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The Hydrogeomorphological Features
of Qaro Island, State of Kuwait
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Abstract _

Qaro Island has consider'alile; natural marine habitats and sandy beaches. Qaro
Island is uninhabited excel_)t' for some coastguard staff. The coastguard ac-
commodation building and associated facilities are often at risk due to seasonal
northwestern storms. Special concern had been expressed about the stability of
Qaro Island against the seasonal northwestern storms. The study investigates the
prevailing hydrodynamic parameters around Qaro Island (i.e., water level vari-
ations, tidal currents, and wave fields), and the geomorphological characteristics
around the island (i. e., beach profiling) under different environmental condi-
tions. The tidal water levels, tidal currents and beach profiles were measured and
the water wave fields were numerically simulated. The study focuses on the se-
rious stability problem associated with the prevailing hydrodynamic parameters
around Qaro Island. The present study provides decision makers and planners
with an actual accounting of the island's stability for necessary action. Effective
solutions and a proper protection system are recommended.

Introduction

Qaro Island is situated within Kuwait's southern territorial waters at latitude
28°49'04" north, and longitude 48°46'35" east (Fig. 1). The island is nearly 40km
offshore of the mainland. Qaro Island has an area of about 0.1 km?. Qaro Island is
uninhabited except for some coastguard staff. The island has a radio and observa-
tion tower (i.e., on the northwestern side), helicopter landing stage (i.e., in the mid-
dle to one side), and an open-pile jetty (i.e., on the southwestern coast) as shown in
Fig. 2(a). Qaro Island is associated with coral reef colonies and is, therefore, con-
sidered a natural marine habitat (Downing, 1985, 1989). The reefs of Qaro Island
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Fig. 1. Location of Qaro Island.
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support a number of commercially important fish, some of which use the reefs as
breeding areas. Qaro Island is also considered to be a turtle nesting site.
In the summer of 1996, the coastguard accommodation building and associat-
ed facilites (i.e., on the northwestern side) were damaged by seasonal north-
western storms. A new building and facilities were constructed in the summer of
1997. Special concern had been expressed about the stability of Qaro Island
' against the seasonal northwestern storms. Generally, the stability of an island de-
pends heavily on the prevailing hydrodynamic parameters around that island
(i.e., water level variations, tidal currents, and wave fields) and the geo-

. morphological characteristics around the island (i.e., beach profiling) under dif-
ferent environmental conditions.

The sediment characteristics of Qaro Island were analyzed by Al-Ghadban et
al. (1990) using offshore, nearshore and inland sediment samples. The coastal
area is characterized by a very coarse to coarse sand with 90% coral fragments
(i.e., Dsp = 0.54 to 1.10 mm). The mineralogical composition of Qaro Island's
sediment was discussed in detail by Al-Ghadban et al. (1990).

Within the Arabian Gulf, the tidal phenomena are very complicated. Along
the Arabian Gulf, the tides range from diumnal to semidiurnal. Within Kuwait’s
southern territorial waters, the tides are mixed with substantial semidiurnal tides.
Over a complete tidal cycle, there are two unequal high (i.e., higher high and
lower high) and two unequal low (i.e., higher low and lower low) water levels.
Since no comprehensive water level field measurements exist for the area around
Qaro Island, there is a need té measure and analyze the water level variation over
a complete tidal cycle (i.e., 24:50 h) during the spring and neap tides.

Tidal current is an Mnportant physical characteristic for sediment transport.
The tidal current within the Arabian Gulf is very complex. Along the Kuwaiti
coastline, the tidal currents generally run parallel to the coastline and rarely ex-
ceed speeds of 0.5m/s (Blain and Webber, 1989). The offshore tidal currents
were measured by Al-Ghadban et al. (1990) at the southern and southeastern
coasts of Qaro Island at 30-m water depths. Hourly measurements were collected
over periods of up to 13 h (i.e., half of a tidal cycle) to investigate the ebb and
flood currents. The field measurements were taken on June 5, and August 15,
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1989, i.e., during spring tides. The maximum recorded tidal current speeds were
0.9 m/s and 0.5 m/s at the southern and southeastern sites, respectively. There-
fore, there is a need to measure and interpret the tidal currents around Qaro Is-
land, during the same periods of spring and neap tides as the water level meas-
urements were taken.

Based on field measurements, Al-Ghadban et al. (1990) concluded that the
northwestern and western areas of Qaro Island represent erosion zones (i.e., high
wave energy), whereas the northeastern aréa is a deposition zone (i.e., low wave
energy). This conclusion was based on the behavior of the measured beach pro-
files and the nearshore wave characteristics. The data were collected at four loca-
tions around the island on August 16 and November 26, 1989. The field in-
formation was collected during a short period (i.e., three months) in calm
weather. To monitor.changes in beach characteristics, beach profiles are usually
measured at transit lines’along the coastlines of an island under varied environ-
mental conditions. Therefore, there is still a need to measure and interpret the
seasonal changes of the beach profiles around the island.

Breaking wave characteristics (i.e., wave breaking height and period) were
measured during the summer and winter at four locations around Qaro Island by
Al-Ghadban et al. (1990). Due to the dominant weathering conditions at the time
(i.e., relatively calm weather), the measured values do not reflect actual storm
conditions. Generally, wave characteristics, particularly wave height, period, and
direction, are the. principal criteria for an island's stability. No wave data have
been recorded around Qaro Island. The wave conditions around Qaro Island can
be investigated in'several ways, e.g., field study, laboratory study and/6r numer-
ical modeling. Both field and laboratory studies are costly because of the ex-
pensive equipment and the extensive time required. Therefore, there is a need to
use numerical modeling to predict the wave fields around the island.

The main objective of the present investigation is to determine the stability of:
Qaro Island under different environmental conditions. The water surface level
variation and currents overa complete spring and neap tidal cycle, and the sea-
sonal changes of the beach profiles were measured. The critical wave fields were
numerically predicted.
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Methodology for Present Investigation

Field Measurements

The water surface level recorder was deployed and fixed on the existing
open-pile jetty of Qaro Island (i.e., at point QT in Fig. 2(b)). The variation in the
water surface level was collected using an Aanderaa WLR7 water level recorder.
The sampling rate was one measurement every 5 min to accurately define the ti-
dal level fluctuations. The water surface level variation was recorded for a com-
plete tidal cycle during the spring and neap tides.

Four current meters were distributed equidistant around Qaro Island (Fig. 2
(b)) at points QC1 (i.e., the southwestern location at latitude 28°48'56"north and
longitude 28°46'29" east), QC2 (i.e., the northwestern location at latitude
28°49'12" north and longitude 48°46'19" east), QC3 (i.e., the northeastern loca-
tion at latitude 28°49'14" north and longitude 48°46'42" east), and QC4 (i.e., the
southeastern location at latitude 28°48'49" north and longitude 48°46'49" east).
The tidal current data (i.e., speed and direction) were collected outside the surf
zone (i.., within 10-m average water depths) and Sm above the bed level using
Aanderaa RCM7 current meters. The sampling rate was one measurement every
5 min. The current meters were deployed during the same periods of spring and
neap tides as the water level measurements were taken.

To determine the behavior of the beach profiles around Qaro Island, four transit
lines normal to the coastal line and equally distributed around Qaro Island were se-
lected for beach profiling (Fig. 2(b)). The four selected transit lines, QB1, QB2,
QB3, and QB4, were identified and referred.to four fixed benchmarks (latitude
28°49'00" north and longitude 48°46'32" east, latitude 28°49'06" north and longitude
48°46'34" east, latitnde 28°49'06" north and longitude 48°46'38" east, and latitude
28°49'03" north and longitude 48°46'37" east) around Qaro Island (Fig. 2(b)).

The elevation of each benchmark was arbitrarily taken to be at least 2m
above the higher high water level. The beach profiles started from the benchmark
on the shore z‘md extended 50m seaward. All measurements were taken at low
water levels. The ground level of the location was measured using a Nikon
DTM-300 surverying level every 5m along each transit line. To monitor seasonal
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changes, the beach profiles were surveyed during summer (i.e., June 1997) and
winter (i.e., December 1997). Due to storms during August and Séptember 1997,
additional beach profiles were collected in October 1997.

To determine the behavior of the beach profiles around Qaro Island, the sum-
mer beach profiles (i.e., those surveyed in June 1997) were considered as the ref-
erence (i.e., datum) beach profiles. The sediment deposition/erosion due to
storms was estimated as the difference between the summer and after-storm
beach profiles (i.e., those surveyed in October 1997). The overall sediment dep-
osition/erosion was estimated as the difference between the summer and winter
beach profiles (i.e., those surveyed in December 1997).

Numerical Simulations

The deep water wave conditions (i.e., wave heights and periods) along spec-
ified directions (i.e., wind directions) are the basic types of information needed
for numerical modeling. The deep water wave conditions are forecast based on
wind speeds and effective fetch lengths (U.S. Army Corps of Engineers, 1984).
The wind speeds and directions were determined by using the wind data recorded
by the Arabian Oil Company at Ras Al-Khafji (i.e., latitude 28°25'36" north and
longifude 48°40'00" east) during the period from 1976 to 1980 (Lo et al., 1987).
Eight wind directions were selected (i.e.,, N, NE, E, SE, S, SW, W, and NW) for
use in forecasting the maximum wave conditions in the deep offshore waters of
Qaro Island. The wind speed values were corrected due to elevation (i.e., a 28-m
anemometer height) and converted into wind-stress factors (U.S. Army Corps of
Engineers, 1984).

The fetch lengths along the specified directions (i.e., wind directions) were
measured from the Admiralty Chart. The effective fetch lengths were estimated
based on the depth-weighted average along each fetch length as follows: when-
ever the fetch line crossed a contour line, the contour value and the cor-
responding distance between the two crossing points were recorded. The pro-
cedure was repeated along the fetch, and then the weighted average was
computed from contour data given in Admiralty Chart No. 2858. The depth-
weighted average along each specified wind direction was considered to be the
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average water depth along the fetch length. The maximum deep water wind and

wave conditions are listed in Table 1.

Table 1. Maximum Deep Water Wind and Wave Conditions for Qaro Island

Wind Conditions Wave Conditions
Direction Speed Fetch Depth  Height  Period

(m/s) (m) (m) (m) (m)
N 27.5 132,000 12.6 32 74
NE 175 192,750 19.8 3.0 7.0
E 17.5 222,000 31.1 3.6 7.6
SE 175 727,500 214 3.6 8.3
s 25 90,750 111 2.5 6.3
SW 225 45,000 135 2.3 5.6
W 17.5 45,750 10.3 1.7 49
NW 27.5 114,000 . 11.4 3.0 7.1

Considering the maximum deeﬁ water waves as boundary conditions, the
shallow water wave conditions for Qaro Island were predicted using a wave re-
fraction-shoaling numerical model (Lo et al., 1987). A 1-km-x-1-km grid system
was constructed for Kuwait's southern territorial waters. The water waves prop-
agated from the deep water to the shallow water of Qaro Island were presented as
wave refraction-shoaling maps.

Considering the shallow water waves as boundary conditions, the wave fields
around Qaro Isiand were predicted using a wave refraction-diffraction numerical
model (Lo, 1991)..A 100-m-x-100-m grid system was constructed for the shal-
low water of Qaro Island. The maximum wave conditions were utilized to pre-

dict the critical wave fields around the island.
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Results and Discussion

Field Measurements

The maximum measured spring and neap tidal ranges were 1.8m and 1.3m, re-
spectively. A maximum spring tidal current of 0.7mv/s (i.e., at point QC1) and a max-
imum neap tidal current of 0.5m/s (i.e., at points QC2, and QC3) were recorded
around Qaro Island. The tidal current speeds measured by Al-Ghadban et al. (1990)
were reasonably confirmed through the tidal currents recorded around Qaro Island in
the present investigation.

For demonstration purposes, the correlation between the water level and cur-
rent during a complete spring tidal cycle at point QC1 is presented in Fig. 3. The
water surface level variation refers to the mean water surface level from the re-
corded data (i.e., over a complete tidal cycle). Generally, the maximum current
speeds during the spring and neap tidal cycles usually occurred within the ebb -
and flood periods of the maximum tidal ranges.

The general behavior of the tidal current speeds (i.e., variations with respect
- to tidal water levels) was almost the same all around Qaro Island. The tidal cur-
rents within the ebb and flood periods of the maximum spring tidal ranges at
points Cy, C,, and QC3 were in almost exactly the same prevailing direction. At
point QC4, the tidal currents had variable directions. The tidal currents within the
ebb and flood periods of the maximum neap tidal range at QC1 and QC3 were in
almost exactly the same prevailing direction. At QC2 and QC4, the tidal currents
had variable directions. '

Generally, the dominant tidal current direction around Qaro Island can be
specified as being northwest-southeast. To the northwest and southeast of Qaro
Island, tidal currents with relatively variable directions were usually recorded.
Toward the island's shoreline, the tidal currents (i.e., with a maximum offshore
speed of 0.7m/s) are expected to decrease (i.e., due to bed shear stress) over the
flat coral reefs. ”I'hcrefore,~ the tidal currents have only a minor effect on the sta-
bility of the coarse sandy beaches of Qaro Island. .

The beach at transit line QB1 (i.e., in a southwestern direction) is a sandy
beach. The after-storm beach profile showed a gain in sediments which was
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estimated to be 3 m%m (Fig. 4(a)). The winter beach profile showed a loss in
sediments. The behavior of the beach profile indicates that the beach is sub-
ject to deposition followed by erosion due to storm conditions. The overall
sediment erosion was 2 m3/m.

The beach at transit line QB2 (i.e., in a northwestern direction) is a sandy
beach. The after-storm beach profile showed a loss in sediments which was
estimated as 29 m%m (Fig. 4(b)). The winter beach profile showed less loss in
sediments. The behavior of the beach profile indicates that the beach is subject to
erosion followed by deposition due to storm conditions. The overall sediment
erosion was 21 m*m. During the field measurements in October 1997, severe
sediment erosion extended up to the foundation of the observatiion tower, and
failure of the water tanks (adjacent to the beach) had occurred.

The beach at transit line QB3 (i.e., in a northeastern direction) is a sandy
beach. The after-storm beach profile showed a gain in sediments which was es-
timated to be 8 m*m (Fig. 4(c)). The winter beach profile showed less of a gain
in sediments. The behavior of the beach profile indicates that the beach is subject
to deposition followed by erosion due to storm conditions. The overall sediment
deposition was 6 m3/m.

The beach at transit line QB4 (i.e.,; in a southeastern direction) is a sandy
beach. The after-storm beach profile showed a gain in sediments which was es-
timated to be 1 m3/m (Fig. 4(d)). The wintr beach profile showed more gain in
sediments. The behavior of the beach profile indicates that the beach is subject to
deposition due to storm conditions. The overall sediment deposition was 5 m3/m.
During the field measurement in october 1997, sediment accumulations were ob-
served to the left and right of transit line QB4.

The beach profile behaviors described by Al-Ghadban et al. (1990) were
found to be transitional due to only northwestern storm conditions. Based on
beach profile measurements, the most important aspects of the sediment trans-
port around Qaro Island are as follows.

* The storm waves have a severe effect on the stability of the coastal beaches of
Qaro Island.
* Due to prevailing northwestern storm conditions, the northwestern coast (i.e.,
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lying between the west and north) is subject to sediment erosion. Due to cur-
rents induced by storm waves, the eroded sediments are transported, deposited,
and accumulate at the southeastern coast of the island.

* Due to prevailing southeastern storm conditions, the currents induced by storm
waves transport the accumulated sediments from the southeastern coast to the
northwestern coast of the island.

« The southeastern coast of Qaro Island is considered to be a storage area for sed-
iment accumulations during the prevailing northwestern wave storms.

e The northwestern coast of Qaro Island is subjected to severe erosion. A pro-
tection system is urgently needed.

 The total sediment budget around Qaro Island depends on storm occurrence
(i.e., frequency, duration and direction) and storm waves (i.e., heights and pe-
riods). )

* A long-term program for beach profile measurement is urgently needed to es-
timate the sediment budget around Qaro Island.

Numerical Simulations
The critical wave fields around Qaro Island are presented as vectors in Fig. 5.

The length and direction of each vector indicates the wave height and direction

of the wave field at the vector location. Based on the presented wave fields, the

most important aspects of the wave fields around Qaro Island are as follows.

* Due to northern storms, the northern waves approach the island with orthogonals
perpendicular to the northwestern-northeastern coast, which causes sediment ero-
sion. The longshore currents induced by waves are parallel to the northeastern-
northwestern coasts. These longshore currents are responsible for the sediment
transport from the eroded northern coast to the southern coast of Qaro Island.

« Due to southeastern storms, the southeastern waves approach the island with or-
thogonals perpendicular to the southeastern-northeastern coast, which causes
sediment erosion. The longshore currents induced by waves are parallel to the
northeastern-northwestern and southeastern-southern coasts. The longshore
currents are .responsible for the sediment transport from the southeastern-
northeastern coasts to the northeastern-northwestern and southeastern-southern
coasts of Qaro Island.

167




"SIARM UII)SEIYINOS (q) {SIABM UIIYLION () 0] anp SP[AY daeM [EINLL) S “Sif

tor

Tt

Tt 1

1ot

Tt

) N

LR ¥

t/t ot 1

Tt it

t N2 1

11 1
) “/ N ip L

1 tht t 1t 1

11 t o1t 1

tr Nttt t

t ot (t 11y t L S B B O B |

t ot o 1 SR L B

Tttt 1ttt _ Nt _\”_ trot

UonIDAQ DABM

168




Journal of the Gulf and Arabian Peninsula Studies -- No. 96

* Under the other storm conditions, the sediment eroded from the coast is ex-
posed to direct wave energy. Then, the eroded sediments are transported and
deposited on other coastal locations, as governed by the longshore currents in-
duced by waves.

* A comprehensive numerical model for sediment transport supported by actual
storm conditions and associated beach profile measurements is greatly needed
to p;redict the sediment budget around Qaro Island.

The available aerial photographs of Qaro Island taken in 1982, 1983, and
March 1996, indicate that the general configuration of the main inland area of the
island is unstable (Fig. 6). The coastal shoreline has changed due to seasonal
storm conditions. The exact dates (i.e., months) of the aerial photographs taken
in 1982 and 1983 are not available. It is thought that the aerial photographs from
1982 and 1996 were taken within the same season when the island was exposed
to southeastern storms. The aerial photograph from 1983 reflects the effect of
northwestern storms. The aerial photographs confirmed the general conclusions
regarding sediment transport around Qaro Island.

The coastal zone of Qaro Island is characterized by coarse sand. The storm
waves have a severe effect on the stability of the coastal beaches of Qaro Island.
During the seasonal northwestern storms, the northwestern coast is considered to
be a severe erosion area and the southeastern coast is considered to be a deposi-
tional area. This situation is reversed during the seasonal southeastern storms.

Generally, sediments are eroded from the coasts exposed to direct wave en-
ergy. Then the eroded sediments are transported and deposited, and accurnulate
on other coastal locations, governed by the longshore currents induced by waves.
The total sediment budget around Qaro Island depends on storm occurrence,
storm waves, and associated longshore currents induced by waves. The north-
western coast of Qaro Island is usually subjected to severe erosion. The coast-
guard accommodation building and associated facilities are often at risk from
seasonal northwestern storms. The location of the radio and observation tower
used to be away from the shoreline. Now the tower's foundation is on the shore-
line. This means that the island is slowly shifting to the southeast. The field
measurements and numerical simulations around Qaro Island were discussed in
detail by Marmoush et al. (1998).
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1983 (Source: Downing, 1985) - 1982 (Source: Downing, 1985)

1997 (Source: CRSK, 1997)

Fig. 6. Historical aerial photographs of Qaro Island.

170




Journal of the Gulf and Arabian Peninsula Stadies -- No. 96

Conclusions and Recommendations
Detailed study of the hydrodynamics and coastal processes of Qaro Island led
to the following conclusions:

» The dominant wave direction can be specified as the northwest-southeast direc-
tion. The storm waves have a major effect on the stability of the coastal beaches.

 The coastal zones are characterized by coarse sand.

* The sediments are eroded from the sandy coasts exposed to direct wave energy.
Then the eroded sediments are transported and deposited, and accumulate on
other coastal locations, as governed by the longshore currents induced by
waves.

» The coastal shorelines may change seasonally due to seasonal storm conditions.

* The storm waves have a severe effect on the stability of the coastal beaches of
Qaro Island. The northwestern coast of Qaro Island is usually subjected to se-
vere erosion.’

¢ The total sediment budget depends on storm occurrence, storm waves and as-
sociated longshore currents induced by waves.

The research areas recommended for future implementation are as follows:

* A protection system is urgently needed for Qaro Island.

» The historical areal photographs and/or satellite images are greatly useful in
confirming the long-term geomorphological changes of Qaro Island.

* A long-term program of beach profile measurement is greatly needed to mon-
itor the annual changes and estimate the sediment budget around Qaro Island.

* A comprehensive numerical model for sediment transport supported by season-
al storm conditions and associated beach profile measurements is needed to
predict the sediment budget around Qaro Island.
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