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APOE SE Ne De ex A 

9 GLOSSARY OF TERMS 

The glossary was compiled and reviewed by the Staff of the Coastal 

Engineering Research Center. The terms came from many sources. However, 

the following publications were of particular value. 

American Geological Institute (1957) - Glossary of Geology and Related 

Setences with Supplement. 2d Edition. 

American Meteorological Society (1959) - Glossary of Meteorology. 

U.S. Army Coastal Engineering Research Center (1966) - Shore Protection, 

Planning and Design, Technical Report No. 4, 3d Edition. 

. Coast and Geodetic Survey (1949) - Tide and Current Glossary, Special 

Publication No. 228, Revised (1949) Edition. 

U.S. Navy Oceanographic Office (1966) - Glossary of Oceanographte Terms, 

Special Publication (SP-35), 2d Edition. 

Wiegel, R.L. (1953) - Waves, Tides, Currents and Beaches: Glossary of 

Terms and List of Standard Symbols. Council on Wave Research, The 

Engineering Foundation, University of California. 

@ NEWPORT COVE, MAINE — 12 September, 1958 
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APPENDIX A 

 ) GLOSSARY CF TERMS 

ACCRETION - May be either NATURAL or ARTIFICIAL. Natural accretion is 

the buildup of land,solely by the action of the forces of nature, 

on a BEACH by deposition of waterborne or airborne material. 
Artificial accretion is a similar buildup of land by reason of an 
act of man, such as the accretion formed by a groin, breakwater, 

or beach fill deposited by mechanical means. Also AGGRADATION. 

ADVANCE (OF A BEACH) - (1) A continuing seaward movement of the shore- 

line. (2) A net seaward movement of the shoreline over a specified 

time. Also PROGRESSION. 

AGE, WAVE - The ratio of wave velocity to wind velocity (in wave fore- 

casting theory). 

AGGRADATION - See ACCRETION. 

ALLUVIUM - Soil (sand, mud, or similar detrital material) deposited by 
streams, or the deposits formed. 

ALONGSHORE - Parallel to and near the shoreline; same as LONGSHORE. 

AMPLITUDE, WAVE - (1) The magnitude of the displacement of a wave from a 

mean value. An ocean wave has an amplitude equal to the vertical 
2 distance from stillwater level to wave crest. For a sinusoidal 

wave, amplitude is one-half the wave height. (2) The semirange 

of a constituent tide. 

ANTIDUNES - BED FORMS that occur in trains, and are in phase with and 
strongly interact with gravity water-surface waves. 

ANTINODE - See LOOP. 

ARTIFICIAL NOURISHMENT - The process of replenishing a beach with material 
(usually sand) obtained from another location. 

ATOLL - A ring-shaped coral reef, often carrying low sand islands, 
enclosing a lagoon. 

ATTENUATION - (1) A lessening of the amplitude of a wave with distance 
from the origin. (2) The decrease of water-particle motion with 
increasing depth. Particle motion resulting from surface oscillatory 
waves attenuates rapidly with depth, and practically disappears at 
a depth equal to a surface wavelength. 

AWASH - Situated so that the top is intermittently washed by waves or 
tidal action. Condition of being exposed or just bare at any stage 

r of the tide between high water and chart datum. 



BACKBEACH - See BACKSHORE. 

BACKRUSH - The seaward return of the water following the uprush of the 
waves. For any given tide stage the point of farthest return sea- 
ward of the backrush is known as the LIMIT of BACKRUSH or LIMIT 
BACKWASH. (See Figure A-2.) 

BACKSHORE - That zone of the shore or beach lying between the foreshore 

and the coastline and acted upon by waves only during severe storms, 
especially when combined with exceptionally high water. Also 
BACKBEACH. It comprises the BERM or BERMS. (See Figure A-1.) 

BACKWASH - (1) See BACKRUSH. (2) Water or waves thrown back by an 

obstruction such as a ship, breakwater, or cliff. 

BANK - (1) The rising ground bordering a lake, river, or sea; of a 

Yiver or channel, designated as right or left as it would appear 
facing downstream. (2) An elevation of the sea floor of large 
area, located on a Continental (or island) Shelf and over which 

the depth is relatively shallow but sufficient for safe surface 
Navigation; a group of shoals. (3) In its secondary sense, a 

shallow area consisting of shifting forms of silt, sand, mud, and 

gravel, but in this case it is only used with a qualifying word 
such as "sandbank" or ''gravelbank"'. 

BAR - A submerged or emerged embankment of sand, gravel, or other un- 
consolidated material built on the sea floor in shallow water by 

waves and currents. See BAYMOUTH BAR, CUSPATE BAR. (See Figures 
A-2 and A-9.) 

BARRIER BEACH - A bar essentially parallel to the shore, the crest of 

which is above normal high water level. Also called OFFSHORE 
BARRIER and BARRIER ISLAND. (See Figure A-9.) 

BARRIER LAGOON - A bay roughly parallel to the coast and separated from 

the open ocean by barrier islands. Also the body of water encircled 
by coral islands and reefs, in which case it may be called an atoll 

lagoon. 

BARRIER REEF - A coral reef parallel to and separated from the coast by 
a lagoon that is too deep for coral growth. Generally, barrier 

reefs follow the coasts for long distances, and are cut through at 
irregular intervals by channels or passes. 

BASIN, BOAT - A naturally or artificially enclosed or nearly enclosed 
harbor area for small craft. 

BATHYMETRY - The measurement of depths of water in oceans, seas, and 
lakes; also information derived from such measurements. 



BAY - A recess in the shore or an inlet of a sea between two capes or 
headlands, not as large as a gulf but larger than a cove. See 
also BIGHT, EMBAYMENT. (See Figure A-9.) 

BAYMOUTH BAR - A bar extending partly or entirely across the mouth of 

a bay. (See Figure A-9.) 

BAYOU - A minor sluggish waterway or estuarial creek, tributary to, or 
connecting, other streams or bodies of water. Its course is usually 
through lowlands or swamps. Sometimes called SLOUGH. 

BEACH - The zone of unconsolidated material that extends landward from 
the low water line to the place where there is marked change in 
material or physiographic form, or to the line of permanent vege- 
tation (usually the effective limit of storm waves). The seaward 

limit of a beach - unless otherwise specified - is the mean low 
water line. A beach includes FORESHORE and BACKSHORE. (See 

Figure A-1.) 

BEACH ACCRETION - See ACCRETION. 

BEACH BERM - A nearly horizontal part of the beach or backshore formed 
by the deposit of material by wave action. Some beaches have no 
berms, others have one or several. (See Figure A-1.) 

BEACH CUSP - See CUSP. 

BEACH EROSION - The carrying away of beach materials by wave action, 

tidal currents, littoral currents, or wind. 

BEACH FACE - The section of the beach normally exposed to the action of 
the wave uprush. The FORESHORE of a BEACH. (Not synonymous with 

SHOREFACE.) (See Figure A-2.) 

BEACH RIDGE - See RIDGE, BEACH. 

BEACH SCARP - See SCARP, BEACH. 

BEACH WIDTH - The horizontal dimension of the beach measured normal to 

the shoreline. 

BED FORMS - Any deviation from a flat bed that is readily detectable by 
eye, and higher than the largest sediment size present in the parent 
bed material; generated on the bed of an alluvial channel by the 

flow. 

BEDLOAD - See LOAD. 

BENCH - (1) A level or gently sloping erosion plane inclined seaward. 
(2) A nearly horizontal area at about the level of maximum high 

water on the sea side of a dike. 

A-3 



BENCH MARK - A permanently fixed point of known elevation. A primary 
bench mark is one close to a tide station to which the tide staff 
and tidal datum originally are referenced. 

BERM, BEACH - See BEACH BERM. 

BERM CREST - The seaward limit of a berm. Also BERM EDGE. (See 

Figure A-1.) 

BIGHT - A bend in a coastline forming an open bay. A bay formed by 
such a bend. (See Figure A-8.) 

BLOWN SANDS - See EOLIAN SANDS. 

BLUFF - A high steep bank or cliff. 

BOLD COAST - A prominent land mass that rises steeply from the sea. 

BORE - A very rapid rise of the tide in which the advancing water pre- 

sents an abrupt front of considerable height. In shallow estuaries 
where the range of tide is large, the high water is propagated in- 
ward faster than the low water because of the greater depth at high 
water. If the high water overtakes the low water, an abrupt front 
is presented with the high water crest finally falling forward as 
the tide continues to advance. Also EAGER. 

BOTTOM - The ground or bed under any body of water; the bottom of the eo 
sea. (See Figure A-1.) ‘ 

BOTTOM (NATURE OF) - The composition or character of the bed of an ocean 
or other body of water (e.g., clay, coral, gravel, mud, ooze, 
pebbles, rock, shell, shingle, hard, or soft). 

BOULDER - A rounded rock more than 10 inches in diameter; larger than a 
cobblestone. See SOIL CLASSIFICATION. 

BREAKER - A wave breaking on a shore, over a reef, etc. Breakers may be 

classified into four types (see Figure A-4): 

Sptlltng - bubbles and turbulent water spill down front face of 
wave. The upper 25 percent of the front face may become 
vertical before breaking. Breaking generally across over 
quite a distance. 

Plunging - crest curls over air pocket; breaking is usually with 
a crash. Smooth splash-up usually follows. 

Collapsing - breaking occurs over lower half of wave. Minimal air 
pocket and usually no splash-up. Bubbles and foam present. 

(See Figure 2-69.) 



Surging - wave peaks up, but bottom rushes forward from under 
wave, and wave slides up beach face with little or no 
bubble production. Water surface remains almost plane 
except where ripples may be produced on the beachface 
during runback. 

BREAKER DEPTH - The stillwater depth at the point where a wave breaks. 

Also BREAKING DEPiH. (See Figure A-2.) 

BREAKWATER - A structure protecting a shore area, harbor, anchorage, 

or basin from waves. 

BULKHEAD - A structure or partition to retain or prevent sliding of the 
land. A secondary purpose is to protect the upland against damage 

from wave action. 

BUOY - A float; especially a floating object moored to the bottom, to 

mark a channel, anchor, shoal, rock, etc. 

BUOYANCY - The resultant of upward forces, exerted by the water on 

a submerged or floating body, equal to the weight of the water 
displaced by this body. 

BYPASSING, SAND - Hydraulic or mechanical movement of sand from the 
accreting updrift side to the eroding downdrift side of an inlet 
or harbor entrance. The hydraulic movement may include natural 
as well as movement caused by man. 

CANAL - An artificial watercourse cut through a land area for such uses 
as navigation and irrigation. 

CANYON - A relatively narrow, deep depression with steep slopes, the 
bottom of which grades continuously downward. May be underwater 

(submarine) or on land (subaerial). 

CAPE - A relatively extensive land area jutting seaward from a continent 
or large island which prominently marks a change in, or interrupts 
notably, the coastal trend; a prominent feature. (See Figure A-8.) 

CAPILLARY WAVE - A wave whose velocity of propagation is controlled 
primarily by the surface tension of the liquid in which the wave is 

traveling. Water waves of length less than about 1 inch are con- 
sidered capillary waves. Waves longer than 1] inch and shorter than 
2 inches are in an indeterminate zone between CAPILLARY and GRAVITY 
WAVES. See RIPPLE. 

CAUSEWAY - A raised road, across wet or marshy ground, or across water. 

CAUSTIC - In refraction of waves, the name given to the curve to which 

adjacent orthogonals of waves refracted by a bottom whose contour 

lines are curved, are tangents. The occurrence of a caustic always 

marks a region of crossed orthogonals and high wave convergence. 
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CELERITY - Wave speed. 

CENTRAL PRESSURE INDEX (CPI) - The estimated minimum barometric pressure 
in the eye (approximate center) of a particular hurricane. The CPI 
is considered the most stable index to intensity of hurricane wind 
velocities in the periphery of the storm; the highest wind speeds 
are associated with storms having the lowest CPI. 

CHANNEL - (1) A natural or artificial waterway of perceptible extent 
which either periodically or continuously contains moving water, 
or which forms a connecting link between two bodies of water. 
(2) The part of a body of water deep enough to be used for 
navigation through an area otherwise too shallow for navigation. 
(3) A large strait, as the English Channel. (4) The deepest 

part of a stream, bay, or strait through which the main volume 
or current of water flows. 

CHARACTERISTIC WAVE HEIGHT - See SIGNIFICANT WAVE HEIGHT. 

CHART DATUM - The plane or level to which soundings (or elevations) or 

tide heights are referenced (usually LOW WATER DATUM). The surface 

is called a tidal datum when referred to a certain phase of tide. 
To provide a safety factor for navigation, some level lower than 

MEAN SEA LEVEL is generally selected for hydrographic charts such 
as MEAN LOW WATER or MEAN LOWER LOW WATER. See DATUM PLANE. 

CHOP - The short-crested waves that may spring up quickly in a moderate 
breeze, and break easily at the crest. Also WIND CHOP. 

CLAPOTIS - The French equivalent for a type of STANDING WAVE. In American 
usage it is usually associated with the standing wave phenomenon 
caused by the reflection of a nonbreaking wave train from a structure 

with a face that is vertical or nearly vertical. Full clapotis is one 
with 100 percent reflection of the incident wave; partial clapotis is 

one with less than 100 percent reflection. 

CLAY - See SOIL CLASSIFICATION. 

CLIFF - A high, steep face of rock; a precipice. See also SEA CLIFF. 

CNOIDAL WAVE - A type of wave in shallow water (depth of water is less 
than 1/8 to 1/10 the wavelength). The surface profile is expressed 
in terms of the Jacobian elliptic function en u; hence the term 
cnoidal. 

COAST - A strip of land of indefinite width (may be several miles) that 
extends from the shoreline inland to the first major change in 
terrain features. (See Figure A-1.) 



COASTAL AREA - The land and sea area bordering the shoreline. (See 

Figure A-1.) 

COASTAL PLAIN - The plain composed of horizontal or gently sloping 
strata of clastic materials fronting the coast, and generally 
representing a strip of sea bottom that has emerged from the 

sea in recent geologic time. 

COASTLINE - (1) Technically, the line that forms the boundary between 

the COAST and the SHORE. (2) Commonly, the line that forms the 

boundary between the land and the water. 

COBBLE (COBBLESTONE) - See SOIL CLASSIFICATION. 

COMBER - (1) A deepwater wave whose crest is pushed forward by a strong 
wind; much larger than a whitecap. (2) A long-period breaker. 

CONTINENTAL SHELF - The zone bordering a continent and extending from 
the low water line to the depth (usually about 100 fathoms) where 

there is a marked or rather steep descent toward a greater depth. 

CONTOUR - A line on a map or chart representing points of equal eleva- 
tion with relation to a DATUM. It is called an ISOBATH when con- 
necting points of equal depth below a datum. 

CONTROLLING DEPTH - The least depth in the navigable parts of a water- 
way, governing the maximum draft of vessels that can enter. 

CONVERGENCE - (1) In refraction phenomena, the decreasing of the dis- 
tance between orthogonals in the direction of wave travel. Denotes 
an area of increasing wave height and energy concentration. (2) In 
wind-setup phenomena, the increase in setup observed over that which 
would occur in an equivalent rectangular basin of uniform depth, 

caused by changes in planform or depth; also the decrease in basin 
width or depth causing such increase in setup. 

CORAL - (1) (Biology) Marine coelenterates (Madreporaria), solitary or 

colonial, which form a hard external covering of calcium compounds, 
or other materials. The corals which form large reefs are limited 
to warm, shallow waters, while those forming solitary, minute 

growths may be found in colder waters to great depths. (2) (Geology) 
The concretion of coral polyps, composed almost wholly of calcium 
carbonate, forming reefs, and tree-like and globular masses. May 
also include calcareous algae and other organisms producing cal- 
careous secretions, such as bryozoans and hydrozoans. 

CORE - A vertical cylindrical sample of the bottom sediments from which 
the nature and stratification of the bottom may be determined. 

COVE - A small, sheltered recess in a coast, often inside a larger 

embayment. (See Figure A-8.) 



CREST LENGTH, WAVE - The length of a wave along its crest. Sometimes 
called CREST WIDTH. 

CREST OF BERM - The seaward limit of a berm. Also BERM EDGE. (See 
Figure A-1.) 

CREST OF WAVE - (1) the highest part of a wave. (2) That part of the 
wave above stillwater level. (See Figure A-3.) 

CREST WIDTH, WAVE - See CREST LENGTH, WAVE. 

CURRENT - A flow of water. 

CURRENT, COASTAL - One of the offshore currents flowing generally parallel 
to the shoreline in the deeper water beyond and near the surf zone. 
They are not related genetically to waves and resulting surf, but 

may be related to tides, winds, or distribution of mass. 

CURRENT, DRIFT - A broad, shallow, slow-moving ocean or lake current. 

Opposite of CURRENT, STREAM. 

CURRENT, EBB - The tidal current away from shore or down a tidal stream. 
Usually associated with the decrease in the height of the tide. 

CURRENT, EDDY - See EDDY. 

CURRENTS, FEEDER - The parts of the NEARSHORE CURRENT SYSTEM that flow 
parallel to shore before converging and forming the neck of the 
RIP CURRENT. 

CURRENT, FLOOD - The tidal current toward shore or up a tidal stream. 

Usually associated with the increase in the height of the tide. 

CURRENT, INSHORE - See INSHORE CURRENT. 

CURRENT, LITTORAL - Any current in the littoral zone caused primarily by 
wave action, e.g., longshore current, rip current. See also CURRENT, 
NEARSHORE. 

CURRENT, LONGSHORE - The littoral current in the breaker zone moving 
essentially parallel to the shore, usually generated by waves 

breaking at an angle to the shoreline. 

CURRENT, NEARSHORE - A current in the NEARSHORE ZONE. See Figure A-1. 

CURRENT, OFFSHORE - See OFFSHORE CURRENT. 

CURRENT, PERIODIC - See CURRENT, TIDAL. 

CURRENT , PERMANENT - See PERMANENT CURRENT. 



CURRENT, RIP - See RIP CURRENT. 

CURRENT, STREAM - A narrow, deep, and swift ocean current, as the Gulf 

Stream. Opposite of CURRENT, DRIFT. 

CURRENT SYSTEM, NEARSHORE - See NEARSHORE CURRENT SYSTEM. 

CURRENT, TIDAL - The alternating horizontal movement of water associated 
with the rise and fall of the tide caused by the astronomical tide- 
producing forces. Also CURRENT, PERIODIC. See also CURRENT, FLOOD 

and CURRENT, EBB. 

CUSP - One of a series of low mounds of beach material separated by 
crescent-shaped troughs spaced at more or less regular intervals 
along the beach face. Also BEACH CUSP. (See Figure A-7.) 

CUSPATE BAR - A crescent-shaped bar uniting with the shore at each end. 
It may be formed by a single spit growing from shore and then turn- 
ing back to again meet the shore, or by two spits growing from the 
shore and uniting to form a bar of sharply cuspate form. (See 
Figure A-9.) 

CYCLOIDAL WAVE - A steep, symmetrical wave whose crest forms an angle of 
120 degrees. The wave form is that of a cycloid. A trochoidal wave 
of maximum steepness. See also TROCHOIDAL WAVE. 

r | DAILY RETARDATION (OF TIDES) - The amount of time by which corresponding 

tidal phases grow later day by day (about 50 minutes). 

DATUM, CHART - See CHART DATUM. 

DATUM, PLANE- The horizontal plane to which soundings, ground elevations, 
or water surface elevations are referred. Also REFERENCE PLANE. 
The plane is called a TIDAL DATUM when defined by a certain phase 

of the tide. The following datums are ordinarily used on hydro- 
graphic charts: 

MEAN LOW WATER - Atlantic coast (U. S.), Argentina, Sweden, 

and Norway; 

MEAN LOWER LOW WATER - Pacific coast (U. S.); 

MEAN LOW WATER SPRINGS - United Kingdom, Germany, Italy, Brazil, 

and Chile; 

LOW WATER DATUM - Great Lakes (U. S. and Canada): 

LOWEST LOW WATER SPRINGS - Portugal; 
LOW WATER INDIAN SPRINGS - India and Japan (See INDIAN TIDE 

PLANE) : 

LOWEST LOW WATER - France, Spain, and Greece. 

A common datum used on topographic maps is based on MEAN SEA LEVEL. 

See also BENCH MARK. 

DEBRIS LINE - A line near the limit of storm wave uprush marking the 
e landward limit of debris deposits. 

A-9 



DECAY DISTANCE - The distance waves travel after leaving the generating 

area (FETCH). 

DECAY OF WAVES - The change waves undergo after they leave a generating 
area (FETCH) and pass through a calm, or region of lighter winds. 
In the process of decay, the significant wave height decreases and 
the significant wavelength increases. 

DEEP WATER - Water so deep that surface waves are little affected by the 
ocean bottom. Generally, water deeper than one-half the surface 
wavelength is considered deep water. 

DEFLATION - The removal of loose material from a beach or other land 

surface by wind action. 

DELTA - An alluvial deposit, roughly triangular or digitate in shape, 

formed at a river mouth. 

DEPTH - The vertical distance from a specified tidal datum to the sea 
floor. 

DEPTH OF BREAKING - The stillwater depth at the point where the wave 
breaks. Also BREAKER DEPTH (See Figure A-2.) 

DEPTH CONTOUR - See CONTOUR. 

DEPTH, CONTROLLING - See CONTROLLING DEPTH. 

DEPTH FACTOR - See SHOALING COEFFICIENT. 

DERRICK STONE - See STONE, DERRICK. 

DESIGN HURRICANE - See HYPOTHETICAL HURRICANE. 

DIFFRACTION (of water waves) - The phenomenon by which energy is trans- 

mitted laterally along a wave crest. When a part of a train of waves 
is interrupted by a barrier, such as a breakwater, the effect of 

diffraction is manifested by propagation of waves into the sheltered 
region within the barrier's geometric shadow. 

DIKE(DYKE) - A wall or mound built around a low-lying area to prevent 

flooding. 

DIURNAL - Having a period or cycle of approximately one TIDAL DAY. 

DIURNAL TIDE - A tide with one high water and one low water in a tidal 

day. (See Figure A-10.) 
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DIVERGENCE - (1) In refraction phenomena, the increasing of distance 

between orthogonals in the direction of wave travel. Denotes an 
area of decreasing wave height and energy concentration. (2) In 

wind-setup phenomena, the decrease in setup observed under that 
which would occur in an equivalent rectangular basin of uniform 
depth, caused by changes in planform or depth. Also the increase 
in basin width or depth causing such decrease in setup. 

DOLPHIN - A cluster of piles. 

DOWNCOAST - In United States usage, the coastal direction generally 

trending toward the south. 

DOWNDRIFT - The direction of predominant movement of littoral materials. 

DRIFT (noun) - (1) Sometimes used as a short form for LITTORAL DRIFT 

(2) The speed at which a current runs. (3) Als) floating material 

deposited on a beach (driftwood). (4) A deposit of a continental 
ice sheet, as a drumlin. 

DRIFT CURRENT - A broad, shallow, slow-moving ocean or lake current. 

DUNES - (1) Ridges or mounds of loose, wind-blown material, usually 

sand. (See Figure A-7.) (2) BED FORMS smaller than bars but 

larger than ripples that are out of phase with any water-surface 

gravity waves associated with them. 

DURATION - In wave forecasting, the length of time the wind blows in 
nearly the same direction over the FETCH (generating area). 

DURATION, MINIMUM - The time necessary for steady-state wave conditions 
to develop for a given wind velocity over a given fetch length. 

EAGER - See BORE. 

EBB CURRENT - The tidal current away from shore or down a tidal stream; 

usually associated with the decrease in the height of the tide. 

EBB TIDE - The period of tide between high water and the succeeding low 
water; a falling tide. (See Figure A-10-) 

ECHO SOUNDER - An electronic instrument used to determine the depth of 
water by measuring the time interval between emission of a sonic or 
ultrasonic signal and the return of its echo from the bottom. 

EDDY - A circular movement of water formed on the side of a main current. 

Eddies may be created at points where the main stream passes pro- 
jecting obstructions or where two adjacent currents flow counter 

to each other. 
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EDDY CURRENT - See EDDY. 

EDGE WAVE - An ocean wave parallel to a coast, with crests normal to the 

shoreline. An edge wave may be standing or progressive. Its height 

diminishes rapidly seaward and is negligible at a distance of one 
wavelength offshore. 

EMBANKMENT - An artificial bank such as a mound or dike, generally built 

to hold back water or to carry a roadway. 

EMBAYED - Formed into a bay or bays, as an embayed shore. 

EMBAYMENT - An indentation in the shoreline forming an open bay. 

ENERGY COEFFICIENT - The ratio of the energy in a wave per unit crest 

length transmitted forward with the wave at a point in shallow water 
to the energy in a wave per unit crest length transmitted forward 
with the wave in deep water. On refraction diagrams this is equal 
to the ratio of the distance between a pair of orthogonals at a 
selected point to the distance between the same pair of orthogonals 
in deep water. Also the square of the REFRACTION COEFFICIENT. 

ENTRANCE - The avenue of access or opening to a navigable channel. 

EOLIAN SANDS - (or BLOWN SANDS) - Sediments of sand size or smaller which 
have been transported by winds. They may be recognized in marine ; 

deposits off desert coasts by the greater angularity of the grains @ 
compared with waterborne particles. ; 

EROSION - The wearing away of land by the action of natural forces. On 
a beach, the carrying away of beach material by wave action, tidal 
currents, littoral currents, or by deflation. 

ESCARPMENT - A more or less continuous line of cliffs or steep slopes 
facing in one general direction which are caused by erosion or 
faulting. Also SCARP. (See Figure A-1.) 

ESTUARY - (1) The part of a river that is affected by tides. (2) The 

region near a river mouth in which the fresh water of the river 

mixes with the salt water of the sea. 

EYE - In meteorology, usually the "eye of the storm" (hurricane); the 

roughly circular area of comparatively light winds and fair weather 

found at the center of a severe tropical cyclone. 

FAIRWAY - The parts of a waterway that are open and unobstructed for 
navigation. The main traveled part of a waterway; a marine 

thoroughfare. 

FATHOM - A unit of measurement used for soundings. It is equal to 6 feet 
(1.83 meters). 
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FATHOMETER - The copyrighted trademark for a type of echo sounder. 

FEEDER BEACH - An artificially widened beach serving to nourish downdrift 

beaches by natural littoral currents or forces. 

FEEDER CURRENT - See CURRENT, FEEDER. 

FEELING BOTTOM - The action of a deepwater wave on running into shoal 

water and beginning to be influenced by the bottom. 

FETCH - The area in which SEAS are generated by a wind having a rather 

constant direction and speed. Sometimes used synonymously with 

FETCH LENGTH. Also GENERATING AREA. 

FETCH LENGTH - The horizontal distance (in the direction of the wind) 

over which a wind generates SEAS or creates a WIND SETUP. 

FIRTH - A narrow arm of the sea; also the opening of a river into the 

sea. 

FIORD (FJORD) - A narrow, deep, steep-walled inlet of the sea, usually 

formed by entrance of the sea into a deep glacial trough. 

FLOOD CURRENT - The tidal current toward shore or up a tidal stream, 

usually associated with the increase in the height of the tide. 

FLOOD TIDE - The period of tide between low water and the succeeding 
high water; a rising tide. (See Figure A-10.) 

FOAM LINE - The front of a wave as it advances shoreward, after it has 

broken. (See Figure A-4.) 

FOLLOWING WIND - Generally, same as tailwind; in wave forecasting, wind 

blowing in the direction of ocean-wave advance. 

FOREDUNE - The front dune immediately behind the backshore. 

FORERUNNER - Low, long-period ocean SWELL which commonly precedes the 
main swell from a distant storm, especially a tropical cyclone. 

FORESHORE - The part of the shore lying between the crest of the seaward 

berm (or upper limit of wave wash at high tide) and the ordinary low 

water mark, that is ordinarily traversed by the uprush and backrush 
of the waves as the tides rise and fall. See BEACH FACE. (See 

Figure A-1.) 

FORWARD SPEED (HURRICANE) - Rate of movement (propagation) of the hurri- 

cane eye in mph or knots. 
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FREEBOARD - The additional height of a structure above design high water 
level to prevent overflow. Also, at a given time, the vertical dis- 

tance between the water level and the top of the structure. On a 
ship, the distance from the waterline to main deck or gunwale. 

FRINGING REEF - A coral reef attached directly to an insular or conti- 

nental shore. 

FRONT OF THE FETCH - In wave forecasting, the end of the generating area 

toward which the wind is blowing. 

FROUDE NUMBER - The dimensionless ratio of the inertial force to the 
force of gravity for a given fluid flow. It may be given as 

Fr = V /Lg where V is a characteristic velocity, L is a charac- 

teristic length, and g the acceleration of gravity; or as the 
square root of this number. 

GENERATING AREA - In wave forecasting, the continuous area of water 

surface over which the wind blows in nearly a constant direction. 

Sometimes used synonymously with FETCH LENGTH. Also FETCH. 

GENERATION OF WAVES - (1) The creation of waves by natural or mechanical 

means. (2) The creation and growth of waves caused by a wind blowing 

over a water surface for a certain period of time. The area involved 

is called the GENERATING AREA or FETCH. 

GEOMETRIC MEAN DIAMETER - The diameter equivalent of the arithmetic mean 
of the logarithmic frequency distribution. In the analysis of beach 
sands, it is taken as that grain diameter determined graphically by 
the intersection of a straight line through selected boundary sizes, 

(generally points on the distribution curve where 16 and 84 percent 

of the sample is coarser by weight) and a vertical line through the 

median diameter of the sample. 

GEOMETRIC SHADOW - In wave diffraction theory, the area outlined by 

drawing straight lines paralleling the direction of wave approach 
through the extremities of the protective structure. It differs 
from the actual protected area to the extent that the diffraction 
and refraction effects modify the wave pattern. 

GEOMORPHOLOGY - That branch of both physiography and geology which deals 

with the form of the earth, the general configuration of its surface, 
and the changes that take place in the evolution of landform. 

GRADIENT (GRADE) - See SLOPE. With reference to winds or currents, the 

rate of increase or decrease in speed, usually in the vertical; or 

the curve that represents this rate. 

GRAVEL - See SOIL CLASSIFICATION. 
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GRAVITY WAVE - A wave whose velocity of propagation is controlled pri- 

marily by gravity. Water waves more than 2 inches long are con- 

sidered gravity waves. Waves longer than 1 inch and shorter than 

2 inches are in an indeterminate zone between CAPILLARY and GRAVITY 

WAVES. See RIPPLE: 

GROIN (British, GROYNE) - A shore protection structure built (usually 

perpendicular to the shoreline) to trap littoral drift or retard 

erosion of the shore. 

GROIN SYSTEM - A series of groins acting together to protect a section 

of beach. Commonly called a groin field. 

GROUND SWELL - A long high ocean swell; also, this swell as it rises to 

prominent height in shallow water. 

GROUND WATER - Subsurface water occupying the zone of saturation. Ina 

strict sense, the term is applied only to water below the WATER 

TABLE. 

GROUP VELOCITY - The velocity of a wave group. In deep water, it is 
equal to one-half the velocity of the individual waves within the 

group. 

GULF - A large embayment in a coast; the entrance is generally wider than 

the length. 

GUT - (1) A narrow passage such as a strait or inlet. (2) A channel in 
otherwise shallower water, generally formed by water in motion. 

HALF-TIDE LEVEL - MEAN TIDE LEVEL. 

HARBOR (British, HARBOUR) - Any protected water area affording a place 
of safety for vessels. See also PORT. 

HARBOR OSCILLATION (Harbor Surging) - The nontidal vertical water move- 
ment in a harbor or bay. Usually the vertical motions are low, but 

when oscillations are excited by a tsunami or storm surge, they may 

be quite large. Variable winds, air oscillations, or surf beat also 
may cause oscillations. See SEICHE. 

HEADLAND (HEAD) - A high steep-faced promontory extending into the sea. 

HEAD OF RIP - The part of a rip current that has widened out seaward of 
the breakers. See also CURRENT, RIP; CURRENT, FEEDER; and NECK (RIP). 

HEIGHT OF WAVE - See WAVE HEIGHT. 

HIGH TIDE, HIGH WATER (HW) - The maximum elevation reached by each rising 

tide. See TIDE. (See Filgure A-10)-) 
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HIGH WATER OF ORDINARY SPRING TIDES (HWOST) - A tidal datum appearing in 
some British publications, based on high water of ordinary spring 
tides. 

HIGHER HIGH WATER (HHW) - The higher of the two high waters of any tidal 
day. The single high water occurring daily during periods when 
the tide is diurnal is considered to be a higher high water. 
(See Figure A-10.) 

HIGHER LOW WATER (HLW) - The higher of two low waters of any tidal day. 
(See Figure A-10.) 

HIGH WATER - See HIGH TIDE. 

HIGH WATER LINE - In strictness, the intersection of the plane of mean 

high water with the shore. The shoreline delineated on the nautical 
charts of the U. S. Coast and Geodetic Survey is an approximation of 
the high water line. For specific occurrences, the highest eleva- 
tion on the shore reached during a storm or rising tide, including 
meteorological effects. 

HINDCASTING, WAVE - The use of historic synoptic wind charts to calculate 
wave characteristics that probably occurred at some past time. 

HOOK - A spit or narrow cape of sand or gravel which turns landward at 
the outer end. 

HURRICANE - An intense tropical cyclone in which winds tend to spiral 
inward toward a core of low pressure, with maximum surface wind 

velocities that equal or exceed 75 mph (65 knots) for several 
minutes or longer at some points. TROPICAL STORM is the term 
applied if maximum winds are less than 75 mph. 

HURRICANE PATH OR TRACK - Line of movement (propagation) of the eye 
through an area. 

HURRICANE STAGE HYDROGRAPH - A continuous graph representing water level 
stages that would be recorded in a gage well located at a specified 
point of interest during the passage of a particular hurricane, 
assuming that effects of relatively short-period waves are elimi- 
nated from the record by damping features of the gage well. Unless 
specifically excluded and separately accounted for, hurricane surge 
hydrographs are assumed to include effects of astronomical tides, 
barometric pressure differences, and all other factors that in- 
fluence water level stages within a properly designed gage well 
located at a specified point. 

HURRICANE SURGE HYDROGRAPH - A continuous graph representing the differ- 
ence between the hurricane stage hydrograph and the water stage 
hydrograph that would have prevailed at the same point and time 
if the hurricane had not occurred. 
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HURRICANE WIND PATTERN or ISOVEL PATTERNS - An actual or graphical repre- 

sentation of near-surface wind velocities covering the entire area 

of a hurricane at a particular instant. Isovels are lines connecting 

points of simultaneous equal wind velocities, usually referenced 30 

feet above the surface, in knots or mph; wind directions at various 

points are indicated by arrows or deflection angles on the isovel 

charts. Isovel charts are usually prepared at each hour during a 
hurricane, but for each half hour during critical periods. 

HYDRAULICALLY EQUIVALENT GRAINS - Sedimentary particles that settle at 

the same rate under the same conditions. 

HYDROGRAPHY - (1) A configuration of an underwater surface including its 

relief, bottom materials, coastal structures, etc. (2) The de- 

scription and study of seas, lakes, rivers, and other waters. 

HYPOTHETICAL HURRICANE ("HYPO-HURRICANE'") - A representation of a hurri- 
cane, with specified characteristics, that is assumed to occur in 
a particular study area, following a specified path and timing 

sequence. 

TRANSPOSED - A hypo-hurricane based on the storm transposition 
principle is assumed to have wind patterns and other charac- 
teristics basically comparable to a specified hurricane of 
record, but is transposed to follow a new path to serve as a 
basis for computing a hurricane surge hydrograph that would 
be expected at a selected point. Moderate adjustments in 
timing or rate of forward movement may be made also, if these 
are compatible with meteorological considerations and study 
objectives. 

HYPO-HURRICANE BASED ON GENERALIZED PARAMETERS - Hypo-hurricane 
estimates based on various logical combinations of hurricane 
characteristics used in estimating hurricane surge magnitudes 
corresponding to a range of probabilities and potentialities. 

The Standard Project Hurricane (SPH) is most commonly used 
for this purpose, but estimates corresponding to more severe 
or less severe assumptions are important in some project 

investigations. 

STANDARD PROJECT HURRICANE (SPH) - A hypothetical hurricane in- 
tended to represent the most severe combination of hurricane 
parameters that is reasonably characteristic of a specified 
region, excluding extremely rare combinations. It is further 
assumed that the SPH would approach a given project site from 
such direction, and at such rate of movement as to produce 
the highest hurricane surge hydrograph, considering pertinent 
hydraulic characteristics of the area. Based on this concept, 

and extensive meteorological studies and probability analyses, 

a tabulation of "Standard Project Hurricane Index Character- 
istics'' mutually agreed upon by representatives of the U. S. 
Weather Bureau and the Corps of Engineers, is available. 
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PROBABLE MAXIMUM HURRICANE - A hypo-hurricane that might result 

from the most severe combination of hurricane parameters that 
is considered reasonably possible in the region involved, if 

the hurricane should approach the point under study along a 
critical path and at optimum rate of movement. This estimate 
is substantially more severe than the SPH criteria. 

DESIGN HURRICANE - A representation of a hurricane with specified 
characteristics that would produce hurricane surge hydrographs 
and coincident wave effects at various key locations along a 
proposed project alinement. It governs the project design 

after economics and other factors have been duly considered. 
The design hurricane may be more or less severe than the SPH, 
depending on economics, risk, and local considerations. 

IMPERMEABLE GROIN - A groin through which sand cannot pass. 

INDIAN SPRING LOW WATER - The approximate level of the mean of lower low 
waters at spring tides, used principally in the Indian Ocean and 
along the east coast of Asia. Also INDIAN TIDE PLANE. 

INDIAN TIDE PLANE - The datum of INDIAN SPRING LOW WATER. 

INLET - (1) A short, narrow waterway connecting a bay, lagoon, or similar 

body of water with a large parent body of water. (2) An arm of the 

sea (or other body of water), that is long compared to its width, and 
may extend a considerable distance inland. See also TIDAL INLET. 

INLET GORGE - Generally, the deepest region of an inlet channel. @ 

INSHORE (ZONE) - In beach terminology, the zone of variable width extend- 

ing from the low water line through the breaker zone. SHOREFACE. 
(See Figure A-1.) 

INSHORE CURRENT - Any current in or landward of the breaker zone. 

INSULAR SHELF - The zone surrounding an island extending from the low 
water line to the depth (usually about 100 fathoms) where there is 

a marked or rather steep descent toward the great depths. 

INTERNAL WAVES - Waves that occur within a fluid whose density changes 

with depth, either abruptly at a sharp surface of discontinuity (an 

interface) or gradually. Their amplitude is greatest at the density 
discontinuity or, in the case of a gradual density change, somewhere 
in the interior of the fluid and not at the free upper surface where 
the surface waves have their maximum amplitude. 

IRROTATIONAL WAVE - A wave with fluid particles that do not revolve around 
an axis through their centers, although the particles themselves may 
travel in circular or nearly circular orbits. Irrotational waves may 
be progressive, standing, oscillatory, or translatory. For example, 

the Airy, Stokes, cnoidal and solitary wave theories describe irro- 
tational waves. See TROCHOIDAL WAVE. 
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ISOBATH - A contour line connecting points of equal water depths on a 

chart. 

ISOVEL PATTERN - See HURRICANE WIND PATTERN. 

ISTHMUS - A narrow strip of land, bordered on both sides by water, that 

connects two larger bodies of land. 

JET - To place (as a pile, slab, or pipe) in the ground by means of a 

jet of water acting at the lower end. 

JETTY - (1) (U. S. usage) On open seacoasts, a structure extending into 

a body of water, and designed to prevent shoaling of a channel by 

littoral materials, and to direct and confine the stream or tidal 

flow. Jetties are built at the mouth of a river or tidal inlet to 
help deepen and stabilize a channel. (2) (British usage) Jetty is 

synonymous with "wharf" or "pier''. See TRAINING WALL. 

KEY - A low insular bank of sand, coral, etc., as one of the islets off 

the southern coast of Florida, also CAY. 

KINETIC ENERGY (OF WAVES) - In a progressive oscillatory wave, a summa- 

tion of the energy of motion of the particles within the wave. 

KNOLL - A submerged elevation of rounded shape rising less than 1,000 
meters from the ocean floor, and of limited extent across the 

summit. See SEAMOUNT. 

KNOT - The unit of speed used in navigation. It is equal to 1 nautical 
mile (6,076.115 feet or 1,852 meters) per hour. 

LAGGING - See DAILY RETARDATION (OF TIDES). 

LAGOON - A shallow body of water, as a pond or lake, usually connected 

to the sea. (See Figures A-8 and A-9.) 

LAND BREEZE - A light wind blowing from the land to the sea caused by 
unequal cooling of land and water masses. 

LAND-SEA BREEZE - The combination of a land breeze and a sea breeze as 

a diurnal phenomenon. 

LANDLOCKED - An area of water enclosed, or nearly enclosed, by land, as 

a bay or a harbor (thus, protected from the sea). 

LANDMARK - A conspicuous object natural or artificial, located near or 

on land which aids in fixing the position of an observer. 

LEAD LINE~A line, wire, or cord used in sounding. It is weighted at one 
end with a plummet (sounding lead). Also SOUNDING LINE. 
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LEE - (1) Shelter, or the part or side sheltered or turned away from the 

wind or waves. (2) (Chiefly nautical) The quarter or region toward 
which the wind blows. 

LEEWARD - The direction toward which the wind is blowing; the direction 
toward which waves are traveling. 

LENGTH OF WAVE - The horizontal distance between similar points on two 
successive waves measured perpendicularly to the crest. (See 
Figure A-3.) 

LEVEE - A dike or embankment to protect land from inundation. 

LIMIT OF BACKRUSH, LIMIT OF BACKWASH - See BACKWASH. 

LITTORAL - Of or pertaining to a shore, especially of the sea. 

LITTORAL CURRENT - See CURRENT, LITTORAL. 

LITTORAL DEPOSITS - Deposits of littoral drift. 

LITTORAL DRIFT - The sedimentary material moved in the littoral zone 

under the influence of waves and currents. 

LITTORAL TRANSPORT - The movement of littoral drift in the littoral 
zone by waves and currents. Includes movement parallel (longshore 

transport) and perpendicular (on-offshore transport) to the shore. 

LITTORAL TRANSPORT RATE - Rate of transport of sedimentary material 
parallel to or perpendicular to the shore in the littoral zone. 
Usually expressed in cubic yards (meters) per year. Commonly 

used as synonymous with LONGSHORE TRANSPORT RATE. 

LITTORAL ZONE - In beach terminology, an indefinite zone extending sea- 

ward from the shoreline to just beyond the breaker zone. 

LOAD - The quantity of sediment transported by a current. It includes 
the suspended load of small particles, and the bedload of large 
particles that move along the bottom. 

LONGSHORE - Parallel to and near the shoreline. 

LONGSHORE BAR - A bar running roughly parallel to the shoreline. 

LONGSHORE CURRENT - See CURRENT, LONGSHORE. 

LONGSHORE TRANSPORT RATE - Rate of transport of sedimentary material 
parallel to the shore. Usually expressed in cubic yards (meters) 

per year. Commonly used as synonymous with LITTORAL TRANSPORT 

RATE. 
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LOOP - That part of a STANDING WAVE where the vertical motion is greatest 

and the horizontal velocities are least. LOOPS (sometimes called 

ANTINODES) are associated with CLAPOTIS, and with SEICHE action 

resulting from wave reflections. (See also NODE.) 

LOWER HIGH WATER (LHW) - The lower of the two high waters of any tidal 

day. (See Figure A-10.) 

LOWER LOW WATER (LLW) - The lower of the two low waters of any tidal day. 

The single low water occurring daily during periods when the tide 

is diurnal is considered to be a lower low water. (See Figure A-10.) 

LOW TIDE (LOW WATER, LW) - The minimum elevation reached by each falling 

tide. See TIDE. (See Figure A-10.) 

LOW WATER DATUM - An approximation to the plane of mean low water that 

has been adopted as a standard reference plane. See also DATUM 

PLANE and CHART DATUM. 

LOW WATER LINE - The intersection of any standard low tide datum plane 

with the shore. 

LOW WATER OF ORDINARY SPRING TIDES (LWOST) - A tidal datum appearing in 

some British publications, based on low water of ordinary spring 

tides. 

MANGROVE - A tropical tree with interlacing prop roots, confined to low- 

lying brackish areas. 

MARIGRAM - A graphic record of the rise and fall of the tide. 

MARSH - An area of soft, wet, or periodically inundated land, generally 

treeless and usually characterized by grasses and other low growth. 

MARSH, SALT - A marsh periodically flooded by salt water. 

MASS TRANSPORT - The net transfer of water by wave action in the direction 

of wave travel. See ORBIT. 

MEAN DIAMETER, GEOMETRIC - See GEOMETRIC MEAN DIAMETER. 

MEAN HIGHER HIGH WATER (MHHW) - The average height of the higher high 

waters over a 19-year period. For shorter periods of observation, 
corrections are applied to eliminate known variations and reduce 
the result to the equivalent of a mean 19-year value. 

MEAN HIGH WATER (MHW) - The average height of the high waters over a 

19-year period. For shorter periods of observations, corrections 

are applied to eliminate known variations and reduce the results to 

the equivalent of a mean 19-year value. All high water heights are 

included in the average where the type of tide is either semidiurnal 
or mixed. Only the higher high water heights are included in the 

average where the type of tide is diurnal. So determined, mean high 

water in the latter case is the same as mean higher high water. 
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MEAN 

MEAN 

MEAN 

HIGH WATER SPRINGS - The average height of the high waters occurring 
at the time of spring tide. Frequently abbreviated to HIGH WATER 
SPRINGS. 

LOWER LOW WATER (MLLW) - The average height of the lower low waters 

over a 19-year period. For shorter periods of observations, cor- 
rections are applied to eliminate known variations and reduce the 
results to the equivalent of a mean 19-year value. Frequently 

abbreviated to LOWER LOW WATER. 

LOW WATER (MLW) - The average height of the low waters over a 19- 
year period. For shorter periods of observations, corrections are 

applied to eliminate known variations and reduce the results to the 
equivalent of a mean 19-year value. All low water heights are in- 

cluded in the average where the type of tide is either semidiurnal 
or mixed. Only lower low water heights are included in the average 
where the type of tide is diurnal. So determined, mean low water in 
the latter case is the same as mean lower low water. 

LOW WATER SPRINGS - The average height of low waters occurring at 
the time of the spring tides. It is usually derived by taking a 
plane depressed below the half-tide level by an amount equal to 

one-half the spring range of tide, necessary corrections being 
applied to reduce the result to a mean value. This plane is used 
to a considerable extent for hydrographic work outside of the United 
States and is the plane of reference for the Pacific approaches to 
the Panama Canal. Frequently abbreviated to LOW WATER SPRINGS. 

SEA LEVEL - The average height of the surface of the sea for all 
stages of the tide over a 19-year period, usually determined from 
hourly height readings. Not necessarily equal to MEAN TIDE LEVEL. 

TIDE LEVEL - A plane midway between MEAN HIGH WATER AND MEAN LOW 
WATER. Not necessarily equal to MEAN SEA LEVEL. Also called 
HALF-TIDE LEVEL. 

MEDIAN DIAMETER - The diameter which marks the division of a given sand 

sample into two equal parts by weight, one part containing all 

grains larger than that diameter and the other part containing 
all grains smaller. 

MEGARIPPLE - See SAND WAVE. 

MIDDLE-GROUND SHOAL -A shoal formed by ebb and flood tides in the middle 

of the channel of the lagoon or estuary end of an inlet. 

MINIMUM DURATION - See DURATION, MINIMUM. 

MINIMUM FETCH - The least distance in which steady state wave conditions 
will develop for a wind of given speed blowing a given duration of 
time. 
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MIXED TIDE - A type of tide in which the presence of a diurnal wave is 

conspicuous by a large inequality in either the high- or low-water 

heights with two high waters and two low waters usually occurring 

each tidal day. In strictness, all tides are mixed, but the name 

is usually applied without definite limits to the tide intermediate 

to those predominantly semidiurnal and those predominantly diurnal. 

(See Figure A-10.) 

MOLE - In coastal terminology, a massive land-connected, solid-fill 

structure of earth (generally revetted), masonry, or large stone. 

It may serve as a breakwater or pier. 

MONOCHROMATIC WAVES - A series of waves generated in a laboratory; each 

wave has the same length and period. 

MONOLITHIC - Like a single stone or block. In coastal structures, the 

type of construction in which the structure's component parts are 
bound together to act as one. 

MUD - A fluid-to-plastic mixture of finely divided particles of solid 
material and water. 

NAUTICAL MILE - The length of a minute of arc, 1/21,600 of an average 

great circle of the earth. Generally one minute of latitude is 

considered equal to one nautical mile. The accepted United States 
value as of 1 July 1959 is 6,076.115 feet or 1,852 meters, approxi- 
mately 1.15 times as long as the statute mile of 5,280 feet. Also 

geographical mile. 

NEAP TIDE - A tide occurring near the time of quadrature of the moon with 
the sun. The neap tidal range is usually 10 to 30 percent less than 

the mean tidal range. 

NEARSHORE (ZONE) - In beach terminology an indefinite zone extending sea- 

ward from the shoreline well beyond the breaker zone. It defines 
the area of NEARSHORE CURRENTS. (See Figure A-1.) 

NEARSHORE CIRCULATION - The ocean circulation pattern composed of the 
CURRENTS , NEARSHORE and CURRENTS, COASTAL. See CURRENT. 

NEARSHORE CURRENT SYSTEM - The current system caused primarily by wave 

action in and near the breaker zone, and which consists of four 
parts: The shoreward mass transport of water; longshore currents; 
seaward return flow, including rip currents; and the longshore 
movement of the expanding heads of rip currents. (See Figure A-7.) 
See also NEARSHORE CIRCULATION. 

NECK - (1) The narrow band of water flowitig seaward through the surf. 
Also RIP. (2) The narrow strip of land connecting two larger bodies 

of land, as an isthmus. 



NIP - The cut made by waves in a shoreline of emergence. 

NODAL ZONE - An area in which the predominant direction of the LONGSHORE 
TRANSPORT changes. 

NODE - That part of a STANDING WAVE where the vertical motion is least 
and the horizontal velocities are greatest. Nodes are associated 

with CLAPOTIS and with SEICHE action resulting from wave reflections. 
See also LOOP. 

NOURISHMENT - The process of replenishing a beach. It may be brought 
about naturally, by longshore transport, or artificially by the 
deposition of dredged materials. 

OCEANOGRAPHY - The study of the sea, embracing and indicating all 

knowledge pertaining to the sea's physical boundaries, the chem- 

istry and physics of sea water, and marine biology. 

OFFSHORE - (1) In beach terminology, the comparatively flat zone of 

variable width, extending from the breaker zone to the seaward edge 
of the Continental Shelf. (2) A direction seaward from the shore. 
(See Figure A-1.) 

OFFSHORE BARRIER - See BARRIER BEACH. 

OFFSHORE CURRENT - (1) Any current in the offshore zone. (2) Any 
current flowing away from shore. 

OFFSHORE WIND - A wind blowing seaward from the land in the coastal area. 

ONSHORE - A direction landward from the sea. 

ONSHORE WIND - A wind blowing landward from the sea in the coastal area. 

OPPOSING WIND - In wave forecasting, a wind blowing in a direction opposite 
to the ocean-wave advance; generally, same as headwind. 

ORBIT - In water waves, the path of a water particle affected by the wave 

motion. In deepwater waves the orbit is nearly circular and in 
shallow-water waves the orbit is nearly elliptical. In general, 
the orbits are slightly open in the direction of wave motion giving 
rise to MASS TRANSPORT. (See Figure A-3.) 

ORBITAL CURRENT - The flow of water accompanying the orbital movement of 
the water particles in a wave. Not to be confused with wave-generated 
LITTORAL CURRENTS. (See Figure A-3.) 

ORTHOGONAL - On a wave-refraction diagram, a line drawn perpendicularly to 
the wave crests. (See Figure A-6.) 

OSCILLATION - A periodic motion backward and forward. To vibrate or vary 
above and below a mean value. 
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OSCILLATORY WAVE - A wave in which each individual particle oscillates 
about a point with little or no permanent change in mean position. 
The term is commonly applied to progressive oscillatory waves in 

which only the form advances, the individual particles moving in 
closed or nearly closed orbits. Distinguished from a WAVE OF 
TRANSLATION. See also ORBIT. 

OUTFALL - A structure extending into a body of water for the purpose of 
discharging sewage, storm runoff, or cooling water. 

OVERTOPPING - Passing of water over the top of a structure as a result 
of wave runup or surge action. 

OVERWASH - That portion of the uprush that carries over the crest of a 
berm or of a structure. 

PARAPET - A low wall built along the edge of a structure as on a seawall 
or quay. 

PARTICLE VELOCITY - The velocity induced by wave motion with which a 
specific water particle moves within a wave. 

PASS - In hydrographic usage, a navigable channel through a bar, reef, 
or shoal, or between closely adjacent islands. 

PEBBLES - See SOIL CLASSIFICATION. 

PENINSULA - An elongated body of land nearly surrounded by water, and 
connected to a larger body of land. 

PERCHED BEACH - A beach or fillet of sand retained above the otherwise 

normal profile level by a submerged dike. 

PERCOLATION - The process by which water flows through the interstices of 
a sediment. Specifically, in wave phenomena, the process by which 
wave action forces water through the interstices of the bottom 

sediment. Tends to reduce wave heights. 

PERIODIC CURRENT - A current caused by the tide-producing forces of the 
moon and the sun, a part of the same general movement of the sea that 
is manifested in the vertical rise and fall of the tides. See also 
CURRENT, FLOOD and CURRENT, EBB. 

PERMANENT CURRENT - A current that runs continuously, independent of the 
tides and temporary causes. Permanent currents include the fresh- 
water discharge of a river and the currents that form the general 
circulatory systems of the oceans. 

PERMEABLE GROIN - A groin with openings large enough to permit passage of 
appreciable quantities of littoral drift. 



PETROGRAPHY - The systematic description and classification of rocks. 

PHASE - In surface wave motion, a point in the period to which the wave 

motion has advanced with respect to a given initial reference point. 

PHASE INEQUALITY - Variations in the tides or tidal currents associated 

with changes in the phase of the moon in relation to the sun. 

PHASE VELOCITY - Propagation velocity of an individual wave as opposed to 
the velocity of a wave group. 

PHI GRADE SCALE - A logarithmic transformation of the Wentworth grade 
scale for size classifications of sediment grains based on the 
negative logarithm to the base 2 of the particle diameter. 
¢ = -loggd. See SOIL CLASSIFICATION. 

PIER - A structure, usually of open construction, extending out into the 

water from the shore, to serve as a landing place, a recreational 
facility, etc., rather than to afford coastal protection. In the 

Great Lakes, a term sometimes improperly applied to jetties. 

PILE - A long, heavy timber or section of concrete or metal to be 

driven or jetted into the earth or seabed to serve as a support 
or protection. 

PILE, SHEET - A pile with a generally slender flat cross section to be 
driven into the ground or seabed and meshed or interlocked with like 
members to form a diaphragm, wall, or bulkhead. o 

PILING - A group of piles. 

PLAIN, COASTAL - See COASTAL PLAIN. 

PLANFORM - The outline or shape of a body of water as determined by the 
stillwater line. 

PLATEAU - A land area (usually extensive) having a relatively level 

surface raised sharply above adjacent land on at least one side; 
table land. A similar undersea feature. 

PLUNGE POINT - (1) For a plunging wave, the point at which the wave curls 
over and falls. (2) The final breaking point of the waves just 

before they rush up on the beach. (See Figure A-1.) 

PLUNGING BREAKER - See BREAKER. 

POCKET BEACH - A beach, usually small, in a coastal reentrant or between 
two littoral barriers. 

POINT - The extreme end of a cape, or the outer end of any land area 
protruding into the water, usually less prominent than a cape. 
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PORT - A place where vessels may discharge or receive cargo; may be the 
entire harbor including its approaches and anchorages, or may be the 
commercial part of a harbor where the quays, wharves, facilities for 

transfer of cargo, docks, and repair shops are situated. 

POTENTIAL ENERGY OF WAVES - In a progressive oscillatory wave, the energy 

resulting from the elevation or depression of the water surface from 
the undisturbed level. 

PRISM - See TIDAL PRISM. 

PROBABLE MAXIMUM WATER LEVEL - A hypothetical water level (exclusive of 

wave runup from normal wind-generated waves) that might result from 
the most severe combination of hydrometeorological, geoseismic and 

other geophysical factors that is considered reasonably possible in 
the region involved, with each of these factors considered as affect- 
ing the locality in a maximum manner. 

This level represents the physical response of a body of water 
to maximum applied phenomena such as hurricanes, moving squall lines, 
other cyclonic meteorological events, tsunamis, and astronomical tide 

combined with maximum probable ambient hydrological conditions such 
as wave setup, rainfall, runoff, and river flow. It is a water level 

with virtually no risk of being exceeded. 

PROFILE, BEACH - The intersection of the ground surface with a vertical 

plane; may extend from the top of the dune line to the seaward limit 

of sand movement. (See Figure A-1.) 

PROGRESSION (of a beach) - See ADVANCE. 

PROGRESSIVE WAVE - A wave that moves relative to a fixed coordinate system 

in a fluid. The direction in which it moves is termed the direction 

of wave propagation. 

PROMONTORY - A high point of land projecting into a body of water; a 
HEADLAND. 

PROPAGATION OF WAVES - The transmission of waves through water. 

PROTOTYPE - In laboratory usage, the full-scale structure, concept, or 

phenomenon used as a basis for constructing a scale model or copy. 

QUAY (Pronounced KEY) - A stretch of paved bank, or a solid artificial 

landing place parallel to the navigable waterway, for use in loading 
and unloading vessels. 

QUICKSAND - Loose, yielding, wet sand which offers no support to heavy 
objects. The upward flow of the water has a velocity that eliminates 
contact pressures between the sand grains, and causes the sand-water 
mass to behave like a fluid. 



RADIUS OF MAXIMUM WINDS - Distance from the eye of a hurricane, where 
surface and wind velocities are zero to the place where surface 
wind speeds are maximum. 

RAY, WAVE - See ORTHOGONAL. 

RECESSION (of a beach) - (1) A continuing landward movement of the 
shoreline. (2) A net landward movement of the shoreline over 
a specified time. Also RETROGRESSION. 

REEF - An offshore consolidated rock hazard to navigation with a least 

depth of 10 fathoms (about 20 meters) or less. 

REEF, ATOLL - See ATOLL. 

REEF, BARRIER - See BARRIER REEF. 

REEF, FRINGING - See FRINGING REEF. 

REEF, SAND - Synonymous with BAR. 

REFERENCE PLANE - See DATUM PLANE. 

REFERENCE STATION - A place for which tidal constants have previously 
been determined and which is used as a standard for the comparison 
of simultaneous observations at a second station; also a station 

for which independent daily predictions are given in the tide or 
current tables from which corresponding predictions are obtained o 
for other stations by means of differences or factors. 

REFLECTED WAVE - That part of an incident wave that is returned seaward 
when a wave impinges on a Steep beach, barrier, or other reflecting 
surface. 

REFRACTION (OF WATER WAVES) - (1) The process by which the direction of a 
wave moving in shallow water at an angle to the contours is changed. 
The part of the wave advancing in shallower water moves more slowly 
than that part still advancing in deeper water, causing the wave 
crest to bend toward alignment with the underwater contours. (2) 

The bending of wave crests by currents. (See Figure A-5.) 

REFRACTION COEFFICIENT - The square root of the ratio of the spacing 
between adjacent orthogonals in deep water and in shallow water at 
a selected point. When multiplied by the SHOALING FACTOR and a 
factor for friction and percolation, this becomes the WAVE HEIGHT 
COEFFICIENT or the ratio of the refracted wave height at any point 
to the deepwater wave height. Also the square root of the ENERGY 
COEFFICIENT. 



REFRACTION DIAGRAM - A drawing showing positions of wave crests and/or 

orthogonals in a given area for a specific deepwater wave period 

and direction. (See Figure A-6.) 

RESONANCE - The phenomenon of amplification of a free wave or oscilla- 

tion of a system by a forced wave or oscillation of exactly equal 

period. The forced wave may arise from an impressed force upon 
the system or from a boundary condition. 

RETARDATION - The amount of time by which corresponding tidal phases 

grow later day by day (about 50 minutes). 

RETROGRESSION OF A BEACH - (1) A continuing landward movement of the 

shoreline. (2) A net landward movement of the shoreline over a 
specified time. Also RECESSION. 

REVETMENT - A facing of stone, concrete, etc., built to protect a scarp, 

embankment, or shore structure against erosion by wave action or 

currents. 

REYNOLDS NUMBER - The dimensionless ratio of the inertial force to the 

viscous force in fluid motion, 

evi 

where L is a characteristic length, vy the kinematic viscosity, 

and V a characteristic velocity. The Reynolds number is of im- 
portance in the theory of hydrodynamic stability and the origin 

of turbulence. 

RIA - A long, narrow inlet, with depth gradually diminishing inward. 

RIDGE, BEACH - A nearly continuous mound of beach material that has been 

shaped up by wave or other action. Ridges may occur singly or as 
a series of approximately parallel deposits. (See Figure A-7.) 
British usage, fulls. 

RILL MARKS - Tiny drainage channels in a beach caused by the flow seaward 
of water left in the sands of the upper part of the beach after the 
retreat of the tide or after the dying down of storm waves. 

RIP - A body of water made rough by waves meeting an opposing current, 
particularly a tidal current; often found where tidal currents are 
converging and sinking. 

RIPARIAN - Pertaining to the banks of a body of water. 

RIPARIAN RIGHTS - The rights of a person owning land containing or border- 
ing on a watercourse or other body of water in or to its banks, bed, 

or waters. 



RIP CURRENT - A strong surface current flowing seaward from the shore. 
It usually appears as a visible band of agitated water and is the 
return movement of water piled up on the shore by incoming waves 
and wind. With the seaward movement concentrated in a limited 
band its velocity is somewhat accentuated. A rip consists of 
three parts: the FEEDER CURRENTS flowing parallel to the shore 
inside the breakers; the NECK, where the feeder currents converge 
and flow through the breakers in a narrow band or "rip''; and the 
HEAD, where the current widens and slackens outside the breaker 

line. A rip current is often miscalled a rip tide. Also RIP SURF. 
See NEARSHORE CURRENT SYSTEM. (See Figure A-7.) 

RIP SURF - See RIP CURRENT. 

RIPPLE - (1) The ruffling of the surface of water, hence a little curling 
wave or undulation. (2) A wave less than 2 inches long controlled 

to a significant degree by both surface tension and gravity. See 
WAVE, CAPILLARY and WAVE, GRAVITY. 

RIPPLES (BED FORMS) - Small bed forms with wavelengths less than 1 foot 
and heights less than 0.1 foot. 

RIPRAP - A layer, facing, or protective mound of stones randomly placed 
to prevent erosion, scour, or sloughing of a structure or embankment; 
also the stone so used. 

ROADSTEAD (Nautical) - A sheltered area of water near shore where vessels 

may anchor in relative safety. Also road. 

ROLLER - An indefinite term, sometimes considered to denote one of a 

series of long-crested, large waves which roll in on a shore, as 
after a storm. 

RUBBLE - (1) Loose angular waterworn stones along a beach. (2) Rough, 
irregular fragments of broken rock. 

RUBBLE-MOUND STRUCTURE - A mound of random-shaped and random-placed 
stones protected with a cover layer of selected stones or specially 

shaped concrete armor units. (Armor units in primary cover layer 
may be placed in orderly manner or dumped at random.) 

RUNNEL - A corrugation or trough formed in the foreshore or in the bottom 
just offshore by waves or tidal currents. 

RUNUP - The rush of water up a structure or beach on the breaking of a 
wave. Also UPRUSH. The amount of runup is the vertical height 

above stillwater level that the rush of water reaches. 
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SALTATION - That method of sand movement in a fluid in which individual 
particles leave the bed by bounding nearly vertically and, because 
the motion of the fluid is not strong or turbulent enough to retain 
them in suspension, return to the bed at some distance downstream. 
The travel path of the particles is a series of hops and bounds. 

SALT MARSH - A marsh periodically flooded by salt water. 

SAND - See SOIL CLASSIFICATION. 

SANDBAR - (1) See BAR. (2) In a river, a ridge of sand built up to or 
near the surface by river currents. 

SAND BYPASSING - See BYPASSING, SAND. 

SAND REEF - Synonymous with BAR. 

SAND WAVE (or MEGARIPPLE) - A large wavelike sediment feature composed 

of sand in very shallow water. Wavelength may reach 100 meters; 
amplitude is about 0.5 meters. 

SCARP - See ESCARPMENT. 

SCARP, BEACH - An almost vertical slope along the beach caused by erosion 
by wave action. It may vary in height from a few inches to several 
feet, depending on wave action and the nature and composition of 
the beach. (See Figure A-1.) 

SCOUR - Removal of underwater material by waves and currents, especially 
at the-base or toe of a shore structure. 

SEAS - Waves caused by wind at the place and time of observation. 

SEA STATE - Description of the sea surface with regard to wave action. 
Also called state of sea. 

SEA BREEZE - A light wind blowing from the sea toward the land caused 
by unequal heating of land and water masses. 

SEA CLIFF - A cliff situated at the seaward edge of the coast. 

SEA LEVEL - See MEAN SEA LEVEL. 

SEAMOUNT - An elevation rising more than 1,000 meters above the ocean 

floor, and of limited extent across the summit. 

SEA PUSS - A dangerous longshore current; a rip current caused by return 
flow; loosely, the submerged channel or inlet through a bar caused 

by those currents. 



SEASHORE - The SHORE of a sea or ocean. 

SEAWALL - A structure separating land and water areas, primarily 
designed to prevent erosion and other damage due to wave action. 
See also BULKHEAD. 

SEICHE - (1) A standing wave oscillation of an enclosed water body that 
continues, pendulum fashion, after the cessation of the originating 
force, which may have been either seismic or atmospheric. (2) An 
oscillation of a fluid body in response to a disturbing force having 

the same frequency as the natural frequency of the fluid system. 
Tides are now considered to be seiches induced primarily by the 
periodic forces caused by the sun and moon. (3) In the Great Lakes 

area, any sudden rise in the water of a harbor or a lake whether or 
not it is oscillatory. Although inaccurate in a strict sense, this 
usage is well established in the Great Lakes area. 

SEISMIC SEA WAVE (TSUNAMI) - A long-period wave caused by an underwater 
seismic disturbance or volcanic eruption. Commonly misnamed 
"tidal wave"'. 

SEMIDIURNAL TIDE - A tide with two high and two low waters in a tidal 
day with comparatively little diurnal inequality (See Figure A-10.) 

SET OF CURRENT - The direction toward which a current flows. 

SETUP , WAVE - Superelevation of the water surface over normal surge ¢ 
elevation due to onshore mass transport of the water by wave 
action alone. 

SETUP, WIND - See WIND SETUP. 

SHALLOW WATER - (1) Commonly, water of such a depth that surface waves 
are noticeably affected by bottom topography. It is customary to 
consider water of depths less than one-half the surface wavelength 
as shallow water. See TRANSITIONAL ZONE and DEEP WATER. (2) More 
strictly, in hydrodynamics with regard to progressive gravity waves, 

water in which the depth is less than 1/25 the wavelength. Also 

called VERY SHALLOW WATER. 

SHEET PILE - See PILE, SHEET. 

SHELF, CONTINENTAL - See CONTINENTAL SHELF. 

SHELF, INSULAR - See INSULAR SHELF. 

SHINGLE - (1) Loosely and commonly, any beach material coarser than 

ordinary gravel, especially any having flat or flattish pebbles. 
(2) Strictly and accurately, beach material of smooth, well-rounded 
pebbles that are roughly the same size. The spaces between pebbles 
are not filled with finer materials. Shingle often gives out a 
musical sound when stepped on. @ 

# 

A-32 



SHOAL (noun) - A detached elevation of the sea bottom, comprised of any 

material except rock or coral, which may endanger surface navigation. 

SHOAL (verb) -. (1) To become shallow gradually. (2) To cause to become 
shallow. (3) To proceed from a greater to a lesser depth of water. 

SHOALING COEFFICIENT - The ratio of the height of a wave in water of any 
depth to its height in deep water with the effects of refraction, 
friction, and percolation eliminated. Sometimes SHOALING FACTOR 
or DEPTH FACTOR. See also ENERGY COEFFICIENT and REFRACTION 

COEFFICIENT. 

SHORE - The narrow strip of land in immediate contact with the sea, 
including the zone between high and low water lines. A shore of 
unconsolidated material is usually called a beach. (See Figure 
A-1.) 

SHOREFACE - The narrow zone seaward from the low tide SHORELINE covered 

by water over which the beach sands and gravels actively oscillate 

with changing wave conditions. See INSHORE (ZONE) and Figure A-1. 

SHORELINE - The intersection of a specified plane of water with the shore 
or beach. (e.g., the highwater shoreline would be the intersection 
of the plane of mean high water with the shore or beach.) The line 
delineating the shoreline on U. S. Coast and Geodetic Survey nautical 
charts and surveys approximates the mean high water line. 

SIGNIFICANT WAVE - A statistical term relating to the one-third highest 

waves of a given wave group and defined by the average of their 
heights and periods. The composition of the higher waves depends 
upon the extent to which the lower waves are considered. Experi- 
ence indicates that a careful observer who attempts to establish 
the character of the higher waves will record values which approxi- 

mately fit the definition of the significant wave. 

SIGNIFICANT WAVE HEIGHT - The average height of the one-third highest 

waves of a given wave group. Note that the composition of the 
highest waves depends upon the extent to which the lower waves are 
considered. In wave record analysis, the average height of the 
highest one-third of a selected number of waves, this number being 

determined by dividing the time of record by the significant period. 
Also CHARACTERISTIC WAVE HEIGHT. 

SIGNIFICANT WAVE PERIOD - An arbitrary period generally taken as the 

period of the one-third highest waves within a given group. Note 
that the composition of the highest waves depends upon the extent 
to which the lower waves are considered. In wave record analysis, 

this is determined as the average period of the most frequently re- 
curring of the larger well-defined waves in the record under study. 

SILT - See SOIL CLASSIFICATION. 



SINUSOIDAL WAVE - An oscillatory wave having the form of a sinusoid. 

SLACK TIDE (SLACK WATER) - The state of a tidal current when its velocity 
is near zero, especially the moment when a reversing current changes 
direction and its velocity is zero. Sometimes considered the inter- 
mediate period between ebb and flood currents during which the veloc- 
ity of the currents is less than 0.1 knot. See STAND OF TIDE. 

SLIP - A berthing space between two piers. 

SLOPE - The degree of inclination to the horizontal. Usually expressed 
aS a ratio, such as 1:25 or 1 on 25, indicating 1 unit vertical rise 
in 25 units of horizontal distance; or in a decimal fraction (0.04); 
degrees (2° 18'); or percent (4%). 

SLOUGH - See BAYOU. 

SOIL CLASSIFICATION (size) - An arbitrary division of a continuous scale 

of grain sizes such that each scale unit or grade may serve as a con- 
venient class interval for conducting the analysis or for expressing 
the results of an analysis. There are many classifications used; 
the two most often used are shown graphically on the next page. 

SOLITARY WAVE - A wave consisting of a single elevation (above the origi- 
nal water surface), its height not necessarily small compared to the 
depth, and neither followed nor preceded by another elevation or de- 
pression of the water surfaces. 

SORTING COEFFICIENT - A coefficient used in describing the distribution of 
grain sizes in a sample of unconsolidated material. It is defined as 

So = ¥Q;/Q3, where Qj is the diameter (in millimeters) which has 

75 percent of the cumulative size-frequency (by weight) distribution 
smaller than itself and 25 percent larger than itself, and Q3 is that 
diameter having 25 percent smaller and 75 percent larger than itself. 

SOUND (noun) - (1) A wide waterway between the mainland and an island, or 

a wide waterway connecting two sea areas. See also STRAIT. (2) A 

relatively long arm of the sea or ocean forming a channel between 
an island and a mainland or connecting two larger bodies, as a sea 

and the ocean, or two parts of the same body; usually wider and more 
extensive than a strait. 

SOUND (verb) - To measure the depth of the water. 

SOUNDING - A measured depth of water. On hydrographic charts the sound- 
ings are adjusted to a specific plane of reference (SOUNDING DATUM). 

SOUNDING DATUM - The plane to which soundings are referred. See also 
CHART DATUM. 



GRAIN SIZE SCALES 
(Soil Classification) 

Wentworth Phi Units ole Unified Soil 

Scale oe Diameter, j Classification 

(Size Description) D (mn) i (USC) 

Cobble 

Cobble - 

; Pebble ‘ : 

Very Coarse 

Coarse 

Medium 

Sand 

Clay 

Colloid 

* 9 = -logy D (mn) 



SOUNDING LINE - A line, wire, or cord used in sounding. It is weighted 
at one end with a plummet (sounding lead). Also LEADLINE. 

SPILLING BREAKER - See BREAKER. 

SPIT - A small point of land or a narrow shoal projecting into a body of 
water from the shore. (See Figure A-9.) 

SPRING TIDE - A tide that occurs at or near the time of new or full moon 

(syzygy), and which rises highest and falls lowest from the mean 
sea level. 

STANDARD PROJECT HURRICANE - See HYPOTHETICAL HURRICANE. 

STAND OF TIDE - An interval at high or low water when there is no sensible 
change in the height of the tide. The water level is stationary at 
high and low water for only an instant, but the change in level near 
these times is so slow that it is not usually perceptible. See SLACK 
TIDE 

STANDING WAVE - A type of wave in which the surface of the water oscillates 
vertically between fixed points, called nodes, without progression. 
The points of maximum vertical rise and fall are called antinodes 
or loops. At the nodes, the underlying water particles exhibit no 
vertical motion, but maximum horizontal motion. At the antinodes, 

the underlying water particles have no horizontal motion but maximum 
vertical motion. They may be the result of two equal progressive 
wave trains traveling through each other in opposite directions. 
Sometimes called CLAPOTIS or STATIONARY WAVE. 

STATIONARY WAVE - A wave of essentially stable form which does not move 

with respect to a selected reference point; a fixed swelling. 

Sometimes called STANDING WAVE. 

STILLWATER LEVEL - The elevation that the surface of the water would 

assume if all wave action were absent. 

STOCKPILE - Sand piled on a beach foreshore to nourish downdrift beaches 
by natural littoral currents or forces. See FEEDER BEACH. 

STONE, DERRICK - Stone heavy enough to require handling individual pieces 

by mechanical means, generally 1 ton and up. 

STORM SURGE - A rise above normal water level on the open coast due to 

the action of wind stress on the water surface. Storm surge result-= 
ing from a hurricane also includes that rise in level due to atmos- 
pheric pressure reduction as well as that due to wind stress. See 
WIND SETUP. 

STORM TIDE - See STORM SURGE. 



STRAIT - A relatively narrow waterway between two larger bodies of water. 
See also SOUND. 

STREAM - (1) A course of water flowing along a bed in the earth. (2) A 
current in the sea formed by wind action, water density differ- 
ences, etc. (Gulf Stream). See also CURRENT, STREAM. 

SURF - The wave activity in the area between the shoreline and the 
outermost limit of breakers. 

SURF BEAT - Irregular oscillations of the nearshore water level, with 
periods of the order of several minutes. 

SURF ZONE - The area between the outermost breaker and the limit of 

wave uprush, (See Figures A-2 and A-5.) 

SURGE - (1) The name applied to wave motion with a period intermediate 
between that of the ordinary wind wave and that of the tide, say 
from 1/2 to 60 minutes. It is of low height; usually less than 
0.3 foot. See also SEICHE. (2) In fluid flow, long interval 

variations in velocity and pressure, not necessarily periodic, 
perhaps even transient in nature. (3) See STORM SURGE. 

SURGING BREAKER - See BREAKER. 

SUSPENDED LOAD - (1) The material moving in suspension in a fluid, being 
kept up by the upward components of the turbulent currents or by 
colloidal suspension. (2) The material collected in or computed 
from samples collected with a suspended load sampler. (A suspen- 
ded load sampler is a sampler which attempts to secure a sample 
of the water with its sediment load without separating the sedi- 
ment from the water.) Where it is necessary to distinguish 
between the two meanings given above, the first one may be called 
the ''true suspended load". 

SWALE - The depression between two beach ridges. 

SWASH - The rush of water up onto the beach face following the breaking 
of a wave. Also UPRUSH, RUNUP. (See Figure A-2.) 

SWASH CHANNEL - (1) On the open shore, a channel cut by flowing water in 

its return to the parent body (e.g., a rip channel). (2) A sec- 
ondary channel passing through or shoreward of an inlet or river 
bar. (See Figure A-9.) 

SWASH MARK - The thin wavy line of fine sand, mica scales, bits of sea- 

weed, etc., left by the uprush when it recedes from its upward 
limit of movement on the beach face. 



SWELL - Wind-generated waves that have traveled out of their generating 
area. Swell characteristically exhibits a more regular and longer 
period, and has flatter crests than waves within their fetch 
(SEAS) . 

SYNOPTIC CHART - A chart showing the distribution of meterological 
conditions over a given area at a given time. Popularly called 
a weather map. 

SYZYGY - The two points in the moon's orbit when the moon is in con- 
junction or opposition to the sun relative to the earth; time of 
new or full moon in the cycle of phases. 

TERRACE - A horizontal or nearly horizontal natural or artificial topo- 
graphic feature interrupting a steeper slope, sometimes occurring 
in a series. 

THALWEG - In hydraulics, the line joining the deepest points of an 
inlet or stream channel. 

TIDAL CURRENT - See CURRENT, TIDAL. 

TIDAL DATUM - See CHART DATUM and DATUM PLANE. 

TIDAL DAY - The time of the rotation of the earth with respect to the 
moon, or the interval between two successive upper transits of the 
moon over the meridian of a place, approximately 24.84 solar hours 
(24 hours and 50 minutes) or 1.035 times the mean solar day. (See 
Figure A-10.) Also called lunar day. 

TIDAL FLATS - Marshy or muddy land areas which are covered and un- 
covered by the rise and fall of the tide. 

TIDAL INLET - (1) A natural inlet maintained by tidal flow. (2) 

Loosely, any inlet in which the tide ebbs and flows. Also TIDAL 
OUTLET. 

TIDAL PERIOD - The interval of time between two consecutive like phases 
of the tide. (See Figure A-10.) 

TIDAL POOL - A pool of water remaining on a beach or reef after reces- 
sion of the tide. 

TIDAL PRISM - The total amount of water that flows into a harbor or 

estuary or out again with movement of the tide, excluding any 
freshwater flow. 

TIDAL RANGE - The difference in height between consecutive high and low 
(or higher high and lower low) waters. (See Figure A-10.) 

C 



TIDAL RISE - The height of tide as referred to the datum of a chart. 

(See Figure A-10.) 

TIDAL WAVE - (1) The wave motion of the tides. (2) In popular usage, 

any unusually high and destructive water level along a shore. It 
usually refers to STORM SURGE or TSUNAMI. 

TIDE - The periodic rising and falling of the water that results from 

gravitational attraction of the moon and sun and other astronomi- 
cal bodies acting upon the rotating earth. Although the accompany- 

ing horizontal movement of the water resulting from the same cause 
is also sometimes called the tide, it is preferable to designate 
the latter as TIDAL CURRENT, reserving the name TIDE for the ver- 

tical movement. 

TIDE, DAILY RETARDATION OF - The amount of time by which correspond- 
ing tides grow later day by day (about 50 minutes). 

TIDE, DIURNAL - A tide with one high water and one low water in a 
tidal day. (See Figure A-10) 

TIDE, EBB - See EBB TIDE. 

TIDE, FLOOD - See FLOOD TIDE. 

TIDE, MIXED - See MIXED TIDE. 

TIDE, NEAP - See NEAP TIDE. 

TIDE, SEMIDIURNAL - See SEMIDIURNAL TIDE. 

TIDE, SLACK - See SLACK TIDE. 

TIDE, SPRING - See SPRING TIDE. 

TIDE STATION - A place at which tide observations are being taken. It 
is called a primary tide station when continuous observations are 
to be taken over a number of years to obtain basic tidal data for 
the locality. A secondary tide station is one operated over a 
short period of time to obtain data for a specific purpose. 

TIDE, STORM - See STORM SURGE. 

TOMBOLO - A bar or spit that connects or "ties" an island to the main- 
land or to another island. (See Figure A-9.) 

TOPOGRAPHY - The configuration of a surface, including its relief, the 
position of its streams, roads, building, etc. 



TRAINING WALL - A wall or jetty to direct current flow. 

TRANSITIONAL ZONE (TRANSITIONAL WATER) - In regard to progressive J 
gravity waves, water whose depth is less than 1/2 but more than 
1/25 the wavelength. Often called SHALLOW WATER. 

TRANSLATORY WAVE - See WAVE OF TRANSLATION. 

TRANSPOSED HURRICANE - See HYPOTHETICAL HURRICANE. 

TROCHOIDAL WAVE - A theoretical, progressive oscillatory wave first 

proposed by Gerstner in 1802 to describe the surface profile and 
particle orbits of finite amplitude, nonsinusoidal waves. The 

wave form is that of a prolate cycloid or trochoid, and the fluid 

particle motion is rotational as opposed to the usual irrotational 
particle motion for waves generated by normal forces. See IRRO- 
TATIONAL WAVE 

TROPICAL CYCLONE - See HURRICANE 

TROPICAL STORM - A tropical cyclone with maximum winds less than 75 
mph. 

TROUGH OF WAVE - The lowest part of a wave form between successive 
crests. Also that part of a wave below stillwater level. (See 
Figure A-3.) 

TSUNAMI - A long-period wave caused by an underwater disturbance such ¢ 
as a volcanic eruption or earthquake. Commonly miscalled "tidal 
wave''. 

TYPHOON - See HURRICANE. 

UNDERTOW - A seaward current near the bottom on a sloping inshore zone. 
It is caused by the return, under the action of gravity, of the 

water carried up on the shore by waves. Often a misnomer for 
RIP CURRENT. 

UNDERWATER GRADIENT - The slope of the sea bottom. See also SLOPE. 

UNDULATION - A continuously propagated motion to and fro, in any fluid 
or elastic medium, with no permanent translation of the particles 
themselves. 

UPCOAST - In United States usage, the coastal direction generally 

trending toward the north. 

UPDRIFT - The direction opposite that of the predominant movement of 
littoral materials. 



UPLIFT - The upward water pressure on the base of a structure or 
pavement. 

UPRUSH - The rush of water up onto the beach following the breaking of 
a wave. Also SWASH, RUNUP. (See Figure A-2.) 

VALLEY, SEA - A submarine depression of broad valley form without the 
steep side slopes which characterize a canyon. 

VALLEY, SUBMARINE - A prolongation of a land valley into or across a 
continental or insular shelf, which generally gives evidence of 

having been formed by stream erosion. 

VARIABILITY OF WAVES - (1) The variation of heights and periods be- 

tween individual waves within a wave train. (Wave trains are not 

composed of waves of equal height and period, but rather of 
heights and periods which vary in a statistical manner.) (2) The 

variation in direction of propagation of waves leaving the gen- 
erating area. (3) The variation in height along the crest, 
usually called "variation along the wave". 

VELOCITY OF WAVES - The speed at which an individual wave advances. 
See WAVE CELERITY. 

VISCOSITY - (or internal friction) - That molecular property of a 
fluid that enables it to support tangential stresses for a 
finite time and thus to resist deformation. 

WATERLINE - A juncture of land and sea. This line migrates, changing 

with the tide or other fluctuation in the water level. Where 
waves are present on the beach, this line is also known as the 
limit of backrush. (Approximately the intersection of the land 
with the stillwater level.) 

WAVE - A ridge, deformation, or undulation of the surface of a liquid. 

WAVE AGE - The ratio of wave speed to wind speed. 

WAVE, CAPILLARY - See CAPILLARY WAVE. 

WAVE CELERITY - Wave speed. 

WAVE CREST - See CREST OF WAVE. 

WAVE CREST LENGTH - See CREST LENGTH, WAVE. 

WAVE, CYCLOIDAL - See CYCLOIDAL WAVE. 

WAVE DECAY - See DECAY OF WAVES. 



WAVE DIRECTION - The direction from which a wave approaches. 

WAVE FORECASTING - The theoretical determination of future wave char- 

acteristics, usually from observed or predicted meteorological 

phenomena. 

WAVE GENERATION - See GENERATION OF WAVES. 

WAVE, GRAVITY - See GRAVITY WAVE. 

WAVE GROUP - A series of waves in which the wave direction, wave- 

length, and wave height vary only slightly. See also GROUP 

VELOCITY. 

WAVE HEIGHT - The vertical distance between a crest and the preceding 

trough. See also SIGNIFICANT WAVE HEIGHT. (See Figure A-3.) 

WAVE HEIGHT COEFFICIENT - The ratio of the wave height at a selected 

point to the deepwater wave height. The refraction coefficient 

multiplied by the shoaling factor. 

WAVE HINDCASTING - See HINDCASTING, WAVE. 

WAVE, IRROTATIONAL - See IRROTATIONAL WAVE. 

WAVELENGTH - The horizontal distance between similar points on two 
successive waves measured perpendicular to the crest. (See 

Figure A-3.) 

WAVE, MONOCHROMATIC - See MONOCHROMATIC WAVE. 

WAVE, OSCILLATORY - See OSCILLATORY WAVE. 

WAVE PERIOD - The time for a wave crest to traverse a distance equal 
to one wavelength. The time for two successive wave crests to 

pass a fixed point. See also SIGNIFICANT WAVE PERIOD. 

WAVE, PROGRESSIVE - See PROGRESSIVE WAVE. 

WAVE PROPAGATION - The transmission of waves through water. 

WAVE RAY - See ORTHOGONAL. 

WAVE, REFLECTED - That part of an incident wave that is returned sea- 
ward when a wave impinges on a steep beach, barrier, or other re- 

flecting surface. 

WAVE REFRACTION - See REFRACTION OF WATER WAVES. 



WAVE SETUP - See SETUP, WAVE. 

WAVE, SINUSOIDAL - An oscillatory wave having the form of a sinusoid. 

WAVE, SOLITARY - See SOLITARY WAVE 

WAVE SPECTRUM - In ocean wave studies, a graph, table, or mathematical 

equation showing the distribution of wave energy as a function of 

wave frequency. The spectrum may be based on observations or 
theoretical considerations. Several forms of graphical display 
are widely used. 

WAVE, STANDING - See STANDING WAVE. 

WAVE STEEPNESS - The ratio of the wave height to the wavelength. 

WAVE TRAIN - A series of waves from the same direction. 

WAVE OF TRANSLATION - A wave in which the water particles are permanently 
displaced to a significant degree in the direction of wave travel. 
Distinguished from an OSCILLATORY WAVE. 

WAVE, TROCHOIDAL - See TROCHOIDAL WAVE. 

WAVE TROUGH - The lowest part of a wave form between successive crests. 
Also that part of a wave below stillwater level. 

WAVE VARIABILITY - See VARIABILITY OF WAVES. 

WAVE VELOCITY - The speed at which an individual wave advances. 

WAVE, WIND - See WIND WAVES. 

WAVES, INTERNAL - See INTERNAL WAVES. 

WEIR JETTY - An updrift jetty with a low section or weir over which 
littoral drift moves into a predredged deposition basin which is 
dredged periodically. 

WHARF - A structure built on the shore of a harbor, river, or canal, 

so that vessels may lie alongside to receive and discharge cargo 
and passengers. 

WHITECAP - On the crest of a wave, the white froth caused by wind. 

WIND CHOP - See CHOP. 

WIND, FOLLOWING - See FOLLOWING WIND. 

WIND, OFFSHORE - A wind blowing seaward from the land in a coastal area. 



WIND, ONSHORE - A wind blowing landward from the sea in a coastal area. 

WIND, OPPOSING - See OPPOSING WIND. 

WIND SETUP - (1) The vertical rise in the stillwater level on the leeward 

side of a body of water caused by wind stresses on the surface of 
the water. (2) The difference in stillwater levels on the windward 

and the leeward sides of a body of water caused by wind stresses on 

the surface of the water. (3) Synonymous with WIND TIDE and STORM 

SURGE. STORM SURGE is usually reserved for use on the ocean and 

large bodies of water. WIND SETUP is usually reserved for use on 
reservoirs and smaller bodies of water. (See Figure A-11.) 

WIND TIDE - See WIND SETUP, STORM SURGE. 

WINDWARD - The direction from which the wind is blowing. 

WIND WAVES - (1) Waves being formed and built up by the wind. (2) Loosely, 

any wave generated by wind. 
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Figure A-8. Shoreline Features. 
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Symbol 

aj 

by 

ba 

APPENDIX B 

LIST OF SYMBOLS 

Definition 

Friction loss parameter (eq. 3-41) 

@Area 
®Constant = 7500 (eq. 4-41) 

®Constant = 0.0161 (eq. 3-23) 

@Kinematic wind stress (eq. 3-68) 
®Major ellipse semiaxis of wave particle move- 
ment (eq. 2-22) 

Wave form amplitude 

@Breaking wave dynamic moment reduction 

factor for low wall 

@Breaker height parameter (eq. 2-92) 

Amplitude of jth wave in series 

Breakwater gap width 
@Minor ellipse semiaxis of wave particle move- 

ment (eq. 2-23) 

@Kinematic wind stress (eq. 3-69) 
©Constant such as 0.3692 (eq. 3-23) 
@Rubble structure crest width 

@Rubble crest width in front of wall 

Effective breakwater gap width 

Spacing between wave orthogonals 
®Breaker height parameter (eq. 2-93) 
Width of enclosed basin (eq. 3-84) 
@Structure crest width (eq. 7-9) 
@Height of overtopped wall, seafloor to wall 
crest (eq. 7-70) 

@Height of rubble base alone (eq. 7-75) 

Overtopped wall height above wave trough 

Length of shoreline considered as line source 

for littoral zone sediment 

Orthogonal spacing, deep water 

Orthogonal spacing at a diffracted wave crest 

Orthogonal spacing of a progressing wave 

undergoing diffraction at a second point shore- 

ward 

Dimension Example Unit 

ft?, mi2 

(yd3sec.)/(Ibs.-yr.) 

(mi./hr.)?, (knots)? 

feet 

feet 

feet 

feet 

feet 

(mi./hr.)*, (knots)? 

feet 

feet 

feet 

feet 

miles 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 



Symbol 

G 

dy, dy 

Definition 

Wave velocity; phase velocity 

@Constant such as 2.2024 (eq. 3-23) 

@Coefficient such as 1.165 X 107% (eq. 3-83) 

Drag Coefficient 

Group velocity 

Lift coefficient 

Mass or inertia coefficient 

Deepwater wave velocity 

Jacobian elliptical cosine function 

Total water depth, includes surge 

®Depth one wavelength in front of wall 

(eq. 7-76) 
@Duration of an observation 

@Decay distance 

@Constant such as 0.8798 (eq. 3-23) 
@Pile diameter 

@Percent damage to rubble structure 

(Table 7-7) 

Water depth (bed to SWL) 
@Grain diameter 

Depth of water at breaking wave 

Equivalent stone diameter (eq. 7-115) 

Water depth at toe of structure 

Average total depth—includes astronomical tide 

and surge (Table 3-4) 

Water depth (MLW) at specified location 

(Table 3-4) 

Depth below SWL of rubble foundation crest 

(Figure 7-99) 

Depths at specified points (including astro- 
nomical tide and surge) (Table 3-4) 

Size in millimeters of 50th percentile of sedi- 

ment sample (ds 9 = Ma) 

Dimension 

ib/Ae 

Example Unit 

ft./sec. 

ft./sec. 

ft./sec. 

feet 

feet 

sec.; hr. 

nautical mile 

feet 

feet 

millimeters 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

millimeters 



Symbol 

(E)a 

Definition 

Total energy in one wavelength per unit crest 
width 

®Crest elevation of structure above MLW or 
other datum plane 

Total average wave energy per unit surface area; 

specific energy; energy density 

Average wave energy per unit water surface area 
for several waves 

Longshore component of wave energy 

(eq. 4-39) 

Kinetic energy in one wavelength per unit crest 

width 

Complete elliptic integral of second kind 

Deepwater wave energy 

Potential energy in one wavelength per unit 

crest width 

Fetch length 

®Total horizontal force acting about mudline 
on pile at given instant 

@Nonbreaking, nonovertopping wave force on 
wall extending full water depth 

(Reduced) Force on overtopped wall which 
extends full water depth (eq. 7-69) 

(Reduced) Force on wall resting on rubble foun- 

dation (eq. 7-73) 

Total horizontal force per unit length of wall 

from nonbreaking wave crest 

Total horizontal drag force on a pile at given 

instant 

Maximum value of Fp for given wave 

Effective fetch length due to limited width 

Effective fetch length, unrestricted body of 
water 

Equivalent effective fetch length (Table 3-4) 

Total horizontal inertial force on pile at given 
instant 

Dimension 

LF/L 

F/L 

F/L 

Example Unit 

ft.-lbs./ft. crest width 

feet 

ft.-lbs./ft? 

ft.-lbs./ft? 

ft.-ibs./ft./day 

ft.-lbs./ft. crest width 

ft.-lbs./ft. crest width 

ft.-Ibs./ft. crest width 

nautical mile 

pounds 

Ibs./ft. of wall 

Ibs./ft. of wall 

Ibs./ft. of wall 

Ibs./ft. of wall 

pounds 

pounds 

miles 

nautical mile 

nautical mile 

pounds 



Symbol 

Fin 

Fm or Fin 

Fy 

F, 

Fr 

Frotal 

f 

Definition 

Maximum value of Fj for given wave 

Lift force (lateral force on pile from flow 
velocity) 

Maximum lift force for given wave 

Surge correction factor for storm speed, angle 

to coast (eq. 3-78) 

Maximum total force on pile 

Minimum fetch length 

Dimensionless fall time parameter (eq. 4-20) 

Surge correction factor for shoaling effects 

(eq. 3-78) 

Total horizontal force per unit length of wall 

subjected to non-breaking wave trough 

Total force on pile group 

Coriolis parameter 
@Wave frequency 
@ Horizontal force per unit length of pile 
@ Decimal frequency (eq. 4-41) 

@Weight factor of armor unit (Figure 7-87) 

Horizontal drag force per unit length of vertical 

pile 

Maximum value of fp 

Bottom friction factor; Darcy-Weisbach friction 

factor (eq. 3-41; eq. 3-57) 

Horizontal inertial force per unit length of 

vertical pile 

Maximum value of fj 

Maximum force per unit length of pile 

Coefficient (eq. 3-91) 

Gravitational acceleration 

Subscript for: Group 

e Gage 

® Gross 

Dimension 

ie 

Example Unit 

pounds 

pounds 

pounds 

pounds 

nautical mile 

Ibs./ft. of wall 

pounds 

seconds /, hours 

seconds ! 

Ib./ft. 

Ibs./ft. 

Ibs./ft. 

Ibs./ft. 

Ibs. /ft. 

Ibs./ft. 

ft./sec? 

1 



Symbol Definition Dimension Example Unit 

Wave Height feet 
@Design wave height—wave height for wkich 
structure is designed; maximum wave height 
causing no damage or damage within speci- 
fied limits L feet 

@High pressure area on weather maps F/L? millibars, inches of mercury 

H Average wave height; H = 0.886 Hims L feet 

H Arbitrary wave height for probability distribu- 
tions 1, feet 

Hp Wave height at breaking (breaker height) L feet 

Hp Significant wave height, end of decay distance iL; feet 

HF Significant wave height at downwind end of 
fetch 1p feet 

Hy Gage wave height IL feet 

Hj Incident wave height iL, feet 

Hj Height of jth wave in series Me feet 

lear Maximum wave height for specified period of 
time L feet 

Hy Most probable nth highest wave height iL, feet 

Ho Deepwater significant wave height L feet 

Ho Deepwater wave height equivalent to observed 

shallow water wave if unaffected by refraction 
and friction; Hj = HoK¢Kp = H/K, (Table 3-4), 

or Ho = HoKp = H/K,g (eq. 2-77) L feet 

H, Reflected wave height 1b feet 

Elen Root mean square wave height L feet 

H, Significant wave height; Hy, ; average height of 

highest one-third of waves for specified time 

period iL, feet 

H, Mean significant wave height (eq. 4-7) L feet 

A, Arbitrary significant wave height for proba- 

bility distributions (eq. 4-6) iL feet 

lak cota Approximate minimum significant wave height 
from a distribution of significant heights (eq. 4-6)|_ L feet 



Definition 

Wave height transmitted past obstacle 

Wave height at wall 

Significant wave height; H, 

Average height of highest 1 percent of all waves 
for given time period 

Average height of highest 10 percent of all 
waves for given time period 

Range of tide 

@Height of retaining wall 

@ Height of backfill at wall if lower than wall 

@ Structure height, toe to crest 
@Vertical distance from dune base or berm 

crest to depth of seaward limit of significant 
longshore transport (Figure 4-44) 

Broken wave height above ground surface at 
structure toe landward of SWL 

Height of broken wave above SWL 

Height of clapotis orbit center above SWL 

Submerged weight of longshore transport 

Angle of backfill surface from horizontal 

Subscript for discrete points in space (eq. 3-65) 
@ Subscript for an incident wave characteristic 

@Subscript dummy variable for use in sedi- 
ment budget analysis 

Distance between bottom contours 

(Figure 2-21) 

Dummy variable 

Subscript dummy variable 

Pressure response factor at bottom (eq. 2-31) 

© Bottom friction coefficient (eq. 3-57) 
© Constant such as 6.5882 (eq. 3-23) 

®Constant for Rankine vortex model of hurri- 
cane wind field (eq. 3-27) 

© Coefficient dependent on breaker height-to- 
depth ratio and ratio of trough depression to 
breaker height (eq. 4-18) 

Dimension Example Unit 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

Ibs./yr. 

degrees 

feet 

second ! 



Symbol Definition 

Diffraction coefficient 

Armor unit stability coefficient (eq. 7-105) 
®Dimensionless factor for calculation of total 

drag force on pile at given phase (eq. 7-23) 

Maximum value of Kp for given wave 

Wave height reduction factor from friction; 

friction factor (Figure 3-35, Table 34) 

Dimensionless factor for calculation of total 

inertial force on pile at given phase (eq. 7-22) 

Maximum value of Kj for given wave 

Complete elliptic integral of the first kind 

Refraction coefficient 

Stability coefficient for smooth relatively 
rounded graded riprap armor units (eq. 7-106) 

Shoaling coefficient (eq. 2-44) 

Shoaling coefficient at breaker position 

Shoaling coefficient at gage recorder 

Revised shoaling coefficient after friction 

effects over continental shelf (Table 3-4) 

Pressure response at depth z 

Pressure response factor at any depth z 

(eq. 2-29) 

Constants of wind-surface friction (eq. 3-59) 

Wave number (277/L) 

®Runup correction factor for scale effects 
®Wind stress coefficient (surface friction 

coefficient) (eq. 3-59) 
® Modulus of elliptic integrals 

®Kip: 1000 pounds 

®Proportionality constant between longshore 
wave energy P , and submerged weight 

transport I 

Wind correction factor for overtopping rates 

(eq. 7-8) 

®Constant such as 0.003 (eq. 3-82) 

Dimension Example Unit 

feet | 

kips 



Symbol Definition Dimension Example Unit 

kj Source (or sink) fraction of gross longshore 
transport rate (eq. 4-47) a Sa 

ka Layer coefficient of rubble structure =e ee | 

iL, Wavelength L feet 
@ Low pressure on weather map F/L? millibars, inches of mercury 

La Wavelength in given depth according to linear | 
(Airy) theory; La may differ from L (eq. 7-14) iL, feet | 

Lh Wavelength at breaking it, feet | 

Ie Width of caisson 1e feet 

Lp Wavelength in water depth D (eq. 7-76) L feet 

Lg Wavelength in water depth d, (eq. 7-79) IC. feet 

bie Deepwater wavelength iE feet 

QB Enclosed basin length (eq. 3-42) L feet 

Qp’ Length of rectangular basin open at one end 
(eq. 3-44) L feet 

Ln Distance from reference pile to nth pile of pile 

group (eq. 7-49) iL: feet 

0h Subscript for longshore transport to left as 
viewed from beach a a 

M Total wave moment about mudline on pile 

(eq. 7-21) LF ft.-lbs. 
@Nonbreaking wave moment about toe of wall 
extending full depth of water LF/L ft.-Ibs./ft. of wall 

@Variable of solitary wave theory, function of 

H/d (eq. 2-67) == os 
@Mean diameter of sediment sample L millimeters 

M’ Moment about toe of wall overtopped by 
nonbreaking wave (eq. 7-71) LF/L ft.-lbs./ft. of wall 

MA Moment about bottom (mudline) for wall on 
rubble foundation (eq. 7-74) LF/L ft.-Ibs./ft. of wall 

Mp Moment about base of wall on rubble founda- 
tion (eq. 7-75) LF/L ft.-lbs./ft. of wall 

M, Total moment about toe of wall per unit length 
from nonbreaking wave crest LEF/L ft.-lbs./ft. of wall 



MTotal 

Definition 

Total drag moment acting on pile about mud- 

line (eq. 7-25) 

Maximum value of Mp 

Median diameter of sediment sample 

Median diameter of sediment sample in phi 

units 

Total inertial moment acting on pile about 

mudline (eq. 7-24) 

Maximum value of Mj for given wave 

Maximum total moment on pile about mudline 

(eq. 7-36) 
®Maximum overturning moment about toe of 

wall from dynamic component of wave 

pressure (breaking or broken waves) 

(eq. 7-78) 

Reduced maximum moment against wall from 

breaking wave of height greater than wall 

(eq. 7-83) 

Hydrostatic moment against wall from breaking 

or broken waves 

Total moment about toe of wall per unit length 

from nonbreaking wave trough (Section 7.323) 
®@Total moment about toe of wall per unit 

length from breaking or broken wave crest 

(eq. 7-81) 

Total moment on pile group about mudline 

(eq. 7-52) 

Momentum transport quantity per unit width 

(eq. 3-50) 

Momentum transport quantity per unit width 

(eq. 3-50) 

Momentum transport quantity per unit width 

(eq. 3-50) 

Mean diameter of sediment sample in phi units 

Mean diameter (phi units) of borrow material 

(eq. 6-1) 

Dimension 

LF 

LF 

LF 

LF 

LF/L 

LF/L 

LF/L 

LF/L 

LF/L 

LF 

Example Unit 

ft.-Ibs. 

ft.-lbs. 

millimeters 

ft.-lbs./ft. of wall 

ft.-lbs./ft. of wall 

ft.-lbs./ft. of wall 

ft.-Ibs./ft. of wall 

ft.-lbs./ft. of wall 

ft.-lbs. 

ft?/sec? 

ft?/sec? 

ft?/sec? 

phi 

phi 



Symbol 

No 

Definition 

Mean diameter (phi units) of native (beach) 
material (eq. 6-1) 

Coefficient determined by eq. 4-15 

Position of wave in front of wave generator 

(Section 2.238) 

®Beach slope 

Correction factor in determination of 7 (eta) 

from subsurface pressure (eq. 2-32) 

® Variable in solitary wave theory (eq. 2-67) 

@ A total number of items 

Required number of individual armor units 

(eq. 7-109) 

Design stability number for rubble foundations 

and toe protection (eq. 7-110) 

Number of layers of armor units in rubble 
structure protective cover 

@Number of armor units across rubble struc- 

ture crest 

®Ratio of group velocity to individual wave 
velocity 

®Number of seiche nodes along closed rectan- 

gular basin axis 

®Degrees latitude (isobar spacing—not loca- 
tion) 

® Dimensionless value 1 + (7,/7); ( eq. 3-82) 

@ A number 

®Dummy variable 

Number of seiche nodes along rectangular basin 

open at one end excluding node at opening 

Subscript referencing a particular pile in a pile 

group 
@Subscript for net longshore transport rate 
®@Subscripted dummy variable 

Superscript for discrete points in time 
(eq. 3-65) 

Deepwater ratio of group velocity to individual 
wave velocity 

Subscript for deepwater condition 

B-I0 

Dimension 

L 

Example Unit 

phi 

wave lengths 

ft.(rise)/ft.(run) 

degrees 

€ 



Symbol Definition Dimension Example Unit 

P Average porosity of rubble structure cover layer 
(eq. 7-109) == percent (%) 
Precipitation rate (eq. 3-50) L/T in./hr. 

Pp Wave power; average energy flux transmitted 
across a plane perpendicular to wave advance LE/T/L ft.-lbs./sec./ft. wave crest 

1s Active earth force F/L Ibs./ft. of wall 

Po Longshore component of wave energy flux 

(eq. 4-27) LF/T/L ft.-Ibs./sec./ft. of beach 

Pgs Surf zone approximation of Pg (eq. 4-28) LE/T/L ft.-Ibs./sec./ft. of beach 

P, Deepwater P LF/T/L ft.-lbs./sec./ft. wave crest 

Py Passive earth force F/L Ibs./ft. of wall 

Pp Gage pressure; pressure at any distance below 

fluid surface relative to surface F/L? Ibs. /ft? 

@Atmospheric pressure at point located dis- 
tance r from (hurricane) storm center 
(eq. 3-28) F/L? inches of mercury; millibars 

pans Total or absolute subsurface pressure: includes 
dynamic, static and atmospheric pressures 
(eq. 2-26) F/L? Ibs./ft? 

Pa Atmospheric pressure (eq. 2-26) F/L? Ibs. /ft? 

Pm Maximum dynamic pressure by breaking and 

broken waves on vertical wall (eq. 7-76) F/L? Ibs. /ft? 

Pn Pressure at outskirts or periphery of storm F/L? inches of mercury 
®Normal sea level atmospheric pressure 

= 29.92 inches Hg.(eq. 3-35) F/L? inches of mercury 

Py Central pressure of storm; CPI F/L? inches of mercury 

Ps Maximum broken wave hydrostatic pressure 

against wall (eq. 7-89) F/L? Ibs./ft? 

Py Nonbreaking wave pressure difference from 

stillwater hydrostatic pressure as clapotis crest 
(trough) passes (eq. 7-68) F/L? Ibs./ft? 

Q Overtopping rate L3/T/L ft3/sec./ft. of wall 

®@Volumetric flow rate for setup in long, 

closed basin Loft mi?/hr. 

®Rate at which littoral drift is moved parallel 
to shoreline; longshore transport rate L3/T yd?/yr. 

B-Il 



Definition 

Overtopping rate corrected for wind effects 

Gross longshore transport rate 

Point source for littoral zone sediment budget 

Point sink for littoral zone sediment budget 

Line source total contribution to littoral zone 

sediment budget 

Line sink total deduction from littoral zone 

sediment budget 

Longshore transport rate (Qe =Q) 

Net longshore transport rate 

Empirically determined overtopping coefficient 

(eq. 7-6) 

Line source per unit length in littoral zone 

sediment budget 

Line sink per unit length in littoral zone 

sediment budget 

Wave runup 

@Dynamic component of breaking or broken 
wave force per unit length of wall if wall is 
perpendicular to direction of wave advance 

(eq. 7-103) 
@Resultant force 

@Radial distance from storm , (hurricane) 
center to region of maximum winds (or to 
region of maximum waves) (eq. 3-27); 

(Figure 3-34) 
@Distance along bottom contours, as used in 

refraction problems (R/J method) 
(Section 2.323) 

Reduced dynamic component of force per unit 

wall length from a breaking or broken wave 

striking structure at oblique angle (eq. 7-103) 

Reduced horizontal dynamic component of 

force per unit wall length from a breaking or 

broken wave striking nonvertical structure face 

(eq. 7-104) 

B-I2 

Dimension 

L3/T/L 

L3/T 

rea 

LT 

eae 

Dee 

LT 

L3/T 

Le Tl 

Lay 

L 

F/L 

F/L 

F/L 

Example Unit 

ft3/sec./ft. of wall 

yd?/yr. 

yd2/yr. 

yd?/yr. 

yd?/yr. 

yd?/yr. 

yd?/yr. 

yd2/yr. 

yd?/yr./ft. of beach 

yd?) yr./ft. of beach 

feet 

Ibs./ft. of wall 

pounds 

nautical miles 

feet 

Ibs./ft. of wall 

Ibs./ft. of wall 



Symbol 

Rg crit 

Tm 

Definition 

Reynolds Number 

Maximum dynamic component of breaking or 
broken wave on wall (eq. 7-77) 

Reduced maximum dynamic component on 

wall of height lower than wave crest (eq. 7-82) 

Component of R normal to actual wall 
(Figure 7-81) 

Hydrostatic component of breaking or broken 
wave on wall (eq. 7-80) 

Total breaking or broken wave force on wall 
per unit wall length (includes dynamic and 
hydrostatic components (eq. 7-80) 

Critical ratio of artificial beach nourishment: 

ratio of volume required for placement to 

volume retained on beach after equilibrium 

(eq. 6-1) 

Total rubble layer thickness 
@Radial distance from storm (hurricane) 
center to any specified point in storm system 

Subscript for reflected wave characteristic 

Armor layer thickness (rubble structure) 

Reduction factor for force on wall of height 

lower than clapotis crest (eq. 7-69) 

Reduction factor for moment on wall of height 
lower than clapotis crest (eq. 7-71) 
@Reduction factor for maximum dynamic 
component of force when breaking wave 
height is higher than wall height (eq. 7-82) 

Subscript for longshore transport to right as 
viewed from beach 

Thickness of first underlayer (rubble structure) 

Channel opening cross-sectional area 
(eq. 7-111) 
@Surge; height, resulting from storm surge, of 

free surface above or below the undisturbed 
water level datum (eq. 3-50); also called wind 
setup 

B=|3 

Dimension 

F/L 

E/L 

F/L 

F/L 

lL? 

Example Unit 

Ibs./ft. of wall 

Ibs./ft. of wall 

Ibs./ft. of wall 

Ibs./ft. of wall 

Ibs./ft. of wall 

feet 

nautical miles 

feet 

feet 



Symbol 

SA 

Sp 

Sp 

Spm 

Se 

ST 

Si 

St 

Sw 

Definition 

Wave setup between breaker zone and shore 
(eq. 3-48) 
®Wind setup: Difference in water levels at 
windward and leeward sides of a body of 
water caused by wind stresses on water 
surface (eq. 3-82) 

Astronomical tide component of total storm 

surge 

Setdown at breaking zone (eq. 3-46) 

Dimensionless moment arm of total drag force 

on pile at given phase angle (eq. 7-29) 

Maximum value of Sp 

Initial setup 

Peak surge generated by idealized hurricane 

moving perpendicular to shoreline at 15 mph. 

(eq. 3-78) 

Dimensionless moment arm of total inertial 

force on pile at given wave phase angle 

(eq. 7-28) 

Maximum value of S; 

Surge component from water level rise due to 

local conditions (eq. 3-73) 

Observed peak surge (Figure 3-55) 

Predicted peak storm surge 

Component of surge from atmospheric pressure 
setup 

Specific gravity of armor unit (w,/ wy) 

Summary of Synoptic Meteorological Observa- 
tions 

Total setup (surge); total water level rise at 

coast from storm and other causes (eq. 3-73) 

Net wave setup at shore (eq. 3-48) 

Storm surge component from wind stress per- 
pendicular to coast (eq. 3-62) 

B-|4 

Dimension Example Unit 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 



Symbol 

tp 

tm 

Definition 

Storm surge component from wind stress paral- 
lel to coast (eq. 3-63) 

Wave period 

@ Astronomic tidal period 

@ Temperature 

Decayed wave period 

Significant wave period at downwind end of 

fetch 

Natural, free oscillating period of seiche in 

closed basin with n nodes (eq. 3-42) 

Free oscillation period in basin open at one end 
with n’ nodes (excluding node at opening) 
(eq. 3-44) 

Deepwater wave period 

. . , 
Deepwater wave period corresponding to Hy 
used in hurricane wave prediction 

Significant wave period 

Period of fundamental mode of seiche in 

rectangular basin open at one end 

Fundamental and maximum period of seiches 

in closed basin 

Time 

© Estimated wind duration over 4 fetch 

(Figure 3-15) 

Travel time of wave group from end of fetch to 

a particular location; time or duration of decay 

Minimum wind duration over a given fetch for 

production of a given wave 

Wind speed 

®x-component (perpendicular to shore) of 
volume transport per unit width 

Geostrophic wind speed (eq. 3-19) 

Gradient wind speed (eq. 3-29) 

B-15 

Dimension Example Unit 

IE, feet 

Tt seconds 

T hours 

== Centigrade or Fahrenheit degrees 

ME seconds 

at seconds 

ap hours 

4e hours 

T seconds 

T seconds 

al seconds 

At hours 

at hours 

1 seconds, hours 

li hours 

T hours 

if hours 

ofA knots, mi./hr. 

LIT mi:/hr./mi. width 

L/T knots, mi./hr. 

L/T knots, mi./hr. 



Symbol Definition Dimension Example Unit 

hirer: Maximum gradient wind speed (eq. 3-33) Lay knots, mi./hr. 

UR Maximum sustained gradient wind speed 

(eq. 3-33) L/T knots, mi./hr. 
@ Ursell parameter (eq. 2-45) == -—--— 

Usm Convection term to be added vectorially to 

wind velocity at each location r to correct for 

storm motion (eq. 2-13) e/a knots, mi./hr. 

U (z) Mass transport velocity at depth z for a water 

particle subject to wave motion; mean drift 

velocity (eq. 2-55) L/T ft./sec. 

u Horizontal (x) component of local fluid 

velocity (water particle velocity); current 

velocity (eq. 2-13) LOA ft./sec. 

uy, Particle velocity under a breaking wave ie /aly ft./sec. 

Uses Maximum horizontal water particle velocity L/T ft./sec. 

ina Maximum horizontal water particle velocity 

averaged over depth efi ft./sec. € 

Vv Velocity L/T knots, mi./hr., ft./sec. 

®Maximum velocity of tidal currents in mid- 
channel (eq. 7-111) L/T ft./sec. 

®Volume transport parallel to shore 
(y-component) (eq. 3-50) Leen mi?/hr./mi. width 

@A volume (eq. 2-65) L/L ft3/ft. crest width 

Ve Volume of core (rubble structure) L/L ft3/ft. 

Vr Storm center velocity ily mi./hr., knots 

Ve Fall velocity of particles in water column L/T ft./sec. 

Vi Volume of first underlayer (rubble structure) LE, ft3/ft. 

Vv Horizontal (y) component of local fluid veloc- 
ity (water particle velocity); current velocity 

(Section 3.865a) L/T ft./sec. 
®Longshore current velocity LE ft./sec. 

v’ Velocity of broken wave water mass at struc- 

ture located landward of SWL (eq. 7-94) L/T ft./sec. 

Yb Longshore current velocity at breaker position L/T ft./sec. 

B-16 



Symbol Definition 

Weight of individual armor unit in primary 
cover layer; weight of individual units, any 

layer 
@Fetch width of channel or other restricted 

body of water (Section 3.432) 
@Wind Speed (eq. 3-58) 
@Maximum sustained wind speed (Section 

3.865b(1)) 
@Parameter used in pile force and moment 

calculations (eq. 7-34) 
@Length of vertical wall affected by unit 

width of wave crest (W = 1/sin @) 

Critical wind speed (eq. 3-58) 

Wind speed coefficient (eq. 7-8) 

x-component of wind speed (eq. 3-50) 

y-component of wind speed (eq. 3-51) 

Weight of 50 percent size of armor riprap 

gradation (eq. 7-106) 

Unit weight 

® Vertical (z) component of local fluid velocity 

or current velocity (eq. 2-14) 

Unit weight of armor (rock) unit (saturated 
surface dry) (eq. 7-110) 

Unit weight of water 

Distance (Table 34) 

Distance factor for effective fetch computation 

(limited bodies of water) (Figure 3-14) 

Net horizontal displacement by water particle z 
feet below surface during one wave period 

(eq. 2-55); (Section 2.256) 

Coordinate axis in direction of wave propaga- 

tion relative to wave crest 
© Coordinate axis along basin major axis 
® Coordinate axis perpendicular to and positive 

toward shore 
@ A distance (eq. 2-10); (eq. 7-50) 

Subscript for x-coordinate 

B-17 

Dimension Example Unit 

pounds 

nautical miles, miles 

knots, mi./hr. 

knots, mi./hr. 

feet 

knots, mi./hr. 

knots, mi./hr. 

knots, mi./hr. 

pounds 

Ibs./ft? 

ft./sec. 

lbs./ft? 

Ibs. /ft3 

nautical miles 

miles 

feet 

feet 



Symbol 

Xn 

Xo 

281 

27) 

Ye 

Ys 

(Alpha) 

Definition 

Location in pile group of nth pile relative to 
wave crest (eq. 7-49) 

Location in pile group of reference pile at wave 
crest (eq. 7-52) 

Plunging breaker travel distance (eq. 7-3) 

Location in pile group of reference pile relative 
to wave crest (eq. 7-52) 

Distance from SWL to structure shoreward of 

SWL (eq. 7-95) 

Distance from SWL to limit of wave uprush 
(eq. 7-95) 

Coordinate axis: horizontal, parallel to shore, 
positive to left when facing shore 
®Coordinate axis: vertical, origin at seabed 
@Isbash constant (eq. 7-113) 

Vertical distance from seabed to wave crest 

(eq. 2-60) 

Vertical distance from seabed to water surface 

(eq. 2-59a) 

Vertical distance from seabed to wave trough 

(eq. 2-60) 

Time between successive weather charts 

®Greenwich mean time 

Coordinate axis: vertical, origin at SWL, posi- 

tive upwards 

Subscript z refers to z-axis 

Angle between axis of structure and direction 

of wave advance (eq. 7-103) 
@Angle between wave crest and bottom con- 

tour 

® Angle between wave crest and shore 

(eq. 2-78a) 
@ Angle from wind direction used in determi- 

nation of effective fetch (Figure 3-14) 
@ Upper limit of observed dj/Hp (Figure 7-2) 
@Empirically determined overtopping coeffi- 

cient (eq. 7-6) 
® Hurricane movement coefficient (eq. 3-31) 

® Constant for wave spectrum prediction 

(eq. 3-20) 

B-18 

Dimension Example Unit 

L feet 

L feet 

L feet 

L feet 

L feet 

ib. feet 

it feet 

ib feet 

ib, feet 

IP hours 

T hours 

-—— degrees 

a degrees 

—— degrees 

—— degrees 



Symbol Definition Dimension Example Unit 

Ay Angle between breaking wave crest and shore- 

line —= degrees 

Am Coefficient in determination of maximum total 

moment on pile (eq. 7-36) — _— 

ar Angle, relative to reference pile, that nth pile of 

pile group makes with direction of wave travel 

(eq. 7-49) == degrees 

a, Angle between deepwater wave crest and shore- 

line (eq. 2-78a) as degrees 

ae Local fluid particle acceleration in x-direction 
(eq. 2-15) Lypr? ft./sec? 

a, Local fluid particle acceleration in z-direction 
(eq. 2-16) iby ft./sec? 

ay Skewness of sediment sample using phi size 
measures (eq. 4-5) — = 

B Angle of beach slope with horizontal 
(Beta) (tan B = slope) (eq. 2-87) = degrees 

®Constant for wave spectrum prediction 
(eq. 3-20) os ale 

®@Lower limit of observed d,/Hp (Figure 7-2); 
(eq. 4-15) = so2 

rT Horizontal mixing coefficient in surf zone, 

(Gamma) | perpendicular to shoreline (eq. 4-15) —— ae 

Y Ratio between left and right longshore trans- 
port rates (eq. 4-23) —— a 

A Change; algebraic difference == —— 
(Delta) 
) Wall friction angle (eq. 7-116) == degrees 

€ Characteristic length describing pile roughness 

(Epsilon) | elements (Section 7-311) IL in., ft. 

¢ Vertical particle displacement caused by wave 
(Zeta) passage (eq. 2-18) ib feet 

®Astronomical tide potential in head of water 
(eq. 3-50) IL feet 

n Displacement of water surface with respect to 
(Eta) SWL by passage of wave (eq. 2-10) L feet 

B-I9 



Symbol 

T(envelope) 

Ni 

Ne 

n (t) 

7) 
(Theta) 

Definition 

Envelope wave form of 2 or more superimposed 

wave trains (eq. 2-34) 

Water surface displacement by incident wave 

(Section 2.52) 

Wave crest elevation above SWL 

(Section 7.313) 

Water surface displacement by reflected wave 

(Section 2.52) 

Departure of water surface from its average 

position as a function of time (eq. 3-11) 

Wave phase angle (Section 2.234) 
@Angle of wind measured counterclockwise 

from x-axis at shore (Section 3.865a); 

(eq. 3-56) 
@Angle between wind and enclosed basin fetch 

axis (eq. 3-82) 

@Angle of structure face relative to horizontal 

(eq. 7-104) 

@Angle of backslope of retaining wall 

(eq. 7-116) 

@Angle of structure slope in direction of flow 

(eq. 7-114) 

Angle between x-axis and direction of propaga- 
tion of jt wave or wave train (eq. 3-17) 

Coefficient of friction (soil) (Table 7-14) 

Kinematic viscosity (Section 7.311) 

Atmospheric pressure deficit in head of water 

(eq. 3-50) 
@Horizontal particle displacement from wave 

passage (eq. 2-17) 

Constant = 3.14159 

Mass density (( = w/g) 

Mass density of air 

Mass density of fresh water (1.94 slugs/ft?) 

Mass density of sediment 

q . . 

Dimension Example Unit 

feet 

feet 

feet 

feet 

feet 

radians 

degrees 

degrees 

degrees 

degrees 

degrees 

degrees 

ft?/sec. 

feet 

feet 

Ibs.-sec2/ft4(slugs/ft?) 

Ibs.-sec?/ft#(slugs/ft3 ) 

Ibs.-sec2/ft#(slugs/ft? ) 

Ibs.-sec?/ft4(slugs/ ft3) 

c 



(Phi) 

$j 

(Psi) 

Definition 

Mass density of water (salt water = 2.0 
slugs/ft3; fresh water = 1.94 slugs/ft?) 

Standard deviation 

Sediment size standard deviation (phi units) 

Standard deviation of artificial beach nourish- 
ment borrow material in phi units (eq. 6-1) 

Standard deviation of native beach material in 
phi units (eq. 6-1) 

Bottom shear stress (eq. 3-79) 

Dimensionless breaker plunge distance: ratio of 
breaker travel distance to breaker height 

Surface shear stress from wind (eq. 3-79) 

Velocity potential 
@Angle between wave direction and plane 

across which energy is being transmitted 

(Section 2.238) 

@ Angle of incident wave to gap in breakwater 
@ Latitude of location 

®Grain size units [$= — log, d(mm)] 

@ Internal angle of friction of earth fill or other 

material 

Phase of jth wave at time t = 0 (eq. 3-11) 

Coefficient for calculation of maximum total 

force on piles (eq. 7-35) 

Particle size in phi units of the xth percentile in 

sediment sample 

Wave reflection coefficient (Section 2.51); 
(eq. 2-85) 

Wave reflection factor dependent on roughness 
and permeability of beach, independent of 
slope (eq. 2-85) 

Wave reflection factor dependent on beach 

slope and wave steepness (eq. 2-85) 

Angle between storm movement (not wind) 
direction and coast, measured clockwise from 

right coast as one looks landward (Figure 3-54) 

B-2l 

Dimension 

EU /ie 

Example Unit 

lb.-sec2/ft?, (slugs/ft3) 

appropriate units 

phi 

phi 

phi 

Ibs./ft? 

Ibs./ft? 

ft?/sec. 

degrees 

degrees 

degrees 

phi 

degrees 

degrees 

degrees 



Definition Dimension 

Wave angular frequency (eq. 2-3) (eq. 3-20) 

@ Earth angular frequency (Section 3.4); 
(eq. 3-19) 

Frequency of jth wave at time t = 0 (eq. 3-11) 

Coefficient for equilibrium wave spectrum 

calculation (eq. 3-20) 

Example Unit 

rad./sec. 

rad./sec., rad./hr. 

rad./sec. 

second ! 
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APPENDIX C 

MISCELLANEOUS TABLES AND PLATES 

LIST OF PLATES 

Illustration of various functions of d/L, 

Relationship Between Wave Period, Length and Depth. 

Relationship Between Wave Period, Length and Depth. 

Relationship Between Wave Period, Velocity and Depth. 

Relationship Between Wave Energy, Wave Length and 

Wave Height . 

Change in Wave Direction and Height Due to Refraction 
on Slopes with Straight, Parallel Depth Contours In- 
cluding Shoaling. Pacha featemreticsrsy) com 1s 

LIST OF TABLES 

Functions of d/L for even increments of d/Lo. 

Functions of d/L For Even Increments of d/L...... 

Deepwater Wave Length (Lo) and Velocity (Co) as a 

UMC TeMonn Tone {Wenyey Weralol Sh Sia 6 6 5 oo 6 6 

Valuess USedutorm Plotting (Onthogomalisiyy si.) e ime) ey fe) ben 1 

Conversion Factors-British to Metric Units of 

Measurement . 

Determination of Wind Speed by Sea Conditions ....... 

Conversion Chart for Phi Values to Diameters in 

METIS UW EESH ORIG, Guachic. ov oda ldeuc Bou rouect cece ides 

Values of Cot 6 and Slope Angle for Various Slopes. 
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GUIDE FOR USE OF TABLES C-1 AND C-2 

ratio of the depth of water at any specific location to the wave 
length in deep water. 

ratio of the depth of water at any specific location to the wave 
length at that same location. 

ratio of the wave height in shallow water to what its wave height 
would have been in deep water if unaffected by refraction. 

= Ea eee heh. K. (shoaling coefficient) 
iD) n Cle 2 

oO 

a pressure response factor used in connection with underwater 
pressure instruments, where 

Ho oP cosh [27d (1 oF “/4)| cosh ea (d+ 2), | 

et F Po cosh (274/, ) _ cosh (274), ) 

ok | x 

where P is the pressure fluctuation at a depth z measured 
negatively below stillwater, P, is the surface pressure fluctua- 
tion, d is the depth of water from stillwater level to the ocean 
bottom, L is the wavelength in any particular depth of water, 
and H is the corresponding variation of head at a depth z. The 
values of K_ shown in the tables are for the instrument placed on 
the bottom using the equation when z = - d. 

il 
K = — values tabulated in column 8 

cosh (274); ) 

the fraction of wave energy that travels forward with the wave 
form: i.e., with the wave velocity C rather than the group 
velocity Cc. 



Guide for Use of Tables C-1 and C-2 --. Continued ¢ 

n is also the ratio of group velocity Cg to wave velocity C. 

C 
G 

al = ratio of group velocity to deepwater wave velocity where 
oO 

C © G G c 2nd 
= Sx Son am (4) 
C, C C, IL 

M = an energy coefficient defined as 

1 

2 tanh? (2xd/, ) 



Table C—1. Functions of d/L for Even Increments of d/L,. (from 0.0001 to 1.000) 

d/l. 

0 
003990 
-0056),3 
006912 
-007982 

-008925 
.009778 
-01056 
01129 
01198 

-01263 
201325 
01384 
-01L40 
201495 

-015h8 
-01598 
01648 
201696 
201743 

-01788 
01832 
01876 
-01918 
-01959 

-02000 
-020L0 
-02079 
02117 
202155 

02192 
02228 
0226) 
02300 
-02335 

02369 
+02),03 
021,36 
0269 
02502 

20253h, 
202566 
-02597 
202628 
~02659 

02689 
02719 
0279 
02778 
-02807 

- 02836 
20286), 
02893 
202921 

-029h8 

-02976 
+03003 
+03030 
-03057 
-03083 

21 d/L 

0 
-02507 
-035L6 
04343 
-05015 

- 05608 
-061L) 
-06637 
-07096 
207527 

207935 
08323 
-08694, 
209050 
09393 

-09723 
- 100); 
21035 
21066 
21095 

1123 
01151 
1178 
21205 
21231 

21257 
1282 
+1306 
+1330 
1354 

1377 
1400 
123 
olb5 
1467 

1488 
21510 
21531 
21551 
21572 

1592 
1612 
21632 
21651 
1671 

-1690 
1708 
1727 
2175 
21764 

1782 
-1800 
-1818 
1835 
21852 

-1870 
-1887 
190 
1921 
1937 

* 

TANH 
2m d/L 
te) 
02506 
0354 
-04,3L0 
-05011 

~05602 
206136 
06627 
-0708) 
207513 

207918 
08304, 
08672 
209026 
209365 

09693 
-1001 
+1032 
+1062 
-1091 

1119 
o11L6 
1173 
01199 
21225 

1250 
21275 
21299 
01323 
13L6 

1369 

SINH 
271 d/L 
(0) 
02507 
-035L7 
O43 
~05018 

05611 
06148 
0662 
.07102 
07534 

207943 
08333 
208705 
209063 
+0907 

209739 
- 1006 
-1037 
- 1068 

©1097 

21125 
2115) 
-1181 
-1208 
123k 

.1260 
21285 
21310 
1334 
1358 

21382 
1405 
1427 
1bh9 
o1h72 

149k 
21515 
+1537 
-1558 
1579 

1599 
-1619 
+1639 
-1659 
1678 

1698 
21717 
+1736 
0175L 
1773 

1791 
.1809 
1827 
~18L5 
1863 

+1880 
-1898 
21915 
+1932 
1949 

COSH 
271 d/L 
1 
1.0003 
1.0006 
1.0009 
1.0013 

1.0016 

H/H 

oc 

4.67 
3.757 
3.395 
3.160 

2.989 
2.856 
2.7h9 
2.659 
2.582 

2.515 
2.456 
2.40 
2.357 
2.31h 

2.275 
2.239 
2.205 
2.174 
2.145 

2.119 
2.094 
2.070 
2.047 
2.025 

2.005 
1.986 
1.967 
1.950 
1.933 

1.917 
1.902 
1.887 
1.873 
1.860 

1.847 
1.834 
1.822 
1.810 
1.799 

1.788 
1.777 
1.767 
1.756 
1.746 

1.737 
1.727 
1.718 
1.709 
1.701 

1.692 
1.684, 
1.676 
1.669 
1.662 

1.65) 
1.647 
1.640 
1.633 
1.626 

C='5 

K utr d/L 

) 
-05014 
207091 
208686 

SINH 
ld/L 

0 
-05016 
-07097 
-08697 
-1005 

1124 
+1232 
1331 
142), 
1511 

159k 
1672 
178 
1820 
+1890 

21957 
.2022 
+2086 
22147 

1.006 .9990 
1.008 .9988 
1.009 .9985 
1 ©9983 
1.011 .9981 

1.013 .9979 
1.014 .9977 
1.015 .9975 
1.016 .9973 
1.018 .9971 

1.019 .9969 
1.020 .9967 
1.022 .9965 
1.023 .9962 
1.024 .9960 

1.025 .9958 
1.027 .9956 
1.028 .995 
1.029 .9952 
1.031 .9950 

1.032 .99L8 
1.033 .9946 
1.034 .99LL 
1,036 .99h2 
1.037 .9939 

1.038 .9937 
1.0L0 .9935 
1.041 .9933 
1.042 .9931 
1.043 .9929 

1.0h5 .9927 
1.046 .9925 
1.047 .9923 
1.09 .9921 
1,050 .9919 

1.051 .9917 
1.052 .9915 
1.05L .9912 
1.055 .9910 
1.056 .9908 

1.058 .9906 
1.059 .990h 
1.060 .9902 
1.062 .9900 
1.063 .9898 

1,06, .9896 
1.066 .989L 
1.067 .9892 
1.068 .9889 
1.069 .9887 

1.071 .9885 
1.072 .9883 
1.073 .9881 
1.075 .9879 
1.076 .9877 

Co/C, 

) 
02506 
03543 
+ 01,336 
05007 

-05596 
06128 
-06617 
07072 
07499 

07902 
-08285 
-08651 
09001 
09338 

09663 
09977 
1028 
1058 
-1087 

lll 
1141 
1161 
1193 
21219 

21243 
1268 
21292 
01315 
1338 

1360 
01382 
1404 
o1h25 
o1UL6 

166 
1,87 
+1507 
+1527 
+1546 

1565 
+158), 
-1602 
1621 
-16L0 

+1658 
1676 
1693 
1711 
1728 

2176 
1762 
01779 
01795 
+1811 

21827 
218L3 
21859 
187k 
1890 

M 

525 
493 
463 
4,38 
his 

394 
376 
359 
343 
329 

316 
30h, 
292 
282 
272 

263 
255 
2h7 
2h0 
233 

226 
220 
21h 
208 
203 

198 
193 
189 
184 
180 

176 
172 
169 
165 
162 

159 
156 
153 
150 
17 

1L5 
12 
140 
137 
135 

#Also: bs/ag, C/Coy L/Lo 



Table C—1 — Continued 

3 d/L 27 d/L TANH SINH COSH H/H! OK hard/L SINH COSH n Gusc M 
2rd/L 27d/L 27d/L e krda/L k@a/L Goo 

006000 .03110 61954 = 61929 «1967 1.0192 1,629 +9812 .3908 008 1.077 .9875 .1905 133 
2006100 03136 «1970 1945 = 61983 1.0195 4 6)), 69809 39KL =. HOLL 1.079 .9873 .1920 130 
006200 03162 .1987 1961 .2000 1.0198 3 657 +9806 .3973 4079 1.080 .9871 1935 108 
2006300 .03188 42003 + .1976 §=.2016 «1.0201 3.69, 9803 4006 =.W11h «= «1.081 9869 41950 ©9126 
2006400 03213 «201961992 «2033. 21.0205 4 og 609799 «2038 = eB «= 1083 .9867 11965 1}, 

2006500 03238 9.2035 620079209) 1.0208 4 gq 29796 ~.4070 = o183. «1.084 69865 41980 123 
006600 .0326h = «20512022 42065-10211 41683 29793 -L10L =-4217,S «1.085 9863 4199, 121 
2006700 03289» 2066 620370 62081. 1.021h 41578 9469790 «24133 0251 2S: 1.087 49860 2009-119 
2006800 = .03313. 2082) 42052. «62097 «1.0217 3 672 «69787 «4416 «= «4285S «1.088 29858 .2023 117 
006900 03338 9= 62097: «2067S «2113 1.022 3567 978 ~L195 = 64319 «1.089 +9856 2037 116 

2007000 =.03362, 2113 42082) 2128 «= 11,0224 91,561 9781 W225 24352 1.091 .985h .2051 11h 
2007100 .03387. «421289 62096) 21h 4=— 1.0227 1.556 29778 «=b256 ©=— «386 «10092 «49852 62065 = 12 
2007200 = 03412 «=o 213 «2122 2S 2160 0S 1.0232 «16551 .977h «286 =. 9 1.093 .9850 .2079 i111 
2007300 .03435 .2158 .2125 42175. 1.0234 1.546 9771 316 .lu52 1.095 .9848 .2093 109 
2007400 .03459 .2173 22139 .2190 1.0237 1.52 .9768 4346 .LL8h 1.096 .9846 .2106 108 

°007500 =.03482 22188 98.2154 =. 2205. 1.02K0 91.536 9765 4376 = L517 1.097 .9844 .2120 106 
007600 .03506 2203-2168) .2221 1.0244 11531 9762 406 = 6LSL_ = 1.099 .98K2 2134 105 
2007700 .03529 .2218 3=.2182 0S 62236 3S 1.02h7 )3= 1.526 «229759 «oS «= B26 1.100 =~.98K0 39.217 +104 
2007800 §=.03552. 2232) 2196) 2251 1.0250 1,521 29756 .h6L 4614 1.101 .9838 .2160 102 
2007900 6035/6 = e227 = 2209 2265) 1.0253 1,517 69753 b93 =X ~Ss«14103 9836 §=2173~S 101 

2008000 03598 =. 2261-~S 2223'S «22800-0257 12512 9750 .W522 44678 «= 1.10 9834 .2186 100 
2008100 03621 «2275S 2237S 2295 «1.0260 1.508 .97h7 24551 4709 1.105 .9832 .2199 98.6 
2008200 .0364i 22290 22250 .2310 1.0263 1-503 .97bh 24579 .47hL LETO7) (69830) ~2ela eo ies 
2008300 .03666 .230h .2264  .232h 1.0266 1.499 .97h1 607 44772 1.108 .9827 .2225 96.3 
-008400 .03689 .2318 .2277 2338 1.0270 1-495 .9737 .4636 803 1.109 .9825 .2237 95.2 

2008500 .03711 «= .2332.)S 02290) o2353 1.0273 16491 «2.973 «2664 2S BBL «= 122 «9823-2250 9h 
.008600 .03733 2346 .2303 .2367 1.0276 1-487 .9731 .h691 14865 1.112 .9821 .2262 93.0 
2008700 .03755 .2360 «62317 =o 2382 436 1.0280 «1-82 «2.9728 «=2h719 =~ 6 4896 Ys113) 29819 22750) OED 
,008800 03777 9.23730 o2330 0S 2396 01.0283 1.478 =.9725 wL7h7 §«=6 927 = 1115 «981722287 0 909 
2008900 .03799 .2387 .2343 2410 1.0286 1.74 .9722 .4774 1957 1.16 .9815 .2300 89.9 

2009000 .03821 2401 .2356 .2h24h 1.0290 1.471 .9718 4801 .988 1.118 .9813 .2312 88.9 
009100 603842 21h =. 2368 «=o 2438 = 1..0293 1.67 29715 W828 45018 = 1.119.961. =.232h «= 88.0 
2009200 0386) .2428 .2381 .2452 1.0296 1.463 9712 .4855 .50L9 1.120 .9809 .2336 87.1 
.009300 .03885 .2hi .2394 2465 1.0299 1.459 9709 .4882 .5079 1.122 .9807 .2348 86.1 
2009400 03906 92455 = e207 )3= 279160303 1,56 -9706 909 .5109 1.123 .9805 .2360 85.2 

2009500 03928 )3= 2468S 2429 =. 2493S: 160306 9891.52 29703 936 86. 5138 1.12, .9803 .2371 8h.3 
2009600 03949 «=.2h82 = 2322S 2507 =: 1.0309 1..4)8 9700 .4962 .5168 1.126 .9801 .2383 83.5 
.009700 .03970 .2h9h .2hk3 2520 1.0313 1.445 9697 4988 .5198 1.127 .9799 .2394 82.7 
2009800 .03990 42507 = o2h56 =o 253 = 160316 912 «6969K =2501h «=. 5227 420 16128 «9.9797 «=.2h06~S 81.8 
-009900 .O0401l = .2520 .2h68 2547 9=1.0319 1.438 29691 5040 25257 «891.130 9794 2417 81.0 

201000 04032 .2533 2480 .2560 1.0322 1435 .9688 .5066 .5286 1.131 .9792 2429 80.2 
201100 ©=-«« 04233. Ss «w 2660 =o 2598 )~=— 2691 1.0356 961.203.9656 «65319 «= o557h «= 1S «= 69772 «0253902 73-1 
eC1200 «= Ou)26-—“«w27BL Sw 2722S 2817S 1.0389 0: 16375 9.9625 «25562 = 65853 12159 «6975. «264306701 
201300 04612 .2898 .2820 .2938 1.0423 1.350 .959, .5795 .6125 1.173 .9731 2743 62.1 
201,00 eOW791 =.3010)—S 6292 39 3056 )0S 2.0456 «= .2327 06 956 ~=.6020) = 46391 1.187 .9710 .2838 57.8 

201500 204964 63119 23022 43170 1.0490 1.307 .9533 .6238  .6651 1.201 .9690 .2928 54.0 
-01600 005132063225. «3117S 3282 391.052) §=91.288 29502 6450 .6906 1.215 9670 .301) 50.8 
201700 205296 §= 3328 —S «3209S 0 3389S 1.0559 1.271 +2971 +=266655 Ss w 7158 1.230 .9649 .3096 h7.9 
-01800 205455 =o 3428 = 3298 )=— 395 = 160593 1.255 GUC =.6856 =. 7405 1.2uh 29629 .3176 845.3 
201900 605612. 963525. 03386 =. 3599. 1.0628 9=1.240 29409 +7051 ..7650 1.259 .9609 .3253 3.0 

202000 205763 «03621 )= 3470S 3702 »3=—s: 1.0663 0S: 1.226 =~.9378 =.72h2 ~2=— jw. 789 1.274 .9588 .3327 41.0 
202100 059123714 = 3552 =o 3800)0= 1.0698 )9= 1.213 69348 «2.7429 = 68131 1.289 .9568 .3399 39.1 
.02200 206057 =.3806)~=— 6 3632)~S sw 3898 =: 1.0733. 1.201 ~.9317 ~.7612 ©8368 1.304 .9548 3468  37.h 
202300 206200 .3896 «=..3710-S «3995S: 1.0768 9=1.189 19287 ~.7791 «= 8608.-——s«21.319 =.9528 23535 = 35.9 
-02)00 206340 3984  .3786 .4090 1.080, 1.178 .9256 .7967 .8837 1.335 .9508 .3600 34.4 

202500 206478 4070 .3860 .418h 1.08h0 1 
-02600 06613 64155 8=6. 3932 02S «W276 = 11.0876 «1 
.02700 006747 = 64239. «w002-—Ss«w 367 = 100912 98601150 6916 §=.8478 =. 9530 1.381 .9448 .3781 30.8 
.02800 206878 =.64322 Sg KO72 SWS 7 = -109K9 = 
-02900 207007 = «403 Siw 38 Sw SHG Ss 1.0985 



Table C—1 — Continued 

d/uy a/L 

207630 

07867 
0798), 
208100 
208215 

-08329 
208),),2 

20866), 
-0877h 

08883 
08991 
09098 
09205 
009311 

-09L16 
209520 
009623 
209726 
209829 

209930 
-1003 
21013 
21023 
21033 

01043 
21053 
21063 

21073 
21082 

21092 
21101 
ellll 
21120 
21130 

01139 
01149 
21158 

21168 
role; 

21186 

1195 
21205 
0121 
21223 

21232 
01241 
21251 
21259 
21268 

el277 
21286 
21295 
21304 
21313 

27 d/L TANH SINH COSH 
arnda/L 2mda/L 2m7d/L 

4483 4205 = .463h =—1..1021 
04562 =.4269 = ws 72S 11059 
24640 4333 4808 1.1096 
e717 © 395 89h = 1.133 
eh79h = 57 = «980-1171 

4868 .4517 .506h 1.1209 
4943 L577 =o SUL7 = 1.1247 
25017) ot635 5230): 1.1285 
25090 =oh691L Sw 5312s: 1.132 
25162) oK7K7 =o 539K «=: 121362 

25233 =o 802. «6575 91.1401 
2530, 4857 8.5556 = 1.140 
25374 «=o W911 Sw 5637 )=—:1.179 
Suu =o 964 = w5717)=S 121518 
2551365015. «65796 =: 1.1558 

25581 = 5066 2S 65876 = 1.1599 
25649 = 65116 = 65954 =: 161639 
05717 = «5166 = 66033.—Ss: 11.1679 
25784 = =.5215 = .6112~=Ss- 11.1720 
05850 96.5263 «66189: 1.1760 

25916 =65310 Ss «6267S 11.1802 
05981 =5357. 63 = 1.1843 
e60L6 8.5403 = .6422 Ss 1.188), 
e6111 = 59 = 66499: 1.1926 
6176 = 59k §=— «66575 = 1.1968 

26239 = 65538 = «66652. ss« 1.2011 
26303. 65582 = «66729: 11.2053 
26366 =. 5626 ~3S 66805 =: 1.2096 
206428 «5668 .6880 1.2138 
6491 .5711 6956 1.2181 

06553 e5153. oe 1033 1.2225 
26616 2579 7110 1.2270 
26678 = 5834 2S 7187 20122315 
06739 «=e 587h =o 71256 = 1.22355 
26799 = 5914 = 7335) 1202 

26860 86.5954 =o 711 = 1.27 
26920 .5993 7486 1.292 
26981 6031 .7561 1.2537 
27037 ~=6 6069S: «« 7633S 1.2580 
27099 66106 «=«7711_~—Ss 1.2628 

e7157 = 61h = 7783S 12672 
07219 = «66181 = 5 7863S: 1.2721 
of277)=—_ 6217) iw 7937) = 1 2787 
07336 4=©= 66252—Ss(«w BOL = 1 2813 
27395 6289 .8088 1.2861 

07453 2632 += 8162S: 1.2908 
wipll— 20359 6237 152956 
27569 = 66392. «68312: 1.300 
27625 = =.6427 = 8386S -s- 1.3051 
-7683 6460 .8462 1.3100 

e741 = 66493 = 68538 = 1. 39 
7799 = 66526 = 6861S 1.3198 
27854 46558 .8687 1.32h6 
27911 .6590 8762 «= 1.3295 
07967 «= 6622s «68837: 1.3345 

8026 .6655 .8915 1.3397 
8080 .6685 .8989 1.346 
08137. 66716 =. 9064, ~S 1.397 
8193 66747) «912 = 1 358 
-8250 .6778 .9218 1.3600 

Unk H/Hs 

1.125 9073 
1.118 .90k2 
1.111 9012 
1.10; 8982 
1.098 8952 

1.092 ~8921 
1.086 8891 
1.080 8861 
1.075 8831 
1.069 8801 

1.06, 8771 
1.059 -87L1 
1.055 8711 
1.050 8688 
1.046 +8652 

1.042 28621 
1.038 8592 
1.034 8562 
1.030 8532 
1.026 8503 

1.023 .8h73 
1.019 8444 
1.016 8415 
1.013 .8385 
1.010 .8356 

1.007 .8326 
1.004 .8297 
1,001 .8267 
09985 8239 
29958 8209 

9932 8180 
29907 +8150 
9883 «8121 
9860 +8093 
9837 «8063 

09815 8035 
29793 8005 
09772 01977 
29752 07948 
29732 01919 

9713-7890 
969 7861 

-9676 7833 
-9658 .780h 
29641 67775 

2962) 67747 
29607 7719 
29591 7690 
29576 7662 
29562 «763k 

29548 7605 
09534 6 7577 
09520 0759 
29506 «7522 
09493 e7h9h 

29481 .7h6h 
29469 »7h37 

4d/L SINH 
rd/L 

08966 1,022 
912k = 0b 
29280 1.067 
2943 ~=1.090 
9588 1.113 

09737 =1.135 
9886 §=1.158 
1.0033 1.180 
1.018 1.203 
1.032 1.226 

1.047 1.248 
1.061 1,271 
1.075 1.294 
1.089 1.317 
1.103 1.3h0 

1.116 1.363 
1.130 1.386 
1.143 1.409 
1.157 1.433 
1.170 1.456 

1.183 1.479 
1.196 1.503 
1.209 1.526 
1.222 1.550 
W235 0 ers 

1.248 1.598 
1.261 1,622 
1.273 1.616 
1.286 1.670 
1.298 1.695 

1.311 1.719 
1.3231 1.7hb 
1.336 1.770 
1.348 1.795 
1.360 1.819 

1.372 1.8h5 
1.384 1.870 
1.396 1.896 
1.408 1.921 
1.420 1.948 

1.432 1.97h 
1.4hbh 2.000 
1.455 2.026 
1.467 2.053 
1.479 2.080 

1.490 2.107 
1.502 2.135 
1.514 2.162 
1.525 2.189 
Ve53T) weeeli 

1.548 2.245 
1.560 2.27h 
1.571 2.303 
1.583 2.331 
1.59, 2.360 

1.605 2.389 
1.616 2.418 
1.628 2.48 
1.639 2.478 
1.650 2.508 

COSH 
LTa/L 

1.430 
1.446 
1.462 
1.479 
1.496 

1.513 
1.530 
1.547 

1.56) 
1.582 

1.600 
1.617 
1.636 
1.654 
1.672 

1.691 
1.709 
1.728 
1.77 
1.766 

1.786 
1.805 
1.825 
1.8h5 
1.865 

1.885 
1.906 
1.926 
1.947 
1.968 

1.989 
2.011 
2.033 

2.055 
2.076 

2.098 
2.121 
2.1bh 
2.166 
2.189 

2.213 
2.236 
2.260 
2628 
2.308 

2.332 
2.357 
2.382 
2.07 
20432 

2.458 
2.48 
2.511 
2.537 

22563 

2.590 
2.617 
2.644 
2.672 
2.700 



Table C—1 — Continued 

4/.., a/L 21 d/L 

8306 
8363 
84,20 
8474 
-8528 

8583 
8639 
869), 

TANH 
2rd/L 

-6808 
26838 
6868 
6897 
26925 

26953 
6982 
-7011 
27039 
7066 

27093 
«7120 
©7147 
7173 
27200 

27226 
©7252 
27277 
«7303 
21327 

©7352 
©7377 
°7402 
7426 
27450 

-Th7h 
«7497 
«7520 

SINH “ COSH 
2ma/L 2ra/t 

29295 1.3653 
29372 1.3706 
29450 1.3759 
29525. 1.3810 
9600 1.3862 

9677 =1.3917 
29755 1.3970 
-9832 1.4023 
©9908 1.4077 
29985 = 1.4131 

1.006 1.4187 
1.014 1.42h2 
1.022 1.297 
1.030 1.4354 
1.037 1.4410 

1.045 1.4465 
1.053 1.4523 
1.061 1.4580 
1.069 1.4638 
1.076 1.692 

1.085 1.4752 
1.093 1.4814 
1.101 1.4871 
1.109 1.4932 
1.117 1.4990 

1.125 1.5051 
1.133 1.5108 
LL esL7l 
1.149 1.5230 
1.157 1.5293 

1.165 1.5356 
1.174 1.5418 
1.182 1.5479 
1.190 1.556 
1.198 1.5605 

1.207 1.567 
1.215 1.573h 
1.223 1.5795 
1.231 1.5862 
1.2h0 1.5927 

1.248 1.5990 
1.257 1.6060 
1.265 1.612 
1.273 1.6191 
1.282 1.6260 

1.291 1.633 
1.300 1.6h0 
1.308 1.617 
1.317 1.65 
1.326 1.660 

1.334 1.667 
1.343 1.675 
1.352 1.681 
1.360 1.688 
1.369 1.696 

1.378 1.703 
1.388 1.710 
1.397 1.718 
1.405 1.725 
1.415 1.732 

LWd/L 

1.661 
1.672 
1.68), 
1.695 
1.706 

1.717 
1.728 
1.739 
1,750 
1.761 

1.772 
1.783 
1.793 
1.805 
1.615 

1.826 
1.837 
1.848 
1.858 
1.869 

1.880 
1.891 
1.902 
1.913 
1.923 

1.934 
1.9hb 
1.955 
1.966 
1.977 

1.987 
1.998 
2,008 

2.019 
2.030 

2.0h1 
2.051 
2.061 
2.072 
2.082 

2.093 
2.104 
2.114 
2.125 
Zeiss 

2.16 
2.156 
2.167 
2.177 
2.188 

2.198 
2.2209 
2,219 
2.230 
2.20 

2ee5l 
2.261 
2.272 
2.282 
2.293 

SINH 
ht d/ 

2.538 
2.568 
2.599 
2.630 
2.662 

2.693 
2.726 
2.757 
2.790 
2.822 

2.855 
2.888 
2.922 
2.956 
2.990 

3.02) 
3.059 
3.094 
3.128 
3.164 

3.201 
32237 
3.274 
3.312 
3-38 

3.385 
3.423 
3.462 
3.501 
3.50 

3.579 
3.620 
3.659 
3.699 
3.7h0 

3.782 
3.824 
3.865 

3.907 

32950 

3.992 
4.036 
4.080 
4.125 
4.169 

4.217 
4.262 
4.309 
4.355 
4.402 

4.450 
4.498 
4.56 
4.595 
4.6Lh 

4.695 
L.7h6 
4.798 
4.847 
4.901 

COSH 
kt d/L 

2.728 
2.756 
2.785 
2.814 
2.843 

2.873 
2.903 
2.933 
2.963 
2.99 

3.025 
3.057 
3.088 
3.121 
3.153 

3.185 
3.218 
3.251 
3.28) 
32319 

3.353 
3.388 
3.423 
3-459 
3.494 

3.530 
3.566 

3.603 
3.641 
3.678 

3.716 
3.755 
32793 
3.632 
3.871 

3.912 
3.952 
30992 
4.033 
4.074 

4.5 
4.158 
4.201 
4.245 
4.288 

4.33h 

4.378 
4.423 
L.468 
4.514 

4.561 
4.607 
4.654 
4.663 
4.751 

4.800 
4.850 
4.901 
4.951 
5.001 

n 



Table C—1 — Continued 

af, d/L 2m a/L 

1.152 
1.157 
1.162 
1.167 
1.173 

1.178 
1.183 
1.188 
1.19h 
1.199 

1.20) 
1.209 
1.215 
1.220 
1.225 

1.230 
1.235 
1.2h0 
1.2h6 
1.251 

1.257 
1.262 
1.267 
1.272 
1.277 

1.282 
1.288 
1.293 
1.298 
1.30 

1.309 
1.314 
1.320 
1.325 
1.330 

1.335 
1.341 
1.36 
1.351 
1.356 

1.362 
1.367 
1.372 
1.377 
1.383 

1.388 
1.393 
1.399 
1.404 
1.409 

1.41h 
1.420 
1.425 
1.430 
1.436 

1.4h1 
1.46 
1.451 
1.457 
1.462 

TANH 
am a/L 

8183 
8200 
8217 
8234 
.8250 

8267 

kt d/L 

2.303 
2.314 
2.324 
2.335 
2.345 

2.356 
2.366 
2.377 
2.387 
2.398 

2.408 
2.19 
2.429 
2.40 
2.450 

2.461 
2.471 
2.482 
2.4492 
2.503 

2.513 
2.523 
2.534 
2.5h4 
2.555 

2.565 
2.576 
2.586 
2.597 
2.607 

2.618 
2.629 
2.639 
2.650 
2.660 

2.671 
2.681 
2.692 

2.702 

2.712 

2.723 
2.734 
2.7hLh 
2.755 
2.765 

2.776 
2.787 
2.797 
2.808 
2.819 

2.829 
2.80 
2.850 
2.861 
2.872 

2.882 
2.893 
2.903 
2.91h 
2.925 

SINH 
4m a/L 

4.954 
5.007 
5.061 
5.115 
5.169 

5.225 
5.283 
5.339 
5.398 
554 

5.513 
5.571 
5.630 
5.690 
5.751 

5.813 
5.874 
5.938 
6.003 
6.066 

6.130 
6.197 
6.262 
6.329 
6.395 

6.465 
6.534 
6.603 
6.672 
6.7L4 

6.818 
6.890 
6.963 
7.038 
7.113 

72191 
7.267 
7.345 
7.421 
7.500 

7.581 
7.663 
7-76 
7.827 
7.911 

7-996 
8.083 
8,167 
8.256 
8.346 

8.436 
8.52h 
8.616 
8.708 
8.803 

8.897 
8.994 
9.090 
9.187 
9.288 

COSH 
ut d/L 

5.054 
5-106 
5.159 
5.212 
5.265 

5.320 
5.376 
5.4432 
5.490 
5.5uu 

5-603 
5.660 
5.718 
5.777 
5.837 

5.898 
5.959 
6.021 
6.085 
6.148 

6.212 
6.275 
6.3h2 
6.L07 
6.473 

6.5h1 
6.610 
6.679 
6.77 
6.818 

6.891 
6.963 
72035 
70109 
7.183 

7.260 
7.336 
7.412 

7-488 
72566 

7.647 
72728 
7.810 
7.891 
7.974 

8.059 
8.1L5 
8.228 
8.316 
8.406 

8.495 
8.583 
8.67 
8.766 

8.860 

8.953 
9.050 
9.1hh 
9.20 
9.3h2 

n 



Table C—1 — Continued 

d/L 277 da/L 

1.468 
1.473 
1.479 
1.48) 
1.489 

1.49) 
1.500 
1.506 
1.511 
1.516 

1.521 
1.526 
1.532 
1.537 
1.52 

1.58 
1.553 
1.559 
1.564 
1.569 

e515 
1.580 
1.585 
1.591 
1.596 

1.602 
1.607 
1.612 
1.618 
1.623 

1.629 
1.634 
1.640 
1.645 
1.650 

1.656 
1.661 
1.667 
1.672 
1.678 

1.683 
1.689 
1.694 
1.700 
1.705 

1.711 
1.716 
1.722 
1.727 
1.732 

1.738 
1.74 
1.7h9 
1.755 
1.760 

1.766 
1.771 
1.776 
1.762 
1.788 

TANH 
277 a/L 

-8991 
29001 
29011 
29021 
29031 

290K 
29051 
29061 

-9079 

9088 
9097 

SINH 
27 a/L 

2.055 
2.066 
2.079 
2.091 
2.103 

2.115 
2.128 
2.12 
2.154 
2.166 

2.178 
2.192 
2.20) 
2.218 
2.230 

2.2hh 
2.257 
2.271 
2.28) 
2.297 

2.311 
2.325 
2.338 
2.352 
2.366 

2.380 
2.393 
2.408 
2.422 
2.436 

2.450 
2.46h 
2.480 
2.494 
2.508 

2.523 
2.538 
2.553 
2.568 
2.583 

2.599 
2.614 
2.629 
2.645 
2.660 

2.676 
2.691 

2.707 
2.723 
2.739 

2.755 
2.772 
2.788 
2.804 
2.820 

2.837 
2.853 
2.870 
2.886 
2.90) 

COSH 
277 a/L 

2.285 
2.295 
2.307 
2.318 
2.329 

2.340 
2.351 
2.364 
2.375 
2.386 

2.397 
2.409 
2.421 
2.433 
2 bbb 

2.457 
2.469 
2.461 
2.493 
2.506 

2.518 
2.531 
2.53 
2.556 
2.569 

2.581 
2.59h 
2.607 
2.620 
2.634 

2.647 
2.660 
2.674 
2.687 
2.700 

2.1h 
2.728 
2.7h2 
2. 155 

2.770 

2.78) 
2.798 
2.813 
2.828 
2.82 

2.856 
2.871 
2.886 
2.901 
2.916 

2.931 
2.9h6 
2.962 
2.977 
2.992 

3.008 
3.023 
3.039 
3.055 
3.071 

.929 3760 
29298 = 3741 
-9301 3722 
2930) 3704 

-9307 3685 

.9310 .3666 

931i, 3648 



Table C—1 — Continued 

a/L 27 a/L TANH 
27 a/L 

9461 
9467 
9473 
9478 
98h, 

9490 
«9495 
9500 
©9505 
29511 

+9516 
9521 
9526 
29532 
9537 

9542 
9547 
29552 
9557 
9562 

©9567 
29572 
29577 
29581 
29585 

©9590 
29594 
09599 
9603 
9607 

29611 
29616 
9620 
29624, 
29629 

9633 

SINH 
27 4/L 

2.921 
2.938 
2.956 
2.973 
2.990 

3.008 
3.025 
3.043 
3.061 
3.079 

3.097 
3.115 
3.133 
3.152 
3.171 

3.190 
3.209 
3.228 
3.246 
3.26) 

3.28) 
3.303 
3.323 
3.3h3 
3.362 

3.382 
3.402 
3.422 
3-hy2 
3.462 

3.483 
3.503 
3.52 
3.55 
3-566 

3.587 
3.609 
3.630 
3.651 
3.673 

3.694, 
3.716 
3.738 
3.760 
3.782 

3.805 
3.828 
3.851 
3.873 
3.896 

3.919 
3.943 
3.966 
3.990 
4.014 

4.038 
4.061 
4.085 
4.110 
4.135 

COSH 
27da/L 

3.088 
3.10) 
3.120 
3.136 
3.153 

3.170 
3.186 
3.203 
3.220 
3.237 

3.254 
3.272 
3.289 
3.307 
3.325 

3.33 
3.361 
3.379 
3.396 
3.414 

3.433 
3.451 
3.471 
3.490 
3.508 

3.527 
3.546 
3.565 
3.585 
3.60) 

3.62) 
3.6143 
3.663 
3.683 
3.703 

3.72 
3.745 
3.765 
3.786 
3.806 

3.827 
3.848 
3.870 
3.891 
3.912 

3.934 
3.956 
3.978 
4.000 
4.022 

4.0hS 
4.068 
4.090 
held) 
4.136 

4.160 
4.183 
4.206 
4.230 
4.25 

C=) 

hira/L 

3.587 
3.598 
3.610 
3.620 
3.631 

3.642 
3.653 
3.664 
3.675 
3.686 

3.697 
3.709 
3.720 
3.731 
3.7h2 

3.754 
3.765 
3.776 
3.787 
3.798 

3.809 
3.821 
3.832 
3.843 
3.855 

3.866 
3.877 
3.888 
3.900 
3.911 

3.922 
3.933 
3.95 
3.956 
3.968 

3.919 
3.990 
4.002 
4.013 
4.024 

4.036 
4.047 
4.058 
4.070 
4.081 

4.093 
4.104 
4.116 
4.127 
4.139 

4.150 
4.161 
4.173 
4.185 
4.196 

4.208 
4.219 
4.231 
4.22 
4.25 

SINH 
k7a/L 

18.0) 
18.2 
18.446 
18.65 
18.86 

19.07 
19.28 
19.49 
19.71 
19.93 

20.16 
20.39 
20.62 
20.85 
21.09 

21.33 
21.57 
21.82 
22.05 
22.30 

22.5h 
22.81 
23.07 
23.33 
23.60 

23.86 
24.12 
24.40 
24.68 
24.96 

25.2h 
25.53 
25.82 
26.12 
26.42 

26.72 
27.02 
27.33 
27.65 
27.96 

28.28 
28.60 
28.93 
29.27 
29.60 

29.9) 
30.29 
30.64 
30.99 
31.35 

BL.71 
32.97 
32.U4 
32.83 
33.20 

33.60 
33.97 
34.37 
34.77 
35.18 
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a/L 
Oo 

a/L 2m d/L TANH 
2m a/L 

Pasi. Cres} 
2.138 .9726 
2.1uh 9729 
2.150 .9732 
2.156 =.9735 

2.161 .9738 
2.167 9741 
2.173 .97LL 
2.179 977 
2.185 9750 

2.190 .9753 
2.196 9756 
2.202 .9758 
2.208 .9761 
2.214 9764, 

2.220 .9767 
2.225 .9769 
25930) 92 
20237 3905 
2.2h3 9777 

2.249 .9780 
2.255 .9782 
2.260 .9785 
2.266 .9787 
2.272 9790 

2.278 9792 
2.28  .9795 
2.290 9797 
2.296 9799 
2.301 .9801 

2.307 980) 
2.313 9806 
2.319 .9808 
2.325 .9811 
2.331 ©. 9813 

2.337 — .9815 
2.342 9817 
2.348 .9819 
2.354 9821 
2.360 .9823 

2.366 9825 
2.372 9827 
2.378  .9830 
2.384 .9832 
2.390 983), 

2.396 9835 
2.402 .9837 
2.408 .9839 
2.413 9841 
2.419 9843 

2.425 9845 
2.431 9847 
2.437 9848 
2.443 9850 
2.409 9852 

2.455 ..985h 
2.461 .9855 
2.467 .9857 
2.473 =.9859 
2.479 9860 

COSH 
277 d/L 

4.277 

COSH 
kard/L 

n 



Table C—1 — Continued 

a/L 27 d/L 

2.485 
2.491 
2.h97 
2.503 
2.509 

2.515 
2.521 
2.527 
2.532 
2.538 

2.5hLh 
2.550 
2.556 
2.562 
2.568 

2.575 
2.581 
2.586 
2.592 
2.598 

2.60) 
2.610 
2.616 
2.623 
2.629 

2.635 
2.641 
2.647 
2.653 
2.659 

2.665 
2.671 
2.677 
2.683 
2.689 

2.695 
2.701 
2.707 
2.713 
2.719 

2.725 
2.731 
2.137 
2.743 
2.749 

2.755 
2.762 
2.768 
2.774 
2.780 

2.786 
2.792 
2.798 
2.80), 
2.810 

2.816 
2.822 
2.828 
2.83h 
2.80 

TANH 
277 a/L 

©9862 
-986), 
29865 
- 9867 
-9869 

+9870 
9872 
9873 
987 
9876 

©9877 
9879 
-9880 
- 9882 
9883 

©9885 
9886 
9887 
29889 
-9890 

9891 
9892 
989L, 
«9895 
9896 

-9898 
-9899 
29900 
29901 
29902 

990, 
©9905 
+9906 
+9907. 
9908 

29909 
29910 
29911 
29912 
293 

9914 
9915 
9916 
9917 
9918 

“9919 
29920 
09921 
«9922 
29923 

9924 
+9925 
9926 
9927 
+9928 

29929 
29930 
29930 
09931 
09932 

COSH 
477a/L 

71.98 
72.86 
73.72 
Th. 59 
75-49 

76.40 
17.32 
78.24 
79.19 

80.13. 

81.12 
82.08 
83.06 
84.07 
85.12 

86.14 
87.17 
88.20 
89,28 
90.39 

1b 
92.55 
93.67 
94.83 
95.96 

97.13 
98.30 
99.52 
100.7 
101.9 

103.1 
104.4 
105.7 
107.0 
108.3 

109.7 
110.9 
112.2 
113.6 
115.0 

116.4 
117.8 
119.3 
120.7 
122.2 

123.7 
125.2 
126.7 
128.3 
129.9 

131.4 
133.0 
134.7 
136.3 
137.9 

139.7 
141.4 
143.1 
14h.8 
1h6. 
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a/L a/L 27a/L TANH SINH  COSH H/H* K L1da/L SINH COSsH on C/c, M 
= 2mda/L 2wd/L 2 d/L L7a/L &7a/L 

«4500 453k = 2.847 = .9933 8.585 08.643 =. 9847 «=o 157 5.693 148. = 148.4 «5192 5157 
24510 4540 «=. 2853S s—s«w’d993, «= 8638 = 8.695 69848 =: 1150 5.705 «150. 150.2 .5190 .5156 
24520 550 = 2859S «9935 8.693 8.750) =. 9849S e113 «65.717 «=9152.1 8=—152.1 25186 .515y 
4530 4560 2.865 .9935 8.747 8.80h .9851 1136 5.730 15h.0 154.0 .5186 .5152 
«4540 4569 «= 2.872 = «w 9936) 8797 39 885K 2S 9852 «ie 129-572 = 155. 155.9 .5184 .5151 

5 
5 
5 
5 
4 

2550 = .4579 2.877 .9937 8.853 8.910 .9853 1122 5.754 157.7 157.7 5182 .5150 h.998 
-4560 4589 2.883 .9938 8.910 8.965 9855 1115 5.766 159.7 159.7 .5181 .5148 
-4570 ~=.4599 2.890 .9938 8.965 9.021 29857 1109 5.779 161.7 161.7 .5179 .51h6 
-4580 4608 2.896 .9939 9.016 9.072 .9858 .1102 5.791 163.6 163.6 .5177 .51h5 
24590 =» 4618 2.902 .9910 9.074 9.129 9859 .1095 5.803 165.6 165.6 .5175 .Sihh 

4 -4600 4628 2.908 .9941 9-132 9.186 .9860 .1089 5.815 167.7 167.7 .5173 .51h3 
4610 4637'S 2.91 =. 99K = 90183) 92238 =. 9862 = 1083-54827 = 169.7 =: 169.7 25172 514d = 4.99 
+4620 67 ©=2920 9942 9.229296 =. 9863S 1076 «5.80 =62171.8 =171.8 +.52170 5140 4.993 
-4630 4657 «= 2.926) 993 9230L 9092354 = 5986, «= 1069 «5.852 173.9 +=—:173.9 5168 .5139 4.992 
4640 =.4666 = 2932). 99LK = 90353) 9K06 = 598650 1063 -5.86L «=82176.0 176.0 .5167 .5138 991 

«4650 «4676 2.938 .99Lh 923 9.466 .9867 1056 5.876 178.2 178.2 .5165 .5136 4.991 
4660 4686 = 2 94S 995 ©=—9K72 49525. 9868 = 1050 5.868 = 180.4 180.4 .5163 .5135 h.990 
«4670 4695 2.951 .9946 9.533 92585 .9869 1043 5.900 1862.6 162.6 .5162 .513 4.989 
~4680 4705 2.957 .99h6 9.586 9.638 .9671 .1037 5.912 184.8 164.8 .5160 .5132 h.989 
.4690 =.4.715 2.963 .9947 9.647 9.699 .9872 .1031 5.925 167.2 187.2 .5158 .5131 4.988 

-4700 4725 2.969 .9947 9.709 9.760 .9873 .1025 5.937 189.5 169.5 .5157 .5129 4.988 
e720 4735 2.975 .9948 9.770 9.821 .9874 .1018 5.949 191.8 191.6 .5155 .5128 h.987 
-4720 © =.W7b4 = 2.981 )~=So99K9 =: 9826-92877 3S 9875-1012 5.962 0194-2 = «GK? =5154 65127 4.986 
-4730 =.4754 = 2.987 =o 9949 = 9888 = 9.938 = 69876-61006 -5.97h 4196.5 196.5 .5152 .5126 986 
eh740 =. 4764 2.993 .9950 9.951 10.00 .9877 .1000 5.986 199.0 199.0 .5150 .5125 h.985 

-4750°— 477 2.999 9951 10.01 10.07 .9878 .09942 5.999 201.4 201-4 .51K9 .512h 4.984 
4760 .4783 3.005 .9951 10.07 10.12 .9880 .09882 6.011 203.9 203.9 .5147 .5122 4.98h 
-4770 ~»=-«h793 Ss 30012-9952. 10.13 10.18 + 9881 .09820 6.023 206.5 206.5 .5146 .5121 4.983 
-4780 .4803 3.018 .9952 10.20 10.25 .9882 .09759 6.036 209.0 209.0 .5lbh .5120 4.983 
-4790 =. 4813 3.02,  .9953 10.26 10.31 .9883 .09698 6.0h8 211.7 211.7 .5143 .5119 4.982 

-4800 .4822 3.030 .9953 10.32 10.37 .9885 .09641 6.060 214.2 21.2 .5142 1.5117 4.982 
.4810 4832 3.036 9954 10.39 10.43 .9886 -.09583 6.072 216.8 216.8 .5140 .5116 4.981 
~4820 = W842 3.042 =o 9955 10.45 «10.50 = .9887_~— 09523 6.085 9219.5 9 219.5 .5139 + .5115 4.980 
-4830 .4852 3.049 9955 10.52 10.57 .9888 09464 6.097 222.2 222.2 .5137 .511h h.980 
4840 4862 3.055 .9956 10.59 10.63 .9889 .09405 6.109 225.0 225.0 .5136 .5113 h.979 

+4850 .W871 3.061 .9956 10.65 10.69 9890 .09352 6.121 228.3 228.3 .5134 .5112 4.979 
-4860 4881 3.067 .9957 10.71 10.76 9891 .09294 6.134 230.6 230.6 .5133 .5111 4.978 
4870 .4891 3.073 .9957 10.78 10.83 ~9892 09236 6.146 233.5 233-5 .5132 .5110 h.978 
-4880 4901 3.079 .9958 10.85 10.90 .9893 .09178 6.159 236.) 236.4 .5130 .5109 4.977 
4890 = =.4911 3.086 .9958 10.92 10.96 .9895 .09121 6.171 239.6 239.6 5129 .5107 h.977 

-4900 -4920. 3.092 .9959 10.99 11.03 = 9896 »=—- 0906 6.183 242.3 = 223-5128 «5106-976 
+4910 «4930 3.098) 69959) 12.05 11.09.9897 209010 6.195 25.2 = 245.2 «5126 65105 4.976 
4920 ©.494K0. 93210 = 699600 11.12 «11.16 3=_. 9898.~=S «508956 6.208 8248.3 = 28.3 5125 «510 + 4.975 
.4930 44950 341200 «9960 «s-11.19 11.24 =. 9899 ~=—-«- 08901 6.220 251.3 = 251.3 512 =.5103 4.975 
-49hO 4960-34117 .996L 10.26 = 12.31.9899 0 08BU5 6.232 254.5 = 25K.5 5122 5102 h.97h 

-4950 969 3,122 ©.9961 911.32) «11.37 = 69900: 08793 6.2h5 9257.6 257.6 .5121 .5101 h.97h 
4960 .4979 3.128 .9962 13.40 11.4h 9901 08741 6.257 260.8 260.8 .5120 .5100 h.973 
-4970 = 4989-3135. 09962 0-12.47 -11.51 = 9902» -08691 6.269 26.0 = 26460-5119 .5099 4.973 
-4980 = 64999 3.1K) 09963) 011.54 912.59 =~ 9903-08637 6.282 267.3 267.3 .5118 .5098 h-972 
4990 =.5009 «3.17 = 09963) 12.62 9=11.65 = 990, +0858 6.294 270.6 270.6 .5116 .5097 h.972 

-5000 .5018 3.153 .9964 12.68 11.72 9905 .08530 6.306 274.0 27.0 .5115 .5096 4.971 
-5010 .5028 3.159 9964 11.75 11.80 .9906 .08L477 6.319 277.5 277-5 .511h =.5095 4.971 
25020 =. 5038 3.166 .996h 11.83 11.87 .9907 .0842h 6.331 280.8 280.8 .5113 .509h h.971 
25030 =. 5048 3.172 .9965 11.91 11.95 .9908 .08371 6.343 26h.3 284.3 5112 .5093 h.970 
-5040 .5058 3.178 .9965 11.98 12.02 .9909 .08320 6.356 287.9 287.9 .5110 .5092 h.970 

+5050 5067 3.18, .9966 12.05 12.09 .9909 .08270 6.368 291.) 291.4 .5109 .5092 h.969 
-5060 .5077 3.190 .9966 12.12 12.16 9910 .08220 6.380 295.0 295.0 .5108 .5091 h.969 
-5070 .5087 3.196 .9967 12.20 12.24 9911 .08169 6.393 298.7 298.7 .5107 .5090 1.968 
-5080 .5097 3.203 .9967 12.28 12.32 .9912 .08119 6.405 302.4 302.4 .5106 .5089 h.968 
25090 5107 3.209 .9968 12.35 12.39 -9913 08068 6.417 306.2 306.2 .5105 .5088 bh 

C-14 



® Table C—1 — Continued 

a/L 2m d/L 

3.215 
3.221 
3.227 
3.233 
3.2h0 

3.26 
3.252 
3.258 
3.264 
3.270 

3.277 
3.283 
3.289 
3.295 
3.301 

3.308 
3.314 
3.320 
3.326 
3.333 

3.339 
3.345 
3.351 
3.357 
3.363 

3.370 
3.376 
3.382 
3.388 
3-39 

3.401 
3.07 

3.413 
3.119 
3.426 

32432 
3.4438 

hhh 
450 
56 4 

463 
69 
475 
481 
488 

hoh 
500 
506 
512 

2519 

2525 
3.531 
3.537 
3.53 
3.550 

3.556 
3.562 
3.568 
3.575 
3.581 

3. 
3. 
3. 

3. 
3. 
3. 
3. 
3. 

3. 
3. 
3. 
30 
3 

3 

TANH 
277 d/L 

©9968 
9968 
9969 
-9969 
©9970 

©9970 
29970 
29971 
29971 
29971 

29972 
29972 
29972 
-9973 
29973 

9973 
997k 
9974 
-99Th 
©9975 

29975 
©9975 
29976 
+9976 
29976 

9976 
09977 
09977 
09977 
09977 

9978 
9978 
09978 
09979 
29979 

09979 
©9979 
29980 
29980 
29980 

-9980 
9981 
9981 

SINH 
2ra/L 

12.43 
12.50 
12.58 
12.66 
12.7h 

12.82 
12.90 
12.98 
13.06 
13.14 

13.22 
13.31 
13.39 
13.47 
13.55 

13.6) 
13.73 
13.81 
13.90 
13.99 

14.07 
1.16 
14.25 
14.34 
14.43 

14.52 
14.61 
14.70 
14.79 
14.88 

14.97 
15.07 
15. 16 

15.25 
15.35 

15.45 
15.5) 
15.64 
15.7h 
15.8) 

15.9h 
16.0h 
16.1b 
16.2) 
16.34 

16.44 
16.54 
16.65 
16.75 
16.85 

16.96 
17.06 
17.17 
17.28 
17.38 

17.49 
17.60 
17.71 
17.82 
17.9 

COSH 
277 d/L 

12.47 
12.54 
12.62 
12.70 
12.78 

12.86 
12.94 
13.02 
13.10 
13.18 

13.26 
13.35 
13.43 
13.51 
13.59 

13.68 
13.76 
13.85 
13.94 
14.02 

1.10 
14.19 
14.28 
14.37 
14.46 

14.55 
14.64 
14.73 
14.82 
14.91 

15.01 
15.10 
15.19 
15.29 
15.38 

15.48 
15.58 
15.67. 
15.77 
15.87 

15.97 
16.07 
16.17 
16.27 
16.37 

16.447 
16.57 
16.68 
16.78 
16.88 

16.99 
17.09 
17.20 
17.31 
17.41 

17.52 
17.63 
17.7h 
17.85 
17.97 

H/H! 

9914 
9915 
“9915 
9916 
29917 

9918 
29919 
29919 
+9920 
9921 

29922 
9923 
992k, 
992k, 
9925 

+9926 
©9927 
29927 
9928 
09929 

29930 
29931 
29931 
©9932 
©9933 

29933 
993h 
9935 
+9935 
9936 

©9936 
©9937 
9938 
9938 
©9939 

-99h0 
9941 
©9941 
9942 
992 

992 
-99K2 
993 
99h 
99h 

©9945 
9945 
9946 
29947 
9947 

997 
9948 
299L9 
9949 
©9950 

©9950 

09951 
29952 
©9952 

K 47 da/L 

-08022 6.430 
207972 6.442 
207922 6.45), 
-07873 6.167 
-0782h 6.479 

-07776 6.491 
07729 6.50) 
-07682 6.516 
07634 6.529 
207587 6.5h1 

207540 6.553 
-O7L9 6.566 
-O7LL9 6.578 
-0740L 6.590 
07358 6.603 

-07312 6.615 
207266 6.628 
.07221 6.640 
207177 6.652 
207134 6.665 

207091 6.677 
-070)7 6.690 
-07003 6.702 
-06959 6.714 
206915 6.727 

206872 6.739 
-06829 6.7§2 
-06787 6.76 
-067L6 6.776 
-06705 6.789 

20666, 6.801 
206623 6.81) 
206582 6.826 
206542 6.838 
206501 6.851 

206461 6.863 
206420 6.876 
206380 6.888 
-063L1 6.901 
06302 6.913 

-06263 6.925 
-0622h, 6.937 
206186 6.950 
206148 6.962 
206110 6.975 

206073 6.987 
-06035 7.000 
205997 7.012 
205960 7.025 
205923 7.037 

-05887 7.050 
205850 7.062 
-0581 7.074 
205778 7.087 
205743 7.099 

205707 7.112 
205672 7.12 
-05637 7.136 
-05602 7.149 
-05567 7.161 

C=15 



Table C—1 — Continued 

a/L, a/L 27 a/L 

3.587 
3.593 
3.600 
3.606 
3.612 

3.618 
3.62), 
3.630 
3.637 
3.6443 

3.649 
3.656 
3.662 
3.668 
3.674 

3.680 
3.686 
3.693 
3.699 
3.705 

3.712 
3.718 
3.724 
3.730 
3737 

3.743 
3.7h9 
3.755 
3.761 
3.767 

3-77 
3.836 
3.899 
3.961 
4.02 

4.086 
4.1h9 
4.212 
4.27 
4.337 

4.400 
4.462 
he 525 

4.588 
4.650 

4.713 
4.776 
4.839 
4.902 
4.964 

5.027 
5.090 
5.153 
52215 
5.278 

TANH 
27 d/L 

9985 
-9985 
9985 
-9985 
$985 

~9986 
9986 
+9986 
9986 
9986 

©9987 

SINH 
271 d/L 

18.05 
18.16 
18.28 
18.39 
18.50 

18.62 
18.73 
18.85 
18.97 
19.09 

19.21 
19.33 
19.45 
19.58 
19.70 

19.81 
19.94 
20.06 
20.19 
20.32 

20.45 
20.57 
20.70 
20.83 
20.97 

21.10 
21.23 
21.35 
21.49 
21.62 

21.76 
23.17 
24.66 
26.25 
27.95 

29.75 
31.68 
33.73 
35.90 
38.23 

0.71 
43.3h 
46.14 
49.13 
52.31 

55.70 
59.31 
63.15 
67.24 
71.60 

76.24 
81.18 
86.4) 
92.04 
98.00 

10b.4 
111.1 
118.3 
126.0 
134.2 

COSH 
277 a/L 

18.08 
18.19 
18.31 
18.142 
18,53 

18.64 
18.76 
18.88 
19.00 
19.12 

19.2) 
19.36 
19.48 
19.60 
19.73 

19.8) 
19.96 
20.09 
20.21 
20.34 

20.47 
20.60 
20.73 
20.86 
20.99 

21.12 
21.25 
21.37 
21.51 
21.64 

21.78 
23.19 
24.68 
26.27 
27.97 

29.77 
31.69 
33.74 
35.92 
38.24 

40.72 
43.35 
46.15 
49.14 
52.32 

55.71 
59.31 
63.16 
67.25 
71.60 

76.24 
81.19 
86.44 
92.05 
98.01 

104.4 
ane 
118.3 
126.0 
134.2 

K hia/L 

-05532 7.17h 
-05497 7.186 
205463 7.199 
205430 7.211 
-05396 7.22) 

-05363 7.236 
-05330 7.29 
-05297 7.261 
205264 7.27) 
-05231 7.286 

-05198 7.298 
205166 7.311 
20513 7.323 
205102 7.336 
-05070 7.38 

«0500 7.361 
-05009 7.373 
204978 7.386 
204947 7.398 
204916 7.411 

0479 7.460 
-0476h 7.473 

-04735 7.485 
04706 7.498 
04677 7.510 
04648 7.523 
04619 7.535 

-O4591 7.548 
204313 7.673 
©0052 7.798 
-03806 7.923 
-03576 8.048 

03359 8.173 
03155 8.298 
0296 8.423 
0278) 8.548 
202615 8.67) 

202456 8.799 
-02307 8.925 
-02167 9.050 
202035 9.175 
-01911 9.301 

201795 9.426 
-01686 9.552 
-01583 9.677 
-01487 9.803 
-01397 9.929 

-01312 10.05 
.01232 10.18 
-01157 10.31 
01086 10.43 
-01020 10.56 

-009582 10.68 
-009000 10.81 
-008451 10.93 
-00793h 11.06 
-007454 11.18 



Table C—1 — Continued 

a/L, a/L 

-9000 9000 
9100 .9100 
9200 .9200 

«9300 = «9300 
«9400  .9400 

-9500 9500 
-9600 .9600 

+9700 «9700 
-9800 .9800 
. 9900 e 9900 

1.000 1.000 

271 d/L 

5.658 
5.718 
5.781 
5.8hh 
5.906 

5.969 
6.932 
6.095 
6.158 
6.220 

6.283 8 88883 83888 PPP Pee 

SINH 
at a/L 

142.9 
152.1 
162.0 
172.5 
183.7 

195.6 
208.2 
221.7 
236.1 
251.4 

267.7 

COSH 
ot d/L 

142.9 
152.1 
162.0 
172.5 
183.7 

195.6 
208.2 
221.7 
236.1 
251.4 

267.7 

' H/ Ht 

©9999 
©9999 
+9999 
9999 
29999 

©9999 
29999 
29999 
29999 
1.000 

1.000 

K \d/L 

-007000 11.31 
200657) 11.L4 
-006173 11.56 
-005797 11.69 
-005445 11.61 

-005114 11.9) 
-00h802 12.06 
-OO4510 12.19 
-00235 12.32 
-003977 12.hh 

-003735 12.57 

SINH 
a/b 

Lo, 810 
46,280 
52,470 
59,500 
67,470 

76,490 
86,740 
98, 340 
111,500 
126,500 

143, L00 

COSH 
WT a/L 

40,810 
46,280 
52,470 
59,500 
67,470 

76,490 
86,740 
98 , 340 
111,500 
126,500 

143,400 

n 

5001 
-5001 
5001 
+5001 
+5001 

-5001 
5001 
-5001 
-5001 
-5000 

-5000 

after Wiegel, R.L., “Oscillatory Waves,” U.S. Army, Beach Erosion Board, 

Bulletin, Special Issue No. 1, July 1948. 

Table C—2. Functions of d/L for Even Increments of d/L. (from 0.0001 

d/Lo eTd/L 

) 

0006283 

001257 

2001885 

002513 

003142 

-003770 

-00),398 

005027 

2005655 

006283 

006912 

2007540 
008168 
2008796 

2009425 
-01005 
201068 
201231 
201194 

TANH 
2m d/L 

) 

20006283 

001257 

001885 

002513 

003142 

003770 

001,398 

005027 

005655 

2006283 

SINH 
2m a/L 

(0) 

-0006283 

001257 

001885 

002513 

-003142 

-003770 

-00),398 

-005027 

005655 

006283 

-006912 

00750 
-008168 
008797 

2009425 
01005 
01068 
01131 
01194 

COSH 
277 a/L 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1,0000 
1.0000 
1.0000 

1.0000 
1.0001 
1,0001 
1.0001 
1.0001 

H/H i 

[e) 

28.21 

19.95 

16.29 

14.10 

12.62 

11.52 

10.66 

9.974 

9.403 

8.921 

8.506 

81h 
7-824 
72539 

7.264 
7.052 
6.82 
6.619 
6.472 

C= 

K 4ktda/L 

1.000 D) 

1.000 001257 

1.000 002513 

1,000 .003770 

1.000 .005027 

1.000 .006283 

00750 

2008796 

1.000 

1.000 

1.000 .01005 

1.000 ,.01131 

1.000 .01257 

1.000 .01382 

~01508 
201634 
201759 

201885 
02011 
202136 
202262 
02388 

1.000 
1.000 
1,000 

1.000 
09999 
09999 
©9999 
29999 

7 

SINH 

ym da/L 

) 

001257 

2002513 

003770 

2005027 

006283 

-0075h0 

008797 

201005 

01131 

-01257 

-01382 

01508 
01634 
01759 

-01885 
202011 
202136 
202262 
202388 

COSH 
ta/L 

1.000 

1.000 

1,000 

1.000 

1.000 

1.000 

1.000 

1.000 

n 

to 1.000 ) 

CofC u 

0 co 

0006283 12,500,000 

.001257 3,125,000 

2001885 1,389,000 

2002513 781, 300 

2003142 500,000 

2003770 347,200 

-004398 255,100 

-005026 195, 300 

-005655 15h, 300 

-006283 125,000 

2006911 103,300 

-0075L0 86,810 
-008168 13,970 
~008796 63,780 

00942), 55,560 
-01005 48,830 
201068 43,260 
201131 38,580 
201194 34, 630 



Table C—2 — Continued 

d, d/Lo 277 a/L TANH SINH OOSH H/H! K td/L SINH COSH n c,/c M 

e ee amd, 2ma/fL 27a/L 2 \ma/L A fa/t of 

2002000 00002514 .01257 01257 201257 1.0001 6.308 9999 02513 .0251h 1. 29999 .01257 31,250 

3002100 .00002772 .01319 .01319 .01320 1.0001 6-156 9999 .02639 02639 1. 29999 201319 28,350 

2002200 00003040 .01382 .01382 201382 1.0001 6.015 9999 .02765 .02765 1. 29999 01382 25,830 

2002300 0000332 0144S  O1Lh5 201445 1.0001 5.882 9999 .02890 .02891 1, OLS 23,630 

2002400  .00003619 .01508  .01508 201508 1.000 5-759 9999 .03016 .03016 1. .9999 201508 21,700 

B88 88888 

y 
4002500  .00003928 .01571 .01571  .01571 1.0001 5642 9999 .0314)2 03142 1. 29999 01571 20,000 

2002600 00004248 01634  .01633 20163 1.0001 5533 .9999 .03267 .03268 1. 29999 .01633 18,490 

2002700 .00001)579  .01696  .01696 201697 1.0001 5-429 9999 .03393 .0339h 1. 09999 .0169%6 + =17,150 

*002800 .00004925 .01759 01759  .01759 1.0002 5-332 .9998 03519 .03519 1.001 .9999 .01759 15,950 
2002900  .00005284 .01822 .01822 201822 1.0002 5+239 9998 0364 .03645 1.001 .9999 .01822 14,870 

2003000 00005652 .01885 .01885 -01885 1.0002 5-151 9998 .03770 .03771 1.001 .9999 .01885 13,890 

2003100 00006039 .01948  .019h8 201948 1.0002 5-067 .9998 .03896 .03897 1.001 .9999 .019h7 13,010 

2003200 0000635 .02011 .02010 -02011 1.0002 4.987 9998 .o4021 04022 1.001 .9999 .02010 12,210 

2003300 00006841 .02073 .02073 202073. 1.0002 4.911 9998 .O41W7 .OmL1K8 1.001 .9999 .02073 11,480 

2003400 00007262 .02136 .02136 .02136 120002 4.838 9998 .04273 .Oh27h 1.001 .9998 .02136 10,820 

2003500 00007697 .02199 .02199 -02199 1.0002 4.769 9998 .04398 04399 1.001 .9998 .02199 10,210 

2003600 00008140 .02262 .02262 202262 1.0003 4.702 9997 .04524 04525 1.001 .9998 .02261 9,648 

2003700 ,00008599 02325 02324 «02325 = 1.0003 4-638 = 9997 ©0650 0652. 1.001 = «9998-02324 = 9, 13 
2003800 .00009071 .02388  .02387 -02388 1.0003 4.577 9997 .04775 .OW777 =: 1-001) 69998-02387 8,660 

2033900  .00009551 .02450 .02450 202451 1.0003 4.518 (9997 04901 .04903 1.001 .9998 .02kh9 8,221 

-000L005 .02513 «02513 202513. 1.0003. 4.62 = 59997-05027 ~—-«050029 
.0001056 02576 .02576 .02576 1.0003 4.407 9997 .05152 .0515) 

2004200 .0001108 .02639 .02638 20269) 1.0003 4-354 19997. .05278  .05280 
20001161  .02702 .02701 02702 1.000; 4-303 9996 .0540h 05406 

2004400 0001216 .02765 .02764 202765 1.000, 4.254 .9996 .05529 .05531 

.9998 .02511 = 7, 815 
9998 02574 = 7,439 

02637 7,090 
9998 02700 6,764 
39997 .02763 6, 60 RPrPPr 

; Ne) ve) ‘o @ 

23338 

2004500 0001272 .02827 .02827 -02828 1.000h 4-207 9996 .05655 05658 1.002 .9997 .02825 6,176 
2004600 .0001329 .02890 .02889 202890 1.000; 4-161 9996 .05781 .05784 1.002 .9997 .02888 5,911 
200700 0001387 02953 02952 02953 1.000h 4116 9996 .05906  .05909 1.002 .9997 .02951 5,662 
2004800 .0001N,7 .03016 .03015 .03016 1.0005 4.073 9995 .06032 .06035 1.002 .9997 .0301k 5 429 
2004900 .0001508  .03079 .03078 203079 = 1.0005 942032 .9995 06158 06161 1.002 .9997 03076 5,209 

2005000 .0001570 03142 .O31W1 .03143 1.0005 3.991 .9995 .06283 .06287 1.002 .9997 .03139 5,003 
2005100 0001634  .0320h  .03203 .03205 1.0005 3.951 .9995 .06409 06413 1.002 .9997 .03202 4,809 
2005200 0001698 .03267 .03266  .03268 1.0005 3.913 .9995 .06535  .06539 1.002 .9996 .03265 4,626 
2005300 0001764  .03330 03329 003331 1.0005 06660 .06665 1.002 .9996 .03328 4,453 
200500  .0001832 03393 .03392  .0339h 1.0006 3.810 .999) .06786 .06791 1.002 9996 .03391  h,290 

1.0006 2005500 0001900 .03h56 .03455 .0357 3.805 .999h .06911 .06916 1.002 .9996 .03N5) 4,135 
2005600 20001970 .03519 03517  .03520 1.0006 3.771 .9994 .07037 0702 1.002 .9996 .03517 3,989 
2005700 .00020h1  .03581 .03580 .03582 1.0006 3.738 .999h 4.07163 .07169 1.003 .9996 .03579 3,851 
2005800 0002112 0364  .036L2 203645 1.0007 3.706 .9993 .07288 .0729 1.003 .9996 .036L1 3,719 
2005900 .0002186 .03707 .03705  .03708 1.0007 3.675. .9993 .O7KIh  .07420 1.003 .9995 .03703 3,594 

2006000 .0002261 .03770 .03768  .03771 1.0007 3.6lh .9993 .07540 .07547 1.003 .9995 .03766 3,475 
2006100 .0002337 += .03833.«S «.03831 «= «0383 «=s«:1.0007 9 3.61 9.9993 .07665 07672 «1.003 9.9995 .03829 3,363 
2006200 00021)  .03896 .0389h -03897 1.0008 3.584 .9992 .07791 .07798 1.003 .9995 .03892 3,255 
2006300 0002492  .03958  .03956 203959 1.0008 3.556 .9992 .07917 .07925 1.003 .9995 .0395h 3,153 
200600  .0002570 .04021 .O04019 .04022 1.0008 3.528 .9992 .08042 .08050 1.003 .9995 .0017 3,055 

2006500 0002653 .0408,  .04082 204085 1.0008 3.501 .9992 .08168 .08177 1.003 .9994 0080 2,962 
2006600 .0002735 «= .OW1i7 = Oy, «= 018 = 1.0009 §= 3.0475 9.9991 =.0829h ~= .08303-S «21.003 9.999 OW 2 2,873 
-006700 0002819 .04210 .0L207 e021. = 1.0009) 3-49 =.9991 08419 .08428 1.00) .999h 04204 2,788 
2006800 .000290 .04273 .04270 2O427h = 1.0009 3.423 69991 208545 =.08555. 1.00) §=— 9994 601267 2,707 
2006900 0002990 04335 04333 .04336 1.0009 3.398 .9991 .08671 .08681 1.00) .999h .0L330 2,629 

2007000 = .0003077 «04398 = 0395 -04399 1.0010 3.374 .9990 .08796 .08807 1.00h .9994 0392 2,55) 
2007100 0003165 .ObW61l Ohh 204162 1.0010 3.350 .9990 .08922 .08933 1.00h  .9993 .O4L55 2,483 
2007200 =.0003254 9 .O452h 04521 204525 1.0010 3.327 .9989 .090hK8 . 1.004 .9993 .04518 2,415 
2007300 0003346 .04587 0458, 04589 1.0011 3.30) . 9989 .09173 .09185 1.00) .9993 .OUS61 2,3h9 
2007400  .0003439  .0h650 .04646 .04652 1.0011 3.281 .9989 .09299 .09312 1.00) .9993 .OL6Lh 2, 286 

_ 2007500 0003532 .OhT12 04709 204714 1.0011 3.260 9989 .09425 .09438 1.00h 9993 04706 2,226 
2007600 = .0003627 9.04775 =. 0772 -Oh777 1.0011 3.238 §=.9989 09550 09565 1.005 .9992 .04768 2,167 
-007700 0003722 .04838  .04834 .OW840 1.0012 3.217 19988 .09676 .09681 1.005 .9992 .04830 2,112 
-007800 0003820 .04901 .0L897 -04903 1.0012 3.197 .9988 .09802 .09617 1.005 .9992 .04893 2,058 
2007900 .0003918 .04964  .04960 204966 1.0012 3.176 .9988 .09927 .09943 1.005 .9992 .Oh956 2,006 

c-1|8 



Table C—2 — Continued 

d/L 

-008000 
«008100 
2008200 
2008300 
200800 

2008500 
008600 
2008700 
2008290 
008900 

a/Lo 

-000)018 
20004118 
20004221 
0004324 
20004429 

0001536 
2000644 
20004751 
-0001,860 
2000972 

-000508L 
20005198 
~0005312 
~0005427 
20005545 

2000566), 
2000578L, 
20005905 
«0906027 
20006150 

20006275 
=0007591 
20009031 
001060 
2001228 

2001410 
2001603 
2001809 

2002027 
2002258 

2002500 
2002755 
2003022 
2003301 
2003592 

2003895 
004210 
2004537 
00876 
2005226 

-005589 
2005963 
006347 
2006746 
2007155 

2007575 
008007 
2008450 
2008905 
2009370 

009817 
201033 
201083 
01134 
201186 

01239 
0129), 
201349 
201405 
01463 

2rd/L 

+05027 
05089 
«05152 
205215 
205278 

205341 
+0540) 
05466 
05529 
05592 

205655 
205718 

TANH 
27 d/L 

05022 
05085 
205147 
05210 
205273 

205336 
205398 
05461 
20552h, 
205586 

205649 
205712 
20577 
05836 
205899 

205962 
206025 

21126 
21188 

21250 

SINH 
2 14/L 

205029 
205091 
205154 
205217 
05280 

205343 
054,06 
205469 
205533 
205595 

:05658 
205721 

COSH 
211d/L 

HA, K 

3-157 9987 
3.137 69987 
3.118 9987 
3.099  .9986 
3.081 9986 

3.062 9986 
3.044 9985 
3.027 .9985 
3.010 .9985 
2.993 299) 

2.977 998 
2.960 .998 
2.94h 9983 
2.929 .9983 

2.882 .9982 
2.867 9981 
2.853 .9981 
2.839 9981 

2.825 .9980 
2.694  .9976 
2.580 .9972 
2.480 .9967 
2.389 9961 

2.310 9956 

2.112 9936 
2.056 .9929 

2.005 .9922 
1.958 9914 
1.915 9905 
1.873 9896 
1.834  .9887 

1.799 9878 
1.765 9868 
1.733 .9858 
1.703 987 
1.675 .9836 

1.408 9662 
1.393 .96h6 
1.379 9630 

1.365 9613 
1.352 9596 
1.339 .9579 
1.326 9562 
1.314 = 954 

C-19 

SINH 
\ra/t 

1007 
1020 
-1032 
1045 
-1058 

21070 
1083 

1095 
1108 
1121 

1133 
21146 
1158 
1171 
01184 

COSH 

wd/L 

1.006 
» . 

88888 ggess 3 alglete elltt . 

betel 228 FES 

Co/Cy 

05018 
05080 
05142 
05205 
05268 

205332 
+0539 
05456 
05518 
205580 

205643 
205706 
205768 
205830 
205892 

205955 
206018 
206080 
206112 
206204, 

06267 
-06890 
207511 
08131 
208751 

209369 

389.1 
349.5 

315.8 
266.8 
261.5 
239.6 
220.3 

203.3 
188.2 
174.8 
162.7 
151.9 

142.2 
133.4 . 
125.4 
118.1 
111.4 

105.3 
99.15 
94 61 
89.88 
85.50 

61.43 
17.67 
74-17 



Table C—2 — Continued 

a/L a/Lo 

201521 
201580 
201641 
201702 
201765 

01829 
01893 
01958 
202025 
02092 

-02161 
202230 
202300 
202371 
2 O2uLy 

202516 
202590 
202665 
202739 
202817 

202895 
202973 
203052 
«03132 
203213 

20329 
203377 
203460 
203543 
203628 

03714 
03799 
203887 
203975 
01,063 

204152 
20242 
204333 
eO“L2y 
01,516 

-04608 
«04702 
04796 
404,890 

0,985 

-05081 
-05177 
205275 
05372 
205470 

27d/L TANH 
21d4/L 

SINH 
2n d/L 

COSH 
2nd/L 

1.050 
1.052 
1.054 
1.056 
1.058 

1.060 
1,063 
1.065 
1.067 
1.070 

1.072 
1.074 
1.077 
1.079 
1.082 

1.085 
1.087 
1.090 
1.093 
1.095 

1.098 
1.101 
1.104 
1.107 
1.110 

1.113 
1.116 
1.119 
1.123 
1.126 

1.129 
1.132 
1.136 
1.139 
1.143 

1.146 
1.150 
1,153 
1.157 
1.160 

1.16) 
1.168 
1.172 
1.176 
1.180 

1.184 
1.188 
1.192 
1.196 
1.200 

1.204 
1.208 
1.213 
arse? 
1.221 

1.226 
1,230 
1.235 
1.239 
1.244 

&md/L 

26283 
6L09 
26535 
6660 
16786 

26912 
27037 
27163 
27289 

, eTlih 

©7540 
27666 

SINH —_COSH 
hia/L kT d/L 

-6705 1.20h 
-6657 1.213 
27010 —-:1.221 
27164 1.230 
27319 1.239 

e7475 = 1629 
7633 © 1,258 
o7791 +=: 1268 
27951 =—-1.278 
-6112 1.288 

8275 1.298 
28439 1.308 
-860h, 1.319 
-8770 1.330 
-8938 =1.341 

29107. 1.353 
29278 §=1.364 
29450 1.376 
962k = =1.388 
+9799 1.00 

29976 = 1.412 
1.015 1.425 
1.033 1.438 
1.052 1.451 
1.070 1.h6h 

1.088 1.478 
1.107 1.492 
1.126 1.506 
1.145 1.520 
1.164 1.53h 

1.183 1.549 
1.203 1.56 
1.223 1.580 
1.243 1.595 
1.263 1.611 

1.283 1.627 
1.30, 1.643 
1.32) 1.660 
1.346 1.676 
1.367 1.693 

1.388 1.711 
1.410 1.728 
1.431 1.746 
1.453 1.764 
1.476 1.783 

1.498 1.801 
1.521 1.820 
1.544 1.840 
1.567 1.859 
1.591 1.879 

1.615 1.899 
1.638 1.920 
1.663 1.940 
1.687 1.961 
1.712 1.983 

1.737 2.00 
1.762 2.026 
1.788 2,049 
1.614 2.071 
1.640 2.094 



Table C—2 — Continued 

207542 

07650 
207759 
207868 

209773 

.09868 
21000 
-1012 
1023 
21035 

+1046 
1058 
«1070 
21081 
+1093 

-1105 
21116 
1128 
21140 
21151 

21163 
01175 
1187 
21199 
-1210 

21222 
01234 
12h6 
21258 
1270 

#1281 
21293 
21305 
01317 
01329 

2 d/L 

5912 
26974 

TANH 
2nd/L 

5987 
~6027 
26067 

SINH 
277 a/L 

oTh7S 

COSH 
2n d/L 

1.2h9 
1.253 
1.258 
1.263 
1.268 

1.273 
1.278 
1.283 
1.288 
1.293 

1.298 
1.303 
1.309 
1.314 

1.319 

1.325 
1.330 
1.336 
1.341 

1.347 

1.353 
1.358 
1.364 
1.370 
1.376 

1.382 
1,388 
1.39h 
1.400 
1.406 

1.412 
1.L19 
1.425 
1.432 
1.438 

1.445 
1.451 
1.458 
1.464 
1.471 

1.478 
1.485 
1.h92 
1.99 
1.506 

1.513 
1.520 
1.527 
1.535 
1.542 

1.549 
1.557 
1.564 
1.572 
1.580 

1.587 
1.595 
1.603 
1.611 
1.619 29161 6177 

und/L 

1.382 
1.395 
1.407 
1.420 
1.433 

1.4U5 
1.458 
1.470 
1.4.83 
1.495 

1.508 
1.521 
1.533 
1.546 

SINH 
74/L 

1.867 
1.893 
1.920 
1.948 
1.975 

2.003 
2.032 
2.060 
2.089 
2.118 

2.148 
2.178 
2.208 



Table C—2 — Continued 

21 d/L- TANH 
21 d/L 

1.068 27887 
1.07, 7911 
1.081 07935 
1.087 07958 
1.093 7981 

1.100 800) 
1.106 28026 
1.112 8048 
1.08  .8070 
1.125 6092 

1.131 811k 
1.137 28135 
1.14h 8156 
1.150 .6177 
1.156 ~6198 

1.162 8218 
1.169 .8239 
1.175 28259 
1.161 -6278 
1.168 8298 

1.19h 8318 
1.200 8337 
1.206 8356 
1.213 -8375 
1.219 6393 

1.225 642 
1.232 8430 
1,235 -64L8 
1.2h): = BL466 
1.25¢: - 6484, 

1.257 -8501 
1.263 -8519 
1.269 28535 
1.276 28552 
1.282 8570 

1.288 8586 
1.294 -8602 
1.301 8619 
1.307 28635 
1.313 28651 

1.320 8667 
1.326 ~8682 
1.332 28697 
1.338 28713 
1.345 6728 

1.351 8743 
1.357 28757 
1.364 28772 
1.370 .8786 
1.376 28801 

1.382 .8815 
1.389 8829 
1.395 2882 
1.401 28856 
1.407 28869 

bib 28883 
1.420 28896 
1.426 28909 
1.433 28922 
1.439  .86935 

LMa/L 

2.136 
2.1h9 
2.161 
2.17 
2.187 

2.199 
2.212 
2.22 
2.237 
2.249 

2.262 
2.275 
2.287 
2.300 
2.312 

2.325 
2.337 
2.350 
2.362 
2.375 

2.368 
2.400 
2.413 
2-425 
2.438 

2.450 
2.463 
2.476 
2.488 
2.501 

2.513 
2.526 
2.538 
2.551 
2.564 

2.576 
2.589 
2.601 
2.614 
2.626 

2.639 
2.652 
2.664 
2.677 
2.689 

22702 
2.714 
2.727 
2.739 
2.752 

2.765 
2.777 
2.790 
2.802 
2.815 

2.827 
2.840 
2.853 
2.865 
2.878 



Table C—2 — Continued 

2m a/L 

1.4b5 
1.451 
1.458 
1.46 
1.470 

1.477 
1.483 
1.489 
1.495 
1.502 

1.508 
1.51h 
1.521 
1.527 
1.533 

1.539 
1.56 
1.552 
1.558 
1.565 

1.571 
1.577 
1.583 
1.590 
1.596 

1,602 

TANH 
2md/L 

SINH 
2Md/L 

2.003 
2.017 
2.032 
2.046 
2.060 

2.075 
2.089 
2.10 
2.118 
2.133 

2.148 
2.163 
2.178 
2.193 
2.208 

2.224 
2.239 
2.255 
2.270 
2.286 

2.301 
2.317 
2.333 
2.349 
2.365 

2.381 
2.398 
2.414 
2.430 
2.447 

2.L6 

COSH 
2m a/L 

2.239 
2.252 
2.264 
2.277 
2.290 

2.303 
2.316 
2.329 
2.343 
2.356 

2.370 
2.383 
2.397 
2.410 
2.42 

2.438 
2.452 
2.466 
2.480 
2.495 

2.509 
2.52 
2.538 
2.553 
2.568 

2. 583 
2.598 
2.613 
2.628 
2.643 

2.659 
2.674 
2.690 
2.706 
2.722 

2.737 
2.754 
2.770 
2.786 
2.803 

2.819 
2.835 
2.852 
2.869 
2.886 

2.903 

23 

uWa/. 

2.890 
2.903 
2.915 
2.928 
2.941 

2.953 
2.966 
2.978 
2.991 
3.003 

3.016 
3.029 
3.041 
3.054 
3.066 

3.079 

SINH 
harap 

8.971 
9.085 
9.201 
9.318 
9437 

9.557 
9.678 
9.601 
9.926 

10.05 

10.18 
10.31 
10.4 
10.57 
10.71 

10.84 
10.98 
11.12 
11.26 
11.40 

11.55 
11.70 
11.8h 
11.99 
12.15 

12.30 
12.46 
12.61 

COSH 
La/t 

9.027 
9.10 
9.255 
9.372 
9.489 

9.609 
9.730 
9.852 
9.976 

10.10 

10.23 
10.36 
10.49 
10.62 
10.75 

10.89 
11.03 
11.17 
11.31 
11.5 

11.59 
11.7 
11.89 
12.04 
12.19 

12.3h 
12.50 
12.65 
12.81 
12.98 

13.14 
13.31 
13.47 



Table C—2 — Continued 

tanh sinh cosh sinh cosh 

2nd _ 2rd 2nd _2nd H/H® 4nd 4nd 4nd cc 

d/L d/L, L L 1 L tL) K L L i w Go M 



Table C—2 — Continued 

tanh 

2nd 2nd 

d/L d/Lo L 5 



Table C—2 — Continued 

2nd 
tanh 

2nc 

25298 
25295 
25292 
25289 
25286 

205283 
25281 
25278 
25275 
25272 

25269 
205267 
25264 
25261 
25259 

25256 

25253 
25251 
25248 

25246 

25243 
25241 

25238 
25236 
25233 

25231 
25229 

25226 
25224 
25222 

25219 

25217 
25215 

25213 

25210 

25208 
25206 
25204 
25202 
»5200 

25198 

25196 
25194 
25192 

25190 

25188 

25186 

25184 
25182 
25180 

25178 
25177 
25175 
25173 

25171 

25169 
25168 
25166 
05164 

25162 



Table C—2 — Continued 

tanh 
2nd 

208901 

208845 

208790 
208736 

08681 

208627 

208573 

208519 
208466 
208413 

08361 

- 08309 

208257 

08205 
208154 

207469 
207422 

207376 

207330 
207284 
207239 
207194 

2i 



Table C—2 — Continued 

d/L d/o end 
L 

tanh 

2nd 

L 

29931 07016 
9931 06972 

29932 06928 
29933 06885 
29933 06842 
29934 06799 
29935 06757 

09935 06715 
29936 .06673 
29937 =, 06631 

29937 =, 06589 
9938 .06548 

29939 06507 
29939 06467 
29940 =, 06426 

29941 06386 
29941 06346 

29942 06306 
29942 ,06267 
-9943 06228 
29944 ,06189 
29944 ,06150 

09945 = 06112 
29945 = =,06074 

09946 =, 06036 
29946 §.05998 

29947 =—,05960 

09948 = ,05923 
29948 05886 
29949 = _,05849 
29949 = 05813 
29950 05776 

29950 05740 
09951 =,05704 

29951 05669 
29952 05633 
29952 05598 

29953 05563 
05953 05528 
29954 §=,05494 
09954 = ,05459 

09955 05425 

29955 05391 
29956 05358 
29956 05324 
29957 05291 
29957 05258 

29957 05225 
09958 05192 
29958 05160 
29959 05127 
29959 = 05095 

29960 05063 
29960 =,05032 
29960 .05000 
29961 =, 04969 
29961 + §=,04938 



Table C—2 — Continued 

25900 =, 5893 
25910 =. 5903 
25920 39,5913 
25930 =, 5923 
25940 =, 5933 

25950 25943 
25960 25953 
25970 25963 
25980 25974 
25990 25984 

-6000 25994 
26100 6094 

26200 8.6195 

26300 26295 

26400 26396 

26500 6496 
26600 .6597 
26700 6697 
26800 6797 

26900 ,6898 

27000 =, 6998 
27100 = .7098 
27200-57198 
27300 =,7299 

27400 =, 7399 

27500 =. 7499 
27600 7599 
27700 =, 7699 
27800 3=,7799 
27900 =, 7899 

28000 =, 7999 
28100 8.8099 

28200 8199 
28300 =. 8 300 
28400 .8400 

-8500 8500 
28600 8600 
28700 =.8700 
28800 8800 
28900 8.8900 

29000 8.9000 
29100 =,9100 
29200 8=,9200 
29300 8=.9300 
29400 =, 9400 

29500 =, 9500 
29600 = .9600 
29700 =, 9700 
29800 =, 9800 
29900 9900 

1,000 1,000 

tanh 

2nd 

20,36 20,38 
20.48 20,51 
20.61 20,64 
20.74 20,77 
20,87 20,90 

21,01 21,03 
21.14 21,16 
21.27 21,30 

21.41 921,43 

21.54 21.55 

21,68 21.70 
23,08 23,11 
24,58 24,60 
26,18 26,20 
27,88 27,89 

29.69 29,70 

31,61 31,63 
33.66 33,68 

35.85 35,86 
38,17 38,18 

40.65 40,66 
43.29 43,30 
46.09 46,10 
49.08 49,09 
52,27 52,28 

55,66 55,66 
59.26 39.27 
63.11 63,12 
67.20 67,21 
71,56 71.56 

76.21 76,21 
81.14 81,14 
86.40 86.40 
92.01 92,01 
97.98 97,98 

104.3 104.3 
111,1 111,1 
118.3 118.3 
126.0 126.0 
134,1 134.1 

142.8 142.8 
152.1 152.1 
162,0 162.0 
172.5 172.5 
183.7 183.7 

195.6 195.6 
208.2 208,2 
221.7, 221.7 
236.1 236.1 
251,4> 251.4 

267.7 267.7 

29962 04907 
29962 204876 
29962 204846 
29963 204815 
29963 204785 

29964 04755 
09964 = 104725 
29964 294696 

29965 204667 

29965 ,04639 

29966 = _,04609 
29970 04328 
29972 = ,04065 
09975 ,03817 
29978 = _,03585 

29992 201913 

29993 01796 
29994 = 01687 
29995 = 01584 
09995 = ,01488 
29996 = .01397 

29996 = 01312 
29997 = .01232 
09997 = .01157 
29997 = .01087 
29998 = 01021 

29998 2909585 
29998 2009000 
29998 2008453 
29998 2007939 

29999 = ,007455 

29999 2007001 
29999 = ,006575 
29999 006174 
29999 2005798 
29999 2005445 

29999 = .005114 
29999 —_.004802 
29999 = 004510 
29999 = 004235 

1.0000 003977 

130000 003735 

sinh cosh 

4nd 4nd 4nd 

ay ie L 

7.414 829,6 829.6 
7.427 840.1 840.1 
7.439 850.7 850.7 
7.452 861.5 861.5 
7.464 872.4 872.4 

7.477 883.4 883.4 
7.490 894.6 894.6 
7.502 905.9 905.9 
ToSiSeenOl723e OLTSS. 
7.527 929.0 929.0 

7.540 940.7 940.7 
7.666 1067, 1067, 
7.791 1210, 1210, 
7017, 37ie s7l. 
8,043 1555. 1555. 

8.163 1754, 1754, 
8.294 1999, 1999, 
8.419 2267, 2267. 
85545 2571, 2571. 
8.671 2915, 2915, 

8.796 3305, 3305, 
8,922 3748, 3748, 
9.048 4250, 4250, 
9.173 4819, 4819, 
9.299 5464, 5464, 

9.425 6195, 6195, 
9.550 7025, 7025, 
9.676 7966. 7966. 
9.802 9032, 9032. 
9.927 10240, 10240, 

10.05 11610, 11610, 
10.18 13170, 13170, 
10.30°14930, 14930, 
10.43 16930, 16930, 
10.56 19200, 19200. 

10,68 21770, 21770. 
10.81.24680, 24680. 
10.93 27990, 27990. 
11.06 31730, 31730, 
11,18 35980. 35980, 

11,31 40800, 40800,. 
11.44 46260, 46260, 
11,56 52460, 52460, 
11,69 59480, 59480, 
11.81 67450, 67450, 

11.94 76480, 76480, 
12.06 86720, 86720, 
12,19 98340, 98340, 
12,32 111500,.111500, 
12,44 126400, 126400, 

12,57 143400, 143400, 

n 

after Wiegel, R.L., “Oscillatory Waves,” U.S. Army, Beach Erosion Board, 
Bulletin, Special Issue No. 1, July 1948. 
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Table C—5. Conversion Factors — British to Metric Units of Measurement 

The following conversion factors adopted by the Bureau of Reclamation are those published by the 

American Society for Testing and Materials (ASTM Metric Practice Guide, January 1964) except that addi- 

tional factors (*) commonly used in the Bureau have been added. Further discussion of definitions of 

quantities and units is given on pages |0-I1 of the ASTM Metric Practice Guide. 

The metric units and conversion factors adopted by the ASTM are based on the "International System 

of Units" (designated SI for Systeme International d'Unites), fixed by the International Committee for 
Weights and Measures; this system is also known as the Giorgi or MKSA (meter-kilogram (mass)-second- 

ampere) system. This system has been adopted by the International Organization for Standardization in 

1SO Recommendation R 31. 

The metric technical unit of force is the kilogram-force; this is the force which, when applied to a 

body having a mass of | kg, gives it an acceleration of 9.80665 m/sec/sec, the standard acceleration of 

free fall toward the earth's center for sea level at 45 deg latitude. The metric unit of force in SI units 

is the newton (N), which is defined as that force which, when applied to a body having a mass of | kg, gives 

it an acceleration of | m/sec/sec. These units must be distinguished from the (inconstant) local weight of 

a body having a mass of | kg; that is, the weight of a body is that force with which a body is attracted to 

the earth and is equal to the mass of a body multiplied by the acceleration due to gravity. However, because 

it is general practice to use "pound" rather than the technically correct term "pound-force," the term 
"kilogram" (or derived mass unit) has been used in this guide instead of "kilogram-force" in expressing the 
conversion factors for forces. The newton unit of force will find increasing use, and is essential in S| 

units. 

QUANTITIES AND UNITS OF SPACE 

Multiply By To obtain 

LENGTH 

Millet, RCW) Patsy ie! Geiss 25.4 (exactly) Bed ith Sued Bove Dues Micron 
Inches Cele crotd hoaiew ft ats Mes be Ormeco 25.4 (exactly) Oe ite ce fo) vow ty 6 Millimeters 

CP St # Chtoptonince mee lee Zeoditexachlivy®  < Msetet ot, din ee Centimeters 
[REPS > et BNC ae (i ee AR at ee 30.48 (exactly) Meee -)  a) we)  Cenhimetelss 

SP Gs sOhescs ED: (GP mG: Wc Om 0.5048) exactivi%™ = = = = = = Meters 
Gh OUESSS Be LaF eS ee 0.0003048 (exactly)* oh Ronit! fos Ki lometers 

Wadsu cm cLetcuetel euckine’, Clo uel if as Org44 Cexaciliyy 2. es Meters 
Miles (statute) erate wie Paes st et GOGR S44 (exactly emncm her He crelarutien ee Meters 

c 1%6093544 (exactly 9 =) 5 = = = as Kilometers 
eee ae ee eee 

AREA 

SquareminCnGS: sve een is: esiueer= oe G45 6) Cexacily)) ee) ist ees Square centimeters 
SGUAI Cast CC ila creere mee teh nle) hae sine anmencah ean 929.03 (exactly)* . . Bess 5 er we Square centimeters 

GPS oF sith Or Cae pee ONO92Z90S5 i Cexachlivyh 0c isn eb ce ce Square meters 

Square yards 8 te 6 Oo liga NG Ome 0.836127 ye) dcp WS el! vo) Sel ete) Square meters 

Acres Poh, eh PoP 5. estes 0.40469* Ae SIS Na Ore Hectares 
BeOS LRoMs 5 6. Sara ae GOA ASCs be NO Fen BRO. ao wl Square meters 
Fo 55d CICS OP et tet ec OAC OLICI Goo eicGe oo GG oo o Oo Square kilometers 

Square miles ch, Dee QE emer 2.58999 a ae vente CaN ey Ward Cane ve Square kilometers 

VOLUME 

Cubic inches Se ie Silat Silene vice 16.3871 ZIRE (Ths Var Fam mea Ope aw RBA Cubic centimeters 

CuBICERGST aes Mets! Paes we s,s (Oha(O sso etsy" es a Le Go eS Cubic meters 

GU bi Cay aid Si-cpees te ystems are ie 0.764555 PRAT Fe ce Be Cubic meters 
a ee ee ae ae eee ee eS 

A ae Sve NIN re ee ee 
Flulidonnces QUES) Fo 6. im 295 5151 See ob Mer eat Cubic centimeters 

sit gct ay 29.5729 a or Wena me ce es eM hers: 
BiauitdspiinkseGUSS.)° 5 s0% | « 0.473179 JPRLCWRS,S SST VECO aro Cubic decimeters 

Amity cee . 0.473166 e ere oS: |) Nted Liters 

QiarrSece sa eae oe Pee ee 9,463.58 topes eee ee Cuble.centimeitiers. 
A tse orentn 0.946358 OP tee oe A", Ae eC Liters 

Callillons: (USS Omran. ws cas 3,785.43* ne to Stn to. iG eC nO ee Cubic centimeters 
SRUGDAS eM ehe! WORM GORE oh ct Cubic decimeters 

Slo {h BSS Elec ec ete Op ene ence weckemtee (Oe at Liters 
5 0.00378543* a ct ck, OW Seer. 5 Cubic meters 

Gallons (U.K.) ARDAGOS 6! suet vel enue occ tes ey tse Cubic decimeters 
tm Gch td (hAGYAG Coir FS Ee mene te Ko: MASE ec cc Liters 

(OW Ner GOL SS) Soe sc) oe sc soled FATS SN ky XS aloe © OOM, CMR ee Lec pag Liters 

(Sishe wrinss © fh he a ee Go 764 .55* A oh ako Deol ere oct Cee OO Liters 

Acre-feet Saar One ae Rees (pees gow 4 oR a Re oo Cubic meters 
= lp255), 000% Pp ee aoe Reser hci pO me mec. Fhe Liters 



Table C—5 — Continued 

QUANTITIES AND UNITS OF MECHANICS 

Multiply By To Obtain 

MASS 

Grains GU/7/; OODMNb) ramen eye liste volte 647989) exactly): eo ese a) mate Miliiiqnams 
Troy ounces (480 grains) . . . . GUC Gg BO Gp ao) ol lo ol om rch 
Ounces) Gavap ye i=) 1 ee) 0) anna 28.3495 oom oto oo obo So ras 

Poundse(avapyis wire Gates) sosus epee 0645559257) Cexachhy)) <i as) a eH nlOgicams: 

Shor: sions ut2 000 IID) cee on a Pare 907.185 lee We Ne ce) ae ere en Seema tics 
SS oh ees OGQOVUiom 0 G6 Soe pe Be 6 oo, LOWRIE aes 

Long tons (2,240 Ib) ba a AON Ki lograms 

FORCE/AREA 

Pounds per square’ inch. . . . «= OF070507 5° Se Se a ee Kiillograms: peresq.. centimeter 
CAS, CREAN Ch ark 0.689476. . . . . . «. . «. +. Newtons per sq. centimeter 

Pounds per square foot. . .. . ACOZAS eo ee ee ee eet en LOGhamsnipels sa)meniels 
47.8803 Newtons per sq. meter 

MASS/VOLUME (DENSITY) 

Ounces per ‘cubic finch .. . . «=< Ve ZOO ie) ior eter ce Jai xe een ew | wey YGROMS- per cublicscenhimeter 
PolndS per (cubic) foot.) cr i er 16.0185 ee ea tate Letts ates peere es tGhLOGramSaiperncubiicumerer 

a) ap thelial. oa 0.0160185 oie) ees -M-n ee ROaAms) iperxcubilcucenigimenels 
Tons (long) per cubic yard ee 1.32894 Grams per cubic centimeter 

MASS CAPACITY 

Ounces per gallon (U.S.). . . . . 7.4893 ie awe es. a)  Grams:iper iter 
Ounces per gallon GUSKi ab iin % «5 6.2362 TAiiees Moms) eh 9 iGhamsiper titer 

Pounds per gallon (U.S.) MOE og oo 6 6 oa 8 6 8 6g] eS iyecle Mthice 
Pounds per gallon (U.K.) 99.779 . er liter 

BENDING MOMENT OR TORQUE 

llineln=petimeds “5.46 5 o 6 oO Ce OOM So Avs cee : » . . Meter-kilograms 
= [SREB SE co gases 1.12985 x 10@ . . . . . . . . Centimeter-dynes 

Foot-pounds lie eC feheahs eC heli Sa tae EC OAISS255iewe mieten Mie) ce eh wee oe MeTer—Killlograms 

Bie etre Sas) te te le55582ncl Ogee een ee ee) eee) nee se Centimeter=dynes 
Foot-pounds per inch Can oe Cue ont) 5.4431 Se ee we eer Contimeter-kitograms: per 

: centimeter 
OUNCC=IINCheStaAwARtiae eben vee ls. DZRO08 a eo ea we Dose. i a  GRamecentimerers 

VELOCITY 

FeeiepereSecond) soe.) Boi te oic 30.48 (exactly) . . . . . «. «. +« Centimeters per second 

CUE oh MOM ee cee 0.3048 reac See a a Mehersmper second 
Feet per year ayiAapnete? Oa! vee ye OS9658/5 x 0sc* ee 2 =. |Cs:CU SCS Centimeters, per second 
Miles per hour Se Oe ee er 1.609344 (exactly) - «=» « » » (Kilometers: per hour 

mibiaie 0.44704 (exactly)... Meters per second 

ACCELERAT | ON* 

Feet per second4ae"y fe 6 Se QE? 5 5 o op 6 0 5 ooo Maer parmcccan! 

FLOW 

Cubic feet per second (second-feet). 00 0.028317* ech “lu. ee) (CUDIC meters permrsecond 
Cubic feet per minute . . .. . C.4719 Oop 6 c 6G 5 og a oo Wher per scene! 
Gallons (U.S.) per minute ACs ae AWB) 5 te eG ERS per SSeoMe, 

FORCE 

ROUNGS: Ghunis. Wet vis’ MOM oe we os MBER Go 6 6 a a 6 o 6 bililicenems 
e's 4.4482* oe Oe ekieetor “oe Ge oc. eine axel 
AH: ee, Pee 4AVARZAB2 ext Ono eine le. ce) te sDynes ne ee Se ee LE ee NES ee Se ee. ee a RGSS ee eee 

| 
| 



Table C—5 — Continued 

QUANTITIES AND UNITS OF MECHANICS (Cont.) 

Multiply By To Obtain 

WORK AND ENERGY* 

British thermal units (Btu). . . . . OF25 25 Ok oe wh ee  KLOgnamicallior ties 
a get oe te 1,055.06 . ehiss peeeoulies: 

Btu per pound hoa Ce a Oke ee 2.326 (exactly) » ». . Joules per gram 

hOOT=DOMDGSik Baca See NhIeP ok cn be [S5582%e Sete Ce lollies 

POWER 

Horsepower Aerrtoct, Bsa 1eeoteer te enn 745.700 oy ee ee OR rt ign 
Btu per hour. . aes eee RS 0.293071 Se Me Wa ES. 
Foot-pounds per second 2 acy SO ici als locos adams pe Be Shea Manas 

HEAT TRANSFER 

Btu in/hr ft? deg F (k, thermal 
SOnNMenwiiweo 955 o clip hous AS 2 me ee oe Mi MiWatts/cm) degC 

ec oc Wek won OI 240) Wey. ee fee ee KO) Cali/hmaumudeg iC 
Btu ft/hr ft? deg Boal: | PEP Rey ae We4880%) 2 es PNK ical’m/hr m2"deg) Cc 
Btu ft? deg F (C, therma| - 

conductance)! =. 92) sroetne weer meet. OR56S) ore eee eee UMilidiWatts/cm> degue 
4002 wees Wan ee eenKancalihrim> deguG 

Deg F hr ft#/Btu (R, thermal 
resistance). . e 1.761 eee DeghGucmeAmililjiwath 

Btu/|Ib deg F (c, heat capacity) 4 S68) neste oeicmee ant ecu Gudegnc 
Btu/Ib deg F. . a COG Me oa 8" ee Gallfogan deg C 
Ft2/hr (thermal! aiefasivityn: On25e 1 tee ne (Cms/sec 

(ORO9Z00% Fe me ee oe M2 /ihr. 

WATER VAPOR TRANSMISSION 

Grains/hr ft* (water vapor 
transmission) Wachee tee Te 16.7 sons durmet Grams/24 hr m? 

Perms (permeance) . . NY, x ee 0.659 ee ee mete ie MeTMG penms: 
Perm-inches (neaneability) 1.67 » + © « « « Metric perm-centimeters 

OTHER QUANTITIES AND UNITS 

“3 Multiply By To Obtain 

Cubic feet per square foot per day 
(seepage) -. . = (ae 304 .8* ses ge at « o», Liters»per square meterper day 

Pounds-seconds per square ‘foot 
(viscosity) ou 6 a8 A OBZ a Tats - + Kilogram second per square meter 

Square feet per second (viscosity) Seay 0.02903* (exactly) + . Square meters per second 
Fahrenheit degrees ee ele Beet fret! a 5/9 exactly - «+. . Celsius or Kelvin degrees (change)* 
Volts per mil 0 5 OFO595 7) ee ee  NIovollltts iper ‘milliliiimeter 
‘Lumens per square foot | (foot= “candles) * 10.764 - « « « «+. Lumens per square meter 
Ohm-circular mils per foot . . . . . 0.001662* . . . . . Ohm-square millimeters per meter 
Militicuries per cublic foot te. sees meus SOSA see ee erste Se UMiliiicuries per cubic meter 
Milliamps per square foot ieee dep agiegeens 10.7639 . . . . . . Milliamps per Square meter 
Gallons per square yard . . . .. . 4.527219* - = 2) « Litters) per squaresmeter 
Pounds per inch Gach cok TOM@R LON som Samia 0.17858" . . . . . . Kilograms per centimeter 



Table C—6. Determination of Wind Speed by Sea Conditions 

Descrip- 

tive Sea Conditions 

Calm Sea smooth and mirror-like. 

Light -air Scale-like ripples without foam crests. 

Light Small, short wavelets; crests have a glassy appear- 
breeze ance and do not break. 

Gentle Large wavelets; some crests begin to break; foam of 

breeze glassy appearance. Occasional white foam crests. 

Moderate Small waves, becoming longer; fairly frequent white 

breeze foam crests. 

Fresh Moderate waves, taking a more pronounced long form; 

breeze many white foam crests; there may be some spray. 

Strong Large waves begin to form; white foam crests are more 

breeze extensive everywhere; there may be some spray. 

Near g2le Sea heaps up and white foam from breaking waves begin 
to be blown in streaks along the direction of the wind; 

spindrift begins. 

Moderately high waves of greater length; edges of crests 
break into spindrift; foam is blown in well-marked 

streaks along the direction of the wind. 

High waves; dense streaks of foam along the direction 
of the wind; crests of waves begin to topple, tumble, and 

roll over; spray may reduce visibility. 

Very high waves with long overhanging crests. The re- 

sulting foam in great patches is blown in dense white 
streaks along the direction of the wind. On the whole, 

the surface of the sea is white in appearance. The 

tumbling of the sea becomes heavy and shocklike. 

Visibility is reduced. 

Violent Exceptionally high waves that may obscure small and 

storm medium-sized ships. The sea is completely covered 

with long white patches of foam lying along the direction 

of the wind. Everywhere the edges of the wave crests 

are blown into froth. Visibility reduced. 

Hurricane The air is filled with foam and spray. Sea completely 

white with driving spray; visibility very much reduced. 

from Weather Bureau Observing Handbook No. 1, Marine surface Observations, 

supersedes the Manual of Marine Meteorological Observations, Circular M, 

Twelfth Edition, March 1964. 



EXPLANATION OF TABLE C-7 

CONVERSION CHART FOR PHI VALUES fO DIAMETERS IN MILLIMETERS 

Table C-7 was reproduced from the Journal of Sedimentary Petrology 
with the permission of the author and publisher. It was taken from the 
Harry G. Page, "Phi-Millimeter Conversion Table," published in Volume 25, 
pp. 285-292, 1955. Includes that part of the table from -5.99 (about 
63 mm) to +5.99 (about 0.016 mm) which provides a sufficient range for 
beach deposits. The complete table extends from about -6.65 (about 
100 mm) to +10.00 (about 0.001 mn). 

The first column of the table shows the absolute value of phi. If 
it is positive, the corresponding diameter value is shown in the second 
column. If phi is negative, the corresponding diamter is shown in the 
third column of the table. In converting diameter values in millimeters 
to their phi equivalents, the closest phi value to the given diameter may 
be selected. It is seldom necessary to express phi to more than two 

decimal places. 

The conversion table is technically a table of negative logarithms 
to the base 2, from the defining equation of phi: » = - log2 d, where 
d is the diameter in millimeters. 



Table C—7. Phi-Millimeter Conversion Table 

Olan GO! Wun Ce Ce ee ce) 
mm, mm. mm. mm. mm, mm, 

0.00 1.0000 1.0000 | 0.50 0.7071 1.4142 1.00 0.5000 2.0000 
01 0.9931 0070 51 7022 4241 01 4965 0139 
02 9862 0140 52 6974 4340 02 4931 0279 
03 9794 0210 53 6926 4439 03 4897 0420 
04 9718 0285 54 6877 4540 04 4863 0562 

0S 9659 0355 55 6830 4641 0S 4841 0705 
06 9593 0425 56 6783 4743 06 4796 0849 
07 9526 0498 57 6736 4845 07 4763 0994 
08 9461 0570 58 6690 4948 08 4730 1140 
09 9395 0644 59 6643 5052 09 4697 1287 

0.10 9330 0718 | 0.60 6598 5157 1.10 4665 1435 
11 9266 0792 61 6552 5263 11 4633 1585 
12 9202 0867 62 6507 5369 12 4601 1735 
13 9138 0943 63 6462 5476 13 4569 1886 
14 9075 1019 64 6417 5583 14 4538 2038 

15 9013 1096 65 6373 5692 15 4506 2191 
16 8950 1173 66 6329 5801 16 4475 2346 
17 8890 1251 67 6285 5911 17 4444 2501 
18 8827 1329 68 6242 6021 18 4414 2658 
19 8766 1408 69 6199 6133 19 4383 2815 

0.20 8705 1487 | 0.70 6156 6245 1.20 4353 2974 
21 8645 1567 71 6113 6358 21 4323 3134 
22 8586 1647 72 6071 6472 22 4293 3295 
23 8526 1728 73 6029 6586 23 4263 3457 
24 8468 1810 74 5987 6702 24 4234 3620 

25 8409 1892 75 5946 6818 25 4204 3784 
26 8351 1975 76 5905 6935 26 4175 3950 
27 8293 2058 77 5864 7053 27 4147 4116 
28 8236 2142 78 5824 7171 28 4118 4284 
29 8179 2226 79 5783 7291 29 4090 4453 

0.30 8123 2311 0.80 5743 7411 1.30 4061 4623 
31 8066 2397 81 5704 7532 “31 4033 4794 
32 8011 2483 82 5664 7654 32 4005 4967 
33 7955 2570 83 5625 7777 33 3978 5140 
34 7900 2658 84 5586 7901 34 3950 5315 

35 7846 2746 85 5548 8025 35 3923 5491 
36 7792 2834 86 5510 8150 36 3896 5669 
37 7738 2924 87 5471 8276 37 3869 5847 
38 7684 3014 88 5434 8404 38 3842 6027 
39 7631 3104 89 5396 8532 39 3816 6208 

0.40 7579 3195 | 0.90 5359 8661 1.40 3789 6390 
41 7526 3287 91 5322 8790 41 3763 6574 
42 7474 3379 92 5285 8921 42 3729 6759 
43 7423 3472 93 5249 9053 43 3711 6945 
44 7371 3566 94 5212 9185 44 3686 7132 

45 7321 3660 95 5176 9319 45 3660 7321 
46 7270 3755 96 5141 9453 46 3635 7511 
47 7220 3851 97 5105 9588 47 3610 7702 
48 7170 3948 98 5070 9725 48 3585 7895 
49 7120 4044 99 5035 9862 49 3560 8089 
ET 



Table C—7 — Continued 

(+6) 
mm, 

0.3536 
3511 
3487 
3463 
3439 

3415 
3392 
3368 
3345 
3322 

3299 
3276 
3253 
3231 
3209 

3186 
3164 
3143 
3121 
3099 

3078 
3057 
3035 
3015 
2994 

2973 
2952 
2932 
2912 
2892 

2872 
2852 
2832 
2813 
2793 

2774 
2755 
2736 
2717 
2698 

2679 
2661 
2643 
2624 
2606 

2588 
2570 
2553 
2535 
2517 

Ca 
mn. 

2.8284 
8481 
8679 
8879 
9079 

9282 
9485 
9690 
9897 

3.0105 

0314 
0525 
0737 
0951 
1166 

1383 
1602 
1821 
2043 
2266 

2490 
2716 
2944 
3173 
3404 

3636 
3870 
4105 
4343 
4581 

4822 
5064 
5308 
5554 
5801 

6050 
6301 
6553 
6808 
7064 

7321 
7581 
7842 
8106 
8371 

8637 
8906 
9177 
9449 
9724 

a) \ 

(+¢) 
mm. 

0.2500 
2483 
2466 
2449 
2432 

2415 
2398 
2382 
2365 
2349 

2333 
2316 
2300 
2285 
2269 

2253 
2238 
2222 
2207 
2192 

2176 
2161 
2146 
2132 
2117 

2102 
2088 
2073 
2059 
2045 

2031 
2017 
2003 
1989 
1975 

1961 
1948 
1934 
1921 
1908 

1895 
1882 
1869 
1856 
1843 

1830 
1817 
1805 
1792 
1780 

47 

(—9) (+¢) 
mm. ¢ mm. 

4.0000 | 2.50 0.1768 
0278 $1 1756 
0558 52 1743 
0840 $3 1731 
1125 54 1719 

1411 55 1708 
1699 56 1696 
1989 57 1684 
2281 58 1672 
2575 59 1661 

2871 2.60 1649 
3169 61 1638 
3469 62 1627 
3772 63 1615 
4076 64 1604 

4383 65 1593 
4691 66 1582 
5002 67 1571 
5315 68 1560 
5631 69 1550 

5948 | 2.70 1539 
6268 71 1528 
6589 72 1518 
6913 73 1507 
7240 74 1497 

7568 75 1487 
7899 76 1476 
8232 77 1466 
8568 78 1456 
8906 719 1446 

9246 | 2.80 1436 
9588 81 1426 
9933 82 1416 

5.0281 83 1406 
0631 84 1397 

0983 85 1387 
1337 86 1377 
1694 87 1368 
2054 88 1358 
2416 89 1350 

2780 | 2.90 1340 
3147 91 1330 
3517 92 1321 
3889 93 1312 
4264 94 1303 

4642 95 1294 
$022 96 1285 
5404 97 1276 
5790 98 1267 
6178 99 1259 



Table C—7 — Continued 

3.00 0.1250 E aus 0.0884 af 4 0.0625 16.000 
01 1241 0878 X 0621 Wt 

02 1233 0872 0616 223 
03 1224 0866 0612 336 
04 1216 0860 0608 450 

05 1207 0854 0604 564 
06 1199 5 0848 0600 679 
07 1191 0842 0595 795 
08 1183 0836 0591 912 
09 1174 0830 : 0587 17.030 

3.10 1166 7 0825 3 0583 148 
11 1158 0819 0579 268 
12 1150 0813 0575 388 
13 1142 0808 4 0571 509 
14 1134 0802 0567 630 

15 1127 0797 0563 753 
16 1119 0791 0559 877 
17 1111 .000! 0786 0556 18.001 
18 1103 0780 0552 126 
19 1096 0775 0548 252 

3.20 1088 4 0769 0544 379 
21 1081 0764 ble 0540 507 
22 1073 0759 0537 635 
23 1066 ‘ 0754 0533 765 
24 1058 0748 0529 896 

25 1051 0743 0526 19.027 
26 1044 0738 0522 160 
27 1037 0733 0518 293 
28 1029 0728 0515 427 
29 1022 0723 0511 $62 

3.30 1015 : 0718 ' 0508 698 
31 1008 0713 : 0504 835 
32 1001 0708 0501 973 
33 0994 i : 0703 4 0497 20.112 
34 0988 0698 i 0494 252 

35 0981 0693 é 0490 393 
36 0974 (689 E 0487 535 
37 0967 0684 0484 678 
38 0960 0679 0480 821 
39 0954 0675 0477 966 

3.40 0947 Ae 0670 0474 21.112 
41 0941 0665 b 0470 259 
42 0934 , 0661 0467 407 
43 0928 i 0656 0464 556 
44 0921 0652 0461 706 

45 0915 A 0647 f 0458 857 
46 0909 , 0643 0454 22.009 
47 0902 0638 0451 162 
48 0896 0634 0448 316 

0629 



Ss 

Table C—7 — Continued 

2) Ge Yea |, GH Ce | goo Gece 
mm. mm. mm. mm. mm, mm. 

4.50 0.0442 22.627 5.00 0.0313 32.000 5.50 0.0221 45.255 
Si 0439 785 01 0310 223 $1 0219 570 
52 0436 943 02 0308 447 52 0218 886 
53 0433 23.103 03 0306 672 53 0216 46.206 
54 0430 264 04 0304 900 54 0215 527 

$5 0427 425 | 05 0302 33.128 55 0213 851 
56 0424 588 | 06 0300 359 56 0212 47.177 
57 0421 752 07 0298 591 57 0211 505 
58 0418 918 08 0296 825 58 0209 835 
59 0415 24.084 09 0294 34.060 59 0208 48.168 

4.60 0412 251 5.10 0292 297 5.60 0206 503 
61 0409 420 11 0290 535 61 0205 840 
62 0407 590 12 0288 776 62 0203 49.180 
63 0404 761 13 0286 35.017 63 0202 522 
64 0401 933 14 0284 261 64 0201 867 

65 0398 25.107 15 0282 506 65 0199 50.213 
66 0396 281 16 0280 753 66 0198 563 
67 0393 457 17 0278 36.002 67 0196 914 
68 0390 634 18 0276 252 68 0195 51.268 
69 0387 813 19 0274 504 69 0194 625 

4.70 0385 992 | 5.20 0272 Us" |) Sark) 0192 984 
71 0382 26.173 21 0270 37.014 71 0191 52.346 
72 0379 355 22 0268 271 72 0190 710 
73 0377 538 23 0266 531 73 0188 53.076 
74 0374 723 24 0265 792 74 0187 446 

75 0372 909 25 0263 38.055 75 9186 817 
76 0369 27.096 26 0261 319 76 0185 54.192 
17 0367 284 27 0259 586 17 0183 569 
78 0364 474 28 0257 854 78 0182 948 
79 0361 665 29 0256 39.124 79 0181 55.330 

4.80 0359 858 | 5.30 0254 397 | 5.80 0179 715 
81 0356 28.051 31 0252 671 81 0178 56.103 
82 0354 246 32 0250 947 82 0177 493 
83 0352 443 33 0249 40.224 83 0176 886 
84 0349 641 34 0247 504 84 0175 57.282 

85 0347 840 35 0245 786 85 0173 680 
86 0344 29.041 36 0243 41.070 86 0172 58.081 
87 0342 243 37 0242 355 87 0171 485 
88 0340 446 38 0240 643 88 0170 892 
89 0337 651 39 0238 933 89 0169 59.302 

4.90 0335 857 | 5.40 0237 42.224 | 5.90 0167 714 
91 0333 30.065 41 0235 518 91 0166 60.129 
92 0330 274 42 0234 814 92 0165 548 
93 0328 484 43 0232 43.111 93 0164 969 
94 0326 696 44 0230 411 94 0163 61.393 

95 0324 910 45 0229 713 95 0162 820 
96 0321 31.125 46 0227 44.017 96 0161 62.250 
97 0319 341 47 0226 426 97 0160 683 
98 0317 559 48 0224 632 98 0158 63.119 
99 0315 779 49 0223 942 99 0157 558 

c-49 



Table C-8. Values of Slope Angle 8 and Cot @ for Various Slopes ¢« 

Ts 
Slope Angle 6 Cot Gx Aye) Slope (Y on X) 
a nin‘n‘n‘n‘n‘ngss,s.S.SsSsS OO OO CC CCCOEEEEOE 

45°00! 10) it @m i.e 
42°16! Jeol Gr dhedl 
39°48! ibay? TOT leZ 
38°40! 25 on elo? S 
37°34" Hed 1 on 16s 
35052 1A: On eel 4 
33°41' d bes On 5S 
32°00! 1G Ton 6 
29°45! eS Vom o75 
26°34! 2.0 lL @m 240) 
23°58! Pies Lonme225 
21°48! 25 i ey 258 
19°59! DATES Worn 275 7/5 
18°26! 3.0 ion) eSr0 
17°06! S675 Ion Se25 
15°S 7 B15 on’ F5e5 
14°56! SI 75) On so75 
14°02! 4.0 T con, S250 
13 0Ae 4.25 IL @in ALE 
W225 2% ASS Honma 
oS 3% Uy ho) iron e4e7;5 
Tal oa OME 5.0 On seorO 
10°18! yes) lon 5.5 
9°28! 6.0 ion! 76x10 
8°49! (55) on s6R5 
8°08! 7.0 one 2740 
7 36" 75 fons 7-5 
7°08! 8.0 ion, ssH0 
6°43! Sia Ion) Yer 
6°20! 9.0. lon 9.0 
6°01" 9.5 tmon 985 
5°43! 10.0 ion? ORO 
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APPENDIX D 

SUBJECT INDEX 

ef ns A= 

Absecon Inlet, New Jersey .............e00e00> 4-90 Armor units—Continued 

Adjustable growls mde! -iclelesteteiiel et efele seeie aie, srel= 5-33 UNECE ME IEG Doe core oy ole: eto ves lesei ete Tavs) efesiel ince revere 7-179 

Item 28 Gobo odnoboD Ddd UdCUUDCOOOUGOCOOD 2-2 Artificial beach nourishment (see also Protective beach) 

Airy Wave Theory ......... PLD. OU sd IBV) a Om SnIACMIIGGROOOOOCCOCLOOr 1-18, 5-7, 6-16, 8-129 
Akmon (precast armor unit) .........-.+-++.+5- 7-183 beach fill'slope:*.'..5)5 os... welt tee ce ee eee tee 5-20 

Algae\(‘coralline)) yer eiesieieelolepis et sielelele! Seles tete eto 4-21 OYTO WiALEAR Paley fore (ofa re fore ln) 6 ate levels ele aterm 6-16, 6-32 
Alongshore transport (see Longshore transport) borrow material selection ..... 5-8, 6-28, 6-32, 8-129, 
American beach grasses ....... <<. ..0:e.0i0.0.0 010 sie! a) siels (2B ime cc Bos ditt dbatt od bap ouaodaeandddadd 8-130, 8-131 

(Anaheim) Bayes Galitornial sips ore i)= (eee os snate nel aioe: 4-90, 5-9 critical ration’. sicc.cc.c1s ac lelsleseie(e stee at atecs. 5-10, 6-17 

Amnalysis\(sediment) iio. cie:ever oevere, ctete-ore atch + 0,0: ctw etal 4-26 ELOGION Sy to co ciao ies eiei os eaeie os ekenets sie dokanonens 6-28 

Anchorages Alaskay jx octets \cieleisisieleioveie, ces Melels) ole o=l= 3-73 profile atabilization\s|-fajetelielellotet-tsteleiefel- ee 6-28, 6-29 

Angle of internal friction ................ 200s 7-211 Asbury, Park, New Jersey: <(s 0161016 «1 o)er) 1215) 4-90, 6-83 

LWIA iReeney Geskosagsopuagseoocodse 2-9, 3-33 INTO EROY Gonommonocooonor oneobonnan nen’ 6-83 

VAN EIN ODEs fates ro eysivevave'ra co RUST eee crete 2-115, 3-79, A-1 Astronomical tides .. ....06..<.0000- 3-69, 3-70, 3-71 

Armor units (see also Precast concrete armor units; water level statistics .......... 3-74, 8-18, 8-19, 8-20 

Rubble-mound structures; Stability coefficient) . 7-169 Atlantic Beach, North Carolina ..............--- 4-90 

CONCTE LE: sarpcvaloystoxsh ove yetsicreievatoracouaiens 7-180, 8-68, 8-69 Atlantic City, New Jersey . . .1-13, 4-12, 4-17, 4-34, 4-36, 

ata bility Coen cients teresereheicteleteieieioletelelese) «eerste LO Re reie ctetorchctersieccaiererstereianesistere ts ciotecs taal terete 4-70, 4-72 

EYER sar sxojforcteveratatosstaraieraravetn sie elereteeanexehsy elements 7-183 Avalon: (New Jersey: < «cl feud 's.<,2.+.0:0,+,0.¢,08e elo) stele» 6-9 

= ape 

RAGKSIONG We oper enacted au ctelaveysfolencvousrstotaiet alisi’oyexctshorofaye 1-3 Beach—Continued 
CUT OTICICEEON poe socceonscnconoges 1-2, 1-4, 5-21 PLOMlelaccUrACy Mataciiaccee tee re eee es 4-57 
dunes, protective................ 1-14, 4-124, 5-21 Profile terms pelts ccs's seis fetus chet teeta tte ee AA5 

Backshore protection wiefalalal oUnifalel efielsistel sie 1-2, 1-14, 5-19 protection (see Beach protection) 

sand dunes ........... 1-2, 1-14, 4-115, 4-124, 5-21 protective (see also Protective beach) .. . 1-2, 5-7, 6-16 
Baie Comeau, Quebec, Canada ............- 6-93, 6-95 orrowsmlateriallrs precise teerle crest 5-9, 6-16 
Ballona Creek: (California) ..- =)... cries el ele ele el 5-49 borrow material selection ......... 5-9, 6-28, 6-32 
LE? ogooepooeooGeSbopecoDsosdobcoDaUNGOdOO A-2 Critical Patio: *.) wes Metta 5-10, 6-17 

inner bar (inlet).......--..-.--222++-+-0ee- 1-12 restoration example! ay. ae eles et sees 6-16 
longshore .............. 411, 4-43, 4-56, 4-57, 4-78 shingles eee sac aee ae eae 1-9, A-32 
offshore bar (beach) ....-....-....------ 1-2, 4-78 shoreline movement. 2%. c<is.s\< «= +e siete ste eee ere 4-11 

outer bar (inlet) ................-....- 1-12, 5-24 short:termichanges) )sis.cjeisiey- oles etree 46 
Barnegat Inlet, New Jersey .......-...-.-00000- 4-90 BLAM itysepatererayeteveletevel bevel chevelohavevotensvetenecer ote arate 1-13 
Barrier Storm CffECtS\.15)eveersverensyer ey arersve 1-12, 4-37, 4-70, 4-115 

littoral (see Littoral barrier) SUEV EV INS hay ch atone! oF oy cher cle: cxol lencrepehe) ss otsteretoetareterate 4-57 
Barnieribeach2)4).\siciciiciciclsva cists cts « 1-5, 1-6, 4-1, 4-3 CIOGUTETETTOT. ye o)ere ajc oie cette clorontNe tec atevers oe 4-57 

miletaxetlectsiOf mers clocie Seiieys cis creole +e 1-12 BOULGING CLLOT 1-04 «vai 2) =1<v0\ sore) ocaveheteieter steterotare ete 4-57 
Barrier island (see also Barrier beach) 4-1, 4-3, 4-21, 4-111 CienieGaw? eoeecnogcoocouoq1ccnoodauhoos 4-57 

deflationyplaint-cteycveicssscteteieieteiec) 4-111, 4-112, 4-113 temporalivariations) -1ereieloletetel coke everett 4-58 

BarrowsAlaskal cineccrsccc cette re ee teen ee ae 4-38 WAVE TelleCHON devctecere-svero.crcrercre euoroeel ne Voie ete 2-117 

Bathystrophic Storm Tide Theory ............. 3-101 Meachterosionirysyereye terol eiecoreuaisieie ola ere 4-70, 4-115 

Bay; St.\ouis,| Mississippil << =)<:< 2. <vs,0 +, stspereyeiee 3-109 Beachiface tras cc. teres ercteey sect closes 4-11, 4-71, A-3 

Beach (see also Backshore; Dunes)........... 1-3, A-3 Beach fill (see Artificial beach nourishment) 

IDET My feyave te ax ays wees 1-2, 1-3, 1-13, 4-56, 4-78, A-3 Beaehi grasses) srr ertacters(aleteke sie saiitetel 4-5, 6-37, 6-43 

chiara Cteristres yarerseecarspsroversveceeerclecsiate erciersnotscsiesexs 1-9 CfLECES OL crerayes wiaysus<e one s/shakoresaps/crsteieie some cieasreuets 6-37 

COMPOSIELOM Ge rotelo a clot eheteoro-s) elierarels\ sim lefonene san ay 1-9 plantineysuimmany eset reer 645 

deflation plain................ 4-111, 4-112, 4-113 BOOMING, 2 ces c is oo yee ars cremieie Male essere 6-43 
effects DIGEA DIMI  coooenonresacadocH dad 1-13 transplantingiets ore oc te ose oc 6-43 

ehcp Un 4-11, Sane ; Beach Haven, New Jersey ......--0eceeeceeeces 4-8 

Bese eaa tarsi) eRe rss py cen ee Oe toa, Bont) 
long-fermichianges ici2tt colo aieveysveveroseveisrastve fo Ne 4-6 deflation plain. Sipe ae Se se aa ete Se 
natural protection qiisirs s0/<a(osehneaieE ates 1-2 stabilized profile (with groins) ...... 5-39, 5-40, 5-42 
OLE Ol 1G SF ODS aOR RES oC OORSE oon 1-2 structure effect prediction ..............-.-- 5-5 
pocket be ache ec accesesevois: tere. oseio.'e fey cdesagekeusrsp steel 4-1, 4-3 Beach protection (see also Protective beach; 
profile (see also Beach profile) .1-3, 4-1, 4-2, 4-6, 4-54, Shore protection; structure headings) 

Oa Oot Aner ee 4-55, 4-56, 4-70, 4-147, A-45 artificial nourishment (see also Artificial beach 
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B — Continued 
Beach protection—Continued Breaking wave ------- 1-10, 2-120, 4-42, 7-3, 7-145, A4 

NOUTIshMeENv) wastes arses 1-18, 5-7, 5-20 breaker travelidistance! « ..ccue deo neclo ens 7-4 
henchinestoration ee depth PALOMA ONES ERO DG DRTC 7-5 

artificial 6s secon, PUBMED SLOG Senate ose a 
natural .... 1-2, 1-10, 1-14, 4-70, 4-75, 4-115, 6-36 POLCEB!: \ahe.js, susseneyhecereietsh ave Sears erro teehee ieee 7-1, 7-63 

breakwater, «cite fiefs ss,cke te yossiasc 1-16, 5-25, 5-49, 6-88 forcesion\pilesimcrat eich eee 7-121, 7-124, 7-126 

bulkheady. apap sia arses ors. na eaieoneee 1-16, 6-1, 6-6 forces on walls .........-..+-- 7-145, 7-146, 7-152 
eometery,. definitions. 277. % - ee on te erate. 7A 

Boussca{ cc Ue aciizcaeses) ich? GokEE eo. ee 2-60, 2-62, 2-120, 2.121 
BTOINS 6 eee ee ee eee eee ewer e 1-17, 5-31, 6-76 height. desienibreaker, qearebeeer chee senor 7-8 
groin field jinefiective .. <-)-, sanitaire Nets 6-56 heipht limits essen axadeetel wor rset soaks 7-81 

TGUEGS, oa odsescasooso0cse596 1-17, 5-24, 5-46, 6-84 shoaling\watensper ance Eee ree eer 2-121 
MEtHOS! tai. tts te tales taterelototentelerereateie Ma lees 1-14 LY PES crarorararevesarenster 2-125, 2-126, 4-42, 4-43, A-47 
MEVELMENE: faye te ete \ste le tarelotate tate rotateteroite 1-16, 5-3, 6-1 Breakwater .1-16, 5-25, 5-26, 5-49, 5-50, 6-54, 6-88, 6-96 

SOA Wall nis S.5 wiv atalers tote fatten terele eaters 1-16, 5-3, 6-1 CONCTE LE CAISSON sou. sat epalereteneverovossse, Mole oRPRNe 6-93 

seawall inefiective) + s.inhiauceees se ero net 6-56 egaliaspects) sijeyevavars Voyeysussayaus. ofeekoaks © esta era 5-31 
vegetation (see Beach grasses) ONESNOTE Yexssopeceeverstanayeccieyite ieveve isnot 1-16, 5-50, 6-96 

Beach restoration (natural) (see also Artificial beach effect on littoral transport ....... 5-50, 5-54, 5-56 
nourishment; Dunes) .... 1-10, 1-14, 4-70, 4-75, 4-115 heights, eves. Mae erae eters ada Seen 5-55, 7-52 

Beachirocks «14.8 .1isoitsrcio eee oes 4-21, 4-22 offshore;isenies@e iii ce a ousoatia dome 5-5) 

Bedload (see also Load) ............. 4-53, 4-54, A-20 Of SHOLE: SEY PES veiovereucyalerexeresaysueysusucioreceicue MOEN 6-96 

Benedict Mary land rereverat.teroretatareveterstoverctoroterorenseeyote 6-13 CAIBSON sire sufajepsucyavexevdisie eve ove ce INIaobe Celene 8-95, 8-96 

Bermi(beach)| see... ree 1-2, 1-3, 1-13, 4-56, 4-78, A-3 cellular'steelsheet=pile . ....6...0:6 << e000 0 0:0 pave 6-96 

elevation (in planning analysis)............... 5-19 FUDDIE-WMOUNG evs o.s\-5.cyeie 2 ale scm cndioeversrern ees 6-96 
SLOTS Fro revatio oietsrone noise ce bier athe eee 5-19 precast concrete armor units ............ 6-88, 7-180 
width (in planning analysis) ................. 5-19 RNs Sesoooopnadbo” 6-84, 6-89, 6-96, 7-167 

BOO Wal eas icy. svarsfefoie aie telsarelevalslers isrers 6-16, 6-17, 6-32 exampleicross secuonl |. ects eieraine 6-97 
Borrow material selection ............. 5-9, 6-17, 6-32 sand impoundment (see also Sand impoundment) 1-16 

Boston’s| Massachusetts): tssicts.susy s:stt1 ai- teseseusysierensrnieis 3-72 SHC PUN Gs 6.4, s.5:z peg ekeae:o\s [ores «is sue wisteke albert 6-93 
Boston Harbor, Massachusetts..............+2- 4-123 shore-connected ......05..0+0000 0 1-16, 5-49, 6-88 
Bottom friction ..... 2-66, 3-42, 3-46, 3-62, 3-67, 3-103, effect_onlittorall transport -...ce-teye ieee 5-50 

a5 Aid DUCenO ORG OCA DOC on 4-28, 4-48 shore-connected, ty Pes. .c sic.c1s siels e.ciclo rial siele ODS 

bottom friction coefficient(K)......... 3-103, 3-115 cellularsteelisheet-pile=ey-)-n)--1--) eee coe ee 6-93 
bottom friction factor (ff) (see also Friction factor; concrefercaissone- verter ertelaereleier-rterer eisai 6-93 

Friction loss parameter) 3-46, 3-64, 3-67, 3-103, 4-48 rubble-mouind 52\a;ctestieisi 5:0 16.e:095 auenea¥ess/eist oleae 6-89 

Bottom velocity StoMe-aspNal tyainjscsioie ohers)cie) eiereis lord teleievenelel deg 6-89 
Ate THE OLY, val aiereselecss ousioituss steveieveverecs 2-12, 2-34, 4-61 Brokentwave forces: <i cicicieeicisio ee ciens 7-1, 7-63, 7-157 

Solitary SDHC Ory ys. chs, sis: siaucs sisucicvoss, «ic, eevee ote 2-60 Buffalo,*New: Yorks o(e/shie aieteicsercietes tore clever 3-140, 3-141 

Stokespliheonygerasperesessy tere teiorabaiet<Leiskicarertorerots 2-37 Bulkheadsitss 87 wvc.s drvccsotisrcsanian lacie e 1-16, 5-3, 6-1 

Breaker (see Breaking wave) CONOIIS ghia HOTS OD RO OOD DOU DMOBDOE AT 6O..5 5 6-6 

Breakerheightndexceyjeyeier-1ecieisiel letter ieiete 2-121, 7-7 steel sheet=pile’ a. s7::<-sfscvegsyorerenie e heveriowtned 6-6, 6-8 
Breakerjtravelidistancesy-yecte:< <1scoc co < Boe eer 7-4 tamber'sheetspilet.6 a creucf nerorerote svaxtus cacy bonne. 6-6, 6-9 

Breaking'depthi(\waves)) <\....««,«/a «si ssieeler sets oie 7-5 Bypassing 

Breaking point QWwaves) >, <:s1)21< «125.5 « s22e elaelaee oe 7-3 sand (see Sand bypassing) 

eh 

Caisson Capillary swave:tity.rsoctareyerererers See eee ree 2-5, A-5 
cellular steel sheet-pile ............ 6-83, 6-88, 6-93 Carbonateiproduction eee eee eee eee 4-123 
CONCECLEM PME oo ite cere coccers 6-93, 6-95, 8-95, 8-96 Carolina Beach, North Carolina. . . .6-16, 6-17, 6-24, 6-25 
rubble foundation stability ................. 7-201 Casagrande size classification .................- 4-11 
stability........ 6-96, 7-201, 8-96, 8-99, 8-101, 8-106 Causticns f.lveisiyisasvesis oa instances ste eae eee A-5 
wave forces (nonbreaking) .................. 8-96 Cedarhurst; Maryland ey ...racmeteiteciereei creer 6-14 

Camp)Pendleton:|Galifornia = ......s4-+.:002e0- 4-90 Celerity (wave) (see Wave, celerity) 
Canty. oni, tettetereraps cr aissinels sieve bit sine quje sci A-5 Cellular steel sheet-pile breakwater (shore-connected) 6-93 

SUDMATING Fe eee enero cieser en oe eens 4-127, A-5 Gentralipressureiindex:- 4a eee eerie 3-84, A-6 
Cape Cod, Massachusetts . . .4-22, 4-38, 4-72, 4-74, 4-116, Channel 
SM Pepvonetovene ey sua (ais sceysyeReWevete (ocsveswraabarsheueievans ieee caves 6-37 controlistructureitactorsi-.)ier-e eee ee OL ae 
Cape Hatteras, North Carolina ........... 4-116, 4-124 revetment stability, ¥.1.1.-).\chhetot etl eters Serer 7-203 
Cape Henlopen, Delaware ............. 4-129, 8-4, 8-5 shoalingiprevention’.---c)4 science 5-46 
Cape Lookout, North Carolina ........... 4-116, 4-124 stabilization cyt. .s croiecc once moore 5-46 
Cape’ May, New Jersey ..........-.05.. 4-74, 8-4, 8-5 Wave reduchonia.. streetcar ace ieee ee 5-46 
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C — Continued 

Channel Islands Harbor, California (Port Hueneme) Coefficient—Continued 

pote eek aS 1-17, 2-82, 5-51, 5-52, 6-59, 6-61, 6-62 MYATISITLISSION etoteveyovefetotelerefoveletorclelatere cater 27d OMe-od 

offshore breakwater ......... 1-16, 1-17, 5-51, 5-52 Winid stress (Ik)\ie ee cteleletetets e's ate 3-103, 3-104, 3-139 

BANG y ASSUMP at arate ialewelhateter tatetstolsy ete tee che 1-16, 1-17 Cold Spring Inlet, New Jersey ............ 4-90, 8-118 

ChesapenkeBaymacyroitero srersrskererele several +16 3-65, 4-146 Concrete armor units 

Chesapeake Bay, Maryland .................0. 6-11 (see also Precast concrete armor units)......... 7-180 

Chesapeake Bay Bridge Tunnel, Virginia.......... 3-3 EY DES Efe tersuvete is teleys ole oie kts © sles sialellaioretellets 7-183 

Ghiezyfcoehhicient yc reretejerets)sse s)talensteleleloler ofeieiel << 3-103 Goncretesbilkhead| ij tttetoietetlet-lelotetotetetstetetere 6-6, 6-7 

Chincotearue inlets Virginia (0.1.1 sf «ole ee 8-118 Concrete caisson breakwater (shore-connected) .... 6-93 

Glapotisieven steicrcirersieleuciers oe 2-113, 2-114, 7-127, A-6 Concrete caisson design......... 6-89, 6-93, 8-95, 8-96 

crest height at wall (see also Seiche; Standing wave) Concreteloroinwerrtreyeetiiterrseitetal etal 6-81, 6-83 
3 Bis RG UIBCAG O PRONTO OIO CREED CREE. ORES ECHOES ORIEL 7-128 Concrete interlocking blocks ...... 6-6, 6-12, 6-13, 6-14 

Clatsop Spit, Oregon .......... 4-115, 6-51, 6-53, 6-54 Construction 

(HES Sao coco doUnDCduOO SHOU rHDanDorcS 4-19, 4-20 designipracticesis. <icycheisrave-svayeise/svecer oie aisvevevenekerere 6-98 

Cnoidal Wave Theory .......... 00 2-2, 2-3, 2-47, A-6 Constructionimatertales 326 ce ie-sisreso eis eee ceus oko 6-96 

Caste sccm usiakeue waves ue odie yaqeyeiesetee eiaNee's oye Collate 1-3 Gontinentall/Shelfy says. occ cree isyee reset teks A-7 

Goastallengineering ya yale. .<1«toletsislelenier=ictehs 1-1, 4-52, 5-1 Goniverencememrrri etre teieiclotsseieteleimurisievisehettetie A-7 

Dlariningsanialysisitryeyeverelete, slekeietatalslane lohater elite 5-1), 5-2 Conversion factors, British to metric............. CAl 

pmo lems: 57. o6 ake, Sekese:s erate sete oyous io c8 cans uace.e 4-52, 5-1 (fe (Li Cnc ROICCI oC PRR ICRC IO IO SOOO 4-22 

Coastal zone (see also Shore zone) ............-. 1-3 (O%0) floc bo lao Or OPE ROI OIRO OREN Colom FOO Oc 4-21 
Coastline ys are ctcte cae loses xe sores jeueyore coxsuexe ehefehe tele Meteo ge A-7 Goralline tal cae yeyecaie sey evel s ona yaterossvore\c¥evoie) «fo preneneerals 4-2] 
Coefficient Core Banks, North Carolina .... 4-113, 6-39, 6-46, 6-48, 

bottom drictioni (KS) jae) sim oier<.c1e.c1eleretarers SAOSAS WG, «Essie assess tevous voelevslexeusveuryeeysys 6-50, 6-51, 6-52, 6-54 

CEB’ soanoesooso 3a0q00yoospoavoSeeOngS 3-103 Coriolisiparametenerniteteys telat te eietel-aiel ele 3-21, 3-58 
CHUANG, Goadoobos anpeonebboonogE gobs oo 2-81 Corpus (Christi Texashys. <rover chets: ale atvoleveistetsfofeter 3-101 
Cle? cain edo ta oad oO 0 eon OnrehO no Gc rio cir 7-99 Crane Beach, Ipswich, Massachusetts ....... 4-75, 4-76 

Aravi(Steady, LOW) (rsiexs is ioveusie sve foveue falePoveks lav obeters 7-103 Gresent City, California... ....-< ssn 6-89, 6-90, 7-192 

GOCE drs ont COB IOcKe OUR OCIeTESO RT artes A-12 Crest height (wave) above stillwater ............. 7-71 
EXPANSION/OL1CE ei cyevareloselsrsisis sieve: eis; o: 50405-41941 7-206 Grab See iecareie eis arora spovee a avaretouanarevetssexessvormers 5-49 

RLACTIOMN (SOIL) (ILE) ereeieis exeteie chal eiabecore Suevehore ts 7-212 Griticalirationcrorperexe stoisneteresstoreeuiotetiatelar 5-10, 6-17 

AMET Gal IASS))) sessc0 = 2 s,0/61su.se0e avai 7-99, 7-108, 7-109 Cube, modified (precast armor unit)...... 7-170, 7-182, 

LETC Bian 6 oma Oko OREO OO Oren mens ema Wrpereere ts revcue nei e erinve eis fevaveysroreieceres 7-183, 7-189, 7-196 
averrcoetticienty 5... /s\si0.ccisstecousie 7-196, 7-197, 7-198 Current 

MEE Tey teigelis tases (ave. tole a vers ys aioe ayes Sac ia aay 7-96, 7-97 hitPoralle ste e caresses: sycteun ovals iegdciucuetetovexelasee/atereeys A-8 
REDLECHIOM Is eheta. 3: sry evra eleucrstacaleyens heres Ges 2-110, 7-127 lONGSH Ore wepore cee sete so ciclaveiereieve 1-9, 4-4, 4-45, 4-48, A-8 

PETAL ON page ia 5% a seasisteusicusiocovoie 2-67, 2-70, 8-41, A-28 MEAFSNOLEY seleve ior crevere. sie satacs 4-39, 4-43, 4-44, A-8, A-23 

BNOALNE crave sfeiere-eie« > 0-014 2-30, 2-67, 8-41, A-33, C-3 ONSHOTE-OLLSHOTE :o;. cers fo cove, avoe ro svole) cities Bolevenesoke so 4-43 

BOLUM cys cs'eiesccejscsie ress eisisic) s/s 9.60ej sre e755. sispeuessia A-34 Tip Paperegssesici bev) Susie Deepeseierep eee aces 1-9, 4-5, 4-45, 4-46 

Btabilityic)echeiec yale esas 7-169, 7-170, 7-175, 7-178 id alee cc Aee he sirtsstee)s 1-9, 3-70, 4-5, 4-43, 8-21, A-9 
BREIE CHOMP are raise vos c eve (oversees oyever sateieus oie 7-175 wind generated Wer crsrevelelave orestver neve or eiotevecel ere 1-7, 4-5 

surface friction (see Coefficient, wind stress) Gycloidalwavemepacret ta cet iain creche Gye area eerezers A-9 

2 P= 

d/l=—Tablesjof Functions .....<.sen- see «cee C-5, C-17 Désignistormyy 5 ak aatee Mat els te as ee tereres 3-85 

Darcy-Weisbach Friction Factor ............... 3-103 Designs waves, asses ce rorete sacra pierre rosette 7-2, 8-63 
Datum plane ...... Sete eee eee n nese eset eens A-9 selection factors .. 4-29, 4-30, 7-3, 7-177, 7-201, 8-63 

Daytona Beach; Ploridal ey. etre cisis/o\s «iste sfoleisy per ol 1-10 Desi height 

Decay (wave) .........00. 1-7, 3-17, 3-42, 3-52, A-10 wa OS 
WAVESDOLEOG re sein ci eucve cota serwe systole suese ele weer ore¥etere 3-42 selection ........ 4-29, 4-30, 7-3, 7-177, 7-201, 8-63 

Decay. distance © .j.c0ccsceccesecesce 1-7, 3-42, A-10 Diablo! Ganyon; California)... ce -eiie ese cee 7-192 

Deep water, definition ...............0-0% 2-9, A-10 Diffraction!(wave) eer cic sols cisreielcle cleus 2-79, 8-93, A-10 

Wwavesprediction sn ccmrme.cicieccun here one 3-33 calculations, single breakwater .......... 2-81, 8-93 
Meflaton\e.eiteusisinue wieccieelesieu occas 4-5, 4-129, 6-36 calculations: small gaps sree ciicie siete sie cls seis ote 2-98 
Deflationiplaineassiecernieiic reek 4-111, 4-112, 4-113 Diffractionicoetficient spree ce elcileleinie staetekodede 2-81 

Melaware! Payee vcisy<iscs.sic o)cieneveroceerete vere staves 4-146, 8-1 Dispersive)medium) ..2.0.c)- (cress etecvarrsteiecransrorsvers oe 2-27 
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(Gerster ert cer ere rerscrerecratovaie (eveiare cuslepeleye eter sce 2-3 egallaspectsm ra feucrseveiercielleveierie iokeisvoieterets 5-46 
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Grading (sediments) permeableirubble) fists) vs, 5,0 s:0.5,5,+ susrslensyo sane @i:shaye 6-83 
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Gravel beach (see also Shingle) ............. 1-9, 4-19 High fe yo ictatersicrsiletoteleteteVeletersiarslehatetatestete sisters 5-33 
(Gravityawavecet.isr(s)s/<(stsiclerscctsia’ Stele ets eres 2-4, A-15 lOWaterctctefettelateltatstetetelslolclehelsiotcietercisreteverintete 5-33 
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Land-based vehicles (sand bypassing) ...5-30,6-54,6-76 © sss e e eee eee eeee 4-4, 4-11, 4-50, 4-131, 4-153, A-20 

[ayercoetiiciente. -miceecce nes 7-196, 7-197, 7-198 Ded loadin. s-c.ayseussevares creteisvereeuexs ices? 4-53, 4-54, A-20 

Wegaltaspects Pts. eametin se cic ccc eee 5-30 longshore component ................- 1-10, 4-11 
real water ft raih rate cs tele es foece «nso cies 5-31 onshore-offshore . 1-10, 4-52, 4-60, 4-70, 4-121, 4-127, 
(TONY SEO Gm CCI OTe eee ate PAG | cee depecMavstexciacs ievsiclasttene seuvscnorece corsceceusuene sae Renenene 4-153 

J ELE ES acy erated ete eke fay ah ais) a8 cores anavszacsyee. evepe ore eves 9-30 EUS coscuctacobsUMusHoUE Dob CddodorOOC A-20 
BAN CUDDY PASSING Em Go. 6 ist oc clvoue. aife ever st oronefereveTornye 5-30 Sea war lini t<.5/-feeyerpeve lois ocos,s1eerara Slee enero 4-65 

Length sediment budget .............- 4-116, 4-131, 4-154 

FOL CM ey ore efec ccs seta ayia 2 eo siars 0 Greve toute ovate eee 3-29 suspended load) = cis ciae eaten inion mieetee 4-53, 4-54 

waves (see Wavelength) REACELS ie cnyevcdustcts.a)s ole ees eres eee a lejevetersnecetesienerte 4-150 

Mewes Melaware ys.cictes osc1e cere s 8-17, 8-19, 8-20, 8-32 WaveIclinate site iinet 4-27, 4-28, 4-29 
Mittcoethicientys-aqces ete cca ee ce 7-96, 7-97 Littoral trap (see Sand, impoundment) 
TAR esvca 3 2a ee hel imati 7-95 Littoral zone ............- 4-4, 4-43, 4-52, 4-70, A-20 
Linear wave theory (see Wave, Airy Theory) eee ees eNetametove voids teers reotlerone reteerenevetens + 

Littoral barrier (see also Sand, impoundment) . $48, 5-50, oad ssn nee elec ABO 
PERT ede Metered cae tezoicevs ouetisisusiiess.¢vershegere/oieparsieceveus ayers tors 6-54 Long Beach, California .........0...0eee-0+0+ 26-96 

EY DOS Wome reven teted CexoyausfolleKersy oieso\e/o1 oie) ale (elses ere carer 6-55 Long Beach Island, New Jersey ...........- 4-12, 4-72 
aktoraltcurnenityer veroycvevele ov crere’ ove. s cscs etoeroee oe A-8 Long Branch; New; Jersey). «1.1. + <)eless teeter 4-70 

Wattoralldriftscyercvevsts cus cousceresseeioveie 01a faleye 1-10, 4-88, A-20 Long Island; New; York? svo...ctetse. crete reiatetatexe's ap otstte 6-82 

OPull SOO Cee COCO He OOO AOR cata 4-119 Long Island, New York (south shore) .. 4-51, 4-58, 4-59, 

PIOPENGES fs fo rai tooo fete [olote lorexeoiateei neste aioe AGO! = iar ctetre emma atevaitn (atari. etebe reine rapars fete rorerote 4-146, 4-150 

BIG Mawel 4 d's «obs to ane totefere 9.te Gotatere 4-117, 4-124, 4-125 Longshore’bar...........- 4-11, 4-43, 4-56, 4-57, 4-78 
Littoral materials (see also Sand) ........... 4-11, 4-20 Longshore current... .1-9, 1-10, 4-4, 4-5, 4-45, 4-48, A-8 

COMPOSitION) 4 ec fotereloie ora ie loterereve 6 4-18, 4-20, 4-21 VelOGi by scl sara ales taletere oe ale ets tenons 4-45, 4-47, 4-48 
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L — Continued 

Longshore energy . 4-89, 4-92, 4-94, 8-107, 8-110, 8-111, Longshore transport—Continued 
ae toh fever adeeb mae clictede eis steucte Acheser'e slelsie's Ft evave 8-122 netirate <i. wna ceeln dans Jal2 48828-1117, 8-128 

Longshore energy flux factor ..............0055 4-96 NGAI ATES S Sho os omen Oe GODaLrT OT. Gb Ome, 4-142 
Longshore transport (see also Littoral transport) ...1-10, FALCACLELINIEM Wists kefete 'ao'e/a1cvoraranshets carey saypye oe 1-12, A-20 
1-12, 4-37, 4-52, 4-88, 4-89, 4-90, 4-108, 4-131, 5-8, 5-24, rate|(examples)i\ Bile leieleleielea cer oct bles ceee:s 4-1] 
neAnoooSboaabeouooD 5-27, 8-107, 8-115, 8-118, 8-128 rate determination .... 4-88, 4-152,6-17, 6-56, 8-115 

Mine ction es ecprtest ate 1-12, 4-37, 4-140, 5-8, 6-27 HEA CETS fo torereraahelate tare tone tee te taterarnichete ore tee 4-150 
GirectiOm reversals. sv icckerciecis see tiele ee nies 1-12, 5-8 Longshore wave energy .. 4-89, 4-92, 4-94, 8-107, 8-110, 
ENergy) sete ce A BONALOONA-GARESTOTMO-MUUGak lo: 9 Menke Giekewisieqsis\c sles ee sieiowoie eusiels.e oleh 8-111, 8-122 
engineering problems ...........0.+sse0e+00% 4-52 Ludlam Island, New Jersey ........... 4-12, 4-46, 4-72 
BYOsS Tate cee ciereisieie= 1-12, 4-88, 4-108, 8-117, 8-128 | LaGy  SRN eRID Oe OIRO IEE OO COTES Go A-21 

&  M == 

Malaga Cove (Redondo Beach), California ... 5-29, 6-16, Mean) wave height ..cvasencjateyaierey eve mae eee otter 3-10 
HeidiagdoRbispetiod aaneooodoce aaa 6-32, 6-34, 6-35 Median diameter ..................-4-11, 4-15, A-22 
Manasquan, New Jersey ............2000- 4-69, 4-90 MiamiupBeachs Bloridayci.-ais\ «ye. «:-sspatsytietels oxeyee arate 1-13 
Martha’s Vineyard, Massachusetts..............- 4-22 Michell (wave steepness) ..............-- 2-39, 2-120 
Masonboro Inlet, North Carolina . 1-18, 1-19, 6-59, 6-65, Miche-Rundgen Theory...............-. 7-127, 7-128 
Rafa shat oy ta) aval ai pic oils aie! awin o siaparsnousie oho wets. 6-67, 6-83 Middleground shoal.......1-12, 4-124, 5-24, 6-57, A-22 
NGIAEUIN: bins CHO OR OOUGODORDOOMOCBEOS 1-18, 1-19 Millian: Betiyoss steer iolots fattest sleisitae ie eieaete 3-22 

Mass density (see also Unit weight; Specific gravity) 2-6, Millimeters to phi conversion table .............. CA5 
SOS BOC ORO 6. oO DOC ORES fo te Ceo cae HOI 7-64 Milwaukee County, Wisconsin..................4-90 
BANIG 7 ey of ensuentheh casveveareneta ateieveuoncpsxateie:.e levsye ‘ays favors 8-116 Minikine (he ory) scese,csessyereceveyeds eos cccroracoroetonorstale eee 7-146 
WATERSS 2,55 )Sciseutie ose totcsisre ste e eickete 2-22, 7-66, 8-116 Misquamicut Beach, Rhode Island ......... 4-12, 4-72 

Mass transport (waves) ....... 2-4, 2-38, 4-4, 4-42, A-21 Mixeditid eyse apeco:'s coerce. ct everesoyetoneneovesstereretereceneie A-23 

Materials Modified cube (precast armor unit) . .7-170, 7-182, 7-183, 

CONSEFUCHION) isc c0.sye oa sierecavsesduele.cueh.oua-eeecs aunts 6:96 Beh chine aoe inne ears ese erae hus sueow S10 oueee 7-189, 7-196 

Maximum'probable wave :.:.:.2c:ccscccccsses 3-62 Mokuoloe Island} Hawaii... <...cist-leetatelei einer c > eke 3-75 
Urricanese artic. s.citiece nm etoec crete « wletrais earern 3-62 Mole fet areph i Piieicisitave le oceils ayo-a oarossun ys wiste eee BROS A-23 

Maximum surge sas Sasi ca eaten ete nate noe eee 3-97 Monochromatic wavesiai-to.- + «+ tel «ls cle nite eleratats A-23 

Mean:annual/ wave height’ <2 222 5.55.5. cc cece oes 4-33 Mustangdisland-shexasie cert cretion: 4-115, 4-116 

Mean diameter (sand) .......... 4-15, 4-16, 5-11, A-14 Myntle/ Beach) Connecticut 0-7. ...0-)-0 <n cene 4-12 

“NSIS 

Nags Head, North Carolina .:......... 3-14, 4-34, 6-84 Nonbreaking wave forces ..«... 7-1, 7-63, 7-114, 7-121, 

Nantucket Island, Massachusetts ............- LORIE ~  _ panoobosaccuaoosooncoDE 7-125, 7-127, 7-139, 7-142 
Blanes Sh lorie yet <1.\cistercioie's oraloc tage susaareisycpsrsia’ 4-34 Nonbreaking waves 
Nauset Beach, Massachusetts...............00- 4-113 forces on piles .........-..-+4+- 7-64, 7-114, 7-121 
Its tical beri) eyes erent oka oisratavers rave ay ate voroiersrsiare A-23 noncircular RO egee dA be nsdn gh Noa Pesce Data ee 
Nawiliwili, Hawaii 6-89. 6-91 MONVErtiGal 5 shies 0 eco ois wo PTS EIEIO 7-121 

EOL ERM SS Ge se ewe west RT eT OS es 2 forces: On: walls) jc. apefarsts avs ake ete 7-127, 7-139, 7-142 
ING arp itil Os sf es ch -ethaysrese ek sic ie coyslavorsier's: syoreponeretol ets A-23 Nonbreaking wave heights 

Nearshore current (see also Littoral current; Littoral lirntts arr re Bs ava one TeVeLeTs |e: 01 0s Wit Loagas bia) Siehereise Res 7-81 
Eranisport) erape sale l/s !=)e\cio: 4-39, 4-43, 4-44, A-8, A-23 Nonfulfysarisen'seat i eres. o elec coiater ane iaree 3-34 

[Nearshorespronile? fS\...55 << <6 10:sreiarerere 6 4-54, 4-55, 4-56 Nonlinear deformation (waves) ............-+++- 4-28 
INearshOresZONenee tare rcistareielevaroreretsterevare ote 1-3, 4-70, A-23 Nonlinear Wave Theory (see Wave, Finite Amplitude 

New, Buffalo, Michigan’. .\./.5< ..mceecioneenton 4-142 Theory) 

Newport) Rhode Island #2)...52462240020 0 22 4-21 Norfolks Virginiatsoi 05. fish sto skojede oners oss ieiene sceiels 365 

INEw Mork Bighte 2 yi s2 8.80 to case: 4-51, 4-71, 4-146 Northeaster 

INE WAVOLIKCUING We VOLK > jorecccscnicccsie-c.c xe oaccis attusys 3-72 Cefined Perce oxve we: s0vereue sits ousvele exevovencus 3-84, 4-29 

Nodal zones (longshore transport) ............. 4-142 Nourishment (beach) (see also Artificial beach 

INGGE) Be is5 5 siraniescieyeise ciitucieneieeieiciers 2-113, 3-79, A-24 MOUFISDINENIE), ose ols /arexevener1e.0 agers (ousjesseceltee 1-18, 5-7 
ee 0 et 

Ocean City, Maryland ........ 4-90, 6-84, 8-107, 8-129 Onshore-Offshore transport (see Littoral transport) 

Ocean City, New Jersey ........ 4-90, 6-16, 6-18, 6-19 Orthoponials «(51.0 Bist. bcheys. soe steve 2-64, 2-65, A-24 

Oceanside Harbor, California ............. 6-59, 6-71 Oscillatory wave (see also Wave, Airy Theory) . . 1-7, 2-4, 
Ocracoke Island, North Carolina........... 647,654 ttt tee e eee cece rete teen eet e eens A-25 

Offshore eee each ot ee Ok LE 1-3, A-24 Outer Banks, North Carolina.............. 4-70, 6-46 
Offshore bar 1-2. 4.78 QOutersbari(inlet) yr; core oro crore he eels eis 1-12, 5-24 

i Ri. ed Se Nie isa I 2 Overtopping (wave)................ 5-19, 7-37, A-25 
Offshore breakwater (see also Breakwater) ... 5-50, 6-96 graphic relationship (empirical).........«+.+ + 7-40 

Offshore Aslan gerieierc ec ciecicicke osieierere ctovcte siete tee 8-2 overwash RD te A SP RI go cae 4-116, 4-124 

Olistore:zOnescciieceek ciadeise oe ere inertia 4-53 mibhlevstructilte ess <orev. pon o/rd coe a 7-192 

Onshore-Offshore current (see also Nearshore current; Ovenwasht. 43a. oe ee ee aero 4-160, 4-182 
[exttorall current) 2) .j<:s)-1els:steseie @\si0 /a1sso10) o/s 1180's eho) 4-43 Oxnard Plain Shore, California ................. 4-90 
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dope Testi 

Padre Island, Texas .. . 4-112, 4-113, 4-114, 4-115, 4-129 

so a lakohet die 4-142, 6-39, 6-40, 6-41, 6-49, 6-51, 6-52, 6-54 

Palm'Beach; Blorida: 2...) steicis sseratcle sacral 4-90, 5-9 

Panama) City Ploradayrajs)e:o\«\e nl fovsiessiseyeichsicickee eile 4-68 

Panic! beach) grassesiy (eis) syiie.die,ove:2,<:svershayorepeystouctets sie 6-43 

Partially arisen sealac, <.6.0. ss tseus. cys cusses cee eee 3-34 

Pass Christian, Mississippi .......... 3-92, 3-118, 3-126 

Panstvevearth LOlCe syctcteyeteters rene vate everett te etereneiate 7-209 

Peahala, New2Jersey’ sre a c/a see ions ote tee « 4-9 

IRGAK SUT GE a tar. stats terete aie te es sletea ter crstorerorea eis victors 3-97 
LOD Ao Ot AIG OREORID OR ITO GDR SEE io SIhoe 4-20 

Rerisacola: (PR lOrida) 00,6145 jaro asid a oreo sade 3-72 

Percolation! aReis aac tee eee 2-66,3-42, 3-46 

Perdido Pass, Alabama ......... 4-90, 6-59, 6-65, 6-68 

Period 

tidal Persyeerote satel ette s cespereke terete evevetene (ope stereys 1-5, A-38 
wave (see Wave period) 

Bermeablesproins) or. cv seteivehspotan-deren ves ds) kel 5-32, 5-33 

Phase velocity (see also Wave, celerity)....... 2-7, A-26 

IHU The ars Hits oe a NIE OER CR MeO 0 4-13 

Phi conversion to millimeters .............0.-2-+ C-45 

Piles 

breaking wave forces........... 7-121, 7-124, 7-126 

Ipuliheads: spay. 2ecssirelebete relscere ro.¢ sete wy voyeurs ya erator v6 6-6 
nonbreaking wave forces ... 7-64, 7-114, 7-121, 7-125 

SHEEE jg fis) ccccieyefereevs reve sticye lace WYsiere 6-76, 6-88, 6-93 
WAVEMORCES! i450 0d sco ase eee eels eter 7-64 

Pile group 

WAVEMLOFCES eS clonis aisiaisie © orehe atone eran acetaeneee 7-114 

Pioneer Point, Cambridge, Maryland ............. 6-10 

Pismo '!Beach: Galifornia’ <.)<. <<: cereserete meseueue sleek 4-129 

Planning analysis 

CaselStudy ere this aide de A is.s oo oe o ayeMeerevareape ae 8-1 

environmental considerations ................ 5-57 

P-N-J Wave Forecasting Method (see also Forecasting; 
Wave prediction) hi.f.ccivete)=,e fers? rave fe fais caters hel atatots 3-34 

Pocketibéach:: 20.25 28 2 RE eee. 4-1, 4-3 

RointArcuello;Galifornia «2,0 esi. oe lela cleo 6 4-129 
Romt/BarrowvAlaska’ Senet. creek eee eee tue sree 4-38 

Point Conception, California.................- 4-151 

Point Mugu, California ....... 4-10, 4-127, 4-142, 4-143 
Pointe eyes, Galt Onna eerste lores eicve\« o)o's/0)) «16 Sim lelnye 4-10 

RointiSursGalifornials cs (...yate/o isis sre-s:0rs overs yenevs sere 4-10 

Pompano) Beach Eaoxidal a sjjcisi« crs ele e)-) cise eyes o\els 6-16 
Ponce de Leon Inlet, Florida.............. 6-59, 6-72 

Poorly-graded sediment .............-2.-eee0es 4-15 

Poorly-sorted!sediment: ~ <i 0'5.6/ 052 0's \v 7a «4,6 5/200 6, 4-15 

Porosity of armor units 2.56 i2\+ ¢<:2 000 os 7-196, 7-197 
Port Hueneme, California .. 1-17, 4-90, 5-25, 5-52, 6-59, 

BE CID Gia Nene Dice AOTC IOI CRD ICR CERRO 6-60 
Port Sanilac, Michigan)... 0..22:cm< cso. 6-93, 6-94 

Portsmouth Island, North Carolina ............. 4-126 

Potential energy (waves) ...........-.-0-- 2-27, A-27 
Power (see also Wave energy) 

longshore (wave) ............... 4-89, 8-110, 8-111 

WAVEIR eee te ecto e eR ASE CEs eels 2-27, 2-66 

VEGIEEIN cp otscicias dio clams aOiaDaGoaai.e 2-28 

Precast concrete armor units (see also Armor units) 

eee eats rela eae be SIE Bes 2.8, Sle 7-170, 7-180, 8-68 
ELT at a RRA CRUE RRO ERCROCRGLO  COIanotd 7-183 

Precast concrete armor units—Continued 

dolostme eer 7-170, 7-182, 7-183, 7-188, 7-192, 7-196 
hexapod!%h.87)...0% 7-170, 7-182, 7-183, 7-190, 7-196 
hollowsquiare tetert MS n cae cles ate ebaiets 7-183 

hollowjte trahedronyei. ris) ac orreelencierorsioi tetas 7-183 

interlockingiblocks q.2-j1-1e1s)-1iel a ieteleiiel crore 6-6, 6-12 
modified cube ..... 7-170, 7-182, 7-183, 7-189, 7-196 
quadripod ... 6-85, 7-170, 7-182, 7-183, 7-186, 7-192, 

SUN SIGIS oy 5 fo $-scerein astsayla Chasers opsioetepehenens Sievateieast 7-196 
stabit.[::5..0t Sd ereeeki ana calc ae ae 7-183 

BVEO-DIOCKS «Sisco, sneys pheresae c-aferaisiaucia ole wrevets isons 7-183 

tetrapod ..... 5-50, 6-90, 7-170, 7-182, 7-183, 7-185, 

5 tiayaitche Sy cw detaretevets. esi-eyspeioliass 7-192, 7-196, 8-68, 8-71 
tribar.. 5-50, 6-91, 7-170, 7-182, 7-183, 7-187, 7-192, 

SO ACEC) 0.0 coe Hock 7-196, 8-68, 8-70 
Prediction, Wave (see Wave prediction) 

Presque Isle, Rennsylyaniay. s\< 2/2 > «101s 310.5 see) cle 6-80 
Pressure 

breaking. wayes'oniwall t.... crisis oie oe eetae 7-145 

brokenswave on walle ersy. cise 4 cise eiel eles 7-158, 7-160 

effectiotangle of approach .,./.... <9 <c/s «ciciocrale 7-164 
effectiof face:slopeig. i, -$:o6.s. +<-vefoxenanene o-tueteveaspors 7-164 

nonbreaking waves on wall ................- 7-129 

subsurface 

Ainy Theory fis<5 sis .s'2 + says epee ee 2-22 

GCnoidal’ Theory) is ic.<:fen ciate es ley 2-48 

Solitary Phe ory, <1 tere's:ci-%stoxs\si2.<cpakenn dee 2-60 

Stokes The ony jtovese5< 0110.00 <06 Sion poreieiet sebseenete 2-39 

Pressure eraden thotorcayscsc c/s 0csre s/s ofeehatee open ees 3-21 

Pressure: DUIS <<< .a:c%s ar. o.te. evokacsdobaroieserstaverenarore Renee 3-15 

Pressure response factor «ees ls ieee) teieieiee 2-22, C-3 

ria; “Derceria, AZOL€S: «c.5.0c0 0. cs oe ce erctreaiaie tere 7-197 

Probable Maximum Hurricane (PMH) ...... 3-100, A-18 

Probable maximum wave ..............--- 3-62, 8-54 

WYricane 4.272 ,5:5.6:5 55 ose aces oes este etre cicere eee 3-62 

Profile 

ACCULACY? 2.5.5:5-5:5,5,5.05.she lee aay ede tien eee 4-57 

beach or shore (see also Beach profile; Dunes, profile) 
. 1-3, 4-1, 4-2, 4-6, 4-54, 4-55, 4-56, 4-70, 4-147, A-45 
BOM er secre see orale te soe aeeres 5-39, 5-40, 5-42 

DOOM Sa )st 5.5 6 sais s:0-tareiwies 3-114, 3-137, 8-8, 8-9 
CLOSTIFEXELT ON, ss, oy ope. os: ete oie olole 6 ohste ele eo 4-57 
dune construction 

beachgrass ........... 6-47, 6-48, 6-49, 6-50, 6-53 
Sang fence. sco cansititrevs 6 c.bra sia sete 6-40, 6-41 

MearshOre ray .vcteler « mares’ Srare vo yee sejeyarsye 4-54, 4-55, 4-56 

shel fifo vivrs sis x a oieie op aezepesecstanr's tations 4-54, 4-55, 4-56 

SOUNGINGIELLON). -\ o1o/2)e/oleleveie ele oieicl ere) soteheteron tere 4-57 

SPACINOVELLON colon cleo eee oie eae inleeieloie lo insnaiets 4-57 

temporal'variations: 5,2;..< sis: s1s.210s freee ee ones 4-58 

Profile (wave)’ i222. 2.sc85s0 2-8, 2-42, 2-114, 2-121 

GTOUPV naiclecioe fe oaictenectianleett cree cesar 2-26 

PYORTESSIVE WAVE) 2)5<f5,ayuiey 01 << SeRePotele oie) oerenereh 2-4, A-27 
Protective beach (see also Artificial beach nourishment; 

Beach; Dunes) .1-2, 4-70, 4-71, 4-75, 4-78, 4-113, 4-115, 

Bia D DGC DOO IS ona 5-7, 5-19, 5-21, 6-16, 8-129 

artificial nourishment ......... 1-18, 5-7, 6-16, 6-17 

backshore protection ..... 1-2, 1-14, 4-71, 4-78, 5-19 

beach fillislope: ics ace. ssecstess etevoructers 5-20, 6-17, 6-29 

berm’ elevation © <.)5,......5:0:< js ssiereys adbdonsoé 5-19 

bermwidth’ {'c.c.05 cto cierelalste steric steno lets careers 5-19 



P — Continued 

Protective beach—Continued Protective beach—Continued 

borrow material selection ..... 5-9, 6-16, 6-17, 8-129, Feeder beach OcatiOn Ae yerstayncat-ssreverssorere shee ePar ae 5-20 

DEPOSI aS AUIS 0 ODOUR OGD o CORON 8-130, 8-131 proing (artificial fling); .1rteteteta oteroye ater ortie =U 

CTUELCAL TATION cre tere lors wie ve ro,ele toate. Mes 5-10, 6-17 restorationiexamples”.(.0 1. 4. tastelelstatetete’s Cee 6-16 

EROSION sre tefeteis i fois fo a (alot ie teteree.'ate ists 6-59, 6-61, 6-63 Protection of beaches (see Beach protection) 
= Q aap es 

Quadripod (precast armor unit) ..... 6-85, 7-170, 7-182, Quarrystone (weights and dimensions) .......... 7-198 

Broiterapebe rots: oie seve oeeVevetoteFers ose 7-183, 7-186, 7-192, 7-196 QUAYS in carer said byaspaten a mpiedowtens s tortesen eee he 

me p Soe 

Racine | Gounty, \Wisconsimiciion io ayeteis ions. e ateliewerete aust 4-90 Rubble-Mound structures ... 5-4, 6-83, 6-84, 6-89, 6-96, 

Radiorosotope tracing persis ayers -nones sare ouszensto es AyD: «| orPePebCucereh seb cive fay aveh avexetePoveres oy<vdvotexckedevekovthe iene 7-167, 8-66 

Radioisotopic Sand Tracing (RIST) ............ 4-223 armor units (see also Precast concrete armor units) 
Rayleiphidistributionys«.s)036)s;010)0 s;cjesysyolet avels. SOeABO! = §— "WM TeNetorstoratehetel Matavepotectalsy. otataverstovs ol averehorete eae 7-169 
Redondo Beach (Malaga Cove), California ... 4-90, 5-29, breakwaters c).t sh tett fore ataaeteleehele.2 5-49, 5-50 

Wo Do GOndOt EO OU OCO OOD UONEOE 6-16, 6-32, 6-34, 6-35 cross-section example (see also Breakwater) . . . 6-97 
Reeets (Organic) yarersraateteceyoterever ci svsis se .eves biases are thous 4-21 concretearmonunitsr .yerscrtocero mie eieere 7-180 
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SMEB Method ict. js cars assrs Nave eaeiaverevareisiotaeyouens 3-34 

Wave) SpectrayMethod) icc) e =sscjecuayessncierctnore 3-11, 3-13 

wind duration, 5%, cic.4 cis svererc erorave eleleun soe sysestane 3-34 

Wave pressure 

subsurface 
IMay Wine Gosdoouocosooopodso5no70075 2-22 

Cnoidal Theorys 5 5) ce,e:5 cierto ae peroteelel role 2-48 

Solitanyslheonyseriyo.y-ss1-)-l-seneyereiensievelo inet 2-60 
Stokes *Mheonygerreters <1 /= ysyo nserver stelle 2-39 

Waveireflection 2 3.220 fo, 2,6,0-s:5)2:6 <y0,016 2-110, 7-127, A-28 

WONNe3 isa bocopecouwopedaoD OOO DOC CO0S 2-117 

enclosed, basin: .\<.c)<\eiae cin 'se\ ce Iniouctsie sroyete 2-115, 3-78 

reflection coefficient................ 2-110, 7-127 

WET tiGalcwalls scyecyaveysrsyay-yer abet ol oleate saleleTer= 2-113, 7-127 

Wave refraction ..... 2-29, 2-62, 2-65, 2-77, 2-98, 2-111, 

MU Ray siocescisevensicavexexs 4-28, 7-12, 7-13, 8-41, A-28, C-35 

analysis (exam ple) je,-ciere)-iel ils) <r) skekel- 8-37, 8-45, 8-46 
COMpUter analysis <\e)<:01c/--«) -<h ot-elelatole tele cheloterer= 2-75 

HOnGteaeny) secocgodsoqudeoc sda s00In0 2-73, 7-13 

OxthogonaliMethod) = eye. (aie)es011-sol-1-1-1-retetevoetereter 2-69 
refraction coefficient ........ 2-67, 2-70, 8-41, A-28 

retractionytemplate y.-j-v-vaier-soley-vtedeteler arate r ie el 2-68 
YA Wins A SboonoccodonooboopooSnsoncS 2-73 
Template) Method (iar-iyalejere/=) ellos «l= loicietetotetetete 2-71 
Wave-Front: Method. ,..cisravevevorss-rayavelototole tole) atekete 2-75 

WENGRTNND's oGo0anudcsconcuodooae 4-113, 7-15, A-30 

COMPOSite! SLOPES tey-j-\q)<)e1<1ol-1-¥-) deverelowe ale etter 7-33 

alain socopouci ana aoaoo loeb oods 7-15, A-30 

graphic relationship (empirical).......... 7-17, 7-18 
MlcGmmMaiie, Sonos sdposooreooaoode oo 7-192 

Bale eheCtary siciicickeveieletevai (okacsekoeletstextin 7-17, 7-23 

Waveisetd own crys ayerereleieial- 72 of-istole oie ie to eee te 3-81 

Waveisetuy te ciuancurimniease 3.69, 3-70, 3-80, A-32 
Waveispectra (emery) ,<ici- 0101 =) ov aieie) «ele» o1sl slolelol= 3-11 

Wave Spectra Method (wave prediction) ..... 3-11, 3-13 

Wave steepness (see Wave, steepness) 

Wave theories 
regions of validity .............++- 2-33, 2-35, 7-81 

INT toon booddob OAebs 2-2, 2-4, 2-6, 2-7, 2-34, 4-40 
GOCE ope piosdboobdamoocnooU 2-2, 2-3, 2-47, A-6 
cycloidal (see also Trochidal) ...........++.+- A-9 
finite amplitude (see also Trochoidal; Stokes).... 2-3, 

scdoadesoebaoucoed 2-6, 2-7, 2-36, 7-70, 7-71, 7-72 
first-order (see Airy) 

linear (see Airy) 
nonlinear (see Finite amplitude) 

oscillatory (see Airy) 

sinusoidal (see Airy) 

small-amplitude (see Airy) 
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W — Continued 
Wave theories—Continued Wind—Continued 

BOLtarY, Worst cialis ie vivisve sla/arews (are ers 2-2, 2-3, 2-59, A-34 speed). ...1.1- 3-20, 3-21, 3-56, 3-58, 3-100, 3-103, 8-31, 
Stokes sare ccveieieresteveieve a's ress eloicievelolevets DDO st SO MME etatocay oLeraicveyal oketsieyelelctefe’cisieis ev etereravcie) stele 8-32, C-44 
BINCAMMIUNCLION Weta ciara levevele lever stelala oleieterelalsveusicvers 2-62 Wandicurrents))«ctsis< late /areieise cieke eietetoisisineiele 1-7, 4-5 

TTOCHOIGA LE ercrasterereiehecaruetelels er eieie ie cvsvel dus 2-3, A-40 Windiiduration<ficras-crte casi ore stele sac 3-29, 3-33, 3-34 

Wave ttraincrsrr.cyaracieicYeucvelorelorciciere sveleisiereietelsteserels A-43 Wind field 

\Waveroh translation <ja/ctelesciars tails store s/nicrstelsiseiseie's A-43 WUITICANE 27-55, cscve)aseve lovers ie syels{aieisies exes oueveystorraalers 3-54 

Waveltransmisslonteryerfetele eiciotsleteleicieiersinveveleiciele ici 7-52 Windlrosestrccterteterstercioin wie slecarelarcie meiner ee 8-31, 8-32 

Wave vatiability:.<..1. ccs ecie wicisisielncuetere alee 3-5, A-41 Wind setd Own cre acchevave, averer encie secevors eve ere ores: chaies 3-82 

Wave velocity (see Wave, celerity) Wind setup (see also Surge) . . .1-7, 1-9, 3-82, 3-128, A-44 

\Weir-jetty? sicr<-<iererecvereye siecs 1-18, 1-19, 5-25, 6-65, A-43 Hy drographt icvec:e.c wicretsis cversroresnersiese Siete 3-140, 3-141 

Well-eraded/sediment) coc.s 11sec a creissesareeereicce 6 4-15 Wind speed . . .3-20, 3-21, 3-56, 3-58, 3-100, 3-103, 8-31, 
Well-sorted(sedumen tasrereteterestel-teleleletetstore retell telstra AVS = teres Settee eee reece erences eee cene 8-32, C-44 
Wentworth size classification ......... Anite 4-14, A-35 CODVETSION Hable’ scaicrcicciosve sve cio siete wi oleceiarerele C-44 

Westhampton Beaab, New York --.-264,41,42412 poo ey duhibution 222... 10.0... Ba 
Apompeicns acess sie ishei ge eds sieseyevexeeeresever.eexer¢/e vere : Wind speediadjnstmentimrreyarsiicetsietteietric cieieeiore 3-29 

AWilna cd Payers che rotcrets ole ct, svevaieiaveletecre lo aisieiw is ererevave\eterels 1-5 Windisiressac ee ee oe. 3-94, 3-95, 3-101, 3-103 

duration ................2+2eeeeeeee 3-34, 8-33 Wind stress coefficient .............-.. 3-103, 3-139 
FIUTALON sosqnasococoMonddodGuuGccconNOG 3-20 Wind velocity (see Wind speed) 
frequency, distribution! <i... crc. sierecc so we 8-31, 8-34 Wind wave (see Wave, wind generated) 

HTICHIOMMELLeCtSy a5 of ais te eiciasciaiesel overs oleieiails 3-21, 3-29 Winthrop Beach, Massachusetts........ 5-53, 5-55, 6-96 

DEORCOPNIC aay aicyoleioy ie Sy oeie hers eieleiereve’ ovelelaiete\e 3-21 offshore series breakwater ...........2.2e0005 5-53 

geortrophicicorrections o. «e-cie c//sneieioee ciel cre 3-24 Wrightsville Beach, North Carolina ..... 1-18, 1-20, 6-16, 

PLAGIEN tie crcteyaielaraieinic Srevetovere late DDN S-OOsD-O05 GLOW ar cireisvozels arsis) sysielelerore is eVeleneis sneialevels ie 6-22, 6-23, 6-83 
sand transport (see Sand movement (wind)) Testored beach eye evaiete lave layaleieiclelveuelevelerersl 1-18, 1-20 

ee Aes 

Zero) Up) Crossing) Method) % <<)... «sisters sieis's.0 6 5.0) s1s101 3-5 
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