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17.4 Expansion Needs of Industrial Infrastructure

A)

B)

Q)

1741 Past Trend of Utility Consumption, and Infrastructure Development

This paragraph analyzes, prior to the estimate for infrastructure requirement made in 17.4.2,

the past growth trend of infrastructures, basmatty in relation to that of GDP in Dhofar
region.

In the following analysis, the growth rates of GRDP in Dhofar region in past are assumed

identical to those of the national level (or “GDP"), since no reliable GRDP data are
available.

- Past ratios of infrastructure supplies to GDP are analyzed in 17.4.1. “The ahalysis results

are employed in the forecast made in 17.4.2.

Electric Power

. Demand for electric power has been mcreased w1th a high correlauon ooefﬁcrent to GDP at
~ 1988 constant prices. Table 17.4.1 shows growth in the power demand and GDP. It

indicates that one percent growth of the GDP resuits in 1.24 percent increase of demand for
electnc pOWer. : C :

. Water

Past demand for water is mdrcated in Table 17.4.2. The demand has increased w1th a Iugh
correlation to GDP.

An analysis of growth of the demand in relauon 10 that of GDP has shown that one percent

growth of GDP results in 0.932 percent increase of demand for water.

Telecommunications

Installed number of telephone lines in comparison to growth of GDP is indicated in Table
1743.1 exhlblts increase of the lme number w1th a hrgh oorrelatron to GDP growth

- Qur analysis of it in relatlon to GDP growth shows that one peroent growth of GDP rdeults

in 1.178 percent mcrease of mstalled telephone line quantity.
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D)

E)

Natural Gas

Since there has not been consumption of natural gas in Dhofar region, it may not be
reasonable to estimate future demand through the scenario on the GDP trend.

Table 17.4.4 refers to an estimated oonsumptibn of natural gas for Salalah that has been
estimated by the Ministry of Oil and Gas. ‘This report takes that as the estimate for the
future demand, as the Middle Case (See paragraph 17.4.2 D).

Land for Industrial Use

According to thé past trend of land use for industries in Oman in 1993 and 1997, one
percent growth of GDP results in 1.66% increase in use of land for industries.

17-29



1742 Expansion Needs Forecast

A)

B)

D)

With the estimated correlations between utilities demand and GDP, as analyzed in 17.4.1,
the future needs of supply capacities of utilities and land development for industrial use is
forecast on the basis of the projection of local production and eXport in Salalah, whrch are
shown in Tables 12.2.5 through 12.2.11.

Table 17.4.5 shows forecast demand for the infrastructures obtamed in accordance with the
said GRDP scenario. '

- Electric Power

Power generation capacity, as discussed in 17.4.1, has made a step-wise inctease to cover
the demand since 1974, in maintaining proper level of capacity for assuring stable
supply/demand balance. It is evidently reasonable that this strategy of new plant installation
is to be followed for the future growth of demand. The new 200 MW power plant project
referred in paragraph 17.4.1 is counted in the existing gerreration capacity.

Forecast of the power demand to the scerrém'os refers to Table 17.4.6.

Water

With the icnowledge about the recharge deficit, and subsequent dechmng ground water table
and saline water intrusion, this report has assumed that a ten (10) percent increase from the
present demand, or 269 million gallon, requires installation of water desalination plant. It is
evaluated that water desalination plant should be constructed for all the “Wrth”

Forecast of the water demand to the scenarios refers to Table 17.4.7.

Teleconununications

Taking the condition that the Raysut Statron can be extended to the three (3) times capacrty - |
or 1,870 lines, it is estimated to cover all the cases. An mstallatron of new statron 1s expected
at some appropriate time after 2010.

Natural Gas
The forecast apparently irreludes_ the first largest demand for the r_rew power station in April -

2002. The said new on may be discussed upon defining the industries in the Hinterland to
power station is expected to use natural gas while it replaces a part of the existing power
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E)

plants that are now using gas oil. Therefore, it is not needed to consider natural gas supply
facility other than the said project.

Land for Industrial Use

The estimation has been made on a basis of area requirement due to estimated outputs,

The existing spare area of Raysuf Industrial Estate will be used for “Without” cases,
Therefore, this report evaluates that the forecast demand for the land are to be met with

newly constructed estate(s).

Table 17.4. 8 estimates the investment costs requirement for the mdustnal land preparauon

' mcludmg pubhc building construction and other site works.
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17.5 Economics of the Hinterdand Development

17.5.1 Economic Impacts of the Hinterland Development

The detail of development js impossible to predict at present, since there is no information
available about responses from potential investors on the development. - Any projections can -
provide only outline of the possible direction with various assumptions. The economic
irnpacts estimated in the following paragraphs are also based on assumptions that the market
penetration by Salalah will be undertaken as projected with the necessary conditions being
ﬁ.l]ﬁllcd, and that the local production will be carried out in thc industrial areas as projected.

The major impacts expected from the development in view of national cconomy, or Dhofar
economy will be:

1) Contribution to increase in GDP
2) Eaming or saving of foreign exchange

~ 3) Jobcreation

Table 17.5.1 summarizes the estimated economic impacts of the industrial development in the

hinteriand of Salalah Port, which was described in 17.1. ~ The impacts aré wﬁmatod in terms of
difference in oontdbution mmpatcd to that of Case-without.

The contn”buhon to GDPin increase is expected to be 700 mllhon RD in 2010, and 1,100 mi]hon :
R.O. in 2020 in the case of Projection Scenario (1). - The i increase accounts for 1.5 and 2.4 -
times of estimated GRDP in Salalah in 1998 r%pectlvely (for detail, see 4.1). - The major

'souroe of increase will be trade and distribution related industries (or total of commerce,

redistribution, and transportation & comuunication), which accounts for almost 60% of total -
increase. ~ Next largest contribution comes from “other sector”, which represents the
infrastructure and public service sectors including electricity, construction, finance, and public

administration, aocountmg for 34% of total in 2010, and 32% in 2020

The contribution to job creation is also oonspicu'ous It will orcatc an additional job' for 21,650
persons in 2010, and 27, 800 persons in 2020 (Scenario 1), compared to 52,700 persons of
estimated workers in Salalah in 1995'. The largest contribution is expected from “other
sectors”, followed by the trade and distribution sector and manufactunng sector. '

The contribution to foreign exchange earning will be 150million RO, in 2010 and 250million
R.0.in2020. The largest contributing sector is the trade related sector, accountmg for 62% of .

total in 2010, and 53% in 2020 It is followed by the manufacturing sector with oontn’butlon .
33% in 2010, and 41% in 2020.

1

Source: Phase S Final Structure Plan, Revision of Salalah Structure Plan,
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Tables 17.5.2 through 17.5.11 shows the detail by industry/ sector.
17.5.2 Economic Evaluation of the Impact

Following evaluates the economic impacts from the stand point of Dhofar economy, in view of
cost-benefit.

The expected direct benefit from the development is the revenue from operation of relevant
facilities, infrastructure, and services. However, so far no facility, infrastructure, and services
has defined yet, which will be provided the locators in the hinterland. The estimates on these

revenues based on various aSSl.llIlplIOIlS, will exceed the tolerable margin of error, resulting
evaluatlon unreliable. '

On the other hand, the costs should include the investnient on infrastructure, and operation costs

of the facilities, infrastructure and services. Again, paxtiallarly, the operation costs are also
difficult to deﬁne at this moment.

'Ihus, the evaluatlon here compares the contribution of development to increase in GRDP, with
the required mvestment :

Tabl&s 17.5.12_ and 17.5.13 estimate the costs and benefits related to the development. The
expected benefit is not only due to the establishment of Free Zone, and provision of industrial
land, but also due to development and operation of Salalah port. Thus, the costs should
include a part of investment on the port development. The estimate includes a part of invested

costs on port development in proportional to the cargo volume generated from the industrial
development out of total cargo throughput,

~ The benefits are expressed in terms of value added generated from industrial sectors as well as
the supporﬁng/ relevant economic activities. :

The tables also compare the costs in forelgu CUITELCY porhon and beneﬁts fo be transferred to
foreign investors.  All the beneﬁts under the category of foreign portion will not neoessa:ﬂy g0
out of the country, to be precise. Out of the benefits, foreign portion should include those
transmitted to overseas as profit (or dividend), payment for expatriate’s salary and wages (of
which peisonal consumption in Oman is necessary to be deducted), and a part of depreciation
which will be invested for foreign currency pomon of next investment. In the estimates, the

- ratio of foreign portion in the mvestment was apphed to figure out the value added transferred to
overseas.
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According to the estimates, the benefit expected from the operation in one year (in 2010) is -
almost 7 times of that of initial investment costs in the case of Scenario 1, while it will be 6.6

times for Scenario 2.  In terms of local currency portion, it will be around 5.8 times in Scenario
1, and 5.3 times for Scenario 2.

Note: The concept of return on investment should not be applied 1o this estimate in the same
_manner as ordinary investment projects. The investment in this evaluation excludes the

investment to be made by the individual locators (enterprises), whlle the value added include all
the return from these investments. S .

The largmt_ source of benefits in ldcal poftion will be that of other sectors. The expected
benefits from redistribution account for6to8 %only. Nevertheless, it should be noted that the
redistribution is still the essential part of the development scenario. It is the source of benefits

1o other sectors with its ripple effects. Without the development of rcdxstrﬂ)utlon, the benefits
from “others” will not be generated mgmﬁcanﬂy : :

In addmon to the bcncﬂts of conm'butlon to increase in GDP, there are mchrect beneﬁts to
Dhofar and Oman as a whole, These are the job creation effect and foreign exchange earning
effect, as discussed in 17.5.1. The development will contribute to around 28,000 persons of
job creation in the casc of Scenario 1 in 2020, while it will be more than 38,000 persons in
Scenario 2. - However, the foreign cxchange carning/ saving will not be significant, when
companng the earmng with remittance to overseas as proﬁt and expatnates’ salary and wages. -

17-42



Table 17.5.1 Summary of the Economic Impacts of the Satalah Port Development
and Industrial Promotion in the Hinterland

_ : Increase in Foreign
Contribution to: Increase in GDP Additional Job Creation Exchange
Earning / Saving
Sector / Subsector -
Year:| 2010 2020 2010 | 2020 2010 2020
Unit: (Mn R.O) {(Number of persons) (Mn R.O.)

(Scenario 1)
Agriculture - - - - - -
 Fishery 1.8 1.0 150 100 - .
Mining & Quarrying 1.3 34 100 150 - -
Manufacturing 297 | 1008 4800 | 8600 | s18 | 1023

Commerce 101.0 1973 800 1,500 - -

Redistribution 125.3 170.8 1,100 1,300 9.4 | 1314
Transportation, Storage & Communication { 173.4 | 289.8 5,000 5,900 . -
Tourism 59 117 500 1,000 71 142
Others 237.2 360.6 9,200 9,200 - -
Total 695.6 1,135.4 21,650 27,750 1553 | 2479

{Sce_nario 2y
o Agriculture - - - - - -
Fishery | 1.8 1.0 150 100 - -
Mining & Quarrying 13 | 34 100 150 . .
* Manufacturing 49.7 1008 | = 4,800 8,600 518 | 1023
" Commerce 1015 | 1976 800 1,500 . -
Redistribution 254.6 366.0 2,200 2,700 | 1959 | 2816
Tran.sportatio.n, Storage.&..Comunication 2609 | 4219 - 7,500 8,500 - -
*Tourism 59 117 - 500 1,000 7.1 142
Others 4157 629.5 16,000 16,000 - -
Total 1,091.4 17319 32,00 38550 | 2548 | 398

" Sources: Tables 17.5.4 through 17.5.11 ‘
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Table 17.5.4. E'stimaied Economid' Impact, Man'ufacturing

Contribution fo: | Particular 2010 2020
Gross Output (Million R.0.) _
* Case-with - 3122 4753
+ Case-without ' 1870 2292
pp? _ Difference ’ 1252 | | 2461
: Gross Value Added (Million R.O.) -
+ Casewith 1157 1829
. Case-without 1 e6o | 821
Difference S ' 49.7 - 100.8
Job creation ? Number of persons of job creation 4,800 - 8,600
Export (Miltion R.0.) _ _ . _ _
. Casewith o ol 2907 4443
© Case-without - o 1677 2062
For:’;igﬁ excﬁaﬁge Difference S ' - 1230 238.1
camning/ saving | ymport of raw materials (Million R.O.) ¥ 61.0 - 181
Remittance of wage§ for expatriates ?. 5.8 9.1
Import of plant, machihery and e(juipmént 3 _ N 4.4 .. 86
Net expori increase L ) 51.8 102.3'

Notes: 1) Sec Tables 17.52and 17.53. :
2) Avcragc £ross output/pcrson year in 1993- 1997 was 23,700 RO for the manufacturmg
" sector, accordmg to the Yearly Industrial Statistical Book, 1997 (MCI) Itis assumcd to
increase by 10% by 2010, and 20% by 2020 due to mcreasc in labor productwny
3) Assuming that 80% of "raw haterials consumed” are 1mponcd
Rate of "raw materials consumed” over "the gross oulput” is esumated at 62%
according to the Yearly Industrial Statistical Book, 1997 (MCI). .
4) Percentage for expatnatc s compensation out of total is estimated at SS% in 2010 and 45% _
" in 2020, Rate of "total compensation” over "the gross output” is csumated at 8.5%.
5) Depreciation of plant, machinery and cqulpmcut is estimated at 4% of “gross output"
" and 90% of them are imported.
Source: Projection by the JICA Study Team
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Table 17.5.8 Estiméted Economic Impact,'Fi_shing

Contribution to:

2010

Particular 2020
_ Increase in gross output in fish processing industry (Mn R.0.) © 63 - 34
GDP Increass in fish purchased ¥ (Mn R.0.) 23 13
Increasc in value added ? (Mn R.0.) 18 . 1.0 -
3 Increase in compensation of employees (Mn R.0.) 0.4 02
Job creation ¥ ' o : . :
_ _ Job to be created (person) 150 100

Foreign exchange
earning/ saving

(Included in the caminy saving in the manufacturing sector)

Notes: 1) Raw materials consumed is assurned at 62% of gross output, and 60% of raw material costs is
assumed for fish pmcuremcnt '

2) Value added is estimated 1o account for 80% of gross output

3) Rate of compensation of employess out of gross output is assumed to decrease by 10% in 2010
and 20% by 2020 due to increase in labor productivity, from the current 21.4% of gross output

(the average of 7 years from 1992 through 1998). Compensation is assumed to increase by 15%
by 2010, and 30% by 2020 due to increase in wage rate from the currenl 2 »300 R.O, per person
~ (in1997).
Source: Projection by the JICA Study Team .
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- Table 17.5.9 Estimated Economic Impact, Mining & Quarrying

Contribution to: Paticular ~ 2010 2020

_ Increase in gross output Din other mineral product subsector (Mn R.O) | - 102 27.7
~GDP Increase in minerals purchased ? (Mn R.Q.) : 2.5 6.7
Increas in value added ¥ (Mn R.O) : : 13 34

Increase in comﬁcnsation of employees Mn R.O.) -~ - ' _ 0.3 0.5

Job creation ¥ : :
' Job to be created (person) : : I - 100 150

Foreign exchange

carning/ saving (In.cluded i.n.tl.Je ga;ningf saving in thé manufactu_ri.ng sector)

Notes: 1) For raw matenals for other mmcral products only. Gypsum isincluded in the gross output of the
' manufactunng sector. _ :
2) 34.5% of gmss output is thc raw materials consumed, and 70% of which i is assumed to be the non-metal
_ minerals, - :
~ 3) Value added is estimated to account for 50% of the gross output. :
4) Rate of compcnsanon of employees out of gmss output is assumed to decrease by 250% in 2010 and 400%
' by 2020 due to increase in labor pmduct1v1ty, ﬁ'om the current 29% of gross output {the average of 7 years
. from 1992 through 1998) Cnmpcnsatmn is assumcd to increase by 15% by 2010, and 30% by 2020 due to
increase in wage rate from the current 2 500 R.O, per person (in 1997).
Source: Pro;ectmn by the ] iCA Study Team
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Table 17.5.10 Estimated Economic Impact, Hote! and Restaurants _

Contribution to: -~ Patticular ' 2010 | - 2020
Increase in guests attracted to Salalah ” (person) 106,000 212,000
GDP | Increase in expenditure by the guests ¥ (Mn R.0.) o122 . 244
Increase invalue added ? (MnR.O) . i 59 117
o Increase in compensation of employses (MnR.0.) - | - . 13 26
Job creation ? o . . : : ) . S
: Job to be created (person) . 500 1,000
: - Expenditure by the guests (Mn R.O;) . - - 122 CT 244
Foreign exchange : S C : ' o
ea:;% i gg * Intermediate consumption ¥ MnRO) . | - 51 102
o ' Net foreign exchange eamning : AN - 142

Notes: 1) Hotel guests in Dubai was 1,790,000 in 1997, Of which 1,060,000 guests were from Asia,
Europea.n, American and Auslralia / Nz, Tlus figure assumes to attract 10% of these guests
to Salalah in 2010, and 20% in 2020, Onc guest is assumed to spend 1 100 Dhs (or 115 R.O. )
2) Value added rate over the gross output is estimated at 48%.
3) Compcnsanon rate over the gross output is estimated at 22%.

4) 52% of the gross output is consumed as the mtermedlate, of whlch 80% are 1mportcd goods.
Source: Pm]e.cuon by the JICA Study Team : :
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Table 17.5.12 Costs and Benefits of the Hlnterla.nd Development (Scenario 1)

Costs/ Benefits (Million R,0.)
Remarks
Foreign Local " Total '
" (1) Costs
1) Port ()
2 In[rastrﬁclurc _ Requi_md costs for Case-With less costs for Case-
: Without, including land, road, utility supply,
1 land and site works | - 23.8 - 555 793 telecom, buildings and sewages. ‘
2 Utilities | Bo | s20 | ese
“Total ' 368 | 1075 1443 .
. (2) Benefits -
« Annual increase in GDP . o . o Difference with Casé-Without in 2010 -
1 Manufacturing 298 19.9 49.7 Ass_umc_& foreign investment 60%
2 Commerce 202 | 808 | . 1010 | Assumed foreign investment 20%
3 Redistribution © 1002 251 | 1253 | Assumed forcign investment 80%
g Trensporation& =4 © 0, o 694 | 1734 | Assumed forcign investment 60%
comimunication : : B
5 Tourism - . 24 | 35 59 Assumed foreign investment 40%
6 Others 240 | 2163 | 2403 | Assumed foreign investment 10%
. Total 280.7 4149 _ 6956'

Note; (*) R.G. 10-18 million depending on the project scope, assuming 8% of tota! investment costs for the port developmcnt.

The Costs refer to total investment requlred while the Benefits refer to the annual benefits in 2010.
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Table 17.5.13 Costs ahd Benefits of the Hinterland Development (Scenario 2)

Costs/ Benefits (Miltion R.0.)
: : Remarks
Foreign { Local Total ‘
" (1) Costs
1) Port{*)
2) In:fraslru(_:ture _ : . : Required costs for Case-With less costs for Case-
: . Without, including land,_ road, utility supply,

1 Land andsite works | 44,7 104.2 148.9 telecom, buildings and sewages,

2 Utitities . 147 590 | 737

Total 594 | 1632 226
(2) Benefits
- = Annual increase in GDP . R Difference with Case-Without in 2010

1 Manufacturing - 29.8 199 - 497 _ Assumed foreign investment 60%

-2 Commerce - 203 T o812 101.5 Assumed foreign investrnent 20%

3 Red_istﬁﬁution _ 203.7 50.9 254.6 Assumed foréi.g,n investment 80%

4 Transportation& | o 1044 | 2609 Assumed foreign investment 60%

- communicatlon ’ '

5 Tourism = o 24 35 _ 5.9 _Assume.d foreign investment 40%

6 Others 41.9 3769 _418.8 ' Assumed foreign investment 10%

_Total - 4546 | 6368 1,091.4

Note: (*}R.O. 10-18 million depending on the project scope, assuming 8% of total investment costs for the port development.
‘The Costs refer to total investment required, while the Benefits refer to the annual benefits in 2010.
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~ Part4 Initial Environment Impact Analysis



18. Coastal and Hinterland Features

18.1 General

Present environmental conditions and features on the Study Area are described in this Chapter.
Environmental items and key factors discussed here are shown in Table 18.1.1.

These are related to oceanography, meteorology, morphology, hydrology, and human activities
within the Study Area that have been identified as among the most critical in terms of potential

environmental impacts.

1 | Coastal Water Region

Ocean climate / Monsoon / Morphology / Upwelling /
Rich fishery and other habitats resources

2 | Shore Region

Shoreline Erosion / Mangrove lagoon / Tides

3 | Hinterland Region

Wadi / Flood risk / Ground water & water table

4 | Sccial and Human Activities

Land use / Waste management (solid & water)
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18.2 Coastal Water Region
(1) Ocean Climate

The coasta1 water reglon expenencm two (2) monsoon seasons: the NE monsoon and SW
monsoon; and the ocean climate changes drastically. The features of these monsoon seasons
are as follows.

1) NE monsoon

(8) Period
November through February
(b) Features | o
@) A dry northerly cooler wind of 7 knots to 17 k:nots is prevalled, and a
- relatively calm sea condmons with less than 1.0 m h1gh of wave in SE is
dominant based on the wave hindcast model by this Study. _
b) Fine weather mostly conunuds, and less or a]most 1o rain is recorded, usually

2) SW monsoon

(a) Period
May through September

(b) Features _

a) A humid southerly gentle sea breeze of 17 knots to 34 knots is prevaﬂed, and '
. a cloudy weather with light rain is recorded.

. B)Over1.0mto 1.5 mhlghofwavemSto SSE becomes dommanthay
Wave booomes higher in July experiencing over 2 5m, accounts for over 75%
of entire wave appearance in this month.

c) A coastal upweiling is predominated, and entire surface water column is
experienced relatively low temperature becanse of upwellmg mnfluence wlnch
bnngs a relauvely cold deepwater
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Figu'ré 18.2.2 Wave Rose in Seasonai Variations by dee_Hindcdst '

(IWA-3G: WAM model)

18-4



(2) Morphology and Bathy&netxy
1) Morphology

() Narrow Continental Shelf
A narrow continental shelf margin of about 20km immediately facing to the open
sea, the Arabian Sea, causes the influence of deep water that has a rich nutrient.
(b) Upwelling and Rich Marine Habitats
During SW monsoon season, a coastal upwelling begins and becomes
predominant in June; and this may give a rich nutrient to the coastal water to
nourish fish and other marine habitats. '

2) Bathymetry

~(a) The séabed gradient in the area where the hydrographic survey was conducted by

' this Study was in 1:50 to 1:300 in easterly direction of 110° degrees. '

(b) The contour line shallower than 30 m is almost parallel to the coastal lme,
extendlng to EEN with 6km of width.

(3) Current and Other Oceanographic Factors

(a) No Ex:stmg Data Archive -
There is no avaﬂable data archive of current within the Study Area.

(b) Actual Observed Data by this Studv
A fifteen (15) days statistics of current observahon was conducted dunng March
26 through April 10 2000 close to the port entrance of about 21 m water depth

The followmg mtexpretauons are based on the analyms results that represented in
Flg. 18.2.3 through Flg 1829 and Table 18.2.1 through Table 18.24,
' mpecuvely .

a) Genexal Trends _ '

- Current oriented to offshore region is prevalled.

b) Trends of Upper Layer (2 m below sea sulfaoe} _ -
Current speed over 0.2 m/sec in SSW, NNE, and/or S was dominant. |

© Trends of Bottom Layer (19m below sea surface) _

o Relauvely slow in current speed oompared to the upper layer, however, over -
0.1 m/sec of current was prevmlmg inS dsrectlon.
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" Table 18.2,2 Harmonic Tidal Analysis

Aoal ysys Period: 26-¥ar—00 16:00 to 10-Apr-00 07: 40(CHT+4)

Position: 16563187 0054701 "34.2°F

"Upper
R-conp. E-conp, Ellipse of Tidat Curreast Priacipal Dir,
. : - E 164.7°
bonstitueats Yel, Lag, Yel, lag, Atis Dir, Yel, lag, vel, lag. -
(ce/e) ) (ea/s) ) () (cn/s) (') (ca/s) )
K, 5.6 12.7 1.1 48.3 L 8.8 5.7 13.6 S.7 14.3
3 98.8 0.6 103.6
: 2.6 232.1 1.1] 240.2 L 24.0 2.8 232.4 2.8 232.9
01 ' ' . 3 114.0 0.1| 323.4
P 1.9 12.7 0.4 48.3 L 8.8 1.9 13.6 1.9 14.3
! ' 5 98.8 0.2] 103.6 :
: 2.0| 128.9 1.1 164.8 L 26.0 2.21 136.3 2.1 133.3
Q1 . 5 116.0| 0.6| 226.3 '
3.8) 213.7 .0.7) 168.461 L 7.2 3.8| 212.8 .8 211.9
M : : 5 97,2 0.5| 122.8
: 2.2| 283.0 1.2 282.6 L 28.8 2.6| 282.9 2.5 283.0
Se - s 118.8| _ 0.0| 192.9| -
0.6| 283.0 0.3] 282.6 L 28.8 0.7 282.¢9 0.7: 283.0
K2 S 118.8| - 0.0] 192.% ; :
- 2.0| 181.2 1.2] 202.2 L 29.2 2.3] 186.3 2.2] 183.9
Ny S s 119.2 0.4| 276.3 -
0.2 110.2 0.4 263.9{ L 291.8 0.4 87.7 0.1 140.7
Ms ' K s 21.8! - 0.1 177.7 e
MS4 0.3 283.1 (0.3 188.9 L 330.4 : 0.3| 310.7 0.3| 268.8
S 60.4 0.3 220.7
Constant -1.2 -2.3 2643 .4 2.6 -1.7
Bottom
. N-comp, E-comp, Ellipse of Tidal urrent Priacipal Dir
Constituents n . 2.5
Vel. . iag. Yel. lLag. Axis Dir, el, Lag, Yel, lag, -
(a/s) ) {ci/s) Cy ) {ca/s) (") (ca/s) (')
K, 2.2% 184.6 1.0 331.2 [. - 339.1 2.3| 180.0 2.2 185.2
L S 69.1 S 0.51 270.0
0, 0.4 126.3 0.3 230.5 L I4i.2 .41 113.5 0.4 128.2
; o . s 71.2 0.3} 203.5
'P‘ 0.7] 1B4.6 0.3 331.2 L 339,141 0.8 180.0 0.7 1BS.2
B ) B S 69.1 0.2| 270.0
o 0.4 24.6 0.4 16.3 L 42.%] 0.6 20.9 0.4 24.3
: : S 132.1 0.0! 290.9
My 2.4] 137.8 1.1] 217.4 L 5.8 0 2.4 14001 2.4 138.9
) 3 95.5 1.0 230.1
s, 2.2 257.4 1.2 289.7 L . 27.2 2.4| 264.5 2.2% 258.2
s 117.2 0.86| 354.5
Ky 0.6 257.4 0.3| 289.7 L 27.2 0.7] 264.5 0.6 258.2
S 117.2 0.2 -354.5 . o
Ny 1.4| 249.5|  o0.5] 119.4 L 346.6 1.5 252.9 1.4 248.8
: . . IS 76.6 0.4) 162.9
M. 0.5 174.2 0.4 :68.8 L 333.1 0.5% 194.1 0.5| 172.2
: 5 63.1} ° 0.3 104.1 ‘
MS 0.2 &67.1 _0.3 243.3 L 298.5 . 0.4 64.1_ 0.2 67.5
’ ] 28.5 - D.0} 154.1
Constant -2.4 -0.2 185.8 2.4 2.4
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d) Results of Analysis

(6] Harmonic Constituents
K1 component was predominant and then M2, and Ol components
_ were prevailed.
. (ii)  Harmonic Tidal Analysis
Kl component was predominant and then M2, O1, and diumnal
* components were prevailed.
(i) 25 Hours Running Mean
i) Prevailing currents in NNE and SW were recognized.
- Six (6) consecutive days were NNE current, and eight
(8) consecutive days were SW current.
- NNE and SW currents changed reciprocally within two
~ (2) to four (4) days interval.
ii) Mean current speed for upper layer of these currents was
Temy/s, and it was_largerthan K1:a5.7 cro/s in major axis.
iif) This current is not negligible because of its current speed as
well as its pattern of appearance as stated above.

2) Other Oceanographic Factors

(2) Sea Surface Water Temperature .

~ Except SW Monsoon season during June through September, a sea surface
water temperature (SST) is relatively high ranging 25 *C t0 28 C. During SW

© Inonsoon seasof, temperature is dropped to around 20 C due to the influence of

upwelling caused by SW monsoon prevailing wind.

" (b) Salinities '
 Salinity is relatively high around 39 0% t039.28% based on ) the survey results
of the Study

(4) Rich Fishery Resources and Other Habitats
Based ot the interview with the concemed paxnas there is no avallahle data archive and/or

writing descnbmg ﬁshery resources and marine mammals w1thm the Study Area. Although
there were more tha.‘n th.uty (30) of fish observed in the Study Area,
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18.3 Shore Region

As described in the previous section, an ocean climate, especially wave climate with seasonal
variations, are very important factor affecting shore region. Furthermore, an offshore-ward
current was observed at the bottom layer that implies offshore ward littoral drift.

Presence of shoreline erosion and also mangrove lagoon are closely related to previously
mentioned factors with tidal range level as discussed in this section.

(1) Shoreline Erosion

1) Data Archive -
Some peculiarity of the beach erosion and sedimentations has already been pointed out
by the coastal management stady of Oman coast in early 1990’s; however, a base line
data such as beach profiling, soundmg along the coast, and aero photo along the shore
‘region for monitoring long-term shoreline change are insufficient,

'2) Season
Coastal erosion annually starts in early May, and it develops as SW monsoon

~ pronounced in late July.

3) Conditions :
Seasonal fluctuation of up to 80 m in the shoreline posmon in the vicinity of Holiday
Inn was recorded by beach proﬁhng, for instance.

2 Mangrove Lagoon
1) Present Conditions

(c) Sites
Khawr Al Qurm Kabir and its nelghbor next to the Salalah Htlton Hotel Wthh is
' situated about 4 km northeast of the Salalah Port north boundary
(d) Settings to their Surroundings
a) Settings
: Thmmangmvesamcutoﬂ‘ﬁnmtheseabysandbamer The sandbamerof _
both mangroves is relatively low relief and change relief and shape
seasonally: relatwely low and close to strand line in SW monsoon, the high
time of coastal erosion occur toward inland w1th landward monsoon wind and
upwelling that causes sea level hlgher near shore line. |
b) Influence of Rlver and Surface Water
There is almost no influence of river since no nver but only wadi e)ust, and
also almost no su:faoe water influence chargmg fmh water to the mangroves

except meteorologlcal events such as cyclone hit and/or flash flood that occur
_only few in _decades in the Study Area.
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¢) Dominant Factor
SW monsoon wave that causes inland ward coastal erosion is a dominant
factor for their settings. During SW monsoon season, they experience a fresh
seawater charge directly from the sea or flash over the sand barrier at high tide
that is very rare occasion during NW monsoon season, a dry and calm wave
climate season,

{¢) Structure and Habitats

a) Structure - _
A homogeneous, single species is present: Avecennia marina.

b) Habitats | |

~ Seasonal variations of their habitats are recognized: NE monsoon season Is

much diversity of habitats in birds due to a dry relative low temperature.

2) Conservation and Preservation

(a) Nation’s Concem
‘They are protected as Nature Reserves and Scenic Reserves (SR9) by Royal
Decree 49/97 and fenced off by their suxroundings to protect them.

(&) Reality - o
Although these mangroves are well protected by fence, the following problem has
been pointed out for over decades and remained unsolved.

a) Dumping construction debris and waste materials
b) Utilizing as goat and camel grazing land
¢) Utilizing as recreational place such as rolling boat -

(3) Tides

) | Tidal Components

Tidal components of the Salalah Port are of'ﬁcially released anpually from the National
Hydrographic Office (NHO), Royal Navy Oman (RNO) as Sultanate of Oman Tide
Tables. The following Table shows the tidal components of the Salalah Port.

Sy 288 ' ' 0.12
Ky ' 036
0O 0.18
Zy 1.30
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2) Tidal Level

Several fidal levels have been utilized for Salalah region for port construction and
nautical chart production as shown in Fig. 18.3.1. Based on the vertical datum
comparison of Mina Raysut during 1981 through 1997 and Salalah Port construction
plan, the following tidal level is adopted for the vertical control for the Study.

M.H.H.W. +1.68m

.. MS.L. +1.30m
M.LLW. +0.60m
“ Year 1881 1987 1992 1996 2000 © 2000
. . Salalah . Natwooal . ’ Nationst
+00m  BM 16031 BM 16031 o Port Hydrographic . Survey
T Fy f BAM 16edt Services C 7 Offiee - Authenty
500 Y I (SP3) (XHO) - (NsA
5.994 . —]L—B.\USN‘.’ Top of Quay Top of Qrasy
*4.‘:9“_ 5.367 _‘i‘ 4105 —4.128
. Top Tide Board _‘.T_(_ap Tide Board .
saeo] : 5291 ERTR Aoy 3362 __ TepofQuay
: Jr":,aea
«200| M5 L : HAT 2,107 _ Top Tede Board
1.600 _ MHAW1670 _ 2062
swoa| —I —x—MSL Liss | msL1mT MSLLI :
—MLLW 0,520 . :
2000 v vy Yv _ LAT000 W LATOO00 S
' B : ¥ oo
- 100 : T Tide Board Zero '
T -0.679 . .
~200f ) : WTide Buard Zero

~1.956

Fig. 18.3.1 Comparison of Vertical Datum
(Source: NHO, 1998 and HPA, 19%6)
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18.4 Hinterland Region

(1) Wadi

1} Geographical Settings

' There are ten (10) major wadis located on the Salalah Plain, and six (6) of them are
located on the Study Area as shown in Fig. 18.4.1. Their geographical conditions from
 upstream to down stream are classified and shown in the following Table.

Jebel Mountain Range | a) NW to NE orniented crescent shaped - UPSTREAM
Jebel Al Qamr - enclosure to the Salalah Plain a) Narrow wadis incise deeply
& b) 800 m to 1,500 m height above sea | b) Fairly steep stream
~ Jebel Al Qara ¢) Southem slope is steep ' 3
- Jerbeeb High a) Base of Jebel connecting both MIDSTREAM
o ‘mountain range and plain a) Wider wadis incising on
b) Elevations: 50m to 150m their course
. : b) _Reiaﬁvely steep stream
Salalah Plain a) 800 km’ bounded to the north by the DOWN STREAM
' Jebel Al Qamr and to the south by | a) Much wider streams cross
the Arabian Sea. : the Plain to meet the sea
b) Almost half area: Study Area b) Passing through residential
¢) Elevation: less than 50 m. area and/or crossing road

2) Their Role to the Envimmnent

Except ﬂood caused by some meteorologlcal events such as typhoon hit and/or heavy
ram recorded for the past decades in the Dhofar reglon (PAWR in 1983 and MWR in
1996) wadis are normally dried up, no water exoept a coastal region where lagoons or
tidal inlets exist; therefore, it does not transport any sediments, debris on the iand, and

effluent from upstream to the coastal water region which may have an potential impact
to the coastal environment.
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3) Present Conditions and Problems

* Since there is no sufficient monitoring data and/or archive of wadis in the Salalah Plain
. at present, only reliable source is the record of some meteorological events such as flood
caused by heavy rain that was recorded only few in decades for the past.

Except some meteorological events or occasion like a flood in 1983 and a cyclone hit in
1996, there is no trace of record and analysis on discharging effluent, contaminated
storm runoff, and/or sediment from the land to the coastal water region.

(2) Flood Risk
1) Present Analysis

(a) Data Source and Analysis Level .
Flood daia are available for several MWR wadi-gauging stations in Dhofar;
however, the data for Salalah region is very scarce and insufficient to predict flood
frequencies and characteristics within an acceptable degree of confidence
according to MWR report (1996).
(b) Available Source -
 Based on the most updated information prowded from MWR, there are four (4)
~  available reports and note regarding flood. These are,
~ a) Flood Risk Map for Salalah (1993, MWR) .
b) Rainfall Intens1ty Frequencies (Analysis in progress MWR)
c) Flood Alleviation after 1996 Cyclone (MWR)
d) Note on Flooding Advice for Al Wusta Highway (1999 MWR)
(c) Conditions and Interpretations
a) Flood Data and describing flood frequencxes in the Study Area is scarce, almost
. none to describe the flood conditions. Data relevant to flooding of Salalah is
only available in the eastern portion of Salalah such as Wadi Jarziz, Wadi
" Sahalnawt, and Wadi Arzat where a much precipitations are expected during
| SW monsoon season compared to the western portion of Salalah. One
: mtereshng report by MWR of Salalah describes a little or no flow occurs at
west of Wadi Nahiz. '
b)Rzunfall intensity study of Salalah has been in progress; therefore there isno -
data accumulation to provide character of the rainfall intensity at present. For
southern region, no rainfall intensity charts are available; however, the Raysut
Industrial Estate Project has desigﬁed their storm drainage system by using and
evaluating the following Meteorological station data in Mina Raysut.
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10 min. 60 165 140 385
20 min 40 110 100 275
1hr 20 55 | w0 165
2 his | 15 40 36 100

Source: Raysut Industrial Estate Project Detail Master Plan Final Report (1989)
Remarks: Calculation was made based on a rather limited amount of existing data.

Based on this table, a 10 years one was adopted as the return period; and the
time for concentration was calculated based on the KJ:plch’s Formula as 20
minutes for their Estate design for the storm water drainage.

' ¢) Design floods have already been assessed for the catchments areas upstream of
the Royal Properties. This assessment and the Airport Interceptor for flood
protection are available design ﬂood study so far. This maybe only a uscful
source that can infer the flood condxtlons for Salalah area; however, it is
recommendedtoconoemalocal peculiarity ofwstandw&stofSalalah_ '

d)Flood frequency curves for Oman was developed in 1991 by MWR Surface -

Water Department and applied for highway culvéﬂ design and flood zoning for
town planning. Some overestimated trends outcomes and revise has been made |
to this curve; however, MWR has applied this to Dhofar flood characteristics
recently concluding inconchusive due to an nsufficient data accmnulauon.

¢) Flood Frequency for Royal Properties, Razat and Wadi Jarziz near Air Port

() 10yearretumperiod:  344/425  (m’/s)
(i) 20 year retum period: 500/621  (m’fs)
(i) SOyearretumperiod:  867/1,074 (m%s) -

" The drainage area for Razat and Wadi Jarziz are as follows.
() ~ Razat STt Kmd)

(i) WadiJarziz: 104 (Km?)
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2) Major Concern

(2) Planning and Designing for Land Use and Construction
a) Flood Risk Maps for Salalah (1993) is useful means of flood-prone locations
for allocating space of land for future planning even though the base data for
analysis has mainly been used for the areas of Northem Oman and tend to
overestimated flood peak and so_niewhat underestimated return period of flood
on the map. Fig. 18.4.2 shows a part of Flood Risk Map in the Study Area.
b)Flood Alleviation after 1996 Cyclone (MWR) and Note on Flooding Advice
for Al Wusta Highway are useful means to apply for a design drainage rates
and flood derivation at present.
(b) Environment Impact on the Shore Region and Coastal Water Region _
There is no available or sufficient data, record, and/or sources of information for
describing and evaluating the impact onto the environment within the Study Area.

(3) Ground Water and Water Table
1) Present Situations

@ Watei' Resources Management
| a) Water Assessrnent Areas (WAA)
() For the purpose of water resources management, a ﬁve (5) Water
Assessment Areas (WAA) are plotted to the Dhofar regions.
(u) One of WAA is the Salalah, and there are eight (8) water assessment
~ unit areas with Salalah Port and city located within the Salalah Plain
West and Salalah Plain Central units.
(m) The Study Area is located in Salalah Plain West and Central, Their
~location is shown in the map of Salalah WAA unit areas in F1g 18. 4 3.
» b) Water Supply Well Fleid Protection Zone
- The ground water is the only source of water supply in Salalah. The supply'
“well filed protection zone was &etabhshed and regulate the water resource
development of Salalah region. Fig. 18.44 and Table 184.3 show the
o protectlon Zones and their regulations. .
(b) Status of Supply and Demands in Salalah WAA (Sununary in 2000 MWR)
a) Watcr Supply '
- (i) The primary source of recharge to groundwater w1thm the WAA i is
from rainfall, mostly during the annual monscon and by occasional
_ cyclomc fronts, = . . '
(11) Mean anoual prec:pltatlon ranges from lms than 100 to more than
300mm on the Plain and Jebal r&spectlvely '
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