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Brief introduction 

 

The Israel Port Development and Assets Company Ltd. (IPC) prepared an Environmental Impact 
Assessment (EIA), for the development of a new container terminal in Haifa Port. The presented 
case study represents the section of the EIA that deals with hydrographical changes and 
addresses the following hydrographical changes: Change in Wave Climate Conditions; Location 
of Strong Currents; Erosion in the Vicinity of the Marine Outlets and Changes in Sediment 
Transport Patterns due to the Projected Haifa Bay Port construction. Please note that the report 
does not address the issue of habitats that are affected by these changes. Other sections of the 
EIA deal with ecological impacts of the project, but focus mainly on the dredging works. 
 
 
1. Methodologies used for the collection and analysis of the data 

 

The report employs the most advanced and updated models for flow and morphodynamic 
computations, namely MIKE 21/3, LITPACK developed by the Danish Hydraulic Institute (DHI). 
The bathymetry employed in the numerical modeling is based mainly on maps from a 2009 
survey, and, for the projected port layout (Layout A2), on the design maps. The wave climate 
conditions utilized are based on wave instrumental measurements in Haifa, in which gaps were 
filled with data from the Ashdod dataset. The wave dataset covers 16 complete hydrographic 
years (01.04.94-31.03.10). The wind climate conditions are based on wind measurements at 
Haifa carried out by the Israel Meteorological Service (IMS) (01.04.95-31.03.10). Based on the 
analysis of the wave data, ten representative waves are selected so as to represent adequately 
sediment transport potential within the area of interest. The representative waves applied in the 
modeling are specified from the original 16-year wave time-series and the corresponding wind 
parameters are picked up from the wind time-series. The sediment parameters used for 
modeling are chosen according to results of sediment sampling and sediment grain size 
analysis conducted in the Haifa region during the last three decades. 
 
 
2. Results of the Indicator Assessment 

 

Change in Wave Climate Conditions - Some changes in wave statistics (01.04.94-31.03.10) due 
to the Haifa Bay Port construction are mainly obtained offshore the Haifa Port, and in the 
southern part of Haifa Bay (Figure 1). For the points located offshore the port marine facilities, 
the changes in wave height are less than 1%, for points located within the approach channel – 
less than 2%, for points located downstream the new container terminal – less than 5%; and in 



 

the middle of Haifa Bay – less than 1.5%. There is no change in wave climate conditions along 
the southern Haifa coast (Carmel Coast) and almost no changes in the northern points of Haifa 
Bay. Some shift in wave direction is obtained mainly in points located within the approach 
channel. The above findings are related to wave refraction only, and do not include reflection by 
the marine structures. Wave reflection may increase wave heights (theoretically can be doubled) 
in the vicinity of marine structures, and may cause confusion for sailing. This is the situation 
with any marine structure and sailing out of the affected zone is a matter of good seamanship. 
Extreme wave analysis shows that the expected changes in wave significant height for all return 
periods computed using different distribution functions (Gumbel, Weibull, exponential) are less 
than 1%. 
 

 
Figure 1:. Plan view of the Haifa region. The coastline is shown in black and the projected facilities of the 
Haifa Port are indicated in red. Study area (“green line”) mentioned in EIA paragraph 1.1.3 is marked in 
green; the area of interest in terms of sediment transport modeling is marked in pink; and extended area 
required for numerical modeling is marked in blue. The coordinates are in meters on the New Israel Grid. 

 
 
Location of Strong Currents - In Haifa Bay, the major impact of the port is due to the 
construction of the lee breakwater (BW) and the new container terminal, and hence is noticed in 
the sheltered area, i.e. in the southern part of the bay, limited approximately by latitudes 
752,000N-753,000N (ING). For the major wave climate conditions (southern/southwest waves), 
the area sheltered by the new facilities with very slow flow velocities (less than 0.1 m/s) is larger 
for Layout A2. However, for northern/northwest waves (more rare events) some local whirlpools 
in the close vicinity of new terminal (just northward it) could be generated by strong wave events 
(significant wave height Hm0 larger than 2.5 m). For the present port, Layout A1 estimated 
current velocities in this place are less than 0.5 m/s. for all considered northern/northwest wave 
events (W06-W10). For Layout A2 and the same waves, the computed flow velocities within the 
500 m width narrow, near-shore strip located just downstream the lee BW of the new container 
terminal, are larger than 0.5 m/s, but do not exceed 1 m/s (Figure 2). 



 

 

 
Figure 2: Present (Layout A1) and projected (Layout A2) layouts of the Haifa Port. 

 
 
Erosion in the Vicinity of Marine Outlets - The results of the current investigation show that the 
regions affected by the Haifa Port main BW extension and the construction of the new container 
terminal are limited. Actually, among all the marine installations, located along the shoreline of 
Haifa Bay to which we were asked to refer, the 32” oil pipeline in Kiryat Haim, north of the 
planned terminal, is prone to the effects, which can be caused by the projected structures. The 
investigations performed clearly indicate that a near shore section of the pipe is exposed. The 
existing old pipe is not supposed to be taken away and can break due to strong erosion 
forecasted in this place. If no measures are taken, an expected coast retreat is about 50 m 
during 30-year period that corresponds to about 2 m erosion of seabed. An artificial sand 
nourishment to prevent this erosion can be of great importance to protect the region from 
adverse effects such as pipe break. Therefore, it is strongly recommended to execute this sand 
nourishment in order to keep the oil pipeline in appropriate conditions. 

 
Changes in Sediment Transport Patterns - The expected morphological changes in the Haifa Bay 
are estimated for a three-year period, while the coastline evolution is estimated for a 30-year 
period. The results of numerical modeling of two real extreme storm events (20.02.01 and 
21.01.07) show that the projected Haifa Bay Port construction (Layout A2) does not introduce 
significant bathymetric changes in Haifa Bay. The major changes are expected in the littoral 
zone downstream the projected container terminal. After three years of construction seabed 
erosion about 7.5 cm is expected in the proximity to the lee BW of the new container terminal, 
just northward it. Downstream the new lee BW some sand accretion is obtained along the 
shoreline. At water depths 5-7 m, sand is deposited close to the new facility, while seabed 
erosion up to 10 cm is noticed at the same water depths northward this place. For Layout A2, 
the extension of the main BW would lead to almost complete blocking of bypass toward Haifa 
Bay. The minor amount of sand bypassing the extended BW would partially spread at the large 
water depths of the bay and only ~600 m3/yr. could possibly reach the littoral zone of the bay.  

 
Coastline evolution - On one hand, construction of the new container terminal leads to the local 
coast retreat downstream the facility. On the other hand, the projected extension of the main BW 
is expected to reduce the bypass rates and, consequently, to probably cause beach erosion in 
the southern part of the bay since in this case there will apparently be no sediment transport to 



 

compensate the north-going transport. It is obvious that any marine installation or marine 
structure located within the region will be subject to the effects caused by the erosion and 
coastline retreat. In particular, this retreat can affect essentially the oil pipeline and can even 
threaten the Kiryat Haim Oil Storage Terminal. The same is appropriate in respect to the Kiryat-
Yam promenade which can be affected by this coastline retreat. In such conditions, some sand 
nourishment of about 30,000-40,000 m3/yr might be required in order to maintain the 
bathymetry as well as the coastline in reasonable conditions. In any case, permanent bathymetry 
and coastline monitoring, as well as inspection of marine structures and installations, are 
required in order to gain better insight to the morphological processes occurring downstream 
the new container terminal and, consequently, to undertake appropriate measures in the future, 
if necessary. 
 

 

3. Lessons learnt and/or recommendations  

 

The main outcome of the report was a detailed monitoring and coastal damages remediation 
plan, conducted by IPC and supervised by the Marine Environment Protection Division at the 
Israel Ministry of Environmental Protection. The port extension began in May 2015. During this 
2-year period, significant erosion was detected in Haifa Bay coastline, more severe than the 
report predicted. The division worked to ensure IPC would conduct two major beach 
nourishments in the magnitude of 70,000 m3 in 2016 and 185,000 m3 in 2017. 
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1. Brief Introduction  
 
Both Marine Strategy Framework Directive and EcAp programme for Barcelona 
Convention for the protection of the Mediterranean Sea (by Descriptor 7 (D7) and 
Ecological Objective 7 respectively), request an assessment of permanent alterations 
of the hydrographical conditions on marine ecosystems due to new constructions on 
the coast and marine installations and seafloor anchored structures starting from 
2012. Changes in the tidal regime, sediment transport, current or wave action, can 
lead to modifications of the physical and chemicals characteristics of coastal 
environment which in turn implies an impact on marine ecosystem. 
 
Environmental Impact Assessment (EIA) procedures in place take into account the 
overall impact of infrastructures on ecosystems, although a specific focus on a 
quantitative and sound linkage between alterations of the hydrographical conditions 
and coastal or marine environment conditions is still lacking. In this study, a 3D 
Hydrodynamics model (TELEMAC-3D) was implemented for the area of Port of 
Monfalcone in Italy, where work for deepening of the access channel and basin 
evolution of the port and the establishment of a small liquefied natural gas (LNG) 
storage, regasification and distribution terminal are planned. In order to estimate the 
impact on the coastal ecosystems, 3D Hydrodynamics model were coupled with D-
Water Quality and D-Ecology programmes (DELWAQ) and a specific monitoring 
programme to collect in-situ parameters was developed to calibrate and validate the 
model. Boundary conditions for the hydrological modelling were provided by 
Copernicus Marine Environment Monitoring Services – CMEMS 
http://marine.copernicus.eu/. 
 
 
2. Methodologies used for the collection and analysis of the data 
 
The area of Port of Monfalcone in Italy has been identified among sites where a 
national EIA procedure is on-going regarding future building of strategic marine and 
coastal infrastructures responsible for permanent changes to hydrographical 
regimes and physiographic characteristics. 
In particular, works for the planned small LNG storage, regasification and distribution 
terminal, will include: 

• DDredging for deepening seabed and channels; 

• CCreation of an enclosed and protected damper box protected by a dam for 
the reception of dredged sediments; 

                                                           
1 Project EcAp-ICZM founded by Italian Ministry of Environment. 

http://marine.copernicus.eu/


 

• RConstruction of a new quay equipped with structures and plants for laying, 
mooring and discharge/loading of methane vessels; 

• Extension of the existing flood dam; 
• Laying pipelines (cryogenic conduits, lines for return steam and conduits for 

fire water) connecting the dock and the LNG Terminal area; 
• Laying down the water supply and discharge pipelines to be used for the LNG 

regasification process; 
• Installation of the plant (storage, regasification and distribution); 
• Installation of the pipeline connecting to the regional transport network SRG. 

 
In order to assess impacts due to permanent changes to hydrological processes and 
physiographical characteristics, the following features are considered relevant: 

• Deepening seabed and channels; 
• Extension of the existing flood dam; 
• Pipelines for water supply and discharge for the LNG regasification process; 

 
Calibration and validation of the model has been done using in-situ monitoring data 
on n. 6 monitoring stations for particulates, dissolved and vertical profile parameters 
and n. 8 monitoring stations for sediments. Three monitoring campaigns were 
carried out on 02/03/2016, 21/04/2016 and 04/05/2017. N. 4 sea bottom and n. 2 
superficial sedimentary traps were installed and recovered on three different 
campaigns on 04/03/2016, 18/03/2016 and 10/04/2016.  Parameters on 
particulates phase were Particulate Organic Carbon (POC), Total Particulate Nitrogen 
(TPN), Chlorophyll a, Phaeopigments, Total Suspended Solids (TSS), stable isotopes 
of Carbon (13C) and Nitrogen (15N); on dissolved phase were Dissolved Organic 
Carbon (DOC), nitrite, nitrate, Dissolved Inorganic Nitrogen (DIN), Dissolved Organic 
Nitrogen (DON), Total Dissolved Nitrogen (TDN), orthophosphates, Total Dissolved 
Phosphorous, Chromophoric Dissolved Organic Matter (CDOM). Total Carbon, Total 

Nitrogen, Organic Carbon, stable isotopes of Carbon (13C) and Nitrogen (15N), were 
monitored in sediments and sedimentary traps while Total Dissolved Phosphorous 
only in sediments. Temperature, Salinity (Conductibility), Turbidity and Depth were 
measured by Idronaut probe on vertical profiles with steps separated by 20-30 cm. 
 
Current meters were installed on n. 3 monitoring stations, of which the first station 
was equipped with a current meter suspended at 3.5-meter depth, the second one 
with both suspended at 3.5-meter depth and at sea bottom and the third station only 
at sea bottom. 
 
River flows data relevant for the area have been provided by River Basin District 
Authority of Eastern Alps and ARPA FVG. The hydrological modelling has been forced 
by boundary conditions provided by the following products available on Copernicus 
Marine Environment Monitoring Services – CMEMS http://marine.copernicus.eu/ : 

• MEDSEA_ANALYSIS_FORECAST_PHYS_006_001 
• MEDSEA_ANALYSIS_FORECAST_BIO_006_006 

 
 
3. Results of the Indicator Assessment 
 
The calibrated 3D Hydrodynamics model (TELEMAC-3D) coupled with DELWAQ has 
produced a synoptic annual description of main hydrological process and 
biogeochemical parameters representative of ex-ante setting prior to the installation 
of LNG terminal coastal infrastructures (Figure 1). A simulation of the hydrological 

http://marine.copernicus.eu/


 

process with the new planned infrastructures has been carried on the area where 
significant and permanent changes of hydrological processes are foreseen has been 
identified along with its extension. 
 

 
Figure 1: A synoptic annual description of main hydrological process and biogeochemical 
parameters representative of ex-ante setting prior to the installation of LNG terminal coastal 
infrastructures, produced by 3D Hydrodynamics model (TELEMAC-3D) coupled with DELWAQ. 

 
 
4. Lessons learnt and/or recommendations 
 
The pilot project for the area of Port of Monfalcone in Italy, has highlighted the 
necessity for use of very high resolution and 3D hydrological modelling in order to 
capture significant changes in hydrological processes due to new planned coastal 
and marine infrastructures whose dimension usually ranges from 1 to 5 km. Such 
hydrological modelling requires very specific in-situ monitoring programmes to 
calibrate and validate their outputs and simulations with in-place new planned 
infrastructures are also required to estimate the extension of the area where 
significant and permanent changes to hydrological processes are to occur. A 
hydrological process change has been regarded as significant if it varies beyond its 
natural variability which can be assessed by long time series of data. In the area of 
Port of Monfalcone such long time series are available so this point did not represent 
a critical one for the project but this is not always the case. The forecast of potential 
impacts on seabed or water column habitat beyond the area where hydrological 
changes are foreseen to occur, is a challenging task and more specific and detailed 
studies along with improved biogeochemical modelling will be required to 
accomplish it.   
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