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THE GALVESTON BAY SYSTEM - A MULTI-STRESSED ENVIRONMENT

J.M. McCloy and R.J. Scrudato
Texas ASM University - Moody College

The Galveston Bay system is located in the southeast portion of
the State of Texas on the Gulf of Mexico. The climate is subtropical
with an average annual precipitation of approximately 45 inches per
year and an average annual temperature of 70 degrees fahrenheit
(Fisher, et al, 1972).

The astronomical tide is mixed and ranges from one to two feet;
wind tides range from minus four feet to a maximum storm surge of plus
15 feet in relation to mean sea level. Westerly currents prevail
along the coast while bay currents are induced by winds and tides and
therefore vary considerably in time, direction, and magnitude (Ibid).

The earliest available accurate chart for baseline data was

developed in 1851 by the United States Coast Survey to indicate pro
posed sites for lighthouses (Bache, 1851). The bay system outline is
today little changed from the 1851 chart (Fig. 1); there is a barrier
island and a peninsula breeched by San Luis Pass on the west, Bolivar
Roads, the main channel to the bay and stabilized by jetties, and the
man-made Rollover Pass to the east; this configuration is backed by
lagoons which evolve into a major estuary. The bay complex averages
about six feet in depth and all natural depths are less than 12 feet;
the area occupied is 553 square miles (Fisher, et al, 1972).

Isohalines for bay waters show the salinity in the lower portion
ranges from a low of 14 parts per thousand to a high of 30 parts per
thousand, or near ocean normal; gradually the salinity grades into a
low of one part per thousand to a high of 20 parts per thousand in the
uppermost reaches of the bay near the major fresh water sources, the
San Jacinto River to the west and the Trinity River on the east (Ibid).
In general, the bay waters are naturally turbid. The relative effects
of surface runoff, wind, mixing, and evapotranspiration vary locally
and seasonally in moving and mixing the water as well as having the
greatest influence on water level fluctuations (Ibid).

The bay is bordered by low-lying coastal plains, marshes, and
swamps. Fresh water marshes and swamps are found along the northern

bay margins. Along the bay margins relief is usually less than five
feet, which allows extensive flooding during hurricane storm surges.
In 1900 the low-lying island of Galveston suffered a storm surge of
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approximately 15 feet above mean sea level and 6,000 people were lost;
the greatest loss of life in the United States from a single natural
event (Scrudato and McCloy, 1976; Graham, 1945). Storm surge height
registered for hurricane Beulah in 1967 was 3.2 feet at the Texas City
Dike, 4.4 feet at Kemah-Seabrook, and 3.0 feet in East Bay; during
hurricane Carla (1961) storm surge heights of 9.7 feet at the Texas
City Dike were recorded; 14.2 feet at Kemah-Seabrook, and 15.0 feet at
the entrance to Buffalo Bayou (Fig. 1). Both hurricanes made landfall
to the west of the bay complex and therefore are not indicative of
what could occur should there be a direct hit by a scale 4 or 5 hur
ricane (Saffir/Simpson Hurricane Scale; Hebert and Taylor, 1975).

Central to the theme of environmental stresses to the Galveston

Bay system is regional population growth; the significant increase
from 2,266,074 in 1970 to a projected population of 4,765,017 by 1990
leaves little doubt that as a result of population pressure alone, the
stresses will increase. Further, the major population increases will
be in areas already heavily populated; the east side of the bay is
projected to remain rural (Houston-Galveston Area Council, 1975).

Certainly in the past 125 years, since the lighthouse chart was
surveyed, this estuarine-lagoon system has been appreciably altered
and in the process has become more complex and stressing agents con
tinue to exert influences on system processes. The region developed
for a number of reasons and primary among them was the natural harbor
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Fig. 1 - Present day configuration of the Galveston Bay System
Courtesy of NASA, Houston, Texas

in Galveston; the dredging of the Houston Ship Channel which bisects
the bay in a north-south direction; the intensive agriculture in the
surrounding hinterland; enormous quantities of surface and subsurface

water resources; commercial fin and shell fishing; the advent of the
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oil and gas era; the development of the offshore petroleum industry
based in Houston; and water-related recreational activities.

The bay system is large and complex and there are a multitude of
environmental stresses. It would be impossible to address all the
stressing agents affecting the bay system, therefore, an arbitrary
selection was made to illustrate the scope of the problem. Significant
features of several geographic locations are discussed, moving north
ward from Galveston Island, disposal, leveeing, diking, and subsidence
are discussed as representative of stressing agents to the bay complex.

A significant portion of the eastern end of Galveston Island was
changed subsequent to the devestating 1900 hurricane when the County
of Galveston constructed a 17-foot high seawall fronting the Gulf of
Mexico as protection to further wave attack and inundation by storm
surge. The wall was constructed in segments until the present length
of 10.3 miles. To entrap sediment a series of 15 groins were con
structed approximately 1,500 feet apart, oriented normal to the shore
line. After the seawall construction commenced the citizens of Galv

eston had materials dredged from Bolivar Roads, Offatts Bayou, and
Galveston Bay to raise the grade of the island behind the seawall to
protect property against hurricane storm surges; grade raising from 10
to 17 feet above the previous natural elevations was not uncommon.

Dredging within the Port of Galveston is on-going to maintain the
channel at a 40-foot depth. The dredged channel material is deposited
on adjacent Pelican Island, as has spoil from several other dredging
operations, thereby creating an island approximately three square miles
in size constructed almost entirely of dredge spoil materials.

Sewage effluent impacts Galveston Bay significantly as untreated,
or partially treated, sewage is discharged into the bay because the
systems are frequently overtaxed. There are approximately 267 source
points for sewage discharge into the bay and they inject a daily
average total of about 1.57 x 109 gallons into the waters of the bay
(Texas Water Quality Board, 1975). Because of bacterial contamination,
much of the bay is closed to oyster harvesting (Texas Department of
Health Resources, 1975).

Wetland residential development is not extensive in Galveston Bay,
but there are several locations which have, and are, undergoing rapid
development for year-round residences and second homes. Concommitant
with home construction is the bulkheading and filling of marsh areas,
canalization, and dredging of access channels to the bay proper.
Primary locations of these real estate developments are the west end
of Galveston Island and the mainland adjacent to the Galveston Island
Causeway. This activity eliminates areas of primary productivity and
wetlands needed for maintenance of the life cycle of estuarine-
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dependent fauna. This acreage has previously provided nursery grounds,
food sources, and protective habitats for these fauna.

The Gulf Intracoastal Waterway (ICWW), traverses the northern
shore of West Bay and the northern shore of Bolivar Peninsula; it is
dredged to a depth of 12 feet and 125 feet in width. The ICWW has an
average siltation rate of approximately one foot a year in the Galv
eston Bay segment. This results in a dredging frequency of 24 months
and a spoil discharge of 750,000 cubic yards (Atturio, Basco, and
James, 1976; U.S. Army Corps of Engineers, 1975). Spoil from channel
and maintenance dredging is deposited on bay margin marshlands as
either contained or uncontained deposits. Often, as is the case on
the north shore of West Bay, the spoil pile is uncontained on the bay
side of the waterway and completely covers previously healthy, marsh,
and also spills back into bay waters. In West Bay, on the mainland
side of the waterway, there are levees on the inland side of the dis
posal piles; dredged materials are therefore available for sloughing
action back into the ICWW. The waterway dredged material on Bolivar
Peninsula is usually contained, thereby preventing the spoil from re
entering the waterway as well as the bay waters. However, in some
isolated sites on the Peninsula there are private properties that have
uncontained spoil piles and the materials wash over the marsh and back
into the ICWW.

When the waterway traverses open water it is frequently cost ef
fective to leave the spoil in the bay; this practice is often con
sidered to be more environmentally detrimentel than land disposal
because it disrupts current patterns and the materials are available
for transport back into channels. Further, open bay disposal can cover
fishery resource habitats. Bottom dwelling organisms will be covered;
high turbidities will characterize dredging and disposal sites and re-
suspended pollutants may adversely affect water quality. Postulated
benefits include continued access to back bays for recreational pur
poses; creation of bird nesting areas; oyster development on submerged
disposal mounds; escape and migration routes and refuge areas for fish
(U.S. Army Corps of Engineers, 1975). Water circulation may be im
proved, but at other times the bay becomes compartmentalized and the
natural current patterns and flushing action within the lagoon-estuary
complex are disturbed (Ibid).

Hurricane levees in the Galveston Bay area and the Galveston Sea
wall are two primary forms of protection against storm surges. Texas
City, the site of a massive petrochemical complex, has a large system
of hurricane protection levees built by the Corps of Engineers; this
system is constructed to a height in excess of 15 feet above mean sea
level; openings for navigation, rail, and automobile access are gated
and the area within the seawall provided with pumps to discharge col
lected waters. Another hurricane protection feature, the Texas City
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Dike, intersects the Texas City levee system on the southeast side of
the city (Fig. 1). This five-mile long structure was completed in 1915
to protect Galveston Island from the northern windset. Bayward of the
levee, there are industrial waste ponds that are not enclosed by the
Texas City levee system and during high storm surges their contents
will become available for distribution into bay waters.

As the population increases, primarily on the western and northern
shores of the bay, there will be a need to increase electrical power
output. There are presently two major thermal effluent source points
and the contrasting water mass temperatures are clearly denoted on in
frared imagery of the outfall. These two major source points discharge
in excess of 1.7 x 109 gallons a day of heated effluent (Texas Water
Quality Board, 1975).

In contrast to the rapid growth and development on the western
and northern shores of the bay, the eastern shore remains primarily
agricultural with little industrial or residential pressure. This
area is intensely farmed and produces large amounts of rice. Total
agricultural effluent injected into the bay complex, such as biocides,
herbicides, etc., is difficult to estimate as the reporting system is
voluntary, but it is known that within the approximate 715 mile long
Trinity River drainage, approximately 1.6 x 105 pounds of pesticides
were distributed for agricultural purposes in 1971 (U.S. Army Corps
of Engineers, 1975). During the same period, in excess of 27,000 gal
lons of herbicides were also used on agricultural lands in this
drainage (Ibid).

The northwest area of the bay is the roost highly stressed portion
of the system with the commercial-industrial complexes at Baytown and
the Buffalo Bayou - Houston Ship Channel region. The development of
these areas was initiated by the dredging of the 51-mile long Houston
Ship Channel, begun in 1902 and completed in 1908 to a depth of 18.5
feet; it is today maintained at 40 feet and a width varying between
300 and 400 feet. As the ship channel passes from the bay proper into
the mouth of the San Jacinto River and Buffalo Bayou it traverses low-
lying marsh lands that have been diked and filled to accomodate com
mercial development; the previously shallow Buffalo Bayou has been
dredged into the Houston urban area to create the Port of Houston.

The major activity which encouraged this industrial and urban
development is the proximity of oil and gas fields and associated re
fining activities; parts of the northern bay are densely covered with
oil and gas drilling and production platforms. This area is the
largest producer of petrochemical products in the United States and
also has the greatest chemical pipeline system in the world (Fisher,
et al, 1972).
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Total industrial discharges into the Galveston Bay system amount
to about 1.8 x 109 gallons a day of process and cooling waters from
approximately 293 source points, of which 206 are located along Buffalo
Bayou - Houston Ship Channel (Texas Water Quality Board, 1975). These
industries and municipalities have discharge permits amounting to ap
proximately 54,000 pounds per day of combined mercury, chromium, zinc,
lead, copper, and cadmium (Bernard Johnson, Inc., 1975).

Houston area industries have drawn heavily from the extensive
ground water resources from the region and coupled with municipal with
drawal, and oil and gas extraction, it has resulted in extensive land
subsidence throughout the area. According to Wagoner (1976), after the
State of Texas authorized the creation of the Harris-Galveston Coastal

Subsidence District in 1975, an analysis of the first 1,400 permits for
withdrawal of groundwater in the jurisdictional area showed that agri
culture accounted for 14 percent of the groundwater withdrawal;
industrial pumpage 31 percent; municipal and public water supply pump-
age 55 percent. The extensive groundwater withdrawal from the highly
industrialized and populated northwest portion of the bay has resulted
in extensive land subsidence throughout the area (Gabrysch and Bonnett,
1975). According to Charles Krietler of the Texas Bureau of Economic
Geology (1976), maximum subsidence of about 8 feet has occurred directly
where the largest industrial complexes are located, along Buffalo Bayou
and the Houston Ship Channel; during the past decade 3.5 feet of sub
sidence has been recorded for this area. Indications of the subsidence
are manifest in the reflecting pool of the San Jacinto Monument located
adjacent to the bayou and near the center of maximum local subsidence
where one can see the old walkway adjacent to the reflecting pool which
is now covered with three to four feet of standing water. According to
Wagoner, (1976):

"The State of Texas has expended in excess of four
million dollars for bulkheading and rebuilding roads
and facilities at the San Jacinto Monument Park. In
addition to the direct dollar outlay, in excess of 130
acres of the original 445 acres of the Park are now
inundated and lost to the public's general use."

In the Kemah-Seabrook area (Fig. 1), subsidence is clearly evident.
In order to stem the resultant effects of subsidence, bay area residents
and local governmental agencies have resorted to localized, piecemeal,
and unstructured activities such as raising street grades; raising yard
grades; construction of various types of bulkheads; filling of wetlands
with riprap and other debris; and building makeshift groins to hope
fully entrap sediments moving alongshore.

The Galveston Bay system is in fact a multi-stressed environment
and will continue to be stressed by the acceleration of those activities
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discussed, and others, that have affected the region to date. Though
there has been a regional subsidence district established, one cannot
help but wonder what the effects of dredging, leveeing, and filling
activities of the bay system, coupled with localized subsidence, will
be when a hurricane similar to the magnitude of "Carla" makes landfall
near the area. It must be noted that there are continued pressures
being imposed by local proponents for expanding industrial and port
activities, as well as residential development in the wetlands that
will continue to impose serious and prolonged stresses.
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EROSION DEFENSE STRUCTURES

ON THE PUGET SOUND SHORELINE
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ABSTRACT. Localized beach erosion forces individual property owners
around the Puget Sound shoreline to construct erosion defense struc
tures. Little information or help is available to assist their needs.
This results in an array of erosion defense installations that often
fail and mar the natural beauty of the beach.

INTRODUCTION. Wet climate, unstable glacial debris and the waves of
Puget Sound often lead to hazardous conditions for shoreline property
owners. The U.S. Army Corps of Engineers has identified many erosion
sites along segments of the Puget Sound shoreline. Nearly all of
these sites have been classified as "non-critical" by their standards.
What is classified as "non-critical" may be very critical to the in
dividual whose property is washing away.

Beachfront property owners around Puget Sound employ a variety of
techniques to combat the erosional loss of their land. The purpose
of this paper is to illustrate a few of the techniques used with the
hope that such exposures will show their plight.

The materials most commonly used in the fight against shore erosion
are logs, wooden planks, concrete walls, and concrete or rock rip rap.
The structures made from these materials often have two detrimental

effects: (1) They visually blight the natural scenic beauty of the
shoreline, and (2) collectively, the structures tend to aggravate
erosion problems along adjoining beaches.

Drift wood is commonly found in large quantities on the Pacific North
west beaches. It is plentiful, free and often used to defend one's
property from wave attack. It may be found piled, stacked or chained
into position (fig. 1). Unfortunately, under high wave conditions,
loose logs can become the very tools of erosion and structural damage
to beachfront homes.
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Fig. 1. Drift logs piled at the base of an eroding bluff.

One Innovative individual employed logs, wooden planks, and old tires
to defend his receding bluff from further wave attack (fig. 2). The
structure, from his point of view, appeared quite substantial. Un
fortunately, the next storm season proved his structure to be not as
sound as he had hoped (fig. 3.).

Fig. 2. A wooden seawall with old tires for support
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Fig. 3. Failure of the structure with the next storm season

Concrete and rock rip rap is not often found as a defense against
beach erosion. Occasionally, broken pieces of concrete are dumped or
placed at the base of eroding cliffs. The effectiveness of this
material is questioned in light of the haphazard methods placement.

One individual used a variation from the normal use of rock or con
crete rip rap. He fabricated approximately one hundred two and one-
half feet square concrete blocks and placed them at the foot of his
rapidly eroding bluff (fig. 4.). The blocks lie in two rows and are
laced together with one-half inch steel cable welded to a steel hook
on the top of each block.
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Fig. 4. Concrete blocks at the base of an eroding bluff

The blocks have been long standing, but the bluff continues to re
cede. Large logs deposited by past waves, lie on top of the blocks
clearly showing that storm waves mount the low lying blocks and con
tinue to attack the bluff at a higher level.

Concrete and wooden seawalls are the most popular type of erosion
defense structures found around the shoreline of Puget Sound. Most
people consider concrete walls as the ultimate answer to their ero
sion problems. Some stand for many years, while an equal number fail
shortly after installation. Common failures result from wave ex
cavation of wall footings and from tension cracking within the wall
as soil and water pressures build on the landward side. To counter
these typical problems, some seawalls have appended to them butt
resses and groins (fig. 5.}. The buttresses help support the shore
side of the wall and the groins retain beach sediment along the base
of the wall. Log laden storm waves often destroy the supports, per
haps to the benefit of adjoining property owners, for the structures
impede the free movement of beach sediment increasing the likelihood
of downdrlft beach erosion.
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Fig. 5. Seawall with buttress supports and groins

In one seemingly peaceful bay, conditions are not always so peaceful.
Storm waves that occur in conjunction with a high tide become a
threat to beachfront homes. Bulkheads, rip rap and groins shroud
much of the shoreline. Neighbors have become competitors for beach
sediment.

sasssss

Fig. 6. Three types of defenses against wave attack
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Several property owners have installed three types of defenses
against wave attack—rip rap, bulkheads and plywood sheets that may
be lifted in position on top of the bulkhead (fig. 6.).

SUMMARY. Although Puget Sound is a relatively small body of salt
water, wave energies do approach sufficient strength to cause local
ized shoreline erosion problems. Erosion is not regionally severe,
but is locally distressing to beachfront property owners. Washington
State's Shoreline Management Program begins to address the plight of
the property owner. It is hoped that the state in cooperation with
local and federal authorities will strive to provide assistance so
that beaches and the beauty of the Puget Sound shoreline can be pre
served.
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Ediz Hook is a three-and-a-half mile long spit located near the
city of Port Angeles, on the north coast of Washington's Olympic
Peninsula (Fig. 1). The outer two-thirds of the spit belongs to, and
is occupied by, the U. S. Coast Guard, while the inner portion is
heavily industrialized. The inner harbor, provided protection by the
spit, is the only deepwater port on the U. S. side of the Strait of
Juan de Fuca. Within the harbor there are facilities for overseas
shipping, as well as a boat basin for fishing and pleasure craft.
The port has been mentioned frequently, too, as a possible monobuoy
terminus for petroleum shipments from the North Slope oil fields.
It is estimated that, in one way or another, half of the local labor
force depends on the existence of Ediz Hook for employment (Anonymous,
1974). And yet, the spit is in danger of being truncated near its base
in the near future, and eroded away completely in the future.

The Hook was developed in post-Pleistocene times by the eastward
drift of sediment along the shore (Corps of Engineers, 1976). The
sources for this sediment were mainly the Elwha River delta and the
nearby sea cliffs. Ocean swell approaches this coast from the
Pacific, to the west, through the Strait of Juan de Fuca. In addition,
the predominant locally generated wind waves are from the west; and
the greatest fetch is also in that direction. These factors combine
to provide net sediment drift to the east. With a rising sea level
during the Holocene, the spit, once established, received a continual
and abundant supply of sediment, developing the hook out into the Strait
and eastward to the size and position in which we find it today.

However, construction of the Lower Elwha Dam, completed in 1910
or 1911, greatly reduced the sediment load provided to the delta and
shore region. Another dam, the Upper Elwha Dam, built in 1925-1928,
upstream from the first, has had, obviously, no effect on the amount
of bedload transported to the coast. It has been estimated that the
sediment load was 50,000 yards3/year prior to the building of the first
dam. Present bedload estimate is 1/10 of the original pre-1911 volume,
or about 5,000 yards3/year (Corps of Engineers, 1971a, 1976).

The sea cliffs or bluffs located between the Elwha River delta
and Ediz Hook had been eroding landward in recent years at a rate of
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approximately 4 to 5 feet annually, providing a sediment supply of
290,000 yards-Vyear (Corps of Engineers, 1971a, 1976). In 1930, a
water supply line, protected by 2,400 feet of bulkhead, was laid along
the beach at the foot of the cliff. This reduced the rate of cliff

recession somewhat, but some erosion did continue nevertheless. Then,
between 1958 and 1961, 6,800 lineal feet of riprap was added. The total
effect of the bulkhead and riprap construction was to cut the shore
drift sediment supply from the cliff to 95,000 yards3/year in 1930
and to 40,000 yards3/year by 1961.

Though some sediment still comes to the spit from elsewhere along
the coast, the supply has effectively been reduced from an estimated
350,000 yards3/year, prior to any form of man-made interference, to a
present load of 90,000 yards3/year. Corps of Engineers (1976) wave
analyses indicate that there is a transport capacity of 270,000 yards3/
year in the vicinity of the base of the spit. It Is thus readily
apparent that with such a net loss of sediment along the shoreward
base of the spit, serious erosion is bound to occur at that point.
This had indeed been the case, with erosion and wave overtopping becom
ing increasingly serious hazards. Meanwhile, there has been a slight
concomitant growth at the bulbous distal end of the spit. The natural
tendency is for Ediz Hook to become a form of a migrating barrier island!

The landward end of the spit has shown signs of severe erosion for
many years. Since 1936 there have been piecemeal efforts to stem this
erosion, mainly through sporadic and individual projects. Among the
various techniques employed there have been: log bulkheads, rock and
timber groins, installation of riprap, and localized beach nourishment.
All of these were to no avail as wave action continued to cut into the

beach profile, break up parking and roadway pavement, and even overtop
the crest of the spit at times.

The serious erosion at Ediz Hook was first studied by the Corps
of Engineers in 1939. In 1970, at the request of the local population,
the Corps renewed its investigations, this time with the hopes of
arriving at a final solution to the problem. With authorization from
Congress to proceed with this study, the Corps undertook the necessary
field observations and measurements and came up with thirteen alternative
possible courses of action. These were outlined in a series of public
brochures which were widely distributed at the time. The suggested
alternatives were as follows:

1. No action

2. Concrete seawall

3. Offshore breakwater

3a. Liberty ships in lieu of rubblemound offshore breakwater
4. Groin field with periodic beach nourishment
5. Rock revetment with periodic beach nourishment
6. Elevated roadway
7. Beach nourishment

7a. Interim measures
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8. Relocate industrial water supply pipeline and remove its
existing protective works

8a. Remove all man-made structures

9. Porous-walled breakwater

10. Industrial fill on the north side of Ediz Hook

The pros and cons of each of these alternative plans were solicited
from government agencies, private organizations, and the public at large
and a series of public meetings were held to discuss these views. A
final version of the brochure (Corps of Engineers, 1971b) listed these
pros and cons, outlined the cost-effectiveness of each alternative, out
lined the alternative selected by the Corps for further detailed study,
and gave a rationale for rejecting other alternatives. For those
interested in a more detailed inspection of one of these brochures, a
volume edited by the author (Schwartz, 1972) is recommended. The fourth
edition of the Corps' public brochure is reprinted there.

Alternative 5, rock revetment with periodic beach nourishment, was
the alternative finally chosen for Implementation. This plan appears
to offer the best form of protection for the coast (approximately
$7,850,000) with a minimum disruption of the environment. The rock
revetment will extend 11,600 feet along the outer side of the spit,
from near the landward end to the Coast Guard Station, and will consist
of 344,000 tons of armor rock. Starting at MLLW, the revetment will
extend an elevation of 16 or 18 feet above that datum level. The ini
tial beach nourishment will be approximately 180,000 yards3, followed
by about 13,000 yards3 per year. The source of the beach fill material
will be Pleistocene gravel deposits quarried on land in the vicinity of
Port Angeles. In the spring of 1975, a beach-feed test program was
initiated using three different size ranges of material. The final
stage of revetment construction and beach replenishment is planned to
begin In 1977.

As outlined here, the building and then near-destruction of Ediz
Hood has been a lengthy and complicated process. A final solution to
the problems brought on by man's interference with natural conditions
has been a long time In coming. Hopefully, the approach now being
undertaken will stabilize the spit and satisfy the needs of all con
cerned. What the future holds for Ediz Hook remains to be seen.
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ABSTRACT

Human induced stress on the Caucasian section of the Black Sea
Coast results from exploitative as well as remedial actions. Under
natural conditions the interplay of climate, hinterland topography and
shore zone morphology appears to have been capable of maintaining a
well-developed shingle beach. Serious anthropogenic interference to
the general beach system commenced some 40 years ago. Recreational
facilities were constructed on an increasingly large scale. Gravel
was removed from the beach for construction purposes, moles were built
for harbors and dams were constructed on the rivers leading to the
shore. Much of the subsequent remedial work intensified rather than
alleviated the problem. This paper describes the physical setting of
the coast, paying attention to its vulnerabilities, analyzes the human
induced stress and the subsequent corrective measures, and attempts to
evaluate the future success of those measures.

INTRODUCTION

The Caucasian coast of the Black Sea is one of the most important
rest and recreation areas in the Soviet Union. Great numbers of
people visit the area every year to swim and be on the beach. But,
providing accommodations for these visitors places great stress on the
major attraction—the beach. Beach deterioration prompted a variety
of remedial actions, some successful, others unsuccessful.

260



Alexander and Zenkovich
2

PHYSICAL SETTING

Along the Caucasian section of the Black Sea Coast the mountains
are close to the shore and the continental shelf 1s usually narrow.
The coastal rocks are composed mainly of Tertiary sediments whereas
those in the interior are primarily crystalline and metamorphic.
Ample precipitation 1n the mountains plus snow melt in the spring
result in abundant runoff. This plus steep stream gradients and steep
terrain bring about a large delivery of alluvium to the coast. The
composition of the beach shingle indicates that this alluvium is the
main source of beach sediment. The beaches can be classed, according
to the material upon which their sediment rests, into three general
types: 1) an accumulation of shingle on a rock bench, 2) shingle on
a 2 to 4 meter thick layer of sand that in turn rests on a bench, and
3) shingle on deltaic deposits where there Is no firm base (Zenkovich,
1973).

Following the Holocene sea level rise the drowned, lower parts
of large valleys rapidly filled with stream sediment while the inter
vening headlands were trimmed by wave erosion. A strong longshore
current to the southeast resulted from the combination of the straight
shore, the structurally determined NW-SE trend of the coast and the
prevailing eastbound sea waves (Zenkovich, 1976).

Despite the current, the alluvium accumulated faster at the
mouths of large rivers than it could be carried away by littoral drift.
As a consequence, cusp-shaped deltas encroached upon the sea until
their margins extended to the edge of the continental shelf. Also,
the submarine margins of the deltas are the sites of submarine canyons,
the headward portions of which frequently reach close to the shore
(Zenkovich eta]_., 1976).

Six long-shore sediment circulation cells, similar to those
described by Inman and Brush for California (1973), occur on the
Caucasian coast (Fig. 1). Each system can be defined by the rock type
in the shingle and the kinds of light and heavy minerals in the sand
(Kiknadze, 1976). The cells result from the interaction between stream
sediment supply, littoral drift and submarine topography. These cell
systems commence with an inflow of sediment from rivers and end where
submarine canyons are cut into the delta margins or where the deltas
intersect the edge of the shelf. Here the sediment bearing long-shore
current is deflected into the deeper water offshore (Kiknadze, 1976).
Under natural conditions the sediment flows probably kept the beaches
in a state of dynamic equilibrium. Even though much of the material
in the flows was destroyed by attrition or lost to deep water, enough
was deposited on the beaches to make up for natural losses.
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Fig. 1. Littoral circulation cells on the north-eastern Black Sea
Coast and their approximate sediment loads (from Zenkovich, 1973,
1976; Kiknadze. 1976; and Belova et al.. 1976).
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The amount of sediment transported by the long-shore drift in
each cell has been determined by the use of luminescent tracers and
porous pebbles impregnated with colored liquid cement or by natural
intergroin filling (Kiknadze, 1976; Belova et aJL, 1976). The
northern most flow annually carries some 60,000 cu/m of pebble sedi
ment along the Sochi coastal section (Zenkovich, 1976). Down the
coast, reduction in volume of transported sediment occurs as the con
sequence of pebble attrition and subsequent loss of the fine material
to deep water along the western margins of the Adler Delta. At Adler,
the sediment flow is replenished by large amounts of debris delivered
by the Mzymta and Psou Rivers. Even so only about 20,000 cu/m reaches
Gagra (Kiknadze, 1976; Zenkovich, 1976). Much of the material pro
vided by the two rivers appears to be discharged into numerous sub
marine valleys along the margin of the Adler Delta (Zenkovich, 1976).
Continuing pebble attrition along the Gagra shore reduced the sediment
flow further so that only about 5,000 cu/m is delivered to the area
near the Bzyb River mouth.

The second sediment flow system has been the subject of a careful
study (Belova et al_., 1976). The Bzyb River initiates the flow with
an average discharge of 280,000 cu/m of beach material per year. The
finer portion of sediment fraction is carried away by submarine
canyons immediately in front of the river mouth. The remainder, about
225,000 cu/m per year, is removed to the southeast by the long-shore
current. However, about 2.5 km from the Bzyb mouth approximately
80,000 cu/m of sediment is lost to deep water via the Shark submarine
canyon. The remainder of the sediment load, increased by sediment
derived from beach erosion to 180,000 cu/m, is carried towards
Pitsunda Point. Of this, about 90,000 cu/m is lost down the steep
submarine slope around the bend of Pitsunda Point. Of the remainder,
some 55,000 is deposited in the near shore zone at the eastern end of
Pitsunda Peninsula. By the time the long-shore drift reaches the head
of Pitsunda Bay, about 12 km from the Bzyb mouth, its sediment load is
exhausted (Zenkovich, 1976; Kiknadze, 1976). There is a small, short
counter flow of sediment (about 10,000 cu/m) in the lee of Pitsunda
Point (Belova et al_., 1976).

Another drift system develops southeast from Pitsunda Bay (Mjussera
Hills) as several small rivers recharge the long-shore current with
sediment. At its maximum the flow is thought not to exceed 20,000 cu/m
per year. The sediment flow terminates near the mouth of the Gumista
River (Kiknadze, 1976) where it is apparently dissipated down the steep
submarine slopes of the Gumista Delta.

A new flow system (the fourth) starts with the discharge of about
80,000 tons of beach forming sediment by the Gumista River. This flow
is also relatively short. Large amounts of sediment are lost on the
steep submarine slopes on the down drift edge of the Gumista Delta.
A residual flow reached as far as the Kelasuri River mouth until 1942
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when it was Interrupted by two large ships that were sunk near the
shore of Sukhumi Bay (Zenkovich, 1976; Kiknadze, 1976).

Several km southeast of the sunken vessels another flow system,
about 20 km long, is Initiated by the Kelasuri River. Augmented by
the sediment discharge of other rivers, the flow's sediment load
eventually grows to about 30-40,000 cu/m per year. However, upon
reaching the Kodori River Delta most of the load 1s lost down submarine
canyons (Zenkovich, 1976; Kiknadze, 1976).

The final flow system on the Caucasian Coast starts with the
Kodori River discharge of over 700,000 cu/m of sediment (Lontiev and
Safianov, 1973). Of this about 200,000 tons of beach forming sediment
is carried to the southeast. This sediment flow, of about 60 to 70 km
1n length, like the others, virtually terminates at the Inguri Mouth as
the result of losses down the steep submarine slope and canyons associ
ated with the Mouth (Zenkovich, 1976; Kiknadze, 1976).

Though the rivers along the Caucasian coast discharge large
amounts of beach forming sediment, about ninety percent of it 1s lost
down the submarine canyons (Kiknadze, 1976). It has been further
estimated that only about five percent of the beach forming sediment
supplied by Georgian rivers is stored in the beaches (Zenkovich, 1976).
Much of the remainder is irretrievably lost to deep water. The
limited capacity of the Uttoral drift systems to supply sediment to
the beach results in a vulnerable natural beach system.

HUMAN INDUCED STRESS

The relatively fragile Caucasian shore has been subject to
several types of debilitating human behavior over the last 40 years
or so. Gravel was taken from the beaches for construction, dams were
built on the rivers, and harbor-protecting moles were built in several
places. Deterioration of beaches quickly followed.

Perhaps the first interference with the beach system began with
the removal of sediment for highway construction in the early 1890s
and was continued during the period of coastal railway construction
between 1914 and 1928. Removal was Intensified after 1945 when the
resort and recreation activities started to expand rapidly (Romashin
and Shulgin, 1976). Mining of beach sediment continued until for
bidden by law in the 1960s. By that time many million cu/m of beach
material had been consumed by the building Industry (Zenkovich, 1976).

However, the great demand for construction gravel resulted in
immediate mining of flood plain alluvium. Hithln a very short period
well over a million cu/m of sediment was removed from the flood plains
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on the Tuapse-Gagra section of the Caucasian coast (Romashin and
Shulgin, 1976). This activity also is now forbidden by law.

Other activities deleterious to beach preservation started more
or less contemporaneously with this onset of intensive mining of beach
and flood plain sediments. A 150 m mole was built directly north of
the Zhoekvara River some time prior to 1927. Larger moles were also
constructed at Sochi and north of Ochamchire between 1937 and 1939
(Fig. 2). Dams were built on several rivers—on the Tuapse in the
1930s, the Zhoekvara in the late 1940s, the Mzymta in the 1950s and,
just recently on the Inguri River. The dams reduced the sediment
discharge to the coast and the moles seriously blocked the flow of
sediment along the coast (Kiknadze, 1976; Romashin and Shulgin, 1976;
Zenkovich, 1973, 1976).

Pitsunda Pt

G r oini
J~ MoIb

Fig. 2. Location of groins and moles on the north-eastern Black
Sea Coast (from Zenkovich, 1976; Kiknadze, 1976).
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The combination of mining, damming and blocking has had disastrous
effects on the Caucasian beaches. In 1976 Kiknadze observed that there
is virtually no natural beach aggradation along the entire coast of the
Georgian Republic and that some coastal areas have no beaches at all.
For example, the beaches down drift from the Sochi and Ochamchire moles
have been greatly narrowed or destroyed by erosion. In the case of the
Sochi mole its negative effects were felt to the mouth of the Mzymta
River (Zenkovich, 1976). South of the Ochamchire mole beach destruc
tion extended to the town where shore erosion caused serious problems
(Kiknadze, 1976).

REMEDIAL ACTIONS AND THEIR EFFECTS

A variety of remedial actions has been taken to resolve these
problems. The actions Include the construction of sea walls, groins
(along with intergroin filling) and submerged breakwaters. Some of
these remedial attempts simply exacerbated the situation. The earliest
protective effort on the Caucasian coast was probably the construction
of sea walls to protect the railroad built between 1914 and 1928.
These sea walls, however, need frequent repair. When waves approach
a wall directly they are reflected and the backwash erodes the beach
sediment. This may eventually lead to the collapse of the structure.
Waves approaching the coast obliquely Interact with the wall to form
very strong long-shore currents that can quickly remove beach sediment
and again undercut the wall. Shores protected by walls more than a
kilometer long may eventually be stripped of their beaches (Zenkovich,
1973).

Groins have been Installed at many places along the coast in
order to protect the beaches from erosion caused by the sea walls or
by the moles at Sochi and Ochamchire (F1g. 2). Because of the
special qualities of the Black Sea coast, some experimentation was
necessary before suitable groins were developed. Initially low,
short cement groins were installed. These proved unsuccessful,
especially 1n areas lacking firm foundation. Here the groins sagged
and the shingle simply drifted over the landward ends of the groins
and beach erosion continued (Zenkovich, 1973, 1976). Longer and
higher stepped groins were then tried and these were usually successful
in checking beach drift on those coastal sections with a rock bottom.
Where the beach 1s underlain by unconsolidated sediment, very large
groins (70 m long and 4 m high at the base) have been installed.
These were made of concrete casings set about 10 m into the beach
sediment and filled with stone and concrete.

But, because these new designs proved effective in checking long
shore sediment flow, downdrift beach erosion intensified (Zenkovich,
1976). For example, at Ochamchire, beach erosion caused by the mole
was so severe that the concrete sea walls subsequently built to
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protect the town failed thrice. These were replaced by groins of appro
priate design that proved to be successful in protecting the town.
However, their installation caused serious coastal erosion down to
the mouth of the Inguri River.

Further experimentation has shown that the improved stepped groin
design when combined with artificial filling between groins and the
strategic use of submerged breakwaters between groins virtually elimi
nates local, groin induced beach erosion. The combination permits a
relatively uninterrupted movement of drift past the groin combs and
has been installed with apparent success at several places on the coast
(Zenkovich, 1976). However, beach stabilization along the entire
coast will require the installation of many such groin systems.
Furthermore, it is estimated that the addition of approximately two
million cu/m of gravel will be required to make up the deficit that
presently exists in the beach-littoral drift systems. Once the
deficit is balanced a continuing annual supply of some 200 to 300,000
cu/m will be required to replace sediment lost to deep water by
natural means (Zenkovich, 1973).

FUTURE

Even though the remedial efforts described may bring the
Caucasian beaches back to a state of approximate equilibrium, rela
tively large annual additions of gravel will be required for an
indefinite period. This is due to the continuing constant loss of
sediment to deep water while the natural supply of sediment by streams
has been reduced by the dams built on several of the larger rivers.
Unless some means is devised whereby sediment may be pumped up from
some of the more shallow canyons or passed around the dams obtaining
suitable gravel from outside sources will become necessary. Indeed,
already some of the material used in filling concrete casings is
being imported from the north side of the Caucasian Mountains
(Zenkovich, 1973).
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