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DISCLAIMER

This report discusses only certain coastal and hydraulic engineering aspects,
opinions and interpretations and is not meant to be comprehensive. Detailed
technical designs, hydraulic laboratory model tests, (computerized) flow
models, ground water siudies, marine biology, environment, tourism,
architecture, legal matters, etc. are not covered in this publication.

The owners, clients, employers, proprietors, beneficiaries, consultants, etc. of
the land and the real estate should satisfy themselves with all aspects of the
proposed modifications before drawing conclusions. This report should be read
in its entirety and should not be quoted out of context. No rights or claims can

be derived from this report.

The conclusions in this report are given in good faith and are partly based on
the information presented to me in the form of documents, drawings and

interviews with relevant individuals.

INTRODUCTION

Mrs. Varda Spier from Sinapsa Ltd., in her capacity as Marine and Coastai
Environmental Consultant, showed me some plans and reports to modify the
existing Breakwaters and the New Lagoon adjacent fo Herods Palace, Red
Seq, Eilat. She asked me to submit my professional opinion about cerain
coastal and hydraulic engineering aspects. A site visit was held on 04,04.2003.

DESCRIPTION OF THE AREA

Climatic and hydrographic conditions

Most of the year the wind is blowing from North to South. Wind-generated
waves do not occur due to the absence of fetch. From October to May
sudden strong winds (approx. up to moderate gale-force 6 to 7) from South to
North develop from time to time. Only these particular winds create waves. This
situation can happen two to four times a year and may last one to two days

each time.

The Main and Lee Breakwaters were designed for g significant wave heigth
(Hs) of 3.00 m with a probable retum period of 50 years. Hs represents the
average of the largest 33% of the waves. The maximum deep-water waves
(Hmax) observed by mariners are approx. 4.50 m (measured from crest to
trough). These waves would breck in the shallow waters in front of the
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shoreline. Wave overtopping of the Breakwaters during these circumstances is
possible.

The tidal levels and ranges are shown in Table 1.

The seawaier curents along the coast are typically very weak, say 0.05 m/sec.
(0.10 knots). Occasionaily peaking to 0.50 - 0.60 m/sec. (1.00 knots), say one or
two fimes a year. The direction is parallel to the coast, somefimes running to

the East, sometimes running fo the West.

3.2. Bathimetry and topoaraphy

The typical beach slope gradients, measured between the +1.66m and -7.00 m
contour lines, are shown in Table 2. The natural ground above the waterline

runs from a level of 0.00m until approx. +3.00 m o +4.00 m.

3.3. Soil description

The typical soil classification in the New Lagoon is shown in Tables 4-A and 4-B.
The ground water level, prior to the excavation of the New Lagoon, is reported

to be approx. +0.20 m / +0.60 m.

4,  EXISTING BREAKWATERS

This rubble mound structure was built between 1994 and 1995. No damage to
the structure was detected after the earthquake of 22.11.1995. A slight
accretion of sediments is visible near the roots of the Main and Lee
Breakwater. Beach erosion appears to be not significant. The shoreline Tuns
more or less in a straight line, only to be interupted by the Breakwaters.

Sedimentation near the entrance of the Breakwaters seems to be not
significant. No maintenance dredging activities were reported after the initial
excavation in 1995 until -2.50 m. The Breakwaters serve two purposes, namely:
to protect the New Lagoon, the Channel and the bridge foundations
against extreme high waves induced by strong South to North winds;

« to prevent sedimentation in the Channel entrance near the foreshore.

If the Breakwaters would be removed, it is likely that the Channel enfrance
needs to be dredged periodically between the +1.00m and -2.50 m contour
lines. The entrance of the Channel would be clogged with beach sediments

due to wave action.
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The drawings show that the planned Main Breakwater has a slighily different
shape and locatfion than the 'As-Made' structure. However, this situation does

not disturb the functionality of the structure.

NEW LAGOON SIDE SLOPES

The natural angle of repose for underwater slopes is shown in Table 3.

The boreholes drilled in the New Lagoon suggest rather poor soil conditions for
engineering purposes: silty sand, clayey sand, poorly graded sand, clay and silt
(see Tables 4-A and 4-B). The SPT (Standard Penetration Test) N-values in

" borehole no. 2 indicate 'loose’ to 'medium dense’ in situ compactness of the

ground untit a depth of -6.00 m.
The constructed slopes in the New Lagoon are respectively 1 : 15 and 1 : 20.

These slopes are gentle enough to ensure their stability and to prevent caving
in and/or collapse, as is proven during the last eight years. Steeper slopes
without the installation of slope protection (e.g. rock layers) may result in
instability due to wave action, earth quakes and/or agitation by swimmers.

The natural Red Sea slopes, as shown in Table 2, and the natural angle of
repose for underwater slopes (see Table 3) suggest that the designed slopes in
the New Lagoon are logic: not too steep and not too gentle.

WATER CIRCULATION IN NEW LAGOON

General descripfion

The refreshment of the seawater in the New Lagoon is extremely important.
Planktonic algae flow from the Red Sea into the New Lagoon and feed
themselves with nutrients. The optimum temperature for the algae to grow is
around 25° C. The sources of these nutrients are believed to be sewage, waste,
garbage and groundwater. Due to lack of oxygen the algae die and sink to
the bottom of the New Lagoon. Organic material builds up over a period of
time and creates a mud layer. The thickness of the organic layer was
approximately 5 to 15 cm, measured in 08/1997. The visibility here is much less
than in the Red Sea. The feasibility studies expected a water circulation of two
to three days. The iatest studies suggest that the average refreshment of the

water takes some ten days.

It was said that no mud exists between the Breakwaters or in the Channel. We
understand fthat the organic material also exists in the Old Lagoon and that this
area was dredged a few years ago. The mud was dumped at seq.

08-7602673 :0o@9
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We observed gasoline and garbage floating in the Old Lagoon. It was said
that the visibility in the Old Lagoon improves when relatively few tourists reside

in Eilat.

The New Lagoon is destined only for swimmers, while in the Old Lagoon only
boats are dllowed. We observed no swimmers in the New Lagoon during our

visit.

Currents and turbidity

One report shows the measured currents in the Channel under the bridge to
be:

max. 17.5 cm / sec. (0.34 knots) from South to North during Flood:;
e max. 15.0 cm / sec. (0.29 knots) from North to South during Ebb.
The width under the bridge is smaller than in the rest of the Channel: approx.

10 m between the piles.

The hydraulic ‘wef’ proﬁle (expressed in m?) in the New Lagoon is much larger
than in the Channel. Flow [m? / sec.] = Velocity [m / sec.] x Profile [m?]. If the
Flow is constant, then the velocity goes down when the profile increases.

The Lagoon seems to behave like a 'Sink Hole' (also known as 'Sediment Trap’
or 'Settlement Basin) due to the small cuments. The low velocity seems fo
create not sufficient turbidity to, flush out the algae and/or the organic

materials.

6.3. Suggestions

Some suggestions to reduce the problem of organic matter settling on the
floor of the New Lagoon are listed below. All these suggestions, either alone or
combined, should be further investigated for feasibility and detailed design.

1) Dredge the exisfing mud layers in both Lagoons. If the mud contains
hazardous materials, it should be disposed of in a safe location.

2) Instaliation of a water pump fo fransfer continuously ‘not-fresh’ seawater
from the New Lagoon to the Old Lagoon or fo the Eastern Wadi. First the
dredging works must be completed, because the mud should not be
recirculated. This solution could (partly) help to flush-out the algea and/or
mud in the Old Lagoon. It will probably also lower the water temperature in

one or both Lagoons.

3) The fish, salt and agricultural industries around the Lagoon should draw
their raw seawater directly from the Lagoon instead of from the Red Sea.

09-7602673 0%
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4)

5)

é)

This will increase the water circulation. These industries discharge their
waste-water in the Wadi located East of the New Lagoon.

Reduce the ‘wet' profile in the Lagoon. For example by adding one or
more islands. This will reduce the water mass in the Lagoon, thus increase
the water velocity. Less water in the Lagoon will shorten the re-circulation
time. A higher water velocity will flush-out more algae and/or mud.

Installation of geo-textile sheets or clay layers on the Lagoon floor to
prevent contact between the nufrents in the groundwater and the
seawater in the New Lagoon. It should first be proven that the nutrients in
the ground-water are a major cause for the algea growth.

Any combination of the above suggestions.

7. OPINION OF Dr. EHUD MACHRES

Dr. Ehud Machres forwarded his opinion in his report {without date] calied
'Eastern Lagoon, Eilat, Marine Environment Opinion’, received by the Ministry of
the Interior on 01.09.2002. His main suggestions to improve the water circulation
in the New Lagoon and my comments are summarized befow.

1)

2}

‘Remove the Breakwaters, so that the waves can enfer the New Lagoon
unhindered.

Most of the year proper wind-generated waves do not develop due to the
prevailing winds from North to South. Approx. two to four times per year a
sudden wind from South to North creates waves during approx. one or two
days per occurrence. It is doubtful if these limited wave occurences are
sufficient to ensure good water circulation at all times of the year.

in the existing situation an open connection exists between the Red Sea
and the New Lagoon. The Ebb and Flood waters can stream almost
unhindered through the Breakwaters entrance and the Channel, although
probably with a slight delay. High and low tides can be observed in the
New Lagoon. The water can flow also between the rocks of the
Breakwaters due to the so-cailed 'porosity’ of the rubble mound structure.

‘Removal of the Breakwaters would improve the landscape and the
horizon'.
The crest of the Breakwaters stick out approx. 2.50 m above the waterline,

while the largest width of the Main Breakwater is approx. 18.50 m at WL =
0.00 m. Other structures (hotels, etc.) in the vicinity are much faller, wider

and more prominent.

09-7602673 :op®
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'Make the Channel wider by at least 50 m, so more fresh water can enter
into the Lagoon'.

A hydraulic model test should be made to substantiate this statement. To
make the Channel wider would decrease the water velocity there. The
model test should determine if the reduced velocity in the wider Channel
will be sufficient to flush-out the algae and/or mud. The two bridges would

have to be lenghtened.

'‘Make the slopes in the Lagoon 1 : 4 {like the natural slopes in Eitat] to
reduce the width of the tidal zone. The waves have then less opporfun:fy fo

agitate the mud on the slopes’.

As explained in paragraph 7-1 above, proper wind-generated waves do
not occur during most of the year. The natural slopes above and below the
waterline in Eilat are given in Tables 2 and 3. The proposed gradient of 1:4
is much steeper than the natural slopes in Elat and could create instability

over a given time.

'‘Add coarse sediments (‘typical Eilat sand) on the slopes fo prevent
murkiness of the wafer'.

According to the boreholes {see Tables 4-A and 4-B) the typical Eild’r sand is
rather fine. Biological experts should confirm if coarse sediments on the
slopes would prevent murky water or oxydize the water and what is the

optimum grain size.
'Deepen the Lagoon until -6 m'.

Deepening the Lagoon to -6 m would create a substantial 'Sink Hole' for
the mud and garbage. Steep slopes would have to be made, which is not
recommended (see paragraph 7-4 above). We don't want fo collect mud,
but flush-out the algea and/or mud. The interaction befween the nutrients
in the groundwater and the algea in the seawater should be studied if you

dig such a deep hole.

8. OPINION OF Dr. HARTMAN

Dr. Hartman suggests to manage the New Lagoon like an artificial swimming
pool. This would mean, inter alia:

installation of water circulation pumps and fiifers;
adding chemicals such as chloride.

08-7602673 :opo 09-7428432
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This solution would require large amounts of chemicals. The amount of water in
the New Lagoon is much higher than in an average public swimming pool. The
chemicals can not be contained, because of the Ebb tides. Large quantities of
chemicals would flow unhindered into the Red Sea.

9. CONCLUSIONS

The conclusions listed below reflect my personal opinions. They should be
checked further for their feasibility (all aspects), detailed design, costs, etc.

1} The existing Breakwaters protect the hinterland infrastructure and
landscape against high waves.

2) The existing Breakwaters prevent siitafion / sedimentation in the Channel
entrance.

3) The side slopes of the New Lagoon are natural, have proven to be stable
and should maintain their existing gradients. Steeper slopes would require

slope protection.

4) The mud in both Lagoons should be dredged.

5) Circulate the water continuously with a water-pump either:
e from the New Lagoon into the Old Lagoon or:
¢ from the New Lagoon into the Eastern Wadi.

6) The water circuiation would be improved, if all the industries around the
New Lagoon draw their raw seawater directly from the New Lagoon and
continue to discharge their waste-water into the Eastern Wadi.

7} If chemicals would be added to the New Lagoon, the Ebb fides would

8) transport those chemicals (or a part thereof} info the Red Sea.

9) . Conduct further investigations in and around the New Lagoon fo examine

the: ,

» Ground water seepage;

« Permeability of the soil;

Effect of the proposed water-circulation pump on the ground-water
levels; '

s Volume of the mud o be dredged;

« Disposal locations for the mud.
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Signed:

7th April 2003

Y

Klaas van Weperen Eur Ing
Civil Engineer (Hydraulics and Roads) B. Sc.
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ANNEX |

TABLES

Table 1: Tidal levels and ranges, Red Seaq, Eilat

+0.55 -0.30 0.85
+0.90 -0.55 1.45
5 years +i.05 -0.70 1.75
10 years +1.17 -0.78 1.95
25 years +1.29 -0.86 2.15
50 years - +1.35 -0.90 2.25

Table 2: Typical coastal slope gradients, Red Seaq, Eilat

i

+1.66 | 0.00 1:16 “=
0.00 -1.00 1:13 1:13
-1.00 -2.00 1:17 1:15
-2.00 -3.00 1:87 1:39
-3.00 -4.00 1:27 1:36
-4.00 -5.00 1:19 1:33
-5.00 -6.00 1:17 1:30
-6.00 -7.00 1:16 1:28

Table 3: Typical underwater side slopes for various soil fypes
Natural angle of repose

Sandy clay i :
Coarse sand 1:3 ]1:6
Fine sand 1:4 , 1:11
Mud and silt 1:6t01:57 1:11or
gentler

09-7602673 :opge 09-7428432 :‘ru]? 45930 nrawn ninn ,3 aann 210N
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Table 4-A: Typical soil classification, New Lagoon, Eilat

+1fo O|CH,CL CL CL CL
Oto-1 | CH. CL CL | 12 | CL CH CL SM
-1to-2 | SC CL, SC CH,SP | 37 |SM,CH
SM CL
-2to-3 | SC.SP 45 |MLCH| 7 |SC.SM SM 25
CL
-3to-4 | M ML 17 | ML 27 | SM, SP 4]
-4t0 -5 | SP. SM 58 |SC,SM SM 55 | SP, SM 34
ML ML, CL
-5to-6 | ML, SP 82 | SM 5 |SM 57 | SP, SM
SM

Table 4-B: Legend

BH1 = Borehole bo. 1
SPT = Standard Penetration Test (N-Vaiue]

CL Lean clay SPT N-values
CH | Fatclay 0-4 | Veryloose

SC Clayey sand 4-10 |loose

SP Poorly graded | 10-30 | Medium dense
SM | Silty sand 30-50 | Dense

ML St >50 | Verydense

09-7428432 70| 45930 np'awn nina ,3 annn 2107
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ANNEX I
RELEVANT PERSONS INTERVIEWED

The following persons were inferviewed:

Dr. Amatzia Genin (by telephone) 7
Interuniversity Institute for Marine Sciences, Eilat

Researcher biological oceanography

Eng. Rami Raviv
R.Raviv - Coastal Engineering Ltd.
One of the designers of the New Lagoon and Breakwaters

Varda Spier

Sinapsa Lid.
Consultant for Marine and Coastal Environment

Marine Biologist

Captdin itai Be'eri (by telephone)
Pilot for the Port of Eilat (retired)
30 years maritime career

Johanan Spier
Ocedrid Maring Research Lid. _
Marine contractor and diver in Eilat from 1968 to 1985

Eitan Berger
Owner and skipper of yacht L'amie
Mariner in Eilat since 1986
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ANNEX il
WRITTEN SOURCES OF INFORMATION

American Society for Testing and Materials
ASTM Volume 04.08 Soil and Rock

British Standard BS 6349 : Part 5: 1991 - Maritime Structures
Code of practice for dredging and land reclamation

Set of design drawings for Breakwaters and New Lagoon dated 01.08.1993
Issued by R. Raviv - Coastal Engineering Ltd.

Feasibility study dated 12.1990 issued by CAMERI - Coastal and Marine Engineering
Research Institute. Report no. 272/90 written by Eng. L. Stadler

Report written by Dr. Ehud Magles (without date) called 'Eastern Lagoon, Eilat,
Marine Environment Opinion', received by the Ministry of the interior on 01.09.2002.
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