8.

Nataral Conditions Around Port Salalah

General

The Sultanate of Oman occupies the South-Eastern comer of the Arabian Peninsula and is
located between Latitudes 16° 40 and 26° 20 Noﬂh and Longltud% 51° 50" and 59 °
407 East.

“The coast line extends 1, 700 kilometers from the Strait of Hormuz in the north to the borders of

the Republic of Yemen and overlooks three seas—the Arabian Guif, Gulf of Oman and the
Arabian Sea. : :

The Sultanate of Oman borders Saudi Arabia and the United Arab Emirates in the West, the

Repubhc of Yemen in the South: the Strait of Hormuz in the North and the Arabian Sea in the
East. The total landamalsapproxnnaiely309 SOOka and1tlsthethmlla1gestcountrym'

the Amblan Pemnsula.

The climate differs from one area 1o another, it is hot and humid in the coasfal areas in
summer, - while it is hot and dry in the interior with the exception of the higher mountains

'which enjoy a moderate climate throughout the year. Rainfall is generally hght and uregu}ar _
although heavy rams and thunderstorms can cause severe flooding.

In the South_ the Dhofa.r region has a mod_erate climate and the pattem of rainfall is more

predictable with heavy monsoon rains occurring regularly between May and September.

8.1 Meteorology

The general chmatc of Salalah I govemed by the two monsoons, the NE and SW. Unlike

northern Oman, the edge of the SW monsoon influence area just covers the southern part of the

- Dhofar coastline bringing cool sea breezes, cloudy weather and light rain to the Salalah area
' between May and Scptcmber

- The NE rnonsoon ocours between November and February and is a dry wind bringing cooler

B weather but almost no rain. Data collection and analysis of daily weather has been conducted at

' Salalah Civil Airport and in ‘Salalah Port, namely Temperature, Vapor Pressure, Hurnidity,

o Prevalhng Winds, Rainfall and Sunshine Data. About 70 government and private
%tabhshments were fumnished with various chmaucal data during the year 1998.

The Meteorological data at Salalsh are shown in Table 8. 1. 1 and inFig. 8.1.1.
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Table 8.1.1 Menthly Mean for Meteorological Data at Salalah in 1999

Aeremp (°C) _ Réinfall {mm) k Relaﬁw(a;:)unﬁdity Prevailing W'més

Mon. T . - | | Max, Max.
Megn Max. | Min. | Total | Mean | Max. | Mean Max Min. | Direction | Mean Magn Gust

. | 241 | 313 162 00 | 00 | 00 | 54 0 | 12| 25 | 6| 8|2
Feb. | 250 | 342 | 182 00 | 09 '0._0 67 8s | 15 w5 | 4| s 19
Mer. | 257 | 347 (183 | 00 | 00 | 00 | 6 89 7 2 | 6 | 8 »
Apr. 20 | 381|201 | 00 | 00 | 00 &7 | 9% '7_. '_228._ 5 | ERE
May | 289 | 342 | 240 00 00 |00 | 7 | 100 | 59 R I B
wm | 278 | 326|250 01 | 12 00 | 85 98 | 5 185 | 7 o '22.
. | 252 {311 {27 10 338 00 91 % |72 167_ 5 7 18
Aug. | 248 | 291 24|07 | 47 | 00 | %0 | 99 71 160 | 5 8.. | 19
Sep. | 265 | 314 23.§ 00 | 05 |00 | & | 100 | 60 '19.9'  6_ 9 22
Oct, | 273 | 386 | 207 | 22 .33.4" 00 | 72 és: % | 200 | s |7 _22.
Nov. | 264 | 338 [197] 00 | 00 | 00 | 62 % | 18 204 s 7 25_.
Pes. | 252 | 334 | 172 00| 00 |00 | 4 | 81 |10 " 200 KRR 28

Source:  Salalah Air Port
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(1) Rain

The annual rainfall distribution of Salalah is four months of the NE monsoon period are almost

dry while the main rainfall period brought by the SW monsoon is May to October, with July

and August being by far the wettest months with 25 to 30 mm of rain. The mean annual

precipitation is 112 mm, and average fog days per year are between 13 and 14 days. '
(2) Wind

- During the NE monsoon, wind strengths of between 7 and 17 knots are typlcai with maximum

strength of about 28 knots. Dunng the SW monsoon, wmd sh'engths are typically 17 to 34 knots

thh a maximum normally less than 48 knots

(3) Temperature

The annual temperattu'e of Salalah is maximum about 42°C in April and Minimum about 15C

in December. The mean temperature through the year is about 25°C and genera]ly most mild |
‘weather in the Arablan Peninsula,

. (4)'Cyc'mnes

For the years since Sala]ah Auport ramfa]l records started, the Alrport ramfalls assoc1ated w1th |
ﬂlese cyclones have been tabulated in Table 8.1.2 '

The table shows that a total of 16 cycIonee are known to have occurred smce the year 1902
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Table 8. 1. 2 Cyclones Recorded in the Vicinity of Salalah

(1877~1999)
Max, Rainfall(jug)

No. Year Month 1 -Day Total 2 -Day Total 3 -Day Total

1 1902 Oct. - — -
2 1903 Jun. - ' - —
3 1916 May. - ' - -
4 1946 Jun : - - -
5 1948 Oct. 48 ' 91 . 133
6 1951 Apr. . 0 0 0
7 1959 May. - 81 84 84
8 1960 May. 1 . 1 1
9 1963 May. 138 ' 198 . 230
10 1963 Dec. .0 0 : 0
11 1966 Now. - 186 203 203
12 1977 Jum. : 70 111 119
13 1979 Jurn . 54 56 : 56
14‘ . 1983 - Apr. 127 146 148
15 1996 May. o 38 486 : 47
16 1999 Oct. . 33 33 33

Source : Sa]alahAnport

8. 2 Oceanography
821, Generail

The marine waters off the souﬂaem coast of Oman are of exceptional biological mtemst, due to
the unusual ocmnographlc conditions that occur. During the months of June to September a
strong upwellmg of cold water moves towards the coast, and thjs causes water temperatures to

o sgniicanty.

In some marine arcas the eﬁ'ect is parhculaﬂy mtense w1th water temperanu&s declmmg,
'rapldly from June to Septemben The vanatlon in mtenmty of the cold current at different points
along the southem Oman coast creates a range of habltat typ&s w1th corals brown alga
meadows and kelp forests present at different locations.
Therecordofs&waxertenmeramremwmmtyofSa]alhls showanabieS 2.1.

o The inter tidal zone present in the Salalah area mc}udes mcky shores, lung wide sandy beaches, '
_ coastal cliffs and a limited number of tidal creeks, most of whmh contain ecologlcally valuable
' mangrove or reed bed vegetauon.



The southern coast of Oman is also of great importance for fishing, although the wave
conditions during the tidal creeks make fishing almost impossible. The productivity of the area
is linked to the cold upwelling. A great variety of fish are caught, including sardines and tuna.
Sardines are traditionally laid out on the beaches to dry in the sun. The abalone fishery is
~ important and the area is also known as a lobster fishing area.

Very little tidal stream and current data is available within Oman coést however, the few
observations which have been conducted show that with a few notable exceptlons the
combined effect of stream and current is geuerally less than 1 knot.

Table 8 2. 1 SeaWater ‘Temperature in Vici.m'ty of Salalah

Year Month AM col pwM ¢ O Avéi-age )
1999 | Mar | 26 0 2.0 | 2.5
1999 _Apr. a5 o T 27. 6
1999 | May 1 28 o | 2.2 | o7 1
1999 Jun. .01 | w1 o 6
1999 | Jul 23.3 | o1 6 2. 4
1999 | Awe | 209 9.3 | 201
e | Sep. | ‘20.6 | 236 | 221
1999 | oOm | 245 | 27. 3  2.9
1999 _Nov. | 26, 8 o210 :26.. 9
1099 Dec. 2.8 | 25 3 261
2000  Jan. :2'5'. 0 | o4 8'  Caa s
2000 Feb. | 25.0 95. 7 95 4

Note : Sea depth of measurement pointis CD—3, 0.
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8.2.2 Tide

Al astronomically generated tides are composed of both semi-diurnal (twice daily) and diurnal
(daily) components. The components of the tide can be represented by a series of pure cosine
curves w1ﬂ1 a certain amplitude (H) and phase lag (g) of the tidal response relative fo the

Greenwich meridian. By combining these curves together, the height of tide at each site can

be calculated for any given time.

The mean spring range in Oman varies from just over a meter near the border with Yemen to
almost 2 meters in the northern Gulf of Oman. The predicted ranges from Lowest to Highest
Astronomical Tide vary from about 2 meters in the south to 3. 5 meters in the North. Since 1990,
Chart Datum has been established at over 40 sites along the coast through observations
conducted by or under the supervision of the Royal Navy of Oman Hydrographic Department.
. There are various tide mformahon of Salalah Port since 1981 ﬁ'om piural sources as shown in
Fig. 8. 2.1.

'Ihe fo]lowmg tidal levels referred to datum of soundmgs are shown in the latest chart of Port
Salalah 1999.

Mean Higher High ~ Water (MHHW): = 1.68m.

Mean Lower High - Water (MLHW): 1. 64m
Mean  Higher Low Water (MHLW): - 1.33m
Mean Lower Low  Water (MLLW): -~ 0.65m
Lowest Astronomical Tide ' (LAT):. o 0.00m

Above tide information will be applied for our proposed basic dcsligngdf port facilities,
8.2.3 Wave

A substantial amount of wave measurement has taken place at Salalah Port over the years.
Originally, during the design and construction of the bonventiohzl port in 1977 through 1979,
the contractor, Hochtief, obtamed wave measurements out31de the port using the wave rider
buoy. A wave rider buoy meawms the up and down motion of the water at parﬁcular point.
From this information, the wave height and period as well as the wave spectrum can be

" obtained, However, no information on the direction of the waves can be derived from this =

information. The data from wave rider buoy had obtained on and oﬁ‘ until 1997 but none of
information of wave measurements has been done for last three years.

© 8.2.4 Wave Hindcasting

The wave hindcasting was carried out in the second sta.ge of the study based on the international
data base ECMWF(Eumpean center for rnedmm—mnge weather forecast). - - '
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The wave characteristics at the entrance of Salalah Port is investigated by means of
followmg method. Fig, 8.2.2 shows the research flow.
1.Selection of offshore wave hindcast data from a global wave hmdcast database
A giobal wave hmdcast database is made by using an improved WAM model called
the TWA-3G model. This model is based on the latest understanding on ocean wave physics and
used a higher order advection scheme in order to improve the accuracy. Surface wind dataset
analyzed by ECMWF is used as a wind driving force. Details of this wave hindcast database are
as follows. o
Tune mterval 6 hours
Grid space: 2.5° in latitude and longitude
Period :1985-1999 :
Items :Wave height ,wave penod wave direction ,
wind direction, wind speed =~ -
Values of gnd point of the nearest Salalah Port i is selected as an offshore wave hindeast data-
 from the database(fifieen years:1985-1999).
- 2.Transformation of offshore waves by local winds
- Offshore waves are transformed by local winds. The local wind wave generation is
&eumatedbytheleson v equation. Schematic figure is shown mF1g8 2. 3
3.Calculation of shallow water effect
, Due to refraction and shoaling, the oﬁ'shore waves are s1gmﬁcantly tmnsformed This
shallow water effect is estimated by using the shallow water transformation method ,in which
the energy balance equation model is used as a ﬁmdamental equatlon Transformation
' coeﬁiclents are obtained for following conditions. - '
‘Wave direction : ENENWSW(clockmse)
Wave period:4,6,8,10sec
Wave height:2m
Smax:25 -
~ The &et:mated transformation coefficients are shown in Table 8.2.2.
4 Calculahon of wave data at the entrance of the Salalah Port -
. Wave data at the entrance of the Salalah Port are obtained by mult1p1y1ng offshore
- waves by h’ansformanon coeﬂ‘iments (Table 1) _
5.Frequency dlsu'ibuuon of wave data at the entrance of the Salalah Port
quuency dlsm'butlon of wave data is mvestlgated about the annual, monsoon seasons and
" non-monsoon seasons, The most frequent classes are as follows.
(1)Annua(1935—1999)
Wave beight — period  :1.00-1 49m.7.1-8. OSeC(IO %)
Wave height — direction:1.00-1 49m,SE(18 7%) -
. Wave penod dlrecnon 6. 1-7 Osec, S(24 2%)

89



1. Selection of of fshore wave hindcast data from a global wave hindcast database

|

2. Transformation of offshore waves by tocal winds

Yy
3. Calculation of shallow water effect

P.Calculation of wave data at the entrance of the Salalah Port

o

o- Frequency distribution of wave data at the entrance of the Salalah Port

T

b. Designed wave heights and periods

Fig. 8.22 :Research Flow

¥ave

Wave from local wind \ '---Poir'lt A
. SR T el .
L . Wave at Poin_t__,_,f—-""' R . B

. nge at Paint 8 : - F:Fetch -

Point B

Fig. '8(2,3 ~ Schematic figure of 'ﬁind wave
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{(2)Monsoon season(1985-1999)

Wave height — period
Wave height — direction:2.50-2.99m,5(19.1%)

Wave period — direction:6.1-7.0sec,S(50.5%)
(3)Non-Monsoon season(1985-1999)

Wave height - period

2.50-2.991m,6.1-7.0sec(14.0%)

:1.00-1.49m,7.1-8.0sec(14.8%)

Wave height - direction:1.00-1.49m,SE(27.5%)

Wave period — direction:5.1-6.0sec,SE(13.5%)
6.Designed wave heights and periods

Designed wave heights and periods are estimated for 10,30,50 years,

which are shown in Table 8.2.3.

The wave hindcasting data example is shown in Fig.8.24 and the probablhty of wave
 exceedance is shown in Fig.8.2.5.

 Table82.2 Shallow water effect coefficient

Yave Period 4sec Period bsec Period 8sec Period 10sec
irection | ooy | k1| DD | kH | kT | DD | KH | KT | DD | KH | KT | DD
ENE ] 068 096! -124] 057 091 | -248] 053] 092{-37.2] 054] 098|434
- E |1 087 098 QL0] 074] 0841124 0.67f 694]-248) 068) 1.00]-31.0
EseE| 097{ 099| o0l 088! 097 62] 083 0or|-124] 08| 101 —12. 4 |
seE ool ton] oo o809l 00]0s2] 100 00f 084} 1.03! 62
sseE|l oo 10| oo} 08| 09| 00] 08| 1.00] 62] 08 1.02] 62
S ] 092 1.00 00) 08} 0981 ‘6,21 0.84) 099} 124 0.8 1.02]| 186
sswl o79] 099} 62]) a2 097} 124] 070] 09| 248} 072] 1.02} 310
swlodof003)|248] a45) 091 310f 46| 09} 321 052] 1.03) 434
WSW| 02 ] 0.8 3.2} 025] 08| 49.7] 027} 093] 55.9] 0.32] 1.03]| 621
Table 823 D&signed wave helght and penod _ _ |
1 0years . 30years 5Qyears
wave Direction| s (1) | Te(sec) |- AH(m) Hs(m) | Ts(sec) [+ AH(M) Hs(m) | Ts(sec) |+ AH(m)
ENe- | 10t | 33 |.016 | 117 36 | 022 124 | 37 025
CE | 154} 48 0.48 188 | . 56 068 | 202 58 . | 077
ESE | 221 | 50 | o027 | 254 51 | 039 268 52 0.44
"SE | 248 | 71} 017 | 2m 75 | 025 282 77 0.29
'SSE | 473 | 84 | 083 | 548 | 87 128 | 579 | 89 143
s | 699 | 78 | o063 | e | 82 | 08 | 700 | 84 | 105
. SSW 315 | 57 | on 3.48 57| w01 | 362 57 114
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8.3 Topography

'8.3.1 General

The Dhofar region lies in the extreme south of Oman, 460 miles south west of Muscat by sea
- and 1, 040 kilometers south of Muscat by road and one hour fifteen minutes by an‘ from Seeb
Intemattonal Alrport The region is naturally divided mto three main areas.

R The Coastal Plain
- 2) The Mountains
*3) The Desert

ltis bordened by the Al Wusta regton in the east, the Arabian Sea in the south, the Republic of -
Yemen in the south west and the ngdom of Saudt Ambla across the Rub Al Khali, the Empty'
‘Quarter, in the north west.

The study team has conducted observauon trip ﬁom Salalah to Al Mazyunah near Yemen
border by 4WD vehicle, one way 5 hours trip- including 4 hours track road. The
topographlc condmon of this area is hjlly with spot bush and desext

“The study team also conducted route survey tnp from Salalah to Muscat by Oman Nattonal
- Transport Co. Express Bus during daytlme The travel time was 11 hours with two bus stops

~ namely, Hayma and Adam. Average speed of Express Bus is about 100 km except mountain

 area near Salalah. The topographlc condltton of along road area is as folIows

n Salalah— Thumrayt - Mountain and h_iIIy district with wadi.
2) Thumrayt—Hayma ° . Flat desert with spot bush and wadi.
3)Hayma—Adam =~ Flat desert with spot bush and wadi.
4) Adam—Nizwa ~ Hilly district with grass and wadi. |
5) Nizuwa —Muscat . ' Hilly and Mountain district with plant and wadi.

83.2 Hinterland of Salalah Port

) 'Ihe hmterland of Salalah Port is generally mde and flat open area except south-west dmectlon -

The elevation gradually changee from MSL Om Coast to 15m Atrport, and avetage gradxent is O.
4 percent . :

The distance fmm the coast to An'port is about 4 km and from Auport to the foot of mountain is
' about 5km. Total distance of 9 ki north-west and 20 km of north-east is almost flat area with

plant, grass and wadi. The mountam is emstmg about 11 km ﬁom the sea shore w1th about.
500 m top elevation,. : -

8-14



8.4 Bathymetry

8.4.1 General

The bathyinetric survey of Salalah port was carried out by the WGS 84 system by satellite
fixing from 1992 by following survey companies, namely, Nortech Surveys of Canada in 1992

and Fugro Survey Middle East in 1996.

The survey vessel was equipped with an echo sounder with automatic digitizing and position
fixing receivers. The latest Chart of Salalah port has been pubhshed by National Hydrograpmc
Office of Oman in 1999 -

84.2 Salalah Port

The gradient of sea bottom in north side of Salalah port is about 1 percent. The chart indicates
the follovwng mfomlatlon of Salalah port (Oman 250, Scale1 :

Locanon: 1)
_ _ 2)

Datum: 1)
. . i 2)
3

4)

5)

Depth: 1)
)
-3
)
5
6)

7)
- 8)

9) o
10) MlﬂhpurposeBerm

Latitude
Longitude
MHHW
MHLW

MLLW

LAT

Entrance Channel
Turping Basin

Container Terminal
Edge of East Breakwater
Oil Pier

Berth 1,2,3 -

Berth 4

"Berth 5,6,7,8

Berth 9

815

12500)

16° 56

-54°00'E

1.68
1.64
1.33
0.65
0.00

 Dredged to 16. Sm (1998)

Dredged to 16. 0m (1998)
Dredged to 16.0m (1998)

. Dredgedto 13. 5m

Dredged to 12. 0

- Dredged to 9. 5Sm
* Dredged to 8. 0mn

Dredged to 4. 6Im
Dredged to 3. 0m
Dredged to 16, Om



8.5 Siltation and Shoreline
8.5.1 Silation

In 1979, Hochtief, GmbH conducted the bathymetric survey at Salalah port to determine the
as-built bottom contours of the port. In 1996 bathymetric survey was performed by Fugro
Survey Middle East for confirmation of harbor depth of new container terminal construction
project. The level of accuracy of the two surveys is similar approximately 17 years interval by
HPA report, : _ . _

The maintenance dredging record does niot exist since 1973, and the soil material in the port |
area is sand, gravel and limestone in accordance with the soil investigation report of previous
studies. This port has experienced almost no accumulation of sedimént during long time.

W 1999 a new contamertcmnnal was oompleted and the shape of Salalah port was dmstlca]ly
. changed. Therefore, periodical measurement of the sea depth throughout the port, the harbor
entrance in pa.rtlcular is recommended from DOW oI

There are two wadis that discha:ge into the port area, namely Wadi Adawnib and Wadi Nar.
Sediment discharges from these wadis during ﬂood period are estlmated some volume in long
term basis

- In accordance with the result ofsoﬂtestsbyoﬁ‘shorebormgpomtsmﬂae study sand, gravel,-
cobble layer has been confirmed as surface layer.

852 Shoreline

" The shoxehne of Salalah city is about 20 km from the existing container termmal to Hohday Inn
Hotel. A road stretches along the coastline, however, two parts of the road was damaged by
wave forces between the Palace and Holiday Inn. Shore protectlon works are under way for the

- damaged parts of existing temporary concrete wall.

The beach matenal is very fine powder sand w1th light densxty compared with noxmal quartz
sand.
The coastal erosion surveys was carried out from May to }un, 2000 for the smnﬂatlon smdy of

beach line vaniation, concemmgihecoastaleromonnnpactsthatamastzrplanwﬂlhaveonﬂle -
adjacentooastalarea.

(I)Scope of Works
The scope of works is summarized as follows

e To conduct a topographical survey from the norlh end of Salalah Port near Hohday Inn
 for about 20 km along the strand line as depicted in the drawing. : '
*  Survey cross sections at approxnnately 100m intervals.

816



Section : between DL-01.0m and high tide shore line,
Bottom sediment sampling every 1 km along the strand line.
Prepare drawings showing the topography along the strand line.

(2)Equipment

Following survey equipment was employed for each survey items.

LEICA TC 1010 Total Station No.374446 with WILD accessories.
WILD Tripods .

WILD reflector poles.

WILD reflector prisms. |

WILD REC GRE 10 Recording modules.

CASIO FX 880 P computer,

CASIO FX 602P programmable calculator.

Grab Samplcr

(3) Survey method

High tide shore line was determined by observation.

Permanent Survey Marks (PSM) were established at approx. 500—80(}m mtervals closer
to the high tide line and on the land side of it.

The PSM’s were traversed and closed on the NSA survey stations available in the

vicinity. Two (2) inter related contml traverses were sm'veyed and contro] established

for use in the survey.
All natural and man made features falling in the pro;ect area were surveyed.
Cross sections were surveyed at 100m intervals and 10-15m lateral intervals.

- Beach sand samphng material was collected using grab sampler. _
- The21 sampl&s were taken to the ISO 9002 accredited testing laboratory for analysm

Sea bottom sediment samples were tested in laboratory for particle size distribution and

_densny/ speclﬂc gravn'y

)] Survey results
- a The average size and denmty of sea bottom sedlment particles are as follows.

Avemge size of particles : Diameter 0.25mm fine sand
Avemge den31ty of particles: 2. 70 Mg/em3 fine sand.

b Any spemal sediment could not find out for the mouse of wad: in whole survey area.

The volume of sedlment from flood time of wadi is not significant for short term ba51s

T C. ’I'hewholesurveyareaandslmndhneamshownmﬁgSSl andthetyplcalmlrveycross

sections are shown in Fig.8.5.2.

' d.Ther&sultofsmulat&onsmdyforcoostalerosmmllbedescnbedmthlsreponParM
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8.6 Geophysical Surveys
. 8.6.1 General

The Salalah port area lies on the western perimeter of a gravel plain underlain by limestones of
the Tagah Formation with the Jibal Dhofar mountain area rising to the north, The Geologlcal
Map shows three major geological provinces. (See Fig.8.6.1) An offshore boring program was
camed out to define the rock and sand profiles in the existing port areas.

The Study Team conducted foliowmg geophysical site survey works in northem oﬂéhore of
Salalah port from the end of J anuary to rmddle of Febmary 2000

8.6.2 Scope of Works
The scope of works for Geophysical Surveys is smhmarized as follows.

L Acqmsmon of balhymetnc data reduced to Chart Datum, through utlhzauon of a dual
 frequency, single beam, echo sounder. -
* - Acquisition of analogue seismic sub bottom proﬁler data. _
»  Acquisition of current data at various pre determined locations near to the port Salalah.
»  Acquisition of water samples at various pre— determmed locations near to the port Salalah.
. Acqmmuon of seabed (grab) sampl&e at the same pre—detcnnmed locations. -

- The survey was cam_ed out in two locanons, Area A and Commidor B(See Fig, 8.6.2).

AImAmmsured approxnnately3 000m><2 OOOm,whllst oomdoermsuresS OOOmX
- 500m.

8.6.3 Equipment
Following survey equipment waé employed for each survey 1tems |

*  Positioning and Navigation - Fugro Starfix-Spot DGPS system -
. *  Navigation and Data Logging System PC Computer PC Nav and PC Map Software
¢  Bathymetric Suite .
- AtlasDeso 20 Echo Sounders, TSS 320 Heave Compensator Bar Check
*  SubBottom Profiler
- Geo Aooustics 5430A Tmnscewer nger An*ay, TSS 360 Selsrmc Processor
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8.6.4 Method of Operation

All personnel and equipment'were mobilized on to a small fiber glass launch “Kismet” and all
necessary system and checks were undertaken in Salalah port or at a designated Geodetic pomt
prior to sailing, in accordance with the DGPS systems verification, _

Test and calibration will consist of the following.

s DGPS Health Check

« - Echo Sounder wet test

* SBPwettest

e Tide Gauge wet test
Ce 'Cunent meter wet test .

The DGPS posxtlomng system was venﬁed elther alongside the quay in Salalah, at the Trde
Gauge orata nanona] survey monument, NSA 5187 opposnte the port entrance, '

o SGSSurveyMethod )
. :Tide Gauge
Prior to commencing the geophysical surveys, a Valeport 720 seabed tide gauge was
installed at a depth of approxunately 8 meters followmg a Harbor Master Permission.
 Data from this tide gauge was recovered with the unit upon complet}on of 15 days survey'
penod and downloaded to a PC where the data was backed up nnmedrately

*  LongTemm C'ur_rentMeters -

A current meter ”smng compnsmg two Aanderra RCM 7 current meters were mstalled a1

 the proposed location with depth —15 m. The current meters were set on the stnng sach
 thata unit suspended 2 meters above the seabed and 2 meters below the sea surface. This -

- current meter string was deployed fora penod of 15 days. Upon deployment the tnne, date ;
- and location were logged This shall also be recorded upon recovery '

. DlrectReadmngrentMetem s

Smroundmg the Salalah port five pre-demgnated locanons have been asmgned as pomts_ .

where direct readmg cun-ent measurements were undertaken The purpose of this survey is |

" to check the cutrent condition ad]acent to the port, to prowde ‘base data for IEE. Ina

 water depth of 10 meters, observations were undertaken at. I meter mtervals upon a leveI
eqmvaient tolm above the seabecL The samplmg cycle was 25 hours contmuously B
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¢ Bathymetric Survey and Sub Bottom Profiling

Area A is an area to the North of the existing container terminal, banked by the shoreline to
the west and the water depths within this area are expected to be between 0 and 15m.

The area was surveyed on a grid basis, with primary lines running in an East,” West
direction spaced apart at 100 meters. Secondary cross lines were run in a North,~South
direction spaced 200 meters apart. The survey vessel was taken inshore as far as the vessel
helmsman considers safe,'taking into account swell, tide, current, maneuverability and the
geology at shore. ' '

Conidof B is an area to the East of the existing container terminal extending parallel to and
encompassing the existing dredged channel and the water depths within tlus areas are
expectedto range between 16 and 23 meters ACD.

For both Area A and Comdor B, the Echo Sounder and Sub Bottom Profiler was run on all
lines s:nmltaneously The higher 210 KHZ ﬁequency of the echo sounder was used as the
primary frequency for depth observation. The sub bottom profiler was operated at a

- ﬁequencybetween 1.5KHZ t0 10 KHZtopmduoetheb&etquahtyrecords The tuning of
the eqmpment was at the dlscretlon of the Geophysmlst and Engineer.

8.6.6 Summ_ary of Survey Results -
1) General
This preliminary report d&scﬁb&e some of the findings of the survey,
Figﬁré 8.6.2 shows the survey area and Figﬁre 8.6.3 shows ﬂle'mvey run line dlagram for
. the baﬂlymetnc survey and sub boitom proﬁ]mg, r&epecﬂvely The survey was conducted
o based on this surveymn line. :
" Figure 8.64 th‘rough 8.6.6 show the survey results of the batbymetric survey and sub
. . bottom profiling. 'Ihme ﬁgur&s represent the bathymetric chart, the isopatch of
' uncemented sed.lment, and the tack chart, r&spectlvely

: F:gure 867 andFlgureS68 showthesurveyrecord sampl&e ofthebathymeiry and the
' subbottompmﬁhng. :

‘The conﬁguratlon of the survey system and general arrangement of the survey equipment

E forthebaﬂlymemc smveyandsubbottomproﬁhngamshownmﬁgure? 115 andFlgure
8.6. 10 _ _ . L '

825



Figure 8,6.11 through Figure 8.6.16 and Table 8.6.1 through Table 8.6.5 show the results of
- the 135 days current observations and tide observation.

2) Survey Results
a) Bathymetry

Water coiu.mn depths have been reduced to Ad:mralty Chart Datum (ACD) by the
s_unphﬁed harmonic method of tidal prediction. References is made to the Admiralty
Tide Table for the Indian Ocean and South China Sea, NP 203-00 Vol. No, 3 (Table
15). ' _ . : _

Maximum water depth of 16 meters was confirmed at the South Eastem comer of
Area A. On the other hand, ComdorBwasfoundtohaveadepthofl6 5 meters at the
harbor entrance. The Eastern extent of the comdor, which is § km ﬁom the haﬂ)or
entrance, has a water depth of 26 meters.

A

The seabed Arca A generally slopes down from the beach and across the entire site
between. gradients of 1: 50 and 1: 300 in an easterly direction of 110 degrees.
Depths at the Eastern limit of this survey area ranges from 10 meters in the North
Eastemn comner to 16 meters in the SouthEasterncomer |

Corridor B B

Corridor B encompasses a 300 meter wide approach charnel, which has been dredged
to -16.5 meters at the harbor entrance. The dredged area is therefore limited by the
16 5 meter contour, which is about 700 meters from the harbor entrance. .

The Comdor seabed generally deepens beyond this pomt ata gmdxent of 1. 100 ina
South Easterly direction of 150. The last 2 kilometers of the corridor slopes down to a

mmummndepthof26metersatgrad1entsbetweenl 70and1 400maSouﬂ1eriy
d1rec’uonof170

The coasﬂme mcludmg the conta.mer texmmal shown on the charts has been dlgmzed
from the Nanonal Hydrograpluc Oﬂice of the Sultanate of Oman chart No. 250. '

'Echo sounderrecords mdlcateahardunevens&ibedsmfaceasshownmasample_ :
: recordsmF:gure867 ' .
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b) Sub-bottom Sediments

The Pinger data shows the thickness of uncemented sediments comprising sands and
gravels with cobbles and boulders.

Over most of the survey area, the sediments are cemented Calcamntiee, which are not
penetrated by the Pinger. Some of the areas, however, was found to be pockets of
- loose or only partially cemented sediments.

Area A

The sediments are the same as Corridor B and arte made up of sands and gravels with
cobbles and boulders infilling depressions in a mainly hard cemented Calcarenite
seabed. The thickness of the loose sediments increases to the South West reaching up
to 5.4 meters along the edge of the container terminal.

“This area is the outwash from the Wadis and the greater thickness of loose sediments
in this area seems to represent a great volume of flood transported material.

. Inthe South Westemn corner of the area, numerous pinnacles with a heightup to 1-1.5
meters were observed and are thought to be old coral heads or boulders.
To the %uthEastefncomerofthe sufveyareaare a series of old reef like structures
“with relief of up to 5 meters These features run South West to North East and extend
forupto 300meters

To the North East of the area, cliff in the calcarenite seabed display relief of up to 2 to
3 meters. ' .

Plngerrecords areshown in Figdre 8638,
‘ Corridor B
Areas of loose sedzments exist with thmkness of upto2 meters although the seabed is

mam.ly cemented Calcarenite. In the approach fo the Salalah Container Port, the
* sediments have been dredged and shear cliffs of relief up to 4 to 5 meters have been

- ~ produced. The edge of the dredged channel has be_en plolted on the Isopatch Chart.

: W1ﬂ1m the channel, some loose sedlments were recorded with a maximum thickness
- of 1.5 metexs :

82T



These sediments probably represent recent sedimentation resulting from re-deposit of

suspended material during the dredging operations,

To the North and to a lesser extent to the South of the dredged channel, loose

sediments were found. Up to 1.3 meters of loose sands and gravels were found over
cemented calcarenites to the South of the channel.

To the North of the channel, the loose sediments are thicker reaching up to 3.3 meters
at the harbor entrance, these seem to represent flood transported materials from the
wadis. '

Two coral—reef like structure were also noted on the Pinger data in the Corridor B at

coordinates E 183 270 m, N1 876 060m and E184 060m, N 1876 450m with rehefof
Im and 2m, raspectwely

8-28



T9'gomaLy

360G
30045

WYNOVIQ NOLLYOO1 TYNENID

oass . _ o : _ T o S __E.:o_:ocn_-_u_.aﬁ_ 80|U08DQ) .




Oceonics (Asia-Pacific)Ltd

RUN LINE DIAGRAM

"EE PESEFES

l:ul g L
3 %8
o b
s} ® o
a 3 a
% Mmoo
18] oy
1878750mN 1878750mN
s L ] AREA A ) )
165° 58100 U] 7 [EAI3T CAT L r TP AR T ¥) ﬁ——w;:hl BLSiteA
— —‘— . 16°58'00"N
b - B s
- . .
; g
g
<
g
4
£
g
2
g
: FGegieB
2 EFcerB B2 x
’ 6 ©
COHSILeA ) . B4
) HELDeS -
€BI6 823 cE24 CE23 CH2I CBAY CAI0 CBYY CBID €817 (816 |6BI5 com €BIS etz cON CBKO cBy ces car €BE (85 cot Ay (g2 B
' o ] : Co : T ovedan
CORRIDOR B
1875000mN 1B75000mN
[ 16736100"N e smanm
Lt W . ]
Q o .
o & o
o G| &
=} ~| o
'3 (_oﬂ e,
& 3 J)l
GENERAL INFORMATION L
Location SALALAH, OMAN _
Centre co-ordinates 182 032,85 mE, 1877 178.20 mN
Plotscale . 1:37500 ’
Datum - . ITRF 93
Spheroid - oo WGS 84
Grid projection U™ ) y
Central meridian : 57.0° East (Zone 40) Do
Equipment deployed . | Echo sounder & Sub Bottom Profiler
Vessel : Kismet
Date of Survey - - Mar 2000 SR
Figure 8.6.3

- 8-30







i ) - ) -

LLEGLHD:

/ BT LA BTN DD DLt

CEr I ju rEIATS MOUETD 10 Lokl DA

Sewm,

\

=S HRKN CNTOMR LB wIDA TENT
)
5 WIOA DTl L ViR T
® CUMxT ACITE YRTER N Cowd Lot [ LECATINS.

-+ . warne|
"!
-
+ + + —
‘i, "
Figure 8.6.4
3 ;.I’js‘ W o[n . . .
/ " ES _ i NOTES:
R ] :;‘ W . ] . - : . . U ey frow S Ovea T prghe Bpa 404 rider.
"“"‘ Y ‘"‘ " i '/h“- E g . L .o T BurTie R et st st g vy B el Bomtay e Busrmbe
V "I/“,:ﬂ‘ i "* g : . ”e o ) . 3 Taml rasbian 4 e bty Gt Dre g Pradnad Tobre.

- m A ,3'. . w-: ’nf . ' O P bk vt deia bt bt el From e whert RN T pirnod by G #F 5 vl

voaf e ,/ N R Y ’ ’ ' : - : H Gk e bl malep g dote o Geatematme HIM Lmssne o o 1 94

T fe®

y GEDDETIC PARAMEYERS:

. : :\, HOMEBVIAL CORRORAE Svatin. o syt
L . T paT P

[Pl ., —n 1K Srivts re e
5 %‘@ : - - . fg-eig R
B * 1.(-—-, i {r\w;" e 7

“
- u. ‘ v h ..,’

ey i e B

=

bt h EA Al
& b . ~ E H
& h W

el s wi Bl m rn® b, me n,:\_/' [~ iraa WY . 1™
PP BN T .y ! ; s sl
N7 ( [ > }/"‘ o o e | : ' : ;

3 rure L 4 Sl
i Bl e s o e T
* ‘/‘) e/’ y o + - /;:

. P . L

[N T
o

Py VERTRGA GAT AL TE ST (AR

)/-.&.z.'.:...ruru.hn. %
A

Ly

E

=
A
o

- . ) e

W - o e _ . . ' ' : ; ‘ ' : : - SANYD TECHNO MARINE INC &

> — TR I B

Oceorics (Asta-Pacificiitd, Jsn
sk o W/ el e

GEBPHYSIEAL SITE SURVEY

MASTER PLAN STUDY OF SALALAH PER
BATHYMETRIC CHART

- SCALE | 1 I W

. . D |
- B ! - : _:' ! l R R ! R f : - ! S . ! S S : ! T e ! . . B o ] _ ) c[..n;]iv.r. N Dramng Fo: - Thert: 8’31

I : - L. . - - 45 .z










o

oo

{
i

e K Qe N

L

oarem

e

e

woren_

wirwy

LEGEND:

X GO AR S GAD DRAELY
r——e— [CE OF GO Erededd,
sl HEERE GFF 1
3 GOMO1 CONTA Lo 1l T3l
@ TUAORT LD, WAL 0 CAM SHHRLL LOCATIONS
tog s

Sotan

Figure 8.6.5

NOTES:

» Bevhymeiey (ren fuss Bren 24 srgle bewe ovbs mruier,

T Sl R ralocense sirumn wet iy turvey iy Cuak, Bry bl Brareth,
B Tl rderion w0 e alty Chart Qu i g Pt et Totvs

N D g daie ket ot ol Lt Wk i | DO 2R ki hed by MO of 5

B Lk jue L salip pepe vt Frrm Cevtmamatios B Trwmirer nith o 1 204

GEDDETIC PARAMETERS:

A, Gt L ITITOR WO S TR
OMTIC ATy e

N el
mE .. : = e
Bta-  pEe T

Tomic Frwier o1 CB
e TR S ot wn
— H

H

RS, GnTum. ImSeLTY D] DA

"res dncimmet  aad P P
[u—......- R Pyt

|

)

Aeeem

SANYD TECHNO MARINE INC @
> et LT L T T R

Oceemes {Asio-Pocificl Lad, fuoas
1LY e et . -
oo WA o o BT

GEQPHYSICAL SITE SURVEY

MASTER PLAN STUDY OF SALALAH PQ
ISOPACH CHART

SCME 1 .18 bes

Tpgusn Mab Durben | et

o
. m#- Sloents pwaaws 1 1
R T T

I
Client Al Orm-ing Noi Chary 8'33
DTS-I POUNKT A - SHEM, n










weorar_

oo

e

LEGEND:

BT GRAMD 5114 GFEOED DresEt

Seodg PRCEN IO VITH T M

@ COmON WLRAATEN MO Ch BT LOCATIDE

L]

Kenm_J

W

I3

wira_

grprsan

_ Figure 8.6.6

NOTES:
B Sttt Tt dales Suer 2 vrphe brwn avin somrer.
Biarlon HD exforms vt st ey ooy A G oy ¢ B,

Total romta o, . Beber g Char 8 Gmvum sy Pradoased 2.

e & W 9

$b Smtimm gealiler aralops pognr dois fran Combmantrs Bk T massir <1 4

e boskgrmsed dotn M bt g iand (ram wou shars Dot 735 Joadined 2y o0 o 34

i 2

GEDDETIC PARAMETERS:

Rl (EMEOMRTE 3T3TEH B gt
weaETX oA o o

[, ] I%" Sy P cime

- — ! =

= E .
"

T wwwe]

ar

SOANTD TECHND MARINE INC @
e o S i

Oceomes (Asia-Pocific) Lid. 'f‘_"‘.“

GEOPHYSICAL SITE SURVEY

MASTER PLAN STUDY OF SALALAH
. . TRACK CHART

P

SCAE 1o M

1
Clisai Asfs - [Graarg Mot Chartz 8-35

Loajisin-m PO A - S | L3 st













SURVEY RECORD EXAMPLE

UL STH SILES EUNTRCHIS GHEN, noxts

—380

981 9B GBI | oB4

b
i

25 seconds -

]

ERAL NFORMATION
ate of Survey:
\Vessel
prea of opera!ions;

nge sétting: )
elocity of Sound in Water:

March 2000
MV Kismet
Salalah Port, Oman _ .
Atllas Deso 20 Dual Frequenéy Echo Sounder
Atlas Deso 20 Recorder and PCNav Computer

. Image is by 'scanning’ the Hardcopy. Example is not to scale

210 kHz
10 - 30 metres
15 mis

- Figure 8.6.7
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SURVEY RECORD EXAMPLE

ediment
AR Ain o i
‘ Limit of penetration
Reflector
© 25 seconds
‘+—P
ENERAL INFORMATION ) i
ate of Survey: March 2000
Vessel; . MV Kismet
Area of operations; Salalah Port, Oman . :
urvey Equipment: : GeoAcoustics 5430A Transceiver with a TSS 360 Seismic Processor
ecording Medium: Thermal image recorder and PCNav Computer _
ling: _ Image is by ‘scanning® the Hardcopy. Example is not to scale

requency: 15-10 kHz . -

Figure 8.6._8
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Oceonics (Asia-Pacific)Ltd “FJ;'F?_'?’?

VESSEL OFFSET DIAGRAM
CLASSIFICATION: VESSEL NAME:
VESSEL . ' : ' KESMIT
i MLV Kesmit Offsrts In matres
Offse! Name X ¥

DATUM 0o | 000

ECHO SOUNDER 165 | oge

FINGER 185 | 00

TRIMBLE 165 | 0co

Datum
Pinger . " |Echo” Sounder/Trimble

GENERAL INFORMATION

Name of awner: SAM HARAM DIVING ANﬁ SPORTS CENTRE

Name of operator: SIMON BRACEY

Tonnage-Gsoss -

Drafc 0.7m

Length: 10m

Accommodation: Sperson

Enginesipropellors: Twin Volvo Diessels

Deck Space: NA

Crane Tonnage: HNiA

Other. . . . -
Figure 8.6.10
. .
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O REPRESENTS STRRT.OF ANALYSIS PERIOD

X REPRESENTS 1 DAY MARKERS
MISSING DATA NOT TO SCALE
NUMBERS TN RED INDICATE WHERE MORE THAN
12 HOURS MISSING DATA OCCURS
(NO. IS ACTUAL MO, OF MISSING RECORDS) o
) 141
(a3
-1
(4
it
fal
MAK - HO
{ ; i
10 KMS
MISSING RECORDS: 0 A INSTRUMENT HEIGHT: 194 ABOVE BED
NUMBER OF RECORDS: 1143 . o . s . . . . DEPTH OF WATER: 214
SAMPLING INTERVAL: 20 MINS - . : : .. . TYPE OF METER: VALEPORT 308
ANALYSIS PERICD: 09-MAR-00 11357 TO 25-MAR-00 0B:37 GHT+4 _ . POSITION: 15 56 31.8N, 054 01 34.2E"

OCEONICS LTD CURREVT & TIDE MEASUREMENTS

OBSERVED CURRENT PROGRESSIVE VECTOR PLOT
SALALAH PORT - TOP CURRENT METER

REF NO 10463/2068

FIG NO 3.1

| Figure 8.6.14
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{ REPRESENTS START OF ANALYSIS PERIOD

X REPRESENTS 1 DAY MARKERS
MISSING DATA NOT 70 SCALE ‘
NUMBERS IN RED INDICATE WHERE MORE THAN
12 HOURS MISSING DATA OCCURS
(NO., IS ACTUAL NO. OF MISSING RECORDS) x
&
2
Lol
£
[a]
30-MAR- 0O
04 -APR-00
10 18
MISSING RECORDS: == 0 _ ' INSTRUMENT HEIGHT: . 19M ABOVE BED
 NUMBER OF RECORDS: 1056 .. _ o - . DEPTH OF WATER:  21M
| SAMPLING INTERVAL: 20 MINS .~ = : _ _ TYPE OF METER: VALEPORT 308
ANALYSIS PERIOD: 26-MAR-00 15: 59 TO 10-APR-00 07:3% GMTed POSITION: 16 56 31.8KN, 054 01 34.2E

’ OCEONICS LTD CURRE-INT & TIDE MEASURBMENTS

OBSERVED CURRENT PROGRESSIVE 'VECTOR PLOT
SALALAH PO_RT - TOP -CURRENT METER

REF HO 10463/2068

FIG NO 3.2.1

) Figure 8.6.15
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O REPRESENTS START OF ANALYSIS PERIOD

X KEPRESENTS 1 DAY MARKERS
MISSING DATA NOT TO SCALE
NUMBERS IN RED INDICATE WHERE MORE THAN
12 HOURS MISSING DATA QCCURS
{HO. IS ACTUAL NO. OQF MISSING RECCRUS) E
g
=
o
26-MAR- 00
l J
10 Kds
MISSING RECCORDS: 0 - - ’ ’ . INSTRGMSNT HEIGH‘ . 2M ABOVE BED
WUMBER OF RECORDS: -105% . ’ .o ) . DBPTH OF WATER: 21M
SAMFLING INTERVAL: 20 MINs . . . ’ . . . 'TYPE QOF METER: VALEPORT 308
ANALYSIS PERIOD: 26-MAR-00 15:56 TO 10-APR-00 08:36 GMT+4 - .- POSITION: 16 56 31.8M, 054 01 34.2E

OCEGNICS LTD CURRENT & TIDE MBASUREMBNTS

OBSERVED CURRENT PROGRESSIVE VEC'I‘OR PLOT
' SALALAH PORT - BOTTOM CURRENT METER

RS?.NO 10463/206§

FIG NO 3.2.2

o Figure 8.6.16
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Table 8.6.1

- OCEONICS (ASIA-PAGIFIC) LTD SALALAH PORT CURRENT & TIDE MEASUREMENTS
CURRENY DEPTH HEIGHT CURRENT SPEED | DIREGTION OF | DATE ANDTIME | % DATA
METER | BELOW MSL] ABOVE BED (ms™} CURRENT MAX | MAX CURRENT | RETURN
(m) {m) {Max)  (Mean) {¢ TRUE) (GMT+4)
TOP 2 19 0.36 013 038 14 Mar-00 1557 100
BOTTOM 19 2 NO DATA | NODATA | NODATA NG DATA 0

TABLE14 Sumrﬁary Statistics of Measured'Current. 09-Mar-00 11:57 to 25-Mar-00 08:37 (GMT+4)

Notes:

POSITION: 16* 56 31.8"H, 054° 01' 34.2°E -
SAMPLING INTERVAL: 20 MINS
ANALYSIS PERIODS; 0%-Mar-00 11:57 to 25-Mar-00
LOCATION: SALALAH PORT

INSTRUMENT DEPTH: 2m BELOW MSL

WATER DEPTH: 21m
SERIAL NUMBER: 12523
INSTRUMENT TYPE: VALEFORT 208

CCEQONICS

AS|A-PACIFIC

LTD SALALAH PORT CURRENT & TIDE MEASUREMENTS
CURRENT DEPTH HEIGHT CURRENT SFEED DIRECTION OF | DATE AND TIME | % DATA
METER BELOW MSL. | ABOVE BED (ms") CURRENT MAX | MAX CURRENT RETURN
{m) {m) {Max} {Mean) {* TRUE) {GMT+4)
- TOP -2 18 0.28 0.08 201 07-Apr-00 02:59 100
BOTTOM 19 2 0.22 0.07 196 06-Apr-00 13:16 100

TABLE 1.2 Summary Statistics of Measured Current .
Top Current Meter, 26-Mar-00 15:59 to 16-Apr-00 07:39 (GMT+4)
Bottom Current Meter, 26-Mar-00 15:56 to 10-Apr-00 08:36 (GMT+4)

Notes: -

POSMON: 16> 56' 31.8°N, 054° 01' 4.2°E
SAMPLING INTERVAL: 20 MINS
ANALYSIS PERICDS:  26-Mar-00 to 10-Apr-00
LOCATION: SALALAH PORT

INSTRUMENT DEPTH: 2m BELOW MSL /2M ABOVE BED (TOP f BCTTOM)
WATER DEPTH: 21m
SERIAL NUMBER; 12573/ 12524 (TOP / SOTFOM)
INSTRUMENT TYPE: VALEPORT 303

847
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Table 8.6,2

. ' - PERCENTAGE
o TABLE ENTRIES RRE PERCENTAGE OCCURRENCE : . : OCCURRENCE
0.1 6.7 0.4 0.8 2.0
0.2 0.4 ¢.3 0.2 1.1
315
0.3 1.6 1.0 © 0.3 3.1
0.1 1.0 1.2 0.3 6.1 2.7
270
7 2.3 2.3 0.1 0.3 4.9
)
=
a 2.0 1.2 0.1 3.3
w225
5 : -
H 0.1 2.5 5.2 1.4 0.5 9.8
4
8]
[£4]
a4
—~ 3.7 4.2 3.3 11.2
a .
180
H
% 0.3 2.7 4.5 3.3 0.1 10.9
E .
o 0.3 2.2 0.8 3.3
% 135
o .
[£4 0.4 2.0 1.0 0.1 1.5
]
W
m
(o]
0.3 1.8 1.3 3.4
090
0.2 1.9 1.8 0.5 4.5
0.2 2.7 3.0 3.9 1.2 1.5 0.1 12.6
045
0.3 1.7 4.0 a5 2.8 1.8 0.8 0.3 16.1
0.3 2.1 1.0 2.7 . 1.2 0.2 7.5
000 —_
. . NUMBER
Pt 2.8 31.4 33.3 21.5 6.2 | a5 ol 0.3 OF
. : : SAMBLES
PERCENTAGE i i S : '
ErenioEnen | 100.0 97.2 65.8 32.5 10.¢ 4.7 T1.2 0.3
: . : oo 1143
6.0 0.1 0.2 _ 0.3 0.4
OBSERVED CURRENT SPEED (M/S)
NUMBER OF RECORDS: 1143 . o SR
RECORDS OUT OF RANGE: ¢ {<MIN), - 0 (»MAX) ’ : INSTRUMENT DEPTH: 2.0M BELOW MSL
NUMBER OF MISSING RECORDS: .- © o - : S . DEPTH OF WATER: 21.0M
SAMPLING INTERVAL: 20 MINS : o TYPE OF METER: VALEPORT 308
ANALYSIS PERIOD: 09-MAR-00 11:57 TO 25-MAR-00 08337 GMT4 _ T SERTAL NO.: 12533

QCEQNICS LTD CURR.ENT. & TIDE MEASUREMENTS
OBSERVED CURRENT OCCURRENCE TABLE
TOP CURRENT METER PORT SALALAH

REF NO 10463/2068

TABLE 2.1

FELE: (M1
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Table 8.6.3

: PERCENTAGE
4o TABLE ENTRIES ARE PERCENTAGE OCCURRENCE OCCURRENCE
0.7 3.3 " 1.8 5.8
0.8 1.8 0.5 3.0
315
1.8 1.9 0.1 3.8
2.4 3.9 0.4 6.6
270
1.7 4.1 0.3 6.1
-
o
A
a 1.2 5.7 2.8 0.1 9,8
o 225
O
ot 1.4 7.0 9.3 2.7 0.7 21.1
H
O
[63]
o
— 0.5 4.8 5.9 1.6 0.6 0.7 14.0
0
. 180
& 0.4 0.3 0.8 2.1
[s4
o
)
0 0.3 1.2 1.5
8 1as
=
o 0.3 0.2 0.5
K]
©0
fur]
(o]
0.1 0.5 6.6
o9t '
0.6 0.6 1.1
0.7 1.2 0.3 2.2
045
0.4 2.9 3.2 0.9 0.8 0.1 g.2
0.4 6.9 4.1 1.9 0.3 13.5
000
_ — : ) NOMBER
Pt 3.4 | 47.0  29.4 7.2 “2.3 0.8 0.0 0.0 ~oF
. o : . SAMPLES
PERCENTAGE ) e : ’
PR oel 2000 86.6 38.6 10,2 3.0 .8 0. 0.0
' 1056
0.0 0.1 5.2 : 0.3 0.4
CBSERVED CURRENT SPEED (M/S)
'NUMEER OF RECORDS: 1055 : .
RECORDS OUT OF RANGE: 0 (<MIN}, | 0 MAX) : INSTRUMENT DEPTH: 2.0M BELOW MSL
NUMBER OF MISSING RECORDS: o . : DEPTH OF WATER: 21.0M
SRMPLING INTERVAL: 20 MINS : B . _ TYPE OF METER: VALEFORT 308

ANALYSIS PERIOD: 26-MAR-00 15:59 TO 10-APR-00 07:39 GMT+4 - . . : ' SBRIAL NO.: 12523

OCEONICS LTD CURRENT & TIDE MEASUREMENTS

OBSERVED CURRENT OCCURRENCE TABLE
PORT SALALAH

REF NO 10463/2068

TABLE 2.2.1

FITE . CMIDEE oD



Table 8.6.4

PERCENTAGE
ygo TABLE ENTRIES ARE PERCENTAGE OCCURRENCE OCCURRENCE
1.7 6.2 0.1 8.0
1.4 4.7 0.4 6.5
315
1.1 2.6 0.2 4.0
1.7 0.8 2.5
2760 '
3.0 0.3 3.3
@]
E .
a 3.5 2.8 0.1 7.0
w225
@]
pur 4.2 5.9 1.4 0.2 0.1 11.8
=
O
=
b .
- 3.4 6.8 2.3 . 0.8 0.1 13.1
o)
180
£ ;
Eﬁ 1.2 6.2 3.1 2.4 0.5 13.4
R
[24
[}
o 1.1 3.3 2.5 0.2 7.1
8 s
& .
=4 0.5 3.2 0.7 0.1 4.4
m .
0
M
e}
1.3 1.2 2.5
030
1.8 1.4 3.2
1.9 0.4 0.1 2.4
045
3.1 1.4 0.3 4.5
2.5 3.3 0.1 5.9
000
' _ - NUMBER
gg%ﬁiﬁ;ﬂgi 33.4 s0.8 |- 11.7 3.4 0.7 0.0 0.0 0.0 oF
‘ : : ' SAMPLES
PERCENTAGE | - ' ' ' '
TemcEYIRST | 100.0 6.5 15.8 Ca 9.7 0.0 0.0 0.0 . -
. _ 1058
6.0 .1 - b.z 0.3 . 0.4
OBSERVED CURRENT SPEED (M/S)
NUMBER OF RECORDS: 1059 . _ : ) o o .
RECORDS OUT OF RANGE: 0 {<MIN), 0 (=MAX} . INSTRUMENT DEPTH: 2.0M ABOVE BED
NUMBER OF MISSING RECORDS: . 0 . _ . DEPTH OF WATER: 21.0M
SAMPLING INTERVAL: 20 MINS - - : - I : TYPE OF METER: VALEPORT 308
ANALYSIS PERIOD: 26-MAR-00 15:56 TO L0-APR-00 08.:36 GMT+4 o . . SERIAL NO.: 12524

QCEONICS LTD CURRENT & TIDE MEASUREMENTS

. : . g REF ﬁo 10463/2068
OBSERVED CURRENT OCCURRENCE TABLE s

TABLE 2.2.2

" PORT SALALAH
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Table 8.6.5 '
- HARMONIC TIDAL ANALYSIS

TIDAL ELEVATION

Location: SALALAH PORT
" Constituent time zone: GMT

Analysis period: ' 04-FEB-00 15:51 to 20-FEB-00 20:51 GMT+4.
_Analysis interwval: 10.0 Minutes : i

Nunber of records: 2335
Datum name:

Constituent Period H [}

name {hours) ~ {metres) - {degrees)
20 . 0.000 000
MSF 354,367 0.001 249
201 _ - 28.006 0.008 320
S51G1 (R} - 27.848 0.010 . 319
01 (R} . -~ 26.868 0.036 : 352
RO1 (R) 26.723 0.007 _ 352
o1 - p 25.818 0.190 350
PI1 {R) ' 24.132 0.008 - 344
Pl {R) . 24.066 0.131 344
s1 (R} 24.000 0.004 ' 344
K1 _ - 23.934 . 0.395 : . 344
PSIL {R) © 23.869 © 0,003 L 343
PHI1 (R} - 23,804 0.008 343
J1 (R} 23,098 0.022 025 .
001l _ .. 22,306 0,012 022 -
- Z2N2 (R} - 12.905 0.024 - 149
MU2 - 12.872 0.029 . : 149
N2 {R) 12.658 0.060 145
NU2 " (R} 12.626 0,011 145
M2 : 12.421 -0.311 E 143
L2 (R) - 12.192 0.008 141
T2 (R) _ 12.016 - 0.007 173
52 - : ' . 12.000 0.126 - 173
K2 . (R) 11.967 0.034 172
M3 © . 8.2B0 0.002 066
M4 6.210 0.002 . 258
- Ms4 : " 6.103 ©0.001 S 254
34 _ . © . 6.000 0.003 . 283
M6 _ ' S 4,140 0.001 . 295
2MS6 T 4.092 0.002 053
. 28M6 S "4.046 0.002 . 038
M8 S 3,105 0.002 © 100 -

(R) denotes related constituent.

Fugro GEOS Ltd., Hargreaves Road, Swindon, U.K.
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8.7 Geotechnical Surveys
8.7.1 General

Geotechnical information for existing port facilities were obtained from previous boring
program, namely, Yahya Costain Report in 1996 and Fugro International Repo'rt in 1993,
These soil profiles for existing port clearly show the three layers, namely, sand and gravel

gravel and cobble and weak to medium rock from upper to Jower layer .

8.7.2 Field Work

A program of marine investigation, performed at the site under second site survey penod by
the Study Team, mciuded the followmg

e Exploratory boreholes
s  Continuous coring in rock

* Regular spht—spoon sampling durmg Standard Penetratlon Tests(SPTs)m soils and poor
recovery rock zones . :

- A total of 10 points offshore bormg field work was camed out using top dnve rotary rig,
Diamec 260, from Fugros modular, 4 —legged jackup platform, IHercules], which has a deck
" area of 9m X 15m, and 1eg lengths extendable toa maxnnu.m of about 25m beneath deck
level .

Dnllmg operations were generally performed on a 12hour/ smgle shift basis, subject to
weather conditions .

The field work was performed by expenenoed geotechmcal personnel under the ﬁlll time _
supervision ofa suitably experienced marine operations supervisor .

The works were performed in general accordance wrth the BS- 5930 fCode' of practice for
site mvestlgatlonsj - o

Borehole IOCations are indicated on Fig.8.7.1 relative to the oroposed_ site layout and existing
features . Field test results and observations are presented in Fig.8.7.3~8.7.7. -

8.7.3 Eiploratory Boreholes
‘A total of ten(lO)boreholes were drilled to depths rangmg from 6 0 to 18 .5m beneath

seabed level using rotary drilling rig .

Rotary coring techniques were used in underlymg rock formauons usmg double tube rotary -
core barrel, producing a nominal core diameter of 76mnm. '

852



8.7.4 Surveying of Borehole Locations

The ten(10)borehole locations were set out using Fugro Global DGPS System [Seastar] .
Borehole coordinates and levels are summarised on Table 8.7.1 below .

Table 8.7 .1 Coordinates and Elevations of Borehole Locations

Borehole

Coordinates

Coordinates

Seabed

Location  Easting(m) Northing(in) Elevation(mCD)
MBH1 182 380 1875 825 ~16.15
MBH 2 182 666 1875 673 —17 .80
MBH 3 181 801 1876 296 —~9.70
MBH 4 182313 1876 535 —~13.10
MBHS5 182 811 1876 513 —15.00
MBH 6 181 539 1876 950 ~7.60
"MBH 7 181 634 1877 522 ~7.00
MBHS 182 398 1877 417 —10 .85
MBH 9 181 355 1877 265 ~ ~5.60
MBH 10 181 920 1878 105 —6 .40

8.7.5 Laboratory Tesﬁng

- The laboratory tesﬁng was perfoﬁned on selected sé.niples of soil and rock obtained during the
field work Test results have been used to assist with classifications, and determinations of
- relevant physical properties of the samples .The following laboratory testing has been

performed in accordance with Internatlonal Standard procedures

(1) Atterberg Limits

(2)  Particle Size Distribution

(3)  Particle Density .
(4)  Unconfined Compressive Strength
(5) - Point Load Tests

(6)  Carbonate Content

. . 8.7.6 Subsurface Conditions

The subsurface proﬁles encountered are illustrated dlagrammauc w1th graphic log
' presentatlons in Fig.8.7.3. ~8. 7.4. : :
The borehole logs reveal varying near-surface condltlons across the site, WhJ.Ch can be

n

| _ ' generaliy categonsed into foliowing three ZOnes .

- Onthe southern side of the port channel, m the deepest section of the 31te boreholes

T 8s3



MBH 1 and MBH 2 reveals coarse, alluvial, wadi gravel deposits from seabed to the
depths investigated(—25m) . _

The gravel patticles are predominantly coarse(to cobble and boulder size). well rounded,
and strorig to very strong . The fringes of these deposits appear to extend to the northern
side of the channel, where similar seabed deposits(generally less than 2m)have been
noted at other borehole locations . :

(2)  Atborehole locations MBH 3 to MBH 5 in water depths of about 10 to 15m, on
the northern side of the channel, predominantly weak to moderately weak carbonate
sandstoné(calcarenite)was encountered beneath relatively thin wadi gravel deposits and

 seabed sediments . The calcarenite layer generally extends from about -—16m to the
depth of investigatioﬁ (—25m). Locally, it is thinly interbedded with calcisiltite and
chatky limestone . At MBH 3, the layer is separated from the near-surface alluv1al
_ deposﬂs byadm thick layer of hard, cemented clayey silt . _
(3)  Further to the northwest, in the vicinity of boreholes MBH6 to MBHIO where
- seabed elevations range from about —Sto —11m, a chalky limestone formation was
- encountered from near-seabed to the depth of mvestlgatlon(-ZSm) AtMBHG, the
llmestone was observed to overly calcarenite at —22.6m . The st:rength of the llmestone
appears to decrease generally with elevation, from moderately strong to weak, as
mdlcated on Fig.8.7.3. The formation is locally mterbedded with thin calc1smte a.nd
appears to be locally dolomitised . o
Plots of intact rock strength, interpreted from unconfined compression test and pomt load test
results, are shown on Fig.8.7.5.~7., for the above three zone . :
. With respect to the area south of the port chanpel, it should be noted that the plotted results
relate to gravel / cobble,/ boulder particle strength rather than rock strength Therock
quality, as a measure of the rock mass fracture condition, appears to vary cons:derably
between borehole locations . The general fracture condition varies from closely fractured and
broken, with a typical Rock Qua.llty Demgnatlon(RQD)of Oto 30/o . to medium and Wldely
fractured, with RQD typlcally 250 %.
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