 

a = instantaneous flow area; 
h = range of tide; 
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P = volume of tidal prism; 
T = period of full tidal cycle; 
v = velocity averaged over area aj 

V max = maximum value of Vj and 
z = surface elevation. 

WWl 


