Environmental Impact Report for
Production Drilling, Production Tests, and
Completion — Leviathan Field

March 2016
Prepared for:
Noble Energy Mediterranean Ltd
Ackerstein Towers, Building D ~ hoble
energy

12 Abba Eben Boulevard
Herzliya Pituach, Israel 46725

Prepared by:

CSA Ocean Sciences Inc. A\
8502 SW Kansas Avenue c s A

Stuart, Florida 34997



r 2
CSA Ocean Sciences Inc.

ENVIRONMENTAL IMPACT REPORT FOR PRODUCTION
DRILLING, PRODUCTION TESTS, AND COMPLETION —
LEVIATHAN FIELD

CSA DOCUMENT NO. CSA-NOBLE-FL-16-2679-13-REP-01-FIN-REV02
NOBLE DOCUMENT NO. LEV-BU-NEM-EIA-RPT-0001

VERSION DATE DESCRIPTION PREPARED BY: REVIEWED BY: APPROVED BY:
01 08/2014 Initial draft for review N. Phillips N. Kraft N. Phillips
02 11/2014 Science review N. Phillips L. Reitsema N. Phillips
03 12/2014 Draft to client N. Phillips D. Fawcett N. Phillips
N. Kraft

Revised draft for

04 08/2015 client review prior to N. Phillips M. Halvorsen N. Phillips
. . N. Kraft
Ministry submittal

FIN 12/17/15 Final L. Reitsema L.Weekes D. Fawcett

FIN-REV 03/02/16 Final revised L. Reitsema D. Fawcett D. Fawcett
D. Fawcett

FIN- 3/10/16 Final revised 2 D. Fawcett D. Fawcett D. Fawcett
REV02 ) ' '

FIN- 3/25/16 Final revised 3 D. Fawcett D. Fawcett D. Fawcett
REV03 ) ' '

'The electronic PDF version of this document is the Controlled Master Copy at all times. A printed

copy is considered to be uncontrolled and it is the holder’s responsibility to ensure that they have the current
revision. Controlled copies are available on the Management System network site or on request from the
Document Production team.




EXECUTIVE SUMMARY

ES.1 INTRODUCTION

Noble Energy Mediterranean Ltd (Noble Energy) plans to conduct well drilling and completion
activities for gas and condensate production in the Leviathan Field offshore Israel. This
Environmental Impact Assessment (EIA) was prepared for the Ministry of National Infrastructures,
Energy and Water Resources (MNIEWR) and the Ministry of Environmental Protection (MoEP) in
accordance with the “Guidelines for Preparation of Environmental Impact Document for Production
Drilling, Production Tests and Completion — Development of Leviathan Field (Leases 1/14 and 1/15)”
dated 5 October 2014.

The Leviathan Field is located in the /15 Leviathan North and 1/14 Leviathan South leases
approximately 120 km off the coast of northern Israel (Figure ES-1) in the Mediterranean Sea at a
water depth of 1,540 to 1,800 m (Figure ES-2). The Application Area consists of the entire
Leviathan Field, including the water column, seafloor, subseafloor, and any proposed or future
drillsites within the field.

ES.2 PROJECT DESCRIPTION
Drilling and Completion Locations

Noble Energy’s development plan includes the drilling and completion of up to 29 wells for full field
depletion. The final number and locations of wells will be selected based on factors such as reservoir
performance, reservoir connectivity, development phases, production profile, shallow hazards, and
future appraisal. If a final well location is changed due to these factors, a revised map will be
submitted by Noble Energy.

Eight wellsites were selected for the initial drilling and completion activities (Figure ES-2). Noble
Energy plans to drill and complete six new wells (Leviathan-5 through Leviathan-10), drill a second
sidetrack (ST02) of the existing Leviathan-3 well, and complete the existing Leviathan-4 ST01
sidetrack well for a total of eight early producers.

Drilling Rigs and Schedule

Two drilling rigs will be needed to conduct the initial drilling and completion operations. One rig will
drill the wells, and the second rig will perform the well completions. Noble Energy has not selected
specific drilling rigs but plans to use a dynamic positioning (DP) drillship or DP semisubmersible.

The total time for drilling and completing the initial eight wells is estimated to be 556 days. Drilling
operations by the first drilling rig will require an estimated 480 days. The completion operations by
the second drilling rig will require an estimated 320 days. There will be a period of approximately
236 days during which both drilling rigs will be operating in the Leviathan Field.

The drilling program will be supported by two supply vessels operating out of the port of Haifa.
Helicopter support will operate out of Haifa Airport.
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Figure ES-1. Location of the Leviathan Field, offshore Israel.
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Figure ES-2. Schematic locations of initial wellsites included in the Leviathan Field Development
Plan (final surface locations may change).
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Safe Drilling Practices and Qil Spill Contingency Plan
Best industry practice will be used during all drilling phases.

After each new well is drilled, it will be temporarily abandoned and secured with multiple barriers
pending completion operations by the second drilling rig. Temporary abandonment will be conducted
in accordance with MNIEWR guidelines.

Noble Energy’s Oil Spill Contingency Plan (OSCP) provides detailed information about the response
capabilities and methods that Noble Energy would use to minimize the potential for significant
impacts in the event of a spill. The OSCP includes the following elements:

e Procedures for assessing and monitoring an unintentional release and for predicting its movement
in the marine environment;

Identification of resources at risk;

Waste and debris removal and disposal procedures;

Dispersant use and monitoring plan;

Incident reporting and notification procedures;

Response team organization;

Required equipment, supplies, and services, and their availability; and

Training and exercise procedures.

The OSCP contains detailed information concerning three levels of incident response from local

(Tier 1), to regional (Tier 2), to national/international (Tier 3). This classification is in alignment with
the IPIECA (formerly International Petroleum Industry Environmental Conservation Association)
Guide to Tiered Preparedness and Response.

Drilling and Completion Discharges

Noble Energy plans to drill the new wells (Leviathan-5 through Leviathan-10) using a combination of
water-based mud (WBM) and mineral oil-based mud (MOBM). For the two initial sections (before
riser installetion) WBM will be used and the rest of the drill will be completed by MOBM. The
Leviathan-3 sidetrack well (Leviathan-3 ST02) would be drilled with WBM only. Completion of the
Leviathan-4 ST01 well will not require additional drilling muds.

Noble Energy will conduct testing to verify that TCC-treated cuttings comply with the 1% retention
on cuttings limit in accordance with OSPAR Decision 2000/3. The analytical methodology will be

agreed upon with the MNIEWR. In addition, chemical testing of drilling muds will be conducted in
compliance with discharge permit requirements.

Other Discharges and Wastes

Other routine discharges from the drilling rigs will include sanitary waste, gray water, organic (food)
waste, cooling water, desalination brine, and deck drainage (runoff). All discharges will be consistent
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with best industry practice and in compliance with applicable standards including the International
Convention for the Prevention of Pollution from Ships (MARPOL).

All wastes will be handled and disposed of according to MARPOL and permit requirements. Wastes
that cannot be discharged overboard under MARPOL requirements will be shipped to authorized
waste disposal sites on shore in accordance with regulations. All hazardous chemicals will be handled
in accordance with the guidelines specified in their Safety Data Sheets, as integrated into the drilling
rig operator’s guidelines for handling hazardous materials.

Alternatives

Noble Energy evaluated well location alternatives and various technological alternatives, including
types of drilling rigs, drilling technology, the drilling mud program, and cuttings treatment
technology. Table ES-1 summarizes the location and technology alternatives evaluated by Noble

Energy.

Table ES-1. Summary of location and technological alternatives evaluated for the Leviathan Field
drilling and completion activities.

Subject Proposed Action Alternatives Evaluated and Ratings Reference
s : RATING: Acceptable
dNr(iJIt; ilggE:sgggIO;(;T:teiL%pgeJE f;agg'cvce'ﬁg?i ttr;]i Noble Energy considered alternate placement of wc_ells and larger
Leviathan Field. Eight well locations are and smaller total numbers of wells to develop the field. The
P number and location of initial wells were selected to satisfy early
proposed for the initial development. The . . . : : .
Well final number and locations of wells will be production needs, provide optimal drainage of gas, and provide  |Section 2.2
locations - reservoir surveillance. Table 2-2 summarizes the factors Section 3.2
selected based on factors such as reservoir considered. Initial well locations were selected based on the
serfolrmancet, rﬁservoir ccénn(te_ctivity,f_l interpretatibn of seismic and geophysical survey data as well as
Sﬁ;’ﬁ o?/ent:gga r% ;Zisd ?J?u rzcaf;raﬂrsy & resylts from previous explorgtory and appraisal wells in tt_le
region. Geohazards and environmental factors were considered.
Two drilling rigs are required (one for drilling T Moored Semisubmersible
and one for well completions). Due to the Dsirg{;&lgmgr(;:’bip RATING: Less Suitable
water depths in the Leviathan Field, Noble ) A moored semisubmersible .
Type of E lans t d icall itioned RATING: Acceptable Idbe | tical in th Section
drilling rig nergy plans to use a dynamically positioned |, oo drillship or would be less practical in these |55,
(DP) drillship or semisubmersible. Drilling semisubmersible can meet water depths and would create
rigs have not been selected but Noble Energy Noble Energy’s specifications additional environmental impacts
has issued detailed specifications. " |due to seafloor disturbance.
The initial drilling plan includes vertical and
sidetrack (directional) wells. The new wells
(Leviathan-5 through Leviathan-10) are
planned as vertical wells where possible but
directional where required to avoid shallow RATING: Acceptable
hazards. A directional pilot hole will be drilled [The design of individual wells was based on Noble Energy’s
Drilling to total depth, the rt_eservoi.r will be evaluated, |evaluation of.reser\./oirs anq is intended to satisfy _early prodqction )
technology and the wellbore will be sidetracked back to  |needs, result in optimal drainage of gas, and provide reservoir Section 3.2
vertical, offsetting the original wellbore, down |surveillance. Drilling technologies were selected based on Noble
to the top of the reservoir, as required. Key Energy’s experience as most suitable for the safety and efficiency
drilling technologies include rotary steerable |of the drilling program.
systems, polycrystalline diamond compact
bits, modular mud motors, near-bit sensors,
measurement while drilling, and logging while
drilling.
WBM and MOBM Combination:
RATING: Acceptable WBM Only:
Noble Energy plans to use a combination of  [This alternative will allow Noble Energy RATING: Less
water-based mud (WBM) and mineral to drill efficiently while maintaining Suitable
oil-based mud (MOBM). proper well control, rheological control, Using WBM Section
Drilling inhibition capability, and lubricity. The exclusively would be 233
mud MOBM system was selected based on its ||ogg efficient, extend Section
selection technical performance and environmental drilling time, and 3.7.2
characteristics. highly |\vould require the use Appendix G
refined product with low toxicity and very | 5¢ numerous specialty
low aromatic content; it is readily .
biodegradable and not expected to exhibit [c1emicals.
chronic toxicity to marine organisms.
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Table ES-3. (Continued).

Subject Proposed Action Alternatives Evaluated and Ratings Reference
Offshore Disposal
RATING:
Acceptable Cuttings Reinjection:
The proposed RATING: Not
offshore disposal Onshore Disposal Feasible
of TCC-treated RATING: Less |Reinjection requires a
cuttings to the Suitable dedicated well that has
Noble Energy proposes to discharge cuttings |ocean at the This would entail an |the ability to absorb
to the ocean at the drillsites. Cuttings from drillsites, subject |energy cost that the residual slurry.
Cuttings MOBM well iqtervals \_NiII be treated in a to MNIEWR quld add to the During drilling, such |Section
treatment thermomech_amcal _cumngs cleaner (TCC) on approval_, is the enwro_nmental wel_ls generally are not 2.3.3
and board_the drllllng rig to reduce the MOBM most effment foo@prlnt of the ) available be_cause they |Section
disposal retention on cuttings to less than 1% by dry  [alternative and project. The cuttings |need a continuous 3.7.2
weight in accordance with the effluent meets Noble would need to be flow of materialsto  |Appendix F
limitations used in the North Sea/OSPAR Energy’s disposed at the Ramat |[make them feasible.
region (OSPAR Decision 2000/3). environmental Havav. The cuttings |Additionally, high
goals by reducing (would contribute to  |solids content of
the retention on  [filling up the Ramat |injected material
cuttings to less Havav facility. makes it difficult to
than 1% in keep such wells
accordance with operational.
OSPAR
guidelines.
Detailed BOP specifications will depend on
the drilling rig. Noble Energy’s rig tender
included the following specifications:
1) minimum well control equipment rated at
Blowout [10,000 psi capacity; and 2) 18%-inch BOP RATING: Acceptable
preventer |system with dual annulars and four ram-type | The BOP specifications which were selected are based on best  |Section
(BOP) preventers. Noble Energy and the rig’s owner |industry practice and reflect Noble Energy’s commitment to 3.25
technology |will engage in a comprehensive inspection and [safety throughout the drilling program.
testing of the rig’s subsea BOP system to
ensure compliance with the U.S. Bureau of
Safety and Environmental Enforcement
(BSEE).
ES.3 DESCRIPTION OF THE CURRENT MARITIME ENVIRONMENT

The EIA describes the maritime environment of the Leviathan Field based on published literature

from the region and site-specific data from a background monitoring survey conducted in accordance
with guidelines issued by the MNIEWR and MoEP. A regional perspective was provided by
calculating Levantine Basin Baseline values for many of the parameters measured during the
Background Monitoring Survey. The Levantine Basin Baseline is the mean of all unaffected
(pre-drilling) samples from the region.

Meteorology, Air Quality, and Noise

The EIA uses regional data to describe representative meteorological conditions in the Leviathan
Field. Israel’s subtropical location generally brings long, hot, dry summers and short, cool, rainy
winters, as modified locally by altitude and latitude. Because the Leviathan Field is more than

100 km from the coastline and urban areas of Israel, air quality is expected to be good. The major
pollutant sources of anthropogenic origin in the Mediterranean region are located in central and
southern Europe, with minor contribution from North Africa and the Middle East. There are no
known special meteorological conditions that might cause conditions of dispersal that would give rise
to high air pollution concentrations in the Application Area.

The most likely dominant source of ambient underwater noise in the Leviathan Field is shipping.
Shipping noise is ubiquitous in the world’s oceans and is the dominant source of underwater noise at
frequencies below 300 Hz in many areas. The Eastern Mediterranean region is one of the busiest sea
routes in the world, with a number of high-volume port facilities and crowded shipping lanes.

March 2016
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Oceanography and Hydrography

The Leviathan Field is located in the eastern Mediterranean Sea, where the deepwater environment is
characterized by relatively high salinity, low turbidity, low nutrients, and high dissolved oxygen. The
yearly ranges for surface salinity and temperature in the eastern Mediterranean Sea are approximately
39.0to 39.5 and 17°C to 28°C, respectively. Salinity remains fairly constant with depth, while
temperature decreases with depth to 14°C to 17°C. The entire water column is well oxygenated; even
the deep waters (e.g., 1,000 m depth) have saturation values greater than 70% to 80%. Dissolved
oxygen concentrations generally range from approximately 4.8 mg/L at the surface, increasing to

5.4 mg/L through the surface-mixed layer, and gradually stabilizing to 4.1 mg/L for the remainder of the
water column to the seafloor. Hydrographic data collected during the Background Monitoring Survey
are consistent with and typical of deepwater conditions in the eastern Mediterranean Sea.

Seawater Quality

Based on the Background Monitoring Survey and data from previous surveys in the Levantine Basin,
seawater in the Leviathan Field has low nutrient concentrations, metal concentrations that are below
detection limits or below the relevant criteria and standards, concentrations of total petroleum
hydrocarbons (TPH) and polycyclic aromatic hydrocarbons (PAHSs) that are below detection limits,
and radionuclide concentrations that are below the U.S. Environmental Protection Agency (USEPA)
established maximum contaminant levels.

Sediment Quality

Sediment sampling was conducted at 79 stations in the Leviathan Field during the Background
Monitoring Survey. Sediment samples were analyzed for grain size, total organic carbon (TOC),
metals, hydrocarbons (TPH and PAHS), radionuclides, and polychlorinated biphenyls (PCBs). Data
are also available from previous surveys. The findings are summarized as follows:

o Seafloor sediments in the Leviathan Field are mainly clay and silt, except for sediments near two
previous wellsites (Leviathan-2 and Leviathan-4), which had higher percentages of sand.

e Sediment TOC concentrations were low and uniform (0.43% + 0.05%) throughout the Leviathan
Field.

e Concentrations of most metals (aluminum, arsenic, beryllium, chromium, copper, iron, mercury,
nickel, vanadium, and zinc) were within the upper 99% confidence limit of the Levantine Basin
Baseline.

e Barium concentrations were elevated near two wellsites due to barite, an environmentaly inert
substance that is used in drilling mud. Away from these two wellsites, barium concentrations
ranged from 113 to 375 parts per million (ppm) and were within the upper 99% confidence limit
of the Levantine Basin Baseline.

e Cadmium concentrations were slightly elevated at various locations throughout the field when
compared to the upper 99% confidence limit of the Levantine Basin Baseline. Elevated
concentrations near two wellsites may be due to drilling muds as cadmium is a component of
drilling mud barite. However, other areas of elevated cadmium concentrations were far from
drilling activities and patchy in distribution, indicating that at least some of the elevated values
may be due to natural variations.

o Lead concentrations generally were within the 99% confidence limit of the Levantine Basin
Baseline, with the exception of locations near two wellsites. Lead is a component of drilling mud
barite and has been found in cuttings, so its presence near the previous wellsites may be related to
drilling activities.

e Sediment TPH concentrations within the Leviathan Field ranged from 4.0 to 27.1 ppm and were
within the 99% confidence limit of the Levantine Basin Baseline.

Leviathan Field Development Environmental Impact Assessment March 2016
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e Total PAH concentrations within the Leviathan Field were 72.9 + 45.4 parts per billion (ppb)
(mean % standard deviation) and were within the 99% confidence limit for the Levantine Basin
Baseline.

o Radionuclide concentrations (radium and thorium) generally were similar to the Levantine Basin
Baseline concentrations, with all but one sample being within the upper 99% confidence limit.

o PCBs were not detected in the sediment samples analyzed from the Leviathan Field.

Geology and Geohazards

Water depth in the Leviathan Field varies from 1,540 m in the south to 1,800 m in the north. Seafloor
gradients average approximately 2° and locally increase to more than 15° on the flanks of seafloor
drainage channels and seafloor ridges. The seafloor in the Leviathan Field consists primarily of soft
sediments (clay and silt with localized sand). No rocky substrates or hard bottom outcrops were
observed within the survey area.

Gardline Surveys Inc. conducted an area-wide geohazard assessment of the Leviathan Field. That
assessment was one of the screening tools used by the Subsurface Team for early screening of well
locations. Subsequently, none of the locations proposed in the current study have significant
problems according to Gardline evaluations. With careful pre-screening of potential locations and
casing design, the potential issues noted in the geohazards assessment have been avoided during well
siting and the design of the drilling program.

Benthic Communities

Soft bottom assemblages are composed of biota (typically fauna in depths below the photic zone)
living within the sediments (infauna) and on the sediment surface (epifauna). Several studies have
documented the composition of these communities in the general area of the Leviathan Field. These
studies, as well as other Noble Energy surveys, have shown that infauna and epifauna generally are in
low abundance compared to nearshore environments. During the Background Monitoring Survey,
infaunal density averaged 107 individuals/m? and was generally within the 99% confidence limit of
the Levantine Basin Baseline. The dominant phyla were Annelida and Arthropoda, which composed
63.59% and 25.87% of the total fauna, respectively. No hard bottom outcroppings or deepwater coral
communities were observed during the visual survey of sites located within the Leviathan Field.

Marine Mammals, Sea Turtles, and Birds

There are no site-specific marine mammal data from the Leviathan Field. However, based on a
literature review, several marine mammal species may be present. Small cetacean species that are
considered regular species or visitors in the Levantine Basin include the common bottlenose dolphin
(Tursiops truncatus), short-beaked common dolphin (Delphinus delphus), Risso’s dolphin (Grampus
griseus), rough-toothed dolphin (Steno bredanensis), striped dolphin (Stenella coeruleoalba), and
false killer whale (Pseudorca crassidens). Large cetaceans that are considered regular residents or
visitors in the Levantine Basin include the fin whale (Balaenoptera physalus), minke whale
(Balaenoptera acutorostrata), and sperm whale (Physeter macrocephalus).

There are no site-specific sea turtle data from the Leviathan Field. However, based on a literature
review, three sea turtle species are known to occur in the Levantine Basin: green turtle (Chelonia
mydas), leatherback turtle (Dermochelys coriacea), and loggerhead turtle (Caretta caretta). The
loggerhead and green turtles are listed as endangered by the International Union for Conservation of
Nature (IUCN), and leatherback turtles are listed as vulnerable. The hawksbill turtle (Eretmochelys
imbricata), a critically endangered species, also occurs occasionally in the Mediterranean Sea but
would not be expected within the Levantine Basin.

There are no site-specific bird data from the Leviathan Field. However, the Mediterranean is home to
several hundred bird species, many of which could occur in the area. This discussion includes
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seabirds as well as migratory birds that pass through the area. Because the Leviathan Field is more
than 100 km offshore, the avifauna is likely to consist mainly of pelagic seabirds — those that spend
most of their life cycle in the marine environment, often far offshore over the open ocean. Examples
of pelagic seabirds native to Israeli waters include Cory’s Shearwater (Calonectris diomedea),
Leach’s Storm-Petrel (Oceanodroma leucorhoa), Sooty Shearwater (Puffinus griseus), and Yelkouan
Shearwater (Puffinus yelkouan). Other seabirds, including various species of gulls, terns, pelicans,
and cormorants, could occur in the Leviathan Field but are likely to be more abundant in coastal
waters.

Fishes, Fishing, and Marine Farming

The Mediterranean Sea supports more than 700 fish species. There are 636 marine fish species
reported from Israeli waters, including 582 natives and 54 introduced species. The distribution of
these species varies in relation to hydrography, physiography, and environmental factors over
multiple basins and ridges that shape the Mediterranean Sea. A broad pattern within the
Mediterranean Sea is that the number of species decreases from west to east. This gradient of
richness is thought to be correlated with gradients of increasing temperature and salinity and
decreasing productivity. The waters of the Levantine Basin are considered oligotrophic
(nutrient-starved) and do not support particularly rich fisheries.

No fishing areas are known within the Leviathan Field due to water depth and distance from shore.
Culture and Heritage Sites

Noble Energy contracted Geoscience Earth & Marine Services to conduct an archaeological
assessment in the Leviathan Field. The archaeological assessment delineated nine side-scan sonar
contacts that may represent possible cultural resources with potential archaeological significance. All
of the information about side-scan sonar contacts was submitted to the Marine Archaeology Unit at
Israel Antiquities Authority for further assessment and evaluation.

Coastal Habitats and Infrastructure

The Leviathan Field is located approximately 120 km from the shoreline and therefore, coastal
habitats are not within or near the Application Area. However, coastal habitats are relevant to the
extent that they could be contacted by an accidental spill. The EIA reviews the general distribution of
coastal habitats including shoreline sensitivities to oiling. Approximately 30% of the total shoreline
length is fine-grained sand beaches and this is the predominant type along most shoreline segments,
especially south of Haifa. Coarse-grained sand beach and mixed sand/gravel beaches account for
another approximately 18%. Rip-rap and other man-made shoreline structures account for
approximately 24% of the shoreline length and are predominant near Haifa, Tel Aviv, and Ashdod.

The shorelines of Israel include a variety of sensitive coastal areas, including national parks, bathing
and recreation areas, marine research centers, marine aquaculture facilities, and archaeological sites.
Coastal infrastructure includes ports, marinas, anchorages, power plants, and desalination plants. The
main ports within the region are Haifa and Ashdod, and there are smaller ports at Acre, Ashkelon,
Jaffa, and Tel Aviv. In addition to cities such as Haifa, Tel Aviv, Acre, Ashdod, Ashkelon, and
Netanya, there are numerous coastal villages along the potentially affected shoreline. These areas
serve coastal and marine-related tourism with lodging, restaurants, and other facilities.

ES.4 EVALUATION OF ENVIRONMENTAL IMPACTS

The impact assessment included routine activities and accidental events. The following aspects
(impact sources) and environmental resources were included in the analysis:
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Aspects (impact sources): Resources:

e Production testing; e Air quality;

e Seafloor disturbance; e Water quality;

o Dirilling discharges; e Sediment quality;

o Other discharges; e Benthic communities;

e Air emissions; e Marine mammals;

e Safety and protection zones; e Seaturtles;

e Noise hazards; e Seabirds and migratory birds;

e Light hazards; e Fishes;

e Waste and marine debris; e Fishing activities and marine farming;
e Well closure (temporary abandonment); e Culture and heritage sites;

e Support vessel traffic; e Marine transportation and

e Helicopter traffic; infrastructure; and

e Accidental fuel spill; and e Coastal habitats and infrastructure.
o Accidental condensate spill from well

blowout.

As part of the evaluation of impacts from routine activities, drilling discharges were modeled by ASA
using a representative location. The modeling was conducted using the MUDMAP model and the
input data included the proposed well intervals and discharge quantities, site-specific current data
from the Leviathan Field, and particle size data from Noble Energy for MOBM well cuttings treated
ina TCC unit.

Spill modeling was conducted by Dr. Steve Brenner of Bar-l1lan University using representative
locations. Two accidental spill scenarios were evaluated: a fuel spill and a condensate spill from a
blowout. The fuel spill scenario assumed an instantaneous release of 8,415.6 m? from the drilling rig.
The condensate spill scenario assumed a blowout resulting in the release of || il continuing for
a period of 30 days. Four representative seasonal time periods were modeled in accordance with
MNIEWR guidelines.

Table ES-2 summarizes the potential environmental impacts analyzed in this EIA. Each impact was
assessed using a risk matrix that combines the likelihood (probability) and consequence (severity) of
an impact. Each impact was assigned a color-coding rating of Low, Moderate, or High. The table
also lists mitigation measures to avoid or reduce impacts.

High Risk Impacts
No High risk impacts were identified in the evaluation from routine activities or accidental events.
Moderate Risk Impacts from Routine Activities

Drilling discharges are the only aspect of routine activities identified as having Moderate risk impacts.
Specifically, the impacts of drilling discharges on water quality, fishes, sediment quality, and benthic
communities were evaluated as Moderate.

Drilling discharges will produce intermittent turbidity that could extend up to a few kilometers from
each drillsite. Water quality impacts would be transient and would not persist for more than a few
hours after the discharges cease. Suspended cuttings in the water column could affect fish, plankton,
and other pelagic organisms, mainly due to the physical stress of particles rather than toxicity.
However, any ecological impacts are expected to be insignificant due to the low toxicity of the
proposed MOBM system, the low percentage of MOBM retained on cuttings (1% or less), and the
rapid dispersal of the suspended cuttings particles in the water column.
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Drilling discharges are likely to produce detectable, persistent impacts on the benthic environment in
a small area around each drillsite. Assuming an impact threshold of 6.3 mm for burial of benthic
organisms, the discharges are predicted to affect approximately 0.01 km? around each drillsite and
would extend approximately 65 m from the discharge point. The benthic communities around all of
the wellsites are expected to consist of soft bottom organisms. The Background Monitoring Survey
confirmed that there are no deepwater coral or other hard bottom communities present. Soft bottom
areas buried by cuttings eventually will be recolonized through larval settlement and migration from
adjacent areas. Recovery may require several years and depends on the nature of the indigenous
fauna, their tolerance to burial, life history characteristics (e.g., spawning and settlement
characteristics), and their relative abundance in the deposition areas.

Moderate Risk Impacts from Accidental Events

Both of the accidental spill scenarios (a fuel spill and a condensate spill from a blowout) were
evaluated as having several Moderate impacts. For the fuel spill, potential impacts on seabirds and
migratory birds as well as coastal habitats and infrastructure were rated as Moderate. For the
condensate spill, potential impacts on marine mammals, sea turtles, fishes, seabirds and migratory
birds, fishing activities and marine farming, and coastal habitats and infrastructure were rated as
Moderate. The condensate spill has the potential for greater consequences because of the extended
time period (30 days) for the spill event and the greater volumes of oil potentially reaching the
shoreline.

The Moderate ratings for potential impacts on coastal habitats, wildlife, and infrastructure are based
on simulation modeling that does not take into account any response measures to disperse a spill or
prevent it from reaching sensitive shorelines. The Leviathan Field is approximately 120 km from the
nearest shoreline and the modeling predicts the earliest landfall would be 7.5 days for a condensate
spill and 12 days for a fuel spill. Noble Energy expects that, in the event of a spill, most significant
impacts would be avoided (or the likelihood of impacts would be substantially reduced) through the
implementation of the response measures included in the OSCP.

Low Risk Impacts

All remaining impacts summarized in Table ES-2 are rated as Low risk. These include all impacts of
routine activities other than drilling discharges as well as impacts of accidental spills on air quality,
water quality, sediment quality, benthic communities, culture and heritage sites, and marine
transportation and infrastructure.

Table ES-2. Summary of potential impacts and mitigation.

(5]
3| 2| &
o < o
Aspectand | Resources Potential Impact Mitigation Sl 5| 3
Description Affected | 3| 2
— o - —
=41 8 7
@
Seafloor Disturbance
Sedl_ment Physical d_|srupt|on _and None recommended 30 1 3
quality resuspension of sediments. Low
Benthic - !_oqal_lzed burial _and crushing of None recommended 30 1 3
communities | individual organisms. Low
Seafloor -
disturbance . 305-m_ avmdance_zone for
Culture and Possible physical damage to potgntlal wreck sites and 31-m 4
heritage sites | wreck sites avoidance zone fqr othersonar | 2 | 2 Low
' contacts (actual distances are
more than 3.0 km away)
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Table ES-2. (Continued).
é:g:ﬁ;ﬁ:i Ff:fsfc:g:gs Potential Impact Mitigation E ;'; E
x| < =
= 8 2
@
Drilling Discharges
o Selection of low-toxicity
MOBM
- s o Use of TCC to minimize
Water quality; Turbidity within a few tens of MOBM retention on cuttings , 5
fishes Mmeters (o a few _kllometers of in accordance with the effluent 51 Mod
drilling rigs during discharges. L -
limitations used in the North
Sea/OSPAR region (OSPAR
Decision 2000/3)
o Selection of low-toxicity
MOBM
. : : o Use of TCC to minimize
Sediment Deposition of cuttings particles MOBM retention on cuttings . 8
. on the seafloor, causing changes - - 4| 2
quality in grain size and mineralogy in accordance with the effluent Mod
Drilling ' limitations used in the North
discharges Sea/OSPAR region (OSPAR
(treated Decision 2000/3)
cuttings) o Selection of low-toxicity
MOBM
Localized burial and smothering | e Use of TCC to minimize
of benthic organisms. Burial MOBM retention on cuttings ,
impacts are most likely within in accordance with the effluent
Benthic 61 to 65 m of drillsites. Anoxia limitations used in the North 4l 2 8
communities | and other benthic impacts may Sea/OSPAR region (OSPAR Mod
occur due to adhering MOBM Decision 2000/3)
and changes in sediment grain e Background monitoring survey
size. conducted to verify there are no
deepwater coral or other hard
bottom communities present
Culture and Possible burial or contamination | e 305-m avoidance zone for
. . X e 2| 2
heritage sites | of wreck sites. potential sites
Other Discharges
Sanitary
waste and
gray water,
organic Localized, transient impacts on
food waste, | Water quality; |water quality within a few meters | e Compliance with MARPOL 3| 1
cooling fishes to a few hundred meters of requirements
water, drilling rigs.
desalination
brine, deck
drainage
o Noble will operate in
accordance with guidelines
developed by IPIECA and
OGP (2010) to increase
awareness of AlS risks and to
Ballast Fishes; benthic | Potential introduction of alien prepare a}nd plan for, ".’“’O'd' 3|1
water communities | invasive species in ballast water. and monitor for SU(.:h |m_pacts
throughout the project life
cycle. Drilling rigs will have a
Ballast Water Management
Plan and be equipped with an
IMO-approved ballast water
management system
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Table ES-2. (Continued).

< | 8|
S| 8|
=
FEEBIENG | REETLIEES Potential Impact Mitigation = =
Description Affected T | 8 =
x| < =
= 8 2
@
Light Hazards
To the extent practicable without
compromising safety or work
Possible attraction of hatchlings | performance, lighting in open
Sea turtles resulting in exposure to deck areas will be shielded 3|1
Artificial discharges and predation. (oriented downward) to minimize
lighting on excess light emissions into the
drilling rigs environment.
and support . Possible attraction and/or
Seabirds and - L S
vessels miarator disorientation, including circling Same as above 3] 1
bir?lls y behavior and collisions with rig
structure.
Pelagic fishes Altraction to I_|ghts resulting n Same as above 3|1
exposure to discharges and noise.
Noise
Marine Behavioral responses such as
avoidance; potential for auditory | None recommended 3|1
. mammals :
Noise from masking.
drilling rigs, Behavioral responses such as
support Sea turtles avoidance; potential for auditory | None recommended 311
vessels, and masking.
helicopters Behavioral responses such as
Fishes avoidance; potential for auditory | None recommended 311
masking.
Vessel Traffic
Support Marine Short-term behavioral
vessgl mammals, dlsturbance; pc_)tentlal for a vessel None recommended 3] 1
traffic sea turtles to strike a marine mammal or sea
between turtle.
shore base
(Haifa) Fishing Potential interactions with fishing | e Provide Notice to Mariners in 3] 1
and drilling | activities vessels or gear. advance of proposed activities
rig(s)
Helicopter Traffic
Helicopter Marine
g:tf\r\;gen mammals; Short-term behavioral o Maintain recommended
sea turtles; disturbance of marine mammals, minimum altitudes when flying
shore base . S . - - 3|1
. seabirds and | sea turtles, or birds; potential for over sensitive coastal habitats
(Haifa) and - - . .
drilling migratory a helicopter to strike a bird. such as parks and preserves
. birds
rig(s)
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Table ES-2. (Continued).

& i~
FEEBIENG | REETLIEES Potential Impact Mitigation = =| =
Description Affected | 2| 2
= o=
g1 8 2
@
Marine Debris
o Noble Energy’s waste
management procedures and
Water quality: rig operator’s Garbage
sediment Potential accumulation of metal r'\:;r;erlr?ii?tek?; P(Iignvt\?g: for
quality; debris on the seafloor, with accidental Ioss of items 23| 1
Marine benthic - growth of fouling biota. overboard
debris communities o Post-drilling ROV survey to
accidentally ensure the seafloor is clear of
lost equipment and debris
overboard Marine  Noble Energy’s waste
mammals: management procedures and
sea turtIeS" _ _ _ rig operator’s Garbage
seabirds aﬁ d Potential entanglement; ingestion. M_ar]ag_ement Plan vx{lll 2-3| 1
migratory minimize the pote_ntlal for
birds accidental loss of items
overboard
Air Emissions
* Routine maintenance and
inspection of engines and
Air_ _ L_ocalized, transient eleyations in |, g%n;;a:tig:]sce with MARPOL
?:S:TS]S'O“S Air quality erriI?i%lg;u:izr?tgcrgggigtdzgzgz near Annex VI regulations including | 3 | 1
drilling rig emissions ' the use of low sulfur fuel and
' meeting the NOx emission
limits under Regulation 13 of
Annex VI
* Routine maintenance and
Air inspection of engines and
emissions L_ocalized, transient eleyations in |, g%n;;a:tig:]sce with MARPOL
from Air quality ar poIIutar_lt concentratlons along Annex VI regulations including | 3 | 1
support transportation routes; greenhouse
vessels and gas emissions. the use of low sulfur f.UEI. and
helicopters megtlng the NOx emission
limits under Regulation 13 of
Annex VI
Localized, transient elevations in . -
Air . . air pollutant concentrations near s Use pf_hl_gh-efflmency burner
emissions Air quality drilling rig: greenhouse gas Fo minimize air pollqtants from |3 | 1
from flaring emissions. incomplete combustion
during . o Use of high-efficiency burner
production Possible sheen on sea su_rface due to minimigze “fallout”yof oil
testing Water quality to f?lIIO_UI of (_iroplgts during droplets 2|1
flaring; localized impacts due to
(flowback) discharge of treated effluent o Treatment of effluent to meet
' standards prior to discharge
Safety and Protection Zones
Safety and | Fishing Exclusion of fishing vessels from | e Provide Notice to Mariners in 30 1
protection | activities buffer zone advance of proposed activities
zones
(500-m Marine » Provide Notice to Mariners in
buffer zone |transportation |Exclusion of other vessels from advance of proposed activities 2| 1
around system and buffer zone. o Use standard navigation
drilling infrastructure markings
rig(s)
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Table ES-2. (Continued).
5| E| £
o
FEEBIENG | REETLIEES Potential Impact Mitigation = =| =
Description Affected | 2| 2
c | B
g1 8 2
@
Accidental Spills
o evaporationof vlatle | * Spillprevention measures
Air quality hydrocarbons (mostly in first 24 * Drilling rig SOPEP 2|2
to 48 hours). * OSCP
Sheen or slick on water surface; | e Spill prevention measures
Water quality |elevated hydrocarbon e Drilling rig SOPEP 2| 2
concentrations in water column. | e OSCP
Potential impacts due to : :
Marine inhalation, ingestion, direct : SDp!::_prev_engngl)g;asures 9 2
mammals contact with skin, or ingestion of niing ng
fouled prey items. * OSCP
Potential impacts due to o Spill prevention measures
Fuel spill Sea turtles inhalation_, inge_stion,_direct_ o Drilling rig SOPEP 2| o
from the contact with skin, or ingestion of |e OSCP (including protection of
drilling rig fouled prey items. nesting beaches)
(8,415.6 m®) Seabirds and Potential impacts due to o Spill prevention measures
migratory inhalation_, ingestion, direct o Drilling rig SOPEP 2 3
birds contact with eyes or feathers, or | e OSCP (including protection of
ingestion of fouled prey items. coastal bird habitats)
Potential impacts due to direct o Spill prevention measures
Fishes contact with oil or ingestion of o Drilling rig SOPEP 2| 2
fouled prey items. e OSCP
[ )
Fishing Potential disruption_ o_f_fis.hing . gﬁ:::lggexznggggs asures
activitiesand | 4U¢ [0 response activities; | [ o5 i ding notification
marine potential contamination of flsh_lng orocedures and protection of 2| 2
farming areas or marine farn_1|ng areas if a fishing and marine farmi
spill reached shoreline. 9 In€ farming
areas)
o Spill prevention measures
o Drilling rig SOPEP
Potential contamination of culture | OSCP (including prot_ectlon of
Culture and and heritage sites (including coastal arcr_laeology sites)
heritage sites | coastal sites if spill reached ° 305-m_ avmdance_zone for 2|2
shoreline). potgntlal wreck sites; 31-m
Fuel spill avoidance zone fqr other sonar
from the contacts (actual distances are
drilling rig _ more than 3.0 km away)
(8,415.6 m®) :\r/lailrsmzrtation Potential disruption or rerouting | e Spill prevention measures
Continued. and P of ship traffic due to response o Drilling rig SOPEP 2] 2
infrastructure | 2CUVItIES: * OSCP
o Spill prevention measures
Coastal Potential contamination of o Drilling rig SOPEP 6
habitats and beaches, shorelines, parks, o OSCP (including protectionof | 2 | 3 Mod
infrastructure | preserves, marinas, ports, etc. coastal habitats and
infrastructure)
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Table ES-2. (Continued).

o | 8| ¥
o = =
o ) o
FEEBIENG | REETLIEES Potential Impact Mitigation = =| =
Description Affected T| 2 >
= =
g1 8 2
o4
Elevated VOC concentrations due
Air qualit to evaporation of volatile e Spill prevention measures 2| 2 4
quality hydrocarbons (mostly first 24to | e OSCP Low
48 hours).
Sheen or slick on water surface; « Spill prevention measures 4
Water quality |elevated hydrocarbon . OpS CIE 2| 2 Low
concentrations in water column.
. Physical impact to sediments . .
Ssg;irp ent within 300 m of blowout site; : g@gg revention measures 2| 2 ng
Condensate | 948" sediment contamination unlikely.
spill from a Physical impact to benthic
blowout . organisms within 300 m of . .
Benthic L : . e Spill prevention measures 4
( communities blowout site; benthic community o OSCP 2| 2 Low
for 30 days) impacts due to sediment
contamination are unlikely.
Potential impacts due to
Marine inhalation, ingestion, direct e Spill prevention measures 5| 3 6
mammals contact with skin, or ingestion of |e OSCP Mod
fouled prey items.
Potential impacts due to il .
inhalation, ingestion, direct * Spi prgventhn measure_s 6
Sea turtles contact with skin, or ingestion of ¢ OS?P (Ecluﬁmg protectionof | 2 | 3 Mod
fouled prey items. nesting beaches)
Seabirds and I_Dotentl_al |n_1pacts_due to e Spill prevention measures
miarator inhalation, ingestion, direct « OSCP (includina protection of | 2 | 3 6
bir?js y contact with feathers, or ingestion ; I(E)' duh Ib%a ! Mod
of fouled prey items. coastal bird habitats)
Potential impacts due to direct . .
. LN - e Spill prevention measures 6
Fishes contact with oil or ingestion of « OSCP 21 3 Mod
fouled prey items.
- Potential disruption of fishing e Spill prevention measures
Fishing due to response activities; e OSCP (includi tificati
activities and resp ctivities; (including noti ication 46
marine potential contamination of fishing | procedures and protection of 2 | 23 Mod
farming areas or marine farmlng areas ifa | fishing and marine farming
Condensate spill reached shoreline. areas)
spill from a e Spill prevention measures
blowout e OSCP (including protection of
( . A coastal archaeological sites)
Potential contamination of .
g;ns;?nﬂ%s) ﬁgrlitt:riiri]tde s heritage sites (including coastal | * SOf-n:_alvmdankce_tzor.les;or 2| 2 ng
9 sites if spill reached shoreline). potential wreck sites, 1-m
avoidance zone for other sonar
contacts (actual distances are
more than 3.0 km away)
Marine . Potential disruption or rerouting . .
transportation . . o Spill prevention measures 4
and of §h_|p traffic due to response « OSCP 2| 2 Low
; activities.
infrastructure
Coastal Potential contamination of : (S)Fgglf n_a;/gln t(qu:: miistg(:f% 0 of 6
habitats and beaches, shorelines, parks, ) |(r|1 b'l: tl g% ! 2 3 Mod
infrastructure | preserves, marinas, ports, etc. ?r?:lrz:tru;ulr:)s an
IMO = International Maritime Organization; MARPOL = International Convention for the Prevention of Pollution from
Ships; MOBM = mineral oil-based mud; OSCP = Oil Spill Contingency Plan; ROV = remotely operated vehicle;
SOPEP = Shipboard Oil Pollution Emergency Plan; TCC = thermomechanical cuttings cleaner;
VOC = volatile organic compound.
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CHAPTER 1: DESCRIPTION OF THE CURRENT MARITIME ENVIRONMENT

11 GENERAL

Noble Energy Mediterranean Ltd (Noble Energy) plans to conduct well drilling and completion
activities for gas and condensate production in the Leviathan Field offshore Israel. Noble Energy’s
development plan for the Leviathan Field includes the drilling and completion of up to 29 wells. The
final number and locations of wells will be selected based on factors such as reservoir performance,
reservoir connectivity, development phases, production profile, shallow hazards, and future appraisal.
Eight initial development drillsites have been selected and are evaluated in detail in this
Environmental Impact Assessment (EIA). However, this EIA is intended to encompass all future
drilling and completion activities in the field. Production facilities and operations are excluded, as
they will be covered in a separate EIA for the Leviathan Field Development.

The EIA was prepared for the Ministry of National Infrastructures, Energy and Water Resources
(MNIEWR) and the Ministry of Environmental Protection (MoEP, formerly the Ministry of the
Environment) in accordance with the “Guidelines for Preparation of Environmental Impact Document
for Production Drilling, Production Tests and Completion — Development of Leviathan Field

(Leases 1/14 and 1/15)” dated 5 October 2014 (Appendix A). A table comparing EIA sections with
the guideline requirements is presented in Appendix B. Preparers and their qualifications are listed in
Appendix C.

The EIA consists of five key chapters:

e Chapter 1: Description of the Current Maritime Environment. This chapter describes the
baseline environment, including site-specific data from the Background Monitoring Survey
conducted as required by the “Framework Guidelines for Preparation of a Background Monitoring
Plan for the Marine Environment Accompanying a License for Exploration Purposes —
Exploratory (Experimental) Drilling and Offshore Production.” The detailed survey report is
provided in Appendix D.

e Chapter 2: Reasons for Preference of the Location of the Proposed Plan and Possible
Alternatives. This chapter reviews alternatives considered by Noble Energy, including well
locations, technologies, and infrastructure for future production.

e Chapter 3: Project Description. This chapter describes Noble Energy’s drilling program,
including the schedule, drilling unit and support vessels, drilling mud program, well completion,
production testing, noise hazards, air quality, hazardous materials, discharges, wastes, and
abandonment plans.

o Chapter 4: Evaluation of Environmental Impacts. This chapter evaluates potential impacts on
the environment from routine activities and accidental events.

e Chapter 5: Proposed Guidelines for Plan for Preservation and Prevention of Harm to the
Environment. This chapter outlines environmental management and mitigation measures.

Literature cited is provided in Chapter 6, and supporting information is provided in the appendices,
which are referenced in text where appropriate.

1.2 BOUNDARIES OF APPLICATION AND AREA OF INFLUENCE

The Leviathan Field is located in the 1/15 Leviathan North and 1/14 Leviathan South leases
approximately 120 km off the coast of northern Israel in the Mediterranean Sea at a water depth of
1,540 to 1,800 m (Figure 1-1). The Application Area consists of the entire Leviathan Field, including
the water column, seafloor, sub-seafloor, and any proposed or future drillsites within the field.

Figure 1-2 shows eight initial drillsites where activities are proposed in this Application, including
two existing wells (Leviathan-3 and Leviathan-4) and six proposed new wells (Leviathan-5 through
Leviathan-10), the latter are shown with a 1-km radius around each drillsite because the locations are
not final.
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Figure 1-1.  Location of the Leviathan Field, offshore Israel.
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Figure 1-2.  Locations of eight initial wellsites included in the Leviathan Field Development Plan.

Leviathan-3 and Leviathan-4 are existing wells and locations are shown “as drilled.”
Leviathan-5 through Leviathan-10 are “new” proposed drillsites, and the final surface
locations may change within a 1-km radius, as shown. Contours show seabed depth.
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The Area of Influence of the Application includes the entire marine and coastal area that might be
affected environmentally as a result of routine operations or accidental events. For routine operations,
the Area of Influence is defined as the Leviathan Field and the support vessel route between the
Leviathan Field and the shore base in Haifa. For accidental events such as a spill, the Area of
Influence includes the eastern Mediterranean Sea within a box bounded by the following coordinates:
31°30” N to 35°45’ N latitude, 32° E to 35°30° E longitude. This box is based on the maximum
extent of spill trajectories estimated by the simulation modeling discussed in Section 4.3. The actual
area affected by a particular spill would be much smaller. As discussed in Section 4.3, the potential
shoreline impacts (depending on the season) range from Ashkelon, Israel to Chekka, Lebanon (north
of Beirut) as well as the southern coast of Cyprus.

13 MAPS

The Leviathan Field is located in the 1/15 Leviathan North and 1/14 Leviathan South lease areas
(Figure 1-1), hereafter referred to as Leviathan North and Leviathan South. The water depth and
distances from each drillsite to the nearest shoreline, Rosh Hacarmel, and Hadera are listed in
Table 1-1.

Table 1-1. Water depth of proposed drillsites in the Leviathan Field and distances from each
drillsite to the nearest shoreline, Rosh Hacarmel, and Hadera.

Well Name :;ET/?;SS Wate(:nli))epth . DIStanceRscf:r:n)a

Nearest Shoreline Hacarmel Hadera
Leviathan-3 fﬂ‘:‘ﬂf}iﬁ”ﬁg&‘;'em existing well 1,670 121.26 121.93 131.49
Leviathan-4 | Complete existing well (Leviathan-4 STO1) 1,619 122.93 123.63 130.54
Leviathan-5 | Drill and complete Leviathan-5 and 5 ST01 1,709 123.27 123.91 135.09
Leviathan-6 | Drill and complete Leviathan-6 and 6 STO1 1,626 122.49 123.19 130.61
Leviathan-7 | Drill and complete Leviathan-7 1,627 122.47 123.25 130.67
Leviathan-8 | Drill and complete Leviathan-8 1,619 122.60 123.57 130.47
Leviathan-9 | Drill and complete Leviathan-9 and 9 ST01 1,650 123.57 124.25 132.97
Leviathan-10 | Drill and complete Leviathan-10 1,649 123.62 124.30 133.03

o

Distances were calculated using WGS84 Universal Transverse Mercator (UTM) Zone 36N.

The Leviathan Field Development Plan includes a pressure reduction and metering platform (PRMP)
approximately 9.74 km from the nearest shoreline. The distance to shore from the PRMP is provided
as required in the Guidelines, but the PRMP is not part of this Application and is not discussed further
in this EIA.

Figure 1-3 presents a bathymetric map showing the Leviathan Field, proposed drillsites, existing and
proposed maritime boundaries, and shipping routes.

Existing maritime infrastructure within the Application Area includes four previously drilled wells
(Leviathan-1 through Leviathan-4) and one telecommunications cable (Figure 1-4). Two of these
wells (Leviathan-1 and Leviathan-2) are permanently plugged and are not part of Noble Energy’s
development plan in this EIA. Existing infrastructure is discussed in Section 1.11.

Figures 1-5 and 1-6 are regional maps of the Leviathan Field. Bathymetric maps and seafloor
morphology maps of each drillsite are presented in Figures 1-7 through 1-14. Noble Energy will
submit full size hard copies of the maps to accompany this EIA.

There is no mariculture or fish farming activity within 30 km of the Application Area, as discussed in
Section 1.12, and therefore a map of such activities is not required. Also, because the Application
Area is not located within 1 nmi of the coast, a map of the coastal zone is not required.
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Figure 1-3.  Bathymetric map showing the Leviathan Field and proposed drillsites relative to
regional maritime boundaries and shipping routes. Contours show seabed depth.
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Figure 1-6.  Seafloor morphology chart of the Leviathan Field (Adapted from: Gardline Surveys
Inc., 2015). Proposed new wellsite locations are preliminary; final well locations may

vary slightly.
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Figure 1-7.  Bathymetric seafloor morphology maps of existing Leviathan-3 drillsite with 2-km radius.
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Figure 1-8.  Bathymetric and seafloor morphology maps of existing Leviathan-4 drillsite with 2-km radius.

Leviathan Field Development Environmental Impact Assessment March 2016
Noble Energy Mediterranean Ltd 1-10
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001




Figure 1-9.  Bathymetric and seafloor morphology maps of proposed Leviathan-5 drillsite with 2-km radius. Wellsite location is preliminary; final well
location may vary slightly.
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Figure 1-10. Bathymetric and seafloor morphology maps of proposed Leviathan-6 drillsite with 2-km radius. Wellsite location is preliminary; final well
location may vary slightly.
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Figure 1-11. Bathymetric and seafloor morphology maps of proposed Leviathan-7 drillsite with 2-km radius. Wellsite location is preliminary; final well
location may vary slightly.
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Figure 1-12. Bathymetric and seafloor morphology maps of proposed Leviathan-8 drillsite with 2-km radius. Wellsite location is preliminary; final well
location may vary slightly.
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Figure 1-13. Bathymetric and seafloor morphology maps of proposed Leviathan-9 drillsite with 2-km radius. Wellsite location is preliminary; final well
location may vary slightly.
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Figure 1-14. Bathymetric and seafloor morphology maps of proposed Leviathan-10 drillsite with 2-km radius. Wellsite location is preliminary; final well
location may vary slightly.
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14 GEOLOGICAL, SEISMIC, AND SEDIMENTOLOGICAL CHARACTERISTICS

1.4.1 Geologic Setting
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1.4.2 Bathymetry and Seafloor Morphology

1.4.3 Shallow Stratigraphy
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Figure 1-15. Seismic line illustrating the shallow stratigraphy of the Leviathan Field (From:
Gardline Surveys Inc., 2010).
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1.4.4 Geohazards
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1.4.5 Seismicity
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Figure 1-16. Locations and magnitudes of historical earthquakes in the region (1979 to 2014)
relative to the Leviathan Field (Data from: U.S. Geological Survey, 2014).
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1.46 Sediment Grain Size

Seafloor sediment in the Leviathan Field consists primarily of clay and silt with localized sand
(mainly confined to the active channels mentioned previously). This interpretation is consistent with
video observations from the Background Monitoring Survey, indicating that the seafloor around the
proposed drillsites is smooth and relatively flat with sediments consisting primarily of clay and silt
(Appendix D). No sand waves were observed, which would indicate low current speeds near the
seafloor. No consolidated substrates (hard bottom features) were observed within the survey area.

Sediment sampling has been conducted within 117 grid cells in the Leviathan Field (Appendix D).
This includes 79 stations sampled during the Background Monitoring Survey, as well as stations
sampled near the Leviathan-1, Leviathan-2, Leviathan-3, and Leviathan-4 wellsites (Figure 1-17).
The Leviathan-2 and Leviathan-4 samples included post-drilling surveys. Seafloor sediment samples
were analyzed for grain size, discussed here, as well as other “sediment quality” parameters that are
discussed in Section 1.7.2.

Figure 1-18 summarizes the seafloor grain size distribution and sediment type within the Leviathan
Field. Except for post-drilling samples, samples consisted mainly of clay and silt and were classified
as silty clay according to the Shepard (1954) classification system. Post-drilling samples from were
affected by cuttings discharges, with higher percentages of sand and/or silt. The Levantine Basin
Baseline symbol on the figure represents the regional mean of pre-drilling samples and is the
representative “baseline” value.
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Figure 1-17. Sampling stations within the Leviathan Field, including stations sampled during the

Background Monitoring Survey, including previous drillsites and possible future
drilling locations. Contours show seabed depth.
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Figure 1-18. Particle size classifications (based on Shepard, 1954) for representative sediment
samples collected within the Leviathan Field Relative to the Levantine Basin Baseline
(mean of pre-drilling samples from the region).

15 HYDRODYNAMIC REGIME (PHYSICAL OCEANOGRAPHY)
1.5.1 Waves

Noble Energy is conducting wave and current observations in the Leviathan Field area (station

location: 33°02° N, 33°51’ E). The program is performed by ALS Environmental Sciences Inc.
(Victoria, BC, Canada). The following text and Table 1-2, adapted from Mudge and Lawrence
(2014), summarize the wave data from July 2011 to April 2014, divided into eight time periods:

July to November 2011,
November 2011 to February 2012;
February to May 2012;

May 2012 to August 2012,
August 2012 to January 2013,;
January to June 2013;

June to October 2013; and
October 2013 to April 2014.
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Table 1-2.  Exceedance of significant wave heights for Site LV1-12 in the Leviathan Field for eight periods from 26 July 2011 to 17 April 2014.
Significant Exceedance Exceedance Exceedance Exceedance Exceedance Exceedance Exceedance Exceedance
Wave Height July-Nov 2011 Nov 2011-Feb 2012 Feb-May 2012 May-Aug 2012 Aug 2012-Jan 2013 Jan-Jun 2013 Jun-Oct 2013 Oct 2013-Apr 2014
m) No. of | Percent of | No. of Percent of No. of Percent of | No. of Percent of No. of Percent of No. of [ Percentof | No. of Percent of No. of | Percent of
Waves Waves Waves Waves Waves Waves Waves Waves Waves Waves Waves Waves Waves Waves Waves Waves
0.00 2,420 100.0 1,913 100.00 2,539 100.00 2,197 100.00 3,288 100.00 3,287 100.00 2,920 100.00 4,294 100.00
0.25 2,418 99.9 1,913 100.00 2,466 97.12 2,197 100.00 3,262 99.21 3,220 97.96 2,920 100.00 4,225 98.39
0.50 2,125 87.8 1,856 97.02 1,949 76.76 1,896 86.30 2,671 81.23 2,752 83.72 2,755 94.35 3,395 79.06
0.75 1,206 49.8 1,526 79.77 1,406 55.38 999 45.47 1,597 48.57 2,164 65.84 2,122 72.67 2,323 54.10
1.00 491 20.3 1,182 61.79 992 39.07 314 14.29 908 27.62 1,568 47.70 1,189 40.72 1,593 37.10
1.25 195 8.1 1,035 54.10 740 29.15 33 1.50 612 18.61 1,159 35.26 559 19.14 1,014 23.61
1.50 112 4.6 888 46.42 584 23.00 0 0.00 504 15.33 839 25.52 238 8.15 680 15.84
1.75 64 2.6 689 36.02 501 19.73 0 0.00 410 12.47 544 16.55 100 3.42 482 11.22
2.00 32 1.3 538 28.12 426 16.78 0 0.00 325 9.88 356 10.83 31 1.06 304 7.08
2.25 16 0.7 438 22.90 365 14.38 -- - 289 8.79 215 6.54 7 0.24 177 412
2.50 11 0.5 362 18.92 314 12.37 - -- 251 7.63 143 4.35 0 0.00 110 2.56
2.75 5 0.2 294 15.37 244 9.61 -- -- 223 6.78 87 2.65 0 0.00 85 1.98
3.00 0 0.0 231 12.08 182 7.17 -- - 182 5.54 50 1.52 0 0.00 64 1.49
3.25 -- -- 174 9.10 128 5.04 - -- 160 4.87 29 0.88 - -- 50 1.16
3.50 - - 110 5.75 99 3.90 - - 131 3.98 17 0.52 - - 42 0.98
3.75 -- -- 66 3.45 86 3.39 - -- 94 2.86 11 0.33 - -- 35 0.82
4.00 - - 36 1.88 67 2.64 - - 77 2.34 2 0.06 - - 25 0.58
4.25 -- -- 22 1.15 57 2.24 - -- 50 1.52 0 0.00 - -- 11 0.26
4.50 -- -- 18 0.94 48 1.89 - -- 37 1.13 0 0.00 - -- 8 0.19
475 - - 10 0.52 38 1.50 - - 26 0.79 0 0.00 - - 3 0.07
5.00 -- -- 9 0.47 33 1.30 - -- 17 0.52 0 0.00 - -- 0 0.00
5.25 - - 9 0.47 24 0.95 - - 1 0.33 - - - - - -
5.50 -- -- 6 0.31 19 0.75 - -- 8 0.24 -- - - -- -- --
5.75 - - 3 0.16 12 0.47 - - 7 0.21 - - - - - -
6.00 - - 1 0.05 6 0.24 - - 5 0.15 - - - - - -
6.25 -- -- 0 0.00 1 0.04 - -- 2 0.06 -- - - -- -- --
6.50 - - - - 0 0.00 - - 0 0.00 - - - - - -
6.75 -- -- - - 0 0.00 - -- - -- -- - - -- -- --
7.00 - - - - 0 0.00 - - - - - - - - - -
2 Coordinates of the LV1-1 mooring: 33°01.838’ N, 33°51.447’ E.
-- indicates no waves exceeded the given significant wave height.
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July to November 2011: Most of the waves observed from July to November 2011 had significant
wave heights between 0.4 and 1.2 m and periods between 4 and 9 s. The largest waves occurred in
October when the significant wave height was 2.9 m, the maximum wave height was almost 6 m, and
the peak period ranged from 10 to 12 s.

November 2011 to February 2012: Most of the waves observed between November 2011 and
February 2012 had significant wave heights between 0.5 and 2.0 m and periods between 3 and 9 s.
The largest waves occurred in January when the significant wave height reached 6.0 m, the maximum
wave height was 11.6 m, and the peak period ranged from 10 to 12.4 s.

February to May 2012: Most of the waves observed from February to May 2012 had significant
wave heights between 0.5 and 1.5 m and periods between 4 and 7 s. Large wave events were short
lived, with the largest waves occurred in February when the largest significant wave height was 6.1 m.
The largest maximum wave height was 12.0 m and the peak period ranged from 10 to 12.4 s.

May to August 2012: Most of the waves observed from May to August 2012 had significant wave
heights between 0.4 and 1.2 m and periods between 3 and 8 s. The largest waves reached just less
than 1.5 m with a peak period of 9 s.

August 2012 to January 2013: From August 2012 to January 2013, 27% of the waves observed had
significant wave heights exceeding 1.0 m and more than 80% had periods between 3 and 8 s. Four
wave events had significant wave heights exceeding 4.0 m and the largest event had a significant
wave height of 6.2 m and a peak period of 10.5s.

January to May 2013: From January to May 2013, 48% of the waves observed had significant wave
heights exceeding 1.0 m and 49% had periods between 4 and 7 s. Six wave events had significant
wave heights exceeding 3.0 m and the largest event had a significant wave height of 4.1 mand a
period of 9.5 s.

June to October 2013: From June to October 2013, 41% of the waves observed had significant wave
heights exceeding 1.0 m and less than 1% had periods exceeding 9 s. Three wave events had
significant wave heights exceeding 2.0 m and the two largest events had significant wave heights of
2.4 m and 2.3 m with peak periods of 7.7 seconds and 8.7 seconds, respectively.

October 2013 to April 2014: From October 2013 to April 2014, 37% of the waves observed had
significant wave heights exceeding 1.0 m. Three wave events had significant wave heights exceeding
4.0m (5.0 m, 4.6 m, and 4.1 m) with peak periods of 9.5 s, 9.5 s, and 10.0 s, respectively.

Table 1-3 presents significant wave height distribution for a point near the Cyprus Coastal Ocean
Forecasting and Observing System (CYCOFOS) MedGoos-3 buoy (33°42’ N, 32°08’ E) between
July 2005 and February 2008. This station is located approximately 200 km west of the Leviathan
Field. Nearly all of the waves are less than 1.5 m in height, and wave direction was almost always
due east at this location (mean of 116°T, standard deviation [SD] of 53°) because of the strong
westerly winds. While wave height and direction vary daily across the Levantine Basin, these yearly
statistics can be regarded as representative values spatially and temporally for the entire basin
(Figure 1-19).
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Table 1-3.  Significant wave heights and their frequency of occurrence in the Levantine Basin during
the period from July 2005 to February 2008 based on data from the Cyprus Coastal
Ocean Forecasting and Observing System (CYCOFOS) MedGoos-3 buoy (33°42" N,

32°08’ E).
Wave Height Range! Frequency Percent
(m) (Occurrences over Period of Record)
0t0 0.25 91 1.52
0.50 1,132 18.95
0.75 2,183 36.54
1.00 1,388 23.23
1.25 565 9.46
1.50 261 4.37
1.75 140 2.34
2.00 69 1.15
2.25 52 0.87
2.50 21 0.35
2.75 14 0.23
3.00 10 0.17
3.25 11 0.18
3.50 4 0.07
3.75 7 0.12
4.00 11 0.18
4.25 9 0.15
4.50 6 0.10
4.75 1 0.02
Total 5,975 100

L Upper limit of bin.

270

180

15%

a0

Figure 1-19. Rose diagram for annual frequency of wave direction per 10° sector across the
Levantine Basin based on data from the Cyprus Coastal Ocean Forecasting and
Observing System (CYCOFQOS) MedGoos-3 buoy (33°42” N, 32°08’ E).
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1.5.2 Extreme Storms

The Eastern Mediterranean region lies between the subtropics and mid-latitudes, and cyclones that
develop in this area obtain significant energy from both baroclinicity and surface fluxes (Flocas et al.,
2010, 2011). Figure 1-20 shows the mean annual cycle of the number of storm tracks that pass
through the Eastern Mediterranean region, based on an analysis of storm data for the period 1962 to
2001. Storm tracks are most numerous from December to April. The occurrence of storms decreases
during the warm period, with a tendency to increase again in October. The maximum number of
cyclonic tracks over the area is observed in January (11.2% of the annual total) and March (10.3%).
The minimum number of tracks occurs in July (5.3%).

1000

800

Cyclones frequency

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 1-20. Mean annual cycle of the number of storm tracks that passed through the eastern
Mediterranean, 1962 to 2001 (From: Flocas et al., 2011).

Mandel et al. (2006) described winter in the Eastern Mediterranean region as
concomitantly/alternatively dominating or dominated by interconnected successions of Red Sea
Trough, Winter Lows, Polar Cyclones, and Siberian and Mediterranean subtropical anticyclones. The
northward and southward advance and withdrawal of the Red Sea Trough during 5 to 7 months of the
year (to the Intertropical Convergence Zone) and Persian Trough variability affect the large-scale
succession of the temporary cyclonic systems (i.e., Winter Lows, Cyprus Lows, and Sharav). The
Red Sea Trough conditions dominate during the winter, while Winter Lows and Cyprus Lows are less
prevalent.

During the summer, the Persian Trough is the dominant weather type, with subtropical anticyclones
dominating at upper levels. At daily intervals, the Persian Trough has the largest persistence, rarely
interrupted by other weather types. For example, the Sharav Cyclones, as temporary partners of the
Persian or Red Sea Troughs, have a horizontal scale of less than 1,000 km (Alpert and Ziv, 1989),
while the trajectory of Cyprus cyclones is more than 2,500 km, occurring 8 to 13 times per year and
lasting 5 to 7 days (Mandel et al., 2006).
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153 Currents
The Mediterranean Sea comprises three main water masses (Zavattarelli et al., 1995):

e The upper layer is called Modified Atlantic Water (MAW), having a thickness of 50 to 200 m and
salinity that changes from 36.2 near Gibraltar to 38.6 in the Levantine Basin. This layer moves
from west to east.

e The intermediate layer is called Levantine Intermediate Water (LIW), which is formed in the
Levantine Basin, at depths between 200 and 800 m, with temperatures of 13°C to 15.5°C, and
salinity of 38.4 to 39.1. This layer moves from east to west.

e The deep water layer is called Mediterranean Deep Water (MDW), which is formed in both the
western and eastern basins. In the eastern Mediterranean Sea, this layer moves from west to east.
The Eastern Mediterranean Deep Water (EMDW) is characterized by a temperature of 13.6°C and
a salinity of 38.7.

Within the Mediterranean Sea, the incoming Atlantic water is continuously modified by interactions
with the atmosphere and mixing with older surface waters and with the waters underneath. Along its
course, MAW is seasonally warmed or cooled, but overall its salt content increases and it becomes
denser. In autumn, in the northern parts of both basins, MAW remains at the surface. In winter, cold
and dry air masses induce marked evaporation and direct cooling of MAW, resulting in a dramatic
increase in its density, making it sink. This sinking occurs in a series of specific zones, generally
located in the northern parts of the basins, and is responsible for the formation of the deeper waters in
the Mediterranean.

The surface wind-driven currents in the eastern Mediterranean Sea are affected by the seasonal cycle
present in the wind-stress curl that induces a strongly seasonal barotropic circulation covering the
entire area. This seasonal gyre reverses from being cyclonic in winter to anticyclonic in summer. The
inclusion of baroclinicity, however, profoundly modifies the purely wind-driven, barotropic
circulation, eliminating the strong seasonality and the winter-to-summer reversal. For the Levantine
Basin, thermohaline fluxes are the driving force for surface currents (Malanotte-Rizzoli and
Bergamasco, 1991).

Rohling et al. (2009) provided an update of historical and current characterizations of the local
oceanographic processes offshore Israel.

Table 1-4 summarizes the minimum and maximum current speeds at the ALS Environmental
Sciences Inc. station for the period between January 2013 and April 2014. Figures 1-21 through 1-23
present compass rose plots of the directional distribution of currents at different depths from January
to June 2013.

January to June 2013: From January to June 2013, the currents were strongest in the upper 44 m of
the water column with a maximum observed current speed of 60.7 cm/s at 11 m depth. The mean
current at 11 m depth was 21.8 cm/s, and the mean decreased with depth to less than 10 cm/s at 200 m
and below.

There was a series of episodes of higher flows at 328 m depth from 24 to 29 April having a
periodicity of approximately 22 hours. The maximum speed of 24.4 cm/s was attained during this
period and is higher in magnitude than at the 266-m depth higher in the water column. A more
significant episode of high mid-water depth currents occurred at this depth in December 2011 in
which the currents reached 57.3 cm/s.
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Table 1-4.

Leviathan Field from January 2013 to April 2014.

Summary of mean and maximum current speeds (cm/s) at the LV 1-1? station in the

January to June 2013 June to October 2013 October 2013 to April 2014
Depth (m) | Mean Current | Maximum | Mean Current | Maximum | Mean Current | Maximum
Speed Current Speed Speed Current Speed Speed Current Speed
11 21.8 60.7 13.2 50.9 11.7 41.8
27 19.0 47.8 11.3 45.1 11.3 40.1
39 17.7 44.7 10.2 42.6 10.2 33.6
90 14.9 35.0 7.3 22.1 8.5 28.4
138 11.6 27.6 55 17.8 6.8 22.1
202 7.7 25.2 4.6 16.4 5.9 19.0
266 5.0 17.9 3.1 11.2 4.4 14.3
328 5.2 24.4 2.7 9.8 3.6 12.8
450 3.6 12.5 2.6 8.6 2.6 10.0
700 35 111 2.0 59 2.0 8.5
1,450 3.8 12.5 2.0 6.9 2.4 9.3

2 Coordinates of the LV1-1 mooring: 33°01.838’ N, 33°51.447" E.
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Figure 1-21.
and 39 m at Site LV1-1 (January to June 2013).

Compass rose plots of the directional distribution of currents at depths of 11 m, 27 m,
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Figure 1-22. Compass rose plots of the directional distribution of currents at depths of 90 m, 138 m,
202 m, and 266 m at Site LV1-1 (January to June 2013).
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Figure 1-23. Compass rose plots of the directional distribution of currents at depths of 328 m,
450 m, 700 m, and 1,450 m at Site LV1-1 (January to June 2013).
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Currents at depths above 266 m generally were directed toward the northeast and northwest. At
335 m depth and below to the near-bottom, the current was aligned along a west-southwest to
east-northeast axis.

The highest current speeds were directed toward the northwest and northeast at measurement depths
from 11 to 39 m. At 90 m and 138 m, the highest current speeds were toward the south-southwest; at
202 m, 266 m, and 335 m, the highest currents were toward the northeast, northwest, and
west-northwest, respectively. From 450 m to the near-bottom (13 m off the seafloor), the highest
current speed was toward the east-northeast.

June to October 2013: From June to October 2013, the currents were strongest in the upper 38 m of
the water column with a maximum observed current speed of 50.9 cm/s at 10 m depth. The mean
current at 10 m depth was 13.2 cm/s, and the mean decreased with depth to less than 10 cm/s at 86 m
and below. The maximum current decreased with depth in the water column until the near-bottom,
which had a maximum slightly higher than the 1,450 m depth of 10.0 cm/s.

Currents at depths between 26 and 198 m generally were directed toward the northeast and northwest.
In the near-surface, the direction of currents was more distributed but with a slightly predominant
west-southwest/east-northeast axis. From 262 to 450 m depth, currents were not highly directional,
and below to the near-bottom, the current was more frequently towards the north. Overall, current
speeds were moderate during this time period and there were no unusual events. In the upper water
column, the maximum current was toward the north-northwest/northwest, but at other depths, the
directions were scattered.

October 2013 to April 2014: Between October 2013 and April 2014, the currents were strongest in
the upper 42 m of the water column with a maximum observed current speed of 41.8 cm/s at 10 m
depth. The mean current at 10 m depth was 11.7 cm/s, and the mean decreased with depth to less than
10 cm/s at 86 m and below. The maximum current decreased with depth in the water column until the
near-bottom, which had a maximum slightly higher than the 1,450-m depth of 11.8 cm/s.

The nearest surface instrument recorded the maximum current speed of 41.8 cm/s towards a southeast
direction at a depth of 10 m during the measurement period. The most frequently observed current
direction at this depth was toward the north and north-northeast, although there was not a strong
directionality to the currents over the full deployment period. The predominant current direction was
towards the north, northeast, and east at all depths; however, currents were not strongly directional
especially below 134 m. The direction of maximum current varied with depth. Overall, the current
speeds were moderate during this time period and there were no unusual events.

1.5.4 Winds

The Mediterranean Sea is located between the Westerlies and the Trade Winds. The wind regime is
dominated by the Westerlies in winter and the Trade Winds in summer. The surface atmosphere flow
field is characterized by subregional wind regimes, which are strongly dependent upon the interaction
of the Westerlies with the local orography during winter and the land-sea temperature contrast during
summer. The general wind direction is westerly during winter with a stronger northerly component
during late summer over the Eastern Mediterranean region (Pinardi and Masetti, 2000).

There is no known wind dataset representative of the Leviathan Field area. In the absence of an
observed dataset, wind data can be obtained from the output of a numerical atmospheric model. Data
were assessed from the National Center for Environmental Predictions (NCEP) Environmental
Modeling Center Regional Spectral Model provided by the U.S. National Oceanic and Atmospheric
Administration — Cooperative Institute for Research in Environmental Studies (NOAA — CIRES)
Climate Diagnostics Center. Wind speed and direction data at a 10-m height from the NCEP model
grid location closest to the drillsite (approximately 50 km north-northwest) were obtained from the
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Climate Diagnostics Center data server for the 10-year period from January 1999 to January 2009 as
representative for the drillsite location.

Figure 1-24 shows annual and monthly wind roses developed from the NCEP model grid location.
Based on the NCEP dataset, the wind regime is characterized by predominant westerly winds
throughout most of the year (January through October) and varied winds in November and December.
Winds are generally moderate in speed, with mean monthly speeds of approximately 5 m/s. Overall,
strong seasonal variability is not evident in the wind data. Winter winds (December through
February) have higher maximum speeds than the remainder of the year, but mean wind speeds are
relatively comparable throughout the year.
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Figure 1-24. Monthly and yearly wind roses of National Center for Environmental Predictions Wind
Station 1685, January 1999 through January 2009.
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1.6 NATURE AND ECOLOGY

1.6.1 Benthic Communities

This area of the Levantine Basin is characterized by smooth, relatively flat soft bottoms. Sediments in
the Leviathan Field generally are composed of clay and silt (see Section 1.4.6). Soft bottom
assemblages are composed of biota (typically fauna in depths below the photic zone) living within the
sediments (infauna) and on the sediment surface (epifauna). Several studies have documented the
composition of these communities in the general area of the Leviathan Field (Kress et al., 1993; Galil
and Goren, 1994; Kroncke et al., 2003; Galil, 2004). These studies, as well as other Noble Energy
surveys, have shown that infauna and epifauna generally are in low abundance compared to nearshore
environments.

Data presented in this section are results of the taxonomic analysis of infauna from the Leviathan
Background Monitoring Survey and from previous surveys conducted by CSA in the Leviathan
blocks (CSA International, Inc., 2011, 2012; CSA Ocean Sciences Inc., 2013a,b, 2014a,b). A
summary of the composition of major infaunal phyla within the Leviathan Field is presented in
Table 1-5. The dominant phyla were Annelida and Arthropoda, which composed 63.59% and
25.87% of the total fauna, respectively. The phyla Mollusca and Platyhelminthes contributed
5.30% and 2.79%, respectively. The five most common taxonomic subgroups are presented in
Table 1-6. These five subgroups make up 49.4% of the fauna within the Leviathan Field. The most
abundant taxonomic subgroup was the arthropod Typhlotanais sp., accounting for 16.09% of the total
infauna. The other four most dominant subgroups were within Annelida: Notomastus sp.,
Polycirrinae, Scolelepis sp., and Prionospio sp.

Table 1-5. Density and percent composition of major infauna phyla within the Leviathan Field
sampling grids.

Taxonomic Subgroup | Density (individuals m?) | Infauna (% composition)
Leviathan Field

Annelida 68.24 73.78
Arthropoda 16.30 17.63
Cnidaria 0.03 0.03
Echinodermata 0.06 0.06
Mollusca 3.58 3.88
Nemertea 0.55 0.59
Platyhelminthes 1.19 1.28
Sipuncula 2.54 2.75
Total 92.49 100

Table 1-6. Total density and percent composition of total infauna for the five most abundant
taxonomic subgroups within the Leviathan Field sampling grids.

Phylum | Taxonomic Subgroup | Density (individuals m?) | Infauna (% composition)
Leviathan Field

Annelid Prionospio sp. 11.07 11.97
Annelid Spionidae 10.43 11.28
Annelid Notomastus sp. 9.51 10.28
Arthropod Typhlotanais sp. 6.94 7.50
Annelid Glyphanostomum sp. 6.41 7.06
Total 48.09

During the Leviathan Background Monitoring Survey, infaunal density was generally within the
99% confidence limit (CL) of the Levantine Basin Baseline, with the exception of the area
immediately surrounding Leviathan-2 and at a location in the western portion of the grid
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(Figure 1-25). The color scale in Figure 1-25 represents the density of infauna within a grid cell and
this correlates to the number of standard deviations above the Leviathan Basin Baseline for infaunal
density. For example, the yellow color indicates infaunal densities above 462 individuals per m? and
this is greater than 3.5 standard deviations above the Leviathan Basin Baseline.

Increased infaunal density around the Leviathan-2 wellsite was primarily due to the abundance of
members of the phylum Annelida (namely Prionospio sp. and Spionidae). Density of all annelids,
Prionospio sp., and Spionidae around the Leviathan-2 wellsite was 511, 169, and 184 individuals
per m?, respectively. Increased infaunal density around Leviathan-2 was likely due to the subsurface
discharge of formation sands covering the seafloor within 200 m of the wellsite during an
uncontrolled discharge event that occurred between July 2011 and August 2012. The depth of the
formation sand layer ranged from more than 3 m thick within 50 m and 2 cm thick within 200 m of
the wellsite. The formation sand was low in most metals and hydrocarbon concentrations, and
therefore was not considered toxic to marine life. The loose, large-grained formation sand likely
provided an excellent substrate for infauna colonization that was otherwise devoid of sharp pteropod
shell hash prevalent throughout the region. Increased infaunal density in the western portion of the
grid (the yellow circular area in Figure 1-25) was due to the arthropod Typhlotanais sp., which had a
density of 653 individuals per m? within that grid cell. There has been no development within this
area and it is likely that changes in density are due to natural variability.

Mollusk densities were generally low and uniform throughout the region and were not above the

99% CL of mollusk density of the Leviathan Field. The mean density of mollusks was 5.5 individuals
per m2. A family of the Platyhelminthes phylum (flatworm), Stylochidae, was found in patches of
relatively high densities in the northern (centered on B03) and southern (centered on J11) areas of the
Leviathan. The mean density of Stylochidae was low (3.19 individuals per m?) and ranged between

0 and 40.8 individuals per m2. Patches of relatively high densities of the phylum Sipuncula (peanut
worm) were found in the western portion of the Leviathan Field centered on 114 and B10. The mean
density of the phylum Sipuncula was 1.75 individuals per m?, ranging between 0 and 32.7 individuals
per m?,

Diversity indices for the Leviathan Field are summarized in Table 1-7. The number of taxonomic
subgroups throughout the region was low and below the 99% CL of the Leviathan Field mean,
averaging 7 + 3 taxa per grid cell (Figure 1-26). Taxonomic diversity, as calculated by the Shannon-
Weiner Diversity Index, was low to moderate throughout the region (1.6 + 0.5). There were no
locations within the Leviathan Field where taxonomic diversity was greater than the 99% CL
(Figure 1-26). This finding indicates that relatively few unique taxa were found throughout the
Leviathan Field. Pielou’s evenness was high indicating that all taxa within the region have
comparable numerical equality (i.e., low densities for most infaunal organisms).

Except for high densities of the Prionospio sp. around the Leviathan-2 wellsite, there was no apparent
visual pattern to organism density, composition, or diversity associated with the distribution of
existing wellsites within the Leviathan Field. Therefore, multivariate analyses were run to identify
any correlation between the environmental variables (trace metals, sediment grains size, total organic
carbon, and total petroleum hydrocarbons) and infaunal taxonomic composition. The subset of
environmental variables most highly correlated (Spearman’s rho=0.435) with the infauna similarity
matrix included % clay, barium, and copper (vanadium, nickel, and zinc). The permutation test for
this match was significant (999, permutations p=0.1%). The result of this test should be viewed as an
exploratory analysis identifying a subset of variables that correlated with the taxonomic composition
(similarity patterns) in the infauna matrix. The correlation is relatively weak (Spearman’s rho ranges
from O [no correlation] to 1.0 [perfect correlation]) and does not indicate a particularly strong
influence on the biotic assemblage.

Specific types of biological communities known as chemosynthetic communities have been
documented in the eastern Mediterranean Sea (e.g., Dimitrov and Woodside, 2003) and other
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locations worldwide. However, chemosynthetic communities have not been encountered in any
surveys conducted by Noble Energy in the Levantine Basin, including the Leviathan Field.

Several visual surveys were conducted for pre-drill studies within the Leviathan Field at the following
proposed or drilled wellsites: ML-1X, Leviathan-2, Leviathan-3, Leviathan-4, Leviathan-5, and
Leviathan Deep (CSA International, Inc., 2011, 2012; CSA Ocean Sciences Inc., 2013a,b). No

hard bottom outcroppings were observed during the visual survey of sites located within the
Leviathan Field. Hard bottom offshore Israel is most prevalent in shallower shelf waters at water
depths of 5 to 30 m and includes naturally occurring sandstone outcrops (Alder, 1985) and artificial
structures (Spanier, 2000). However, a deepwater hard bottom area was discovered in a water depth
of approximately 650 m west of Tel Aviv during a cruise by the R/V Nautilus (Bell and Fuller, 2011).
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Figure 1-25. Kriged densities (individuals per m?) of benthic infauna within the Leviathan Field.
Blue represents values that are within the 99% confidence limit of the Levantine Basin
Baseline (the mean of pre-drilling samples from the region). Two of the existing wells
shown (Leviathan-1 and Leviathan-2) are not part of the activities in this Application.
Proposed New Wellsite locations are preliminary; final well locations may vary
slightly. Contours indicate water depth in meters.
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Table 1-7. Mean (+ standard deviation) diversity metrics within the Leviathan Field grid cells.

Location

Number of Taxonomic Subgroups

Shannon-Wiener Diversity (H')

Pielou’s Evenness (J')

Leviathan Field

7+3

1.663 + 0.544

0.920

1.6.2

16.21

Marine Mammals

Marine Mammals, Sea Turtles, Birds, and Fishes

There are no site-specific marine mammal data from the Application Area. Regional sightings and
strandings data for marine mammals in the Mediterranean Sea have been reviewed and summarized
by Notarbartolo di Sciara and Birkun (2010) and Reeves and Notarbartolo di Sciara (2006). Kerem
etal. (2012, 2014) reviewed the status of cetaceans in the Levantine Basin and Israeli waters,
respectively. Based on these studies, Table 1-8 lists marine mammal species that may be present in

the Application Area.

Table 1-8. Marine mammal species potentially occurring in the Application Area based on Kerem
et al. (2012), ACCOBAMS (2012), and Notarbartolo di Sciara and Birkun (2010).

Common Name

Scientific Name

| IUCN Status® | Presence Confirmed in Israeli Waters

Regular Species (Levantine Basin)

Short-beaked common dolphin | Delphinus delphis LC Yes
Risso’s dolphin Grampus griseus LC Yes
Striped dolphin Stenella coeruleoalba LC Yes
Rough-toothed dolphin Steno bredanensis LC Yes
Common bottlenose dolphin Tursiops truncatus VU? Yes
Visitor Species (Levantine Basin)
Fin whale Balaenoptera physalus EN Yes
Minke whale Balaenoptera acutorostrata LC Yes
Sperm whale Physeter macrocephalus VU Yes
False killer whale Pseudorca crassidens DD Yes
Cuvier’s beaked whale Ziphius cavirostris LC Yes
Vagrant Species (Levantine Basin)
Indo-Pacific humpback dolphin | Sousa chinensis NT Yes
Humpback whale Megaptera novaeangliae LC No
Killer whale Orcinus orca DD Possibly
Other Vagrant Species (Mediterranean Sea)
Sei whale Balaenoptera borealis EN No
North Atlantic right whale Eubalaena glacialis EN No
Long-finned pilot whale Globicephala melas DD No
Dwarf sperm whale Kogia sima DD No
Sowerby’s beaked whale Mesoplodon bidens DD No
Blainville’s beaked whale Mesoplodon densirostris DD No
Gervais’ beaked whale Mesoplodon europaeus DD No
Harbor porpoise Phocoena phocoena LC No
Mediterranean monk seal Monachus monachus CR No

ACCOBAMS = Agreement on the Conservation of Cetaceans in the Black Sea, Mediterranean Sea and contiguous Atlantic

area.

L International Union for the Conservation of Nature (IUCN) status: CR = critically endangered; DD = data deficient;
EN = endangered; LC = least concern; VU = vulnerable.
2 The VU designation for bottlenose dolphins applies to the Mediterranean subpopulation.

Small cetacean species that are considered regular species or visitors in the Levantine Basin include
the common bottlenose dolphin (Tursiops truncatus), short-beaked common dolphin

(Delphinus delphus), Risso’s dolphin (Grampus griseus), rough-toothed dolphin (Steno bredanensis),
striped dolphin (Stenella coeruleoalba), and false killer whale (Pseudorca crassidens). Large
cetaceans that are considered regular residents or visitors in the Levantine Basin include the fin whale
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(Balaenoptera physalus), minke whale (Balaenoptera acutorostrata), and sperm whale (Physeter
macrocephalus). The humpback whale (Megaptera novaeangliae) and killer whale (Orcinus orca)
are considered vagrants in the Levantine Basin, along with the Indo-Pacific humpback dolphin (Sousa
chinensis), a Lessepsian migrant introduced through the Suez Canal. Several other marine mammal
species are considered vagrants elsewhere in the Mediterranean and their presence is not confirmed in
Israeli waters (Table 1-8). There is one report of a gray whale (Eschrichtius robustus) sighting
offshore Israel, but it is considered an extreme example of a vagrant species (Kerem et al., 2012).

Six of the species in Table 1-8 are listed by the International Union for Conservation of Nature
(IUCN) as either critically endangered (Mediterranean monk seal), endangered (fin whale, sei whale,
and north Atlantic right whale), or vulnerable (sperm whale and common bottlenose dolphin)
(International Union for Conservation of Nature, 2014). Of these, the common bottlenose dolphin is
the most abundant in the region and the only one that is a regular resident of the Levantine Basin
(Kerem et al., 2012). The fin whale and sperm whale are visitors, whereas the sei whale and North
Atlantic right whale are vagrants in the Mediterranean and are not reported from Israeli waters.

The Mediterranean monk seal (Monachus monachus), a critically endangered species, is the only
pinniped found in the Mediterranean region. The Mediterranean monk seal population is estimated at
approximately 350 to 450 surviving individuals, making it one of the world’s most critically
endangered mammals (International Union for Conservation of Nature, 2014). It is very unlikely that
monk seals will be present in the Application Area because they are extremely rare within waters
offshore Israel. A single monk seal was spotted off the coast of Herzliya in January 2010, the first
such sighting in recent decades. The last sightings of Mediterranean monk seals off Israel’s coast
prior to this event were 50 and 60 years ago.

Kerem et al. (2014) assessed the status of small cetacean species offshore Israel, including bottlenose
dolphin, short-beaked common dolphin, Risso’s dolphin, rough-toothed dolphin, and Cuvier’s beaked
whale. Abundance was not estimated for any of these species. Based on strandings and sightings
data, common bottlenose dolphin appears to be the most abundant. Rough-toothed dolphin is the only
Mediterranean cetacean species for which the Levantine Basin may be the critical habitat for the
subpopulation (Notarbartolo di Sciara and Birkun, 2010; Kerem et al., 2012).

According to Kerem et al. (2012), the common bottlenose dolphin accounts for 85% of all reported
marine mammal sightings and 60% of strandings. Although most of the sightings are in shallow
coastal waters, there have been sightings up to 30 km offshore, over water depths of approximately
1,300 m. As noted previously, the Mediterranean subpopulation has been listed by the IUCN (2014)
as Vulnerable. The justification for this status includes evidence of substantial incidental mortality in
fishing gear, overfishing of dolphin prey, habitat loss and degradation, disturbance by marine traffic,
and high levels of contamination by pollutants (Bearzi et al., 2012).

CSA Ocean Sciences Inc. (2014c) conducted a marine protected species survey as part of a
two-dimensional (2D) bathymetric survey offshore Israel from 29 September to 24 October 2014.
There were five marine mammal sightings during the survey period, and all were bottlenose dolphins.
No sea turtle or whale species were observed during the survey.

1.6.2.2 Sea Turtles

There are no site-specific sea turtle data from the Application Area. However, tracking studies
indicate that sea turtles could occur in the Application Area (Seaturtle.org, 2008). Three sea turtle
species are known to occur in the Levantine Basin: green turtle (Chelonia mydas), leatherback turtle
(Dermochelys coriacea), and loggerhead turtle (Caretta caretta) (Table 1-9). The IUCN (2014) lists
loggerhead and green turtles as endangered, and leatherback turtles as vulnerable. The hawksbill
turtle (Eretmochelys imbricata), a critically endangered species, also occurs occasionally in the
Mediterranean Sea (Camifias, 2004) but would not be expected within the Levantine Basin (Kot et al.,
2013).
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Table 1-9. Sea turtle species potentially occurring in the Application Area.

Common Name Scientific Name IUCN Status® Nesting in Israel
Loggerhead turtle Caretta caretta EN Yes
Green turtle Chelonia mydas EN Yes
Leatherback turtle Dermochelys coriacea VU No

1 JUCN status: EN = endangered; VU = vulnerable.

Loggerhead turtles and green turtles nest along the Israeli coast, with the loggerhead turtle being more
common. While the primary nesting grounds for the Mediterranean loggerhead turtle population are
located along the shores of Greece, Cyprus, and Turkey, the Israeli coast has historically provided
habitat for hundreds of nests. Nesting starts at the end of May for loggerhead turtles and in mid-June
for green turtles, continuing until the end of July and mid-August, respectively. According to data
from the Israel National Parks Authority, the number of loggerhead turtle nests was 98 in 2009, 132 in
2010, and 139 in 2011; and the number of green turtle nests was 17 in 2009, 10 in 2010, and 25 in
2011 (Levy, 2011).

1.6.2.3 Seabirds and Migratory Birds

There are no site-specific bird data from the Application Area. However, the Mediterranean is home
to several hundred bird species, many of which could occur in the area. This discussion includes
seabirds as well as migratory birds that pass through the area.

Seabirds. At least 38 seabird species are native to Israeli waters (Table 1-10). This includes

36 seabird species listed by BirdLife International (2014a), plus two others based on additional
information (International Union for Conservation of Nature, 2014; Palomares and Pauly, 2014).
Because the Application Area is more than 100 km offshore, the avifauna is likely to consist mainly
of pelagic seabirds — those that spend most of their life cycle in the marine environment, often far
offshore over the open ocean. Examples of pelagic seabirds native to Israeli waters include Cory’s
Shearwater (Calonectris diomedea), Leach’s Storm-Petrel (Oceanodroma leucorhoa), Sooty
Shearwater (Puffinus griseus), and Yelkouan Shearwater (Puffinus yelkouan). Other seabirds,
including various species of gulls, terns, pelicans, and cormorants, could occur in the Application
Area but are likely to be more abundant in near-coastal waters.

Two of the seabirds listed in Table 1-10 are Vulnerable according to the IUCN (2014) Red List. The
Yelkouan Shearwater is endemic to the Mediterranean basin, but its precise distribution is not well
known and numbers are disputed (Bourgeois and Vidal, 2008). The main breeding colonies are in the
central and eastern basins of the Mediterranean, from Corsica and Sardinia through the central
Mediterranean and into the Adriatic and the Aegean (International Union for Conservation of Nature,
2014). There is no reported breeding in Israel. The Dalmatian Pelican (Pelecanus crispus) breeds in
eastern Europe and east-central Asia; there is no reported breeding in Israel.

Several of the pelagic seabird species in Table 1-10 are listed in Annex Il of the Protocol Concerning
Specially Protected Areas and Biological Diversity of the Mediterranean (United Nations
Environment Programme, 2013) as endangered or threatened avifauna of the Mediterranean region.
These include Cory’s Shearwater, Slender-billed Gull (Larus genei), Mediterranean Gull

(Larus melanocephalus), Dalmatian Pelican, Great White Pelican (Pelecanus onocrotalus), Pygmy
Cormorant (Phalacrocorax pygmeus), Levantine Shearwater, Little Tern (Sterna albifrons), Lesser
Crested Tern (Sterna bengalensis), Caspian Tern (Sterna caspia), Gull-billed Tern (Sterna nilotica),
and Sandwich Tern (Sterna sandvicensis). Two of these, the Great White Pelican and Little Tern,
breed in Israel; their [IUCN status is “least concern.”

Annex Il also includes several shorebirds reported from Israel as listed in Table 1-11. The
Slender-billed Curlew (Numenius tenuirostris), is listed by the IUCN as Critically Endangered but is
considered a vagrant species in Israel and does not breed there. None of these species are likely to be
present in the Application Area.
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Table 1-10. Seabird species occurring in Israeli waters (Adapted from: BirdLife International,

2014a).
Common Name Scientific Name IUCN Status! i |n2 Breedlng n
Annex 1l Israel
Cory’s Shearwater Calonectris diomedea LC Yes --
Black Tern Chlidonias niger LC -- --
Caspian Gull Larus cachinnans LC -- --
Mew Gull Larus canus LC -- -
Lesser Black-backed Gull | Larus fuscus LC -
Slender-billed Gull Larus genei LC Yes --
Pallas’s Gull Larus ichthyaetus LC -- --
White-eyed Gull Larus leucophthalmus NT -- --
Mediterranean Gull Larus melanocephalus LC Yes --
Yellow-legged Gull Larus michahellis LC -- --
Little Gull Larus minutus LC -- -
Black-headed Gull Larus ridibundus LC -- -
Red-breasted Merganser Mergus serrator LC -- --
Northern Gannet Morus bassanus LC -- -
Leach’s Storm-Petrel Oceanodroma leucorhoa LC -- -
Dalmation Pelican* Pelecanus crispus VU Yes --
Great White Pelican Pelecanus onocrotalus LC Yes Yes
Great Cormorant Phalacrocorax carbo LC -- -
Pygmy Cormorant* Phalacrocorax pygmeus LC Yes --
Red Phalarope Phalaropus fulicarius LC -- --
Red-necked Phalarope Phalaropus lobatus LC -- --
Great-crested Grebe Podiceps cristatus LC -- --
Black-necked Grebe Podiceps nigricollis LC -- --
Sooty Shearwater Puffinus griseus NT -- --
Yelkouan Shearwater Puffinus yelkouan VU Yes --
Long-tailed Jaeger Stercorarius longicaudus LC -- --
Parasitic Jaeger Stercorarius parasiticus LC -- --
Pomarine Jaeger Stercorarius pomarinus LC -- --
Little Tern Sterna albifrons LC Yes Yes
Bridled Tern Sterna anaethetus LC -- -
Lesser Crested Tern Sterna bengalensis LC Yes --
Great Crested Tern Sterna bergii LC -- --
Caspian Tern Sterna caspia LC Yes --
Common Tern Sterna hirundo LC -- Yes
Gull-billed Tern Sterna nilotica LC Yes -
White-cheeked Tern Sterna repressa LC -- --
Sandwich Tern Sterna sandvicensis LC Yes -
Brown Boohy Sula leucogaster LC -- --

1 International Union for Conservation of Nature (IUCN) status: LC = least concern; NT = near threatened,;
VU = vulnerable.

2 Annex Il of the Protocol Concerning Specially Protected Areas and Biological Diversity of the Mediterranean
(United Nations Environment Programme, 2013).

3 Breeding in Israel based on BirdLife International (2014a) map viewer showing range and breeding locations.

4 Dalmation Pelican and Pygmy Cormorant are not listed as native to Israel by BirdLife International (2014a) but have been
added based on IUCN (2014) and their individual species descriptions on the BirdLife International website.
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Table 1-11. Shorebird species occurring in Israel that are on the Annex Il list.

Common Name Scientific Name Slt;g;ll chz:?:r!cez Brtla;:rdz;:g n
Kentish Plover Charadrius alexandrinus LC Native No
Greater Sand Plover Charadrius leschenaultii columbinus LC Native No
Pied Kingfisher Ceryle rudis LC Native Yes
White-throated Kingfisher | Halcyon smyrnensis LC Native Yes
Slender-billed Curlew Numenius tenuirostris CR Vagrant No
Osprey Pandion haliaetus LC Native No
Eleonora’s Falcon Falco eleonorae LC Native No

L International Union for Conservation of Nature (IUCN) status: CR = critically endangered; LC = least concern.
2 QOccurrence in Israel based on IUCN (2014).
3 Breeding in Israel based on BirdLife International (2014a) map viewer showing range and breeding locations.

Migratory Birds. Israel is well known as one of two major migratory pathways in the Mediterranean
region, with the other being Gibraltar. Research over the past decade has shown that approximately
500 million migrating birds fly over Israel’s narrow airspace (Leshem and Atrash, 1998). The
location is a “bottleneck” of the migration route for approximately 85% of the world’s White Stork
(Ciconia ciconia) population, many species of birds of prey, and most of the Paleartic population of
White Pelicans.

The Mediterranean lies along seasonal migratory pathways for several European and African species;
several species that breed in Europe over-winter in the Mediterranean basin. Autumn and spring are
the busiest times of the year for migrating birds. Many of the migratory species seasonally traverse
the expanses of Europe and Asia from the high Arctic to Africa and the Indian subcontinent.
Migrating shorebirds feed and reside in coastal areas along sandy beaches, embayments, shallow tidal
flats, and brackish ponds. Mudflats are the often the last refueling stopover for migratory birds
traveling from their Northern Hemisphere breeding grounds (Siberia, Russia) on their way to the
Southern Hemisphere wintering grounds before crossing the thousands kilometers of Arabian desert.
They also provide a respite for these flying migrants on their way back.

BirdLife International (2014b) lists 315 migratory bird species as occurring in Israel. Of these,
species listed by the IUCN (2014) as Endangered, Critically Endangered, or Vulnerable are: Basra
Reed-warbler (Acrocephalus griseldis), Greater Spotted Eagle (Aquila clanga), Eastern Imperial
Eagle (Aquila heliaca), Houbara Bustard (Chlamydotis undulata), Saker Falcon (Falco cherrug),
Northern Bald Ibis (Geronticus eremita), Marbled Teal (Marmaronetta angustirostris), Egyptian
Vulture (Neophron percnopterus), White-headed Duck (Oxyura leucocephala), Dalmatian Pelican,
Yelkouan Shearwater, Syrian Serin (Serinus syriacus), and Sociable Lapwing (Vanellus gregarius).

Of the 15 Important Bird Areas (IBAs) designated in Israel, two include coastal habitats (BirdLife
International, 2014c). The Zevulun Valley IBA within the coastal plain north of Haifa is largely
developed or agricultural, with fish ponds and some other small wetlands, including the marsh at Ein
Afeq (a nature reserve and Ramsar wetlands site), approximately 8 km south of Akko. The Carmel
Coast IBA is a 20-km strip along the Mediterranean coast, from Atlit south to the Taninim River
Nature Reserve. The site includes the Atlit saltpans (8 km south of Haifa), a large complex of fish
ponds at Ma’agan Mikhael and Ma’ayan Zvi (25 km north of Netanya), and some small islands off
Ma’agan Mikhael.

1.6.24 Fishes

The Mediterranean Sea supports more than 700 fish species (Froese and Pauly, 2014). There are
636 marine fish species reported from Israeli waters, including 582 natives and 54 introduced species
(Froese and Pauly, 2014). The distribution of these species varies in relation to hydrography,
physiography, and environmental factors over multiple basins and ridges that shape the
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Mediterranean. A broad pattern within the Mediterranean is that the number of species decreases
from west to east. This gradient of richness is thought to be correlated with gradients of increasing
temperature and salinity and decreasing productivity. The waters of the Levantine Basin are
considered oligotrophic (nutrient-starved) and do not support particularly rich fisheries.

The ichthyofauna is generally composed of species with Atlantic (75%) and cosmopolitan (20%)
origins (Golani, 2005). Important additions to this ichthyofauna are the numerous Indo-Pacific
species introduced through the Suez Canal (e.g., 54 introduced species in Israel, as noted previously).
This invasion is significant for local ecosystems as well as fisheries because several invaders have
become numerically dominant in some habitats.

Marine fishes may be broadly classified as either demersal (bottom dwelling) or pelagic (water
column dwelling). Demersal species can be further subdivided into soft bottom and hard bottom
species, depending on the type of substrate.

The regional ichthyofauna can be summarized based on surveys conducted by Galil (2004). A series
of 12 cruises were conducted between 1988 and 1991 to study the bathyal environment off the coast
of Israel (i.e., along the 1,500-m depth contour west of Dor). A total of 566 specimens from 31 fish
species was collected. Mediterranean spiderfish (Bathypterois mediterraneus) and roughtip grenadier
(Nezumia sclerorhynchus) were the most common, representing 38% and 27% of the specimens,
respectively. Cusk eels (Cataetyx laticeps), Sloane’s viperfish (Chauliodus sloani), and the
ubiquitous Mediterranean spiderfish were photographed at a depth of 2,900 m. Other fishes included
anglerfish (Lophius piscatorius), forkbeards (Phycis phycis and Phycis blennioides), ghost shark
(Chimaera monstrosa), a dragonfish (Stomias boa), and several unidentified hatchetfishes
(Sternoptychidae), scorpionfishes (Scorpaenidae), gurnards (Triglidae), and flatfishes (Bothidae and
Scophthalmidae). Several deep-dwelling shark species such as bluntnose sixgill shark

(Hexanchus griseus), blackmouth catshark (Galeus melanostomus), several gulper shark species
(Centrophorus spp.), Portuguese dogfish (Centroscymnus coelolepis), and velvet belly

(Etmopterus spinax) were recorded also.

A recent set of cruises by the R/V Nautilus was performed at depths of 650 to 1,600 m in 2010

(Bell and Fuller, 2011). Several species emerged as dominant, namely the wreckfish Polyprion
americanus and the tripodfish Bathypterois mediterraneus, which was the most common fish species
observed near the Application Area. Other fishes included shark (Centrophorus spp.) and skate
(Dipturus oxyrhinchus), the anglerfish Lophius piscatorius, the forkbeards Phycis phycis and

Phycis blennoides, the ghost shark Chimaera monstrosa, the dragonfish Stomias boa, and several
unidentified hatchetfish, scorpionfishes, triglids, and flatfishes.

The pelagic offshore environment includes both small and large pelagic fish species. Whereas small
pelagics tend to be more concentrated in shallow waters, larger pelagics may be found farther offshore
in blue water as well. Of the large pelagics, special note is warranted for Atlantic bluefin tuna
(Thunnus thynnus). Considered one of the most valuable fish species, if not the most valuable, it is
undergoing a commercial collapse. Bluefin tuna enter the Mediterranean Sea to spawn in spring.
Specimens caught in Israeli waters are almost always observed with ripe gonads. Other large offshore
pelagic fishes in the Levantine Basin include albacore tuna (Thunnus alalunga) and other scombrids
(e.g., Euthynnus alletteratus), dolphinfish, swordfish, sailfish, and pelagic sharks (e.g., hammerhead
shark, and blue shark, Prionace glauca).

Of the deepwater ichthyofauna, hake (Merluccius merluccius) is worthy of special mention. This
species, once caught by Israeli trawlers on the slope in hundreds of tons (Shapiro, 2007) has all but
disappeared in recent years either due to higher sea water temperatures or overfishing (Edelist et al.,
2010). Other deepwater species that show significant declines include the wreckfish (P. americanus)
and the Haifa grouper (Hyporthodus haifensis).
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1.6.3 Fishing Areas and Landings

No fishing areas are known within the Application Area due to water depth and distance from shore.
A brief summary of the regional fishing activities and areas is presented in the following subsections.

1.6.3.1 Commercial Fishing

The Mediterranean coastline of Israel has three main fishing ports — Ashdod, Jaffa, and Kishon
(Haifa), although many other landing sites, docking points, and marinas exist for inshore vessels.
Fishing is concentrated along the narrow continental shelf, which is 50 km wide along the southern
portions of the country and narrows to only approximately 15 km in the north. Fishing takes place
year-round over almost the entire continental shelf. Approximately 40% of fishing activity is
concentrated between Ashkelon and Jaffa, while another 40% is concentrated in waters between
Hadera and Akko.

Table 1-12 presents the composition of the Israeli fishing fleet, based on number of fishing licenses;
the table includes ports of origin, fishing method used, and vessel size. It is estimated that

300 inshore vessels, 40 purse seiners, and 20 trawlers exist in Gaza. However, the number of active
boats is actually about a one third of this total for inshore and purse seine (i.e., pelagic) fishermen, and
two thirds of this total for trawl fishermen (Shapiro, 2007).

Table 1-12. Characteristics of the Israel fishing fleet, including composition by port (anchorage),
gear, and vessel size (From: Shapiro, 2007).

e Gear Type Vessel Size (length)
Trawl Pelagic | Inshore Total <7m 7-11m | >11m

North of Akko -- -- 7 7 7 -- --
Akko -- 4 53 57 42 9 6
Haifa — Kishon 12 7 94 113 56 38 19
Haifa — Dor -- -- 38 38 37 1 --
Hadera — Tel Aviv -- -- 26 26 14 10 2
Jaffo 9 7 87 103 63 28 12
Ashdod and Ashkelon 10 1 61 72 43 17 12
South of Ashkelon -- -- 22 22 18 4 --
Total Mediterranean Sea 31 19 388 438 280 107 51

The Israeli commercial fishing industry generates approximately US$100 million per annum in
revenue and employs approximately 1,500 workers (Shapiro, 2007). The Mediterranean fish catch is
roughly 3,000 tons, generating approximately US$40 million annually. Most of the fishing in the
Mediterranean is in shallow water, in water depths up to 110 m. Fishing in both shallow and deep
waters has resulted in depletion of fish, fishing down the food web, elimination of predators, and
growth overfishing (species are becoming smaller). In an attempt to reduce the depletion of fish
stocks, fishing is controlled by the government, mostly through reduction of effort by freezing the size
of the fishing fleet and not allowing any new participants to join.

The catch profile of Mediterranean fishes landed in Israel is mixed, reflecting its multi-species nature.
Several species stand out as the most important for each fishing method. The trawl catch comprises
more than a dozen species groups, including shrimp, groupers, cephalopods and cartilaginous fishes,
and bony fishes (Sparidae, Carangidae). The most important inshore gillnet and trammel net species
are sharks and rays, mullets, and sparids (mostly marmoras and Diplodus spp.). Trachurus spp. and
sardines are the principal pelagic species (Food and Agriculture Organization of the United Nations,
2007) and groupers, amberjacks, scombrids, and sparids are the main target species of bottom
long-liners.
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Bottom Trawling

The otter trawl is a type of bottom trawler used by the Israeli fishing fleet. The mouth of the otter
trawl’s net consists of a ground-rope, often rigged with heavy steel chains, which drags along the
bottom, and headline-bearing floats to keep it as high as possible in the water. The mouth is pulled
open by large steel plates, called doors or otter boards, which push laterally as they are hauled through
the water, thus pulling the net mouth open. These doors are typically 50 to 70 m apart and can be
many meters in front of the net. These weigh up to 300 kg and almost always gouge plough marks in
the seafloor. Heavy ropes connect the doors to the net and create clouds of mud which help herd fish
into the net.

Trawling is responsible for more than half of the Israeli fishery yields in the Mediterranean. While
31 trawlers are registered and licensed in Israel, only 23 to 25 currently work regularly. The trawl
fleet, with vessels characteristically 14 to 25 m in length and displacing 30 to 300 gross tons, is
equipped with radar, global positioning system (GPS) devices, echo sounders, and hydraulic winches.
Many vessels in the trawling fleet are more than 30 years old (Shapiro, 2007).

Bottom trawlers fish within the territorial waters at depths ranging from 15 to 400 m, but most of the
fishing effort is concentrated in waters shallower than 50 m. Typical towing speeds are
approximately 3 knots and haul duration is approximately 3 hours in the daytime and 5 hours at night.
The entire fleet trawls approximately 120 to 150 km? of sandy and muddy bottom daily. Trawling is
practiced on a daily basis year-round.

The area south of Hadera is covered mostly by trawlers based in Ashdod and Jaffa ports, and more
than 95% of this fishing ground is concentrated on the continental shelf shallower than 110 m.
Vessels fish deeper in this area only in late winter when trawling for hake. Southern trawling is
always in a north-south orientation, parallel to shore.

Northern trawlers based in the Kishon tend to fish deeper, as the shelf is narrower. This fleet often
trawls in circular patterns over several depth strata. Greater depths of up to 400 m, especially north of
Shigmona, are reached when trawling for hake or red shrimp (Aristeomorpha foliacea). Fishing
regulations forbid the trawl fleet from fishing in depths less than 15 m and other regulations concern
minimum landing size of the commonest species but are rarely enforced.

Trawling is a multi-species fishery, with more than 40 species significantly contributing to catches.
The prominent commercial trawl fish species include shrimp (most notably the Lessepsian migrant
Kuruma prawn [Marsupenaeus japonicus]), goatfishes (Mullidae), and white grouper (Epinephelus
aeneus), which has become rare in recent years, all of which may be sold for US$35/kg. Cephalopods
and cartilaginous fishes (i.e., sharks, skates, rays) make up a significant portion of the catch, as do
bony fishes from the families Sparidae and Carangidae.

Trawlers usually fish for bottom fishes and cephalopods in the deeper strata during the daytime and
then approach shore to trawl for shrimps in shallow waters at night. Until 2005, there was a
well-established deepwater trawling fishery for hake and red and rose shrimps in depths between
150 and 500 m; however, recent declines in the hake stock caused this fishery to cease almost
completely and trawlers seldom venture beyond 150 m.

Pelagic Fishery

Purse seiners for pelagic fishes range in length from 10 to 12 m and are equipped with power blocks
and depth sounders. Twenty-eight purse seiners were registered in 2007, but many boats fished only
sporadically. The boats are berthed in the major ports of Jaffa, Kishon, and Akko (Food and
Agriculture Organization of the United Nations, 2007). The pelagic fishery reported a catch of

303 tons in 2007, valued at US$1.8 million, which is approximately 1.6% of the total catch

(Shapiro, 2007). The predominant species caught via this method are carangid jacks

(Seriola dumerili, Alepes djadaba, Caranx spp.), tuna and mackerels (Scomber japonicus,
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Scomberomorus commerson, Euthynnus aletteratus, Trachurus sp.), sardines (Sardinella aurita,
Sardina pilchardus, Dussumieria elopsoides), and anchovies (Engraulis encrasicolus).

Pelagic fishing has been declining since 2000. Pelagic stocks have undergone significant changes in
recent decades which have caused pelagic species such as sardines, anchovies, and mackerels to
decline sharply along the Israeli coast (Food and Agriculture Organization of the United Nations,
2007). The main reason for the decline in pelagic fishery landings is the installation of the Aswan
High Dam on the Nile in 1969. The presence of the dam, while controlling flooding in the lower
Nile River delta, also ended the annual floods that enriched coastal waters of the Eastern
Mediterranean region with nutrients and supported a large pelagic fishery in Egypt and Israel. This
fishery subsequently collapsed to its current level.

Inshore Fishery

It is estimated that 700 families earn their living directly and 500 families indirectly from the inshore
fishery. In 2007, the fleet of licensed fishing boats numbered 519 small vessels. It is estimated,
nevertheless, that less than 300 of these vessels fish on a full-time basis (Kerem and Edelist, 2008).
The inshore catch in 2007 was 760 tons (3.0% of the total catch) worth US$8.815 million (Shapiro,
2007).

Boats used in the inshore fishery land along the entire Israeli coast, either drawn up on the beaches or
in small-protected inlets, or in the major ports and marinas. The fishermen can switch between
gillnets and bottom or floating long-lines, depending on the availability of fish and the season

(Food and Agriculture Organization of the United Nations, 2007). Kerem and Edelist (2008)
estimated inshore fishery activity levels, noting that 50 long-liners deployed more than 50,000 hooks,
and 200 trammel and gillnetters deployed 50 to 100 km of nets while engaging in stationary gear
fishing. In recent decades, many bottom long-liners ceased fishing due to sharp declines in yield of
high-priced target species such as groupers (Epinephelus marginatus, Epinephelus aeneus) and
sparids (Pagrus spp.), which represent a main portion of revenues. Other species missing from
catches recently are deepwater demersal groupers and wreckfish, which were once very common.
The inshore fishery sector is more or less evenly spread along the Israeli coastline with aggregates
occurring around complex rocky bathymetry, such as sandstone ridges or sunken vessels. Inshore
fishermen dock (from south to north) at Zikim, Ashkelon, Ashdod, Palmachim, Jaffa, Herzliya,
Natanya, Olga, Caesarea, Jasser-A-Zarka, Dor, Shigmona, Kishon, Acco, and Naharyia.

1.6.3.2 Recreational (Sport) Fishing

Due to the distance from shore, recreational fishing is not expected in the Application Area.
However, recreational (sport) fishing does occur in coastal waters. Along with the increase in
population, as well as affluence, sport fishing in Israel has risen sharply in recent years (Kerem and
Edelist, 2008). Many amateur noncommercial fishermen fish along the Mediterranean coast of Israel
in a variety of manners:

e Scuba spear-fishing: Despite recent regulations banning this method and enforcement efforts, it is
estimated that several hundred divers still engage in scuba fishing.

e Free dive spear-fishing: Approximately 1,000 free divers engage in the sport of spear-fishing;

e Rod and line fishing: On a sunny day, up to 20,000 Israelis fish with rods from beaches.
Estimates for the total number of such anglers range between 50,000 and 300,000;

e Kayak fishing: Roughly 1,000 kayak owners fish along the Israeli coast; and

e Yacht and small craft fishing: Several hundred small boats engage in fishing along the coast.
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1.6.4 Coastal Habitats and Infrastructure

The Leviathan Field is located approximately 120 km from the nearest shoreline and therefore, coastal
habitats are not within or near the Application area. However, coastal habitats are relevant to the
extent that they could be contacted by an accidental spill (see Section 4.3).

Table 1-13 summarizes the coastal habitats and infrastructure along the shoreline of Israel. The
shoreline is divided into 24 segments according to Noble Energy’s Environmental Sensitivity Index
(ESI) Atlas. Approximately 30% of the total shoreline length is fine-grained and beaches (ESI = 3)
and this is the predominant type along 14 of 24 shoreline segments, especially south of Haifa.
Coarse-grained sand beach (ESI = 4) and mixed sand/gravel beaches (ESI = 5) account for
approximately another 18%. Rip-rap and other man-made shoreline structures (ESI = 6B or 8)
account for approximately 24% of the shoreline length and are predominant near Haifa, Tel Aviv, and
Ashdod.

The shorelines of Israel include a variety of sensitive coastal areas including national parks, bathing
and recreation areas, marine research centers, marine aquaculture facilities, and archaeological sites.
Coastal infrastructure includes ports, marinas, anchorages, power plants, and desalination plants. The
main ports within the region are Haifa and Ashdod, and there are smaller ports at Acre, Ashkelon,
Jaffa, and Tel Aviv.

In addition to cities such as Haifa, Tel Aviv, Acre, Ashdod, Ashkelon, and Netanya, there are
numerous coastal villages along the potentially affected shoreline. These areas serve coastal and
marine-related tourism with lodging, restaurants, and other facilities. The main tourist attractions
along the coast of Israel are bathing beaches, heritage sites, archaeological sites, nature reserves, and
national parks. Tourism and recreation in the nearshore waters and on the coast of Israel are spread
all along the coast from north to south. In nearshore waters, tourism is mainly based on marine
sporting activities and recreation. Water sports include mainly diving, surfing, and sailing.
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Table 1-13. Coastal habitats and infrastructure along the Israel coast. The coastline is divided into 24 segments as indicated in Noble Energy’s
Environmental Sensitivity Index (ESI) Atlas.

Coastal
Segment
No.

Coastal Area
(Point-to-Point)

Habitat Type
(Sandy/Rocky)

ESI Shoreline Types
and Lengths

Infrastructure

Major Streams and
Estuaries

Other Important Features

Israel-Lebanon Border to

Gesher Haziv

Sandy and rocky

1:1,214m
2:3,908 m
4:3551m
5:3,405m
6A: 99 m
7:97m
8:477m
9: 2,504 m

Marine aquaculture (upland)

Betzet Stream
Chziv Stream

Sandy beaches, swimming, fishing; Caverns (Rosh Hanigra);
Betzet Beach; Achziv National Park; Achziv Beach;
Offshore islands, including Achziv, Sgavion

Gesher Haziv to Shavei

Zion

Sandy and rocky

1:56m
2:1,900 m
4: 6,008 m
5:5,201 m
6B:1,811 m

7:27m

8:354m
9:1,159 m

Marine anchorage
Wastewater drainage pipe

Gaaton Stream
Beit Haemek
Stream

Achziv reef; Gali-Galil Beach; Sokolov Beach; Shavei Zion
Beach; Archaeological site

Shavei Zion to Acre

Sandy and rocky

1:1,989 m
2:4,177m
3:1,963 m
4: 4,566 m
5:2,779 m
6B:933 m
7:205m
8: 650 m

Wastewater drainage pipe

Yasaf Stream
Naaman Stream

Old Acre City Walls; Argaman Beach; Archaeological sites

Acre to Kiryat Yam

Sandy

1:142m
3:3,501 m
6B:16 m

Marine anchorage
Drain pipe

Zvulun Municipal Beach; Kan Municipal Beach; Confined
Area

Kiryat Yam to Haifa

Sandy and rocky

1:6,551 m
3:3,837m
6B: 7,112 m
8:10,340 m
9:2,241m

Kishon Port and Marina
Haifa Port (container, oil, chemical
terminals)

Fishermen anchorage

Kiryat Haim (North, Central, South) Municipal Beaches

Haifa to Tirat Karmel

Sandy and rocky

1:643m

2:951m
3:3,707 m
4:1,791m
5:2,336 m
6B: 3,568 m
8: 4,386 m

Haifa Port
Marine aquaculture
IOLR

Haifa Municipal Bathing Beach (including Bat Galim);
Carmel Beach; Zamir Beach; Dado Beach
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Table 1-13. (Continued).

Coastal
Segment
No.

Coastal Area
(Point-to-Point)

Habitat Type
(Sandy/Rocky)

ESI Shoreline Types
and Lengths

Infrastructure

Major Streams and
Estuaries

Other Important Features

Tirat Karmel to Megadim

Sandy

3:4,013 m
4:3,323m
5:993 m
6A: 363 m
7:47m
9:88m

Oren Stream

Bathing beaches

Megadim to Habonim

Sandy

1:4,381m
2:4,675m
3:3917m
4:204 m
5:958 m
6A: 28 m
7:59m
8:198 m
9:48m

Marine aquaculture (upland)

Nahal Mearot
Stream

Atlit Fortress; Neve Yam Beach; Habonim Beach;
Archaeological sites

Habonim to Ma'ayan Tsvi

Rocky and sandy

1:1,955m
2:5227m
3:5,807 m
4:730m
5:1,224 m
7:284m
9:1,722m

Anchorages

Dalia Stream

Archaeological sites; Nahsholim Beach; Dor (North, Central,
South) Beaches; Dor-Habonim MPA and national park;
Many inlets, bays, and abrasion platforms

10

Ma'‘ayan Tsvi to Or Akiva

Rocky and sandy

1:245m
2:805m
3:6,547m
4:645m
5:2,204 m
6B:501 m
7:1,143 m
9:579m

Marine aquaculture (upland)
Anchorages

Ma’agan Michael Beach; Jisr az-Zarga Beach;
Archaeological sites; Fishing

11

Or Akiva to Hadera

Sandy and rocky

1:457m
2:2,764 m
3:5135m
4:1,171m
5:1,894 m
6A: 158 m
6B: 2,389 m

7:142m
8:1,900 m
9:2,555m

Anchorages
Hadera-Orot Rabin Power Plant (offshore
anchorage)
Desalination plant/discharge pipeline
Municipal wastewater discharge pipelines

Hadera Stream

Caesarea Beach; Sdot Yam Beach; Bathing beaches; Kfar
Hayam Beach Resort; Giv’ at Olga (North, Central, South)
Beaches; Islands facing the beach
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Table 1-13. (Continued).

Coastal

Coastal Area Habitat Type ESI Shoreline Types Major Streams and
Se?\ln;ent (Point-to-Point) (Sandy/Rocky) and Lengths TS TS Estuaries i3 [Tge T (FeE IS
1:131m
2:2,783m
3:6,277m . . .
4:-357m Mikmoret (North, Central, South) Beaches; Beit Yanai
. 5:2,069 m Beach; Neurim Beach Resort; Alexander Stream National
12 Hadera to Beit Herut Sandy 6A: 750 m - Alexander Stream |5\ "nd Beit Yanai Beach Park; Long beaches under high
6B: 1,224 m calcareous sandstone cliffs
7:492m
8:657 m
9:88m
% %gg m Neurim Beach; Kiryat Sanz Beach; Four Seasons Beach;
13 Beit Herut to Netanya Sandy 3:7.828m Municipal wastewater d|§charge pipe and _ Herzl Beach; Zvulun Beach; Argz.iman Beach; Long _beach
5:2.400 m runoff drain u_nder calcareous sandstone cliffs; Two breakwaters in the
6B:1,020 m city beach; Hotels
% ‘5‘%% m Poleg Stream National Park; Poleg Beach; Long beach under
oy calcareous sandstone cliffs; The area between Poleg and
14 Netanya to Yakum Sandy and rocky é: %2‘3& m - Poleg Stream |~ ash is proposed as an MPA (extends to the end of the
7:149 m territorial waters)
2:4,330m
3 g%g m Ga’ash Beach; Nof-Yam (military); Apollonia National
15 Yakum to Herzliya Sandy 5: 350 m - - Park; Sidney Ali Beach; Sharon Beach; Acadia Beach;
6A 1.366 m Zvulun Beach
6B: 792 m
1:2,536 m
3:3,660m
5‘_‘ :13§§7mm Marina
16 Herzliya to Tel Aviv Sandy 6B: 2.680 m Anchorages -- Herzelia Beach; Bathing beaches
7- 6‘10 m Municipal wastewater discharge pipelines
8:5,957 m
9:417m
1:2,935m . . .
2:430m Multiple beaches (Sheraton, Hilton, Gordon, Frishman,
3:4,458 m Jaffa Port Bograshov, Trumpeldor, Jerusalem, Geula, Dophinarium,
17 Tel Aviv to Bat Yam Sandy 4:104m Promenades - Charles Klor. Givat Aliyah); Tel Aviv has 11 breakwaters;
6B: 6,509 m Municipal wastewater discharge pipelines Abrasion platforms are evident in south Jaffa; Multiple
7:355m beach hotels, resorts, seaside residences
8:3,230m
) Multiple beaches (Jerusalem, Le’dugma, Riviera, Marina,
3%'39§f7mm Bat Yam, Rishon LeZion); Abrasion platforms are evident in
18 Bat Yam to Gan Sorek Sandy and rocky 5 615 m -- -- Bat Yam and Rishon Le-Zion; Resorts, hotels, and seaside
6B: 335 m residence; Restricted military area (highly undisturbed area);
Sea turtles nesting observed

Leviathan Field Development Environmental Impact Assessment
Noble Energy Mediterranean Ltd
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03

March 2016
1-52
LEV-BU-NEM-EIA-RPT-0001



Table 1-13. (Continued).

Coastal

Coastal Area Habitat Type ESI Shoreline Types Major Streams and
Se?\lrgent (Point-to-Point) (Sandy/Rocky) and Lengths TS TS Estuaries i3 [Tge T (FeE IS
1:67m
3?:28337”:“ Palmachim Beach; Archaeological sites; Sea turtle nesting
19 Gan Soreq to Palmachim Sandy 4 647 m Municipal wastewater discharge pipelines Soreq Stream  |observed; Rubin Stream National Park; Palmachim Beach
5:889 m National Park
7:102m
6B: 3,474 m -
20 Palmachim to Ashdod Rocky and sandy 8:6,071 m Marlgwe aquaculture - Beaches; Eshkol Power Station
9:157 m rain pipes
35490 Ashdod Port
15,490 m
5:541m Desalﬁgtcigzrz?aent and Mey Ami Beach; Lido Municipal Beach; Oranim Municipal
. 6B:3,714 m : : : Beach; Kshatot Municipal Beach; 11" Beach; Archaeological
21 Ashdod to Nitsan Sandy and rocky 7:215'm discharge pipe Lakhish Stream site: Sea turtle nesting observed: Areas in industrial regions
8:6.907 m Coal harbor . . i
, - . - are reinforced with concrete; Fish cages 11 km offshore
9:158 m Municipal and industrial wastewater
discharge pipelines and runoff drain
Nizanim Beach; Long sandy beach backed by sand dunes;
22 Nitsan to Ashkelon Sandy 3:8,626 m -- Evtach Stream  |Nizanim Sand Dunes National Park/Nizanim Sands
Protected Area
] Natural gas receiving terminal
3él5é‘(‘)‘ésmm Crude oil port, coal harbor
23 Ashkelon to Zikim Sandy 6B-3.908 m IECAnchorage_ _ Bar Cochva Beach; Anchorages; Shimshon Beach; Pipeline
8:3.656 m power station landfall
9:235m Desalination plant and discharge pipe
Marina
24 Zikim to _IsraeI—PaIestmlan Sandy 3:4,237Tm -- Shikma Stream | Zikim Beach
Territory Border

ESI Shoreline Classifications: 1 — Exposed cliffs and rock walls; 2 — Exposed abrasion platforms; 3 — Fine- to medium-grained sand beaches; 4 — Coarse-grained sand to mixed sediment beaches;
5 — Irregular rock platforms or diverse formation beaches; 6A — Gravel or pebble beaches; 6B — Embankments and breakwaters; 7 — High-drainage estuaries or beaches with high biodiversity;
8 — Marinas, harbors, anchorages, or protected beaches; 9- Highly sensitive coastal or other areas.
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1.7 SEAWATER AND SEDIMENT QUALITY
1.7.1 Water Quality

1711 Hydrography

The deepwater environment of the eastern Mediterranean Sea is characterized by relatively high
salinity, low turbidity, low nutrients, and high dissolved oxygen (DO). The yearly ranges for surface
salinity and temperature in the eastern Mediterranean Sea are approximately 39.0 to 39.5 and 17°C to
28°C, respectively. Salinity remains fairly constant with depth, while temperature decreases with
depth to the range of 14°C to 17°C (Zodiatis et al., 2001). The entire water column is well
oxygenated; even the deep waters (e.g., 1,000 m depth) have saturation values greater than 70% to
80%. DO concentrations generally range from approximately 4.8 mg/L at the surface, increasing to
5.4 mg/L through the surface-mixed layer before gradually stabilizing to 4.1 mg/L for the remainder of the
water column to the seafloor (Krom et al., 2005).

CSA has conducted several environmental baseline surveys in the Levantine Basin offshore Israel
since mid-2011. Figure 1-27 shows seasonal hydrographic profiles for one station at the Leviathan-2
wellsite in 2011-2012. These are typical hydrographic profiles for the region, and Leviathan-2 is the
only station that provides seasonal data.
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Figure 1-27. Seasonal hydrographic profiles from the Leviathan-2 wellsite for a) temperature,
b) salinity, and c) dissolved oxygen. Comparison of autumn (black), summer (blue),
winter (red), and spring (green).
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During the Background Monitoring Survey, hydrographic data were acquired on 2 May 2014 at
five stations in the Leviathan Field in water depths between 1,550 and 1,730 m. Detailed methods
and results are provided in Appendix D. The results were typical of deepwater conditions in the
eastern Mediterranean Sea during early to mid-spring. As no significant differences were noted
between stations, Station FO5 (located near the center of the Leviathan Field), was selected as
representative. Hydrographic profiles from this station are shown in Figures 1-28 through 1-31.
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Figure 1-28.
survey area, collected on 2 May 2014.

Representative temperature and salinity profiles for Station FO5 in the Leviathan Field

5.0 55 6.0 6.5

Dissolved Oxygen (mg/L)

7.0 7.5

8.0

200 {EE IS
400 4t

600 4

Depth (m)

1200 -

1600 —

1000 -E EC T (LB W

1400 ooty SR

—— D.O. % saturation

70 80

90

Dissolved Oxygen (% saturation)

100

Figure 1-29. Representative dissolved oxygen profiles for Station F05 in the Leviathan Field survey

area, collected on 2 May 2014.
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Figure 1-30. Representative fluorescence and turbidity water column profiles for Station FO5 in the
Leviathan Field survey area, collected on 2 May 2014.
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Figure 1-31. Fluorescence water column profile for Station FO5 in the Leviathan Field survey area
collected on 2 May 2014. Each colored line represents a different time in day for the
survey area. Fluorescence, providing an estimate of phytoplankton biomass, was high
at shallow depths around midday (light blue line), followed by a deepening and
weakening later in the day.
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Temperature and Salinity

The hydrographic profiles conducted during the Background Monitoring Survey showed the first
signs of seasonal stratification in the upper surface waters (less than 200 m) (Figure 1-28). Water
temperature reached a maximum of 21.03°C at the surface, decreasing steeply through the permanent
thermocline, then slowly stabilizing and reaching a minimum of 13.72°C at a depth of 915 m, and
slightly increasing near the bottom to 13.85°C. Salinity was highest (39.32) at the surface and
decreased to a stable reading of 38.77 from the base of the permanent halocline to the bottom of the
water column.

The findings of the Background Monitoring Survey are consistent with CSA’s previous hydrographic
profiles from the region, which show that environmental conditions at depths below 200 m are fairly
uniform with temperatures of approximately 13.8°C, salinities of approximately 38.8, and DO
saturation at approximately 70%. At depths shallower than 200 m, differences in conditions are due
to seasonal effects such as warmer temperatures (28°C) and salinity stratification (39.5) during the
summer and cooler temperatures (17.5°C) and wind-induced mixing during the winter months.

Dissolved Oxygen

During the Background Monitoring Survey, DO concentrations were highest in the upper mixed layer,
with a maximum concentration of 6.98 mg/L and 98% saturation (Figure 1-29). Below the deep
chlorophyll maximum (DCM) at 95 m depth, due to the lack of photosynthetic activity, oxygen
followed seawater temperature, decreasing through the water column with a minimum of 5.45 mg/L
and 67% saturation at 576 m and a slight increase near the bottom to 5.74 mg/L and 70.6% saturation.

The findings of the Background Monitoring Survey are consistent with CSA’s previous hydrographic
profiles from the region, which show that environmental conditions at depths below 200 m are fairly
uniform, with DO saturation at approximately 70%. At depths shallower than 200 m, DO
concentrations are strongly affected by photosynthetic activity and vary diurnally and seasonally.

Turbidity

During the Background Monitoring Survey, turbidity was consistently low throughout the water
column ranging from 0.03 nephelometric turbidity units (NTU) at the surface to 0.19 NTU near the
bottom (Figure 1-30). These findings are consistent with CSA’s previous hydrographic profiles from
the region.

Fluorescence

During the Background Monitoring Survey, fluorescence (an indicator of phytoplankton biomass) was
highest in the photic zone (less than 200 m), with a DCM at 95 m (Figure 1-30). Data collected at
different times throughout the day showed a pattern of diel vertical migration of phytoplankton in
response to changing light intensities (Figure 1-31). Fluorescence was high in shallow depths at
midday, reaching a maximum value of 0.98 mg/m? at the DCM, where the combination of nutrients
and light are sufficient for photosynthesis. Later in the day, fluorescence values declined and the
highest values were deeper in the water column.

The findings of the Background Monitoring Survey are consistent with CSA’s previous hydrographic
profiles from the region. At depths shallower than 200 m, fluorescence is strongly affected by light
intensities, varying diurnally and seasonally.

1.7.1.2 Seawater Quality
CSA has conducted several environmental baseline surveys in the Levantine Basin offshore Israel

since mid-2011. Based on these surveys and peer-reviewed literature, seawater in the region has the
following characteristics:
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e Very low nutrient concentrations;

e Metal concentrations that are below detection limits and/or below the relevant criteria and
standards;

e Concentrations of total petroleum hydrocarbons (TPH) and polycyclic aromatic hydrocarbons
(PAHS) that are below detection limits; and

o Radionuclide concentrations that are below the U.S. Environmental Protection Agency (USEPA)
established maximum contaminant level.

During the Background Monitoring Survey, water quality sampling was conducted at five stations in
the Leviathan Field, and an additional near-bottom water sample was collected at the proposed
floating production storage and offloading (FPSO) location. Detailed methods and results are
provided in Appendix D. The following subsections present values by station for each of the
examined parameters and a calculated mean and SD for each depth. The tables in each subsection
also list the mean and SD for the Levantine Basin Baseline, which is calculated from all baseline and
pre-drilling sampling conducted by CSA offshore Israel.

Total Organic Carbon

Total organic carbon (TOC) in the form of carbohydrates, oils, proteins, and amino acids is a natural
component of the water column in the marine environment typically resulting from the mineralization
of organic matter and biological activity. During the Background Monitoring Survey, TOC
concentrations near the surface averaged 0.86 + 0.13 mg/L, decreasing at mid-depth to

0.58 + 0.13 mg/L and stabilizing near the bottom at 0.53 + 0.08 mg/L. Results were found to be
within or below the Levantine Basin values and the mean permissible level according to the proposed
Mediterranean Environmental Water Quality Standards (MEWQS) (Table 1-14).

Nutrients

The eastern Levantine Basin is considered “ultra-oligotrophic” with extremely low levels of nutrients
(Krom et al., 2005). Concentrations of nitrogen bound within nitrate and ammonium in surface
waters in the eastern Mediterranean Sea are one-half their concentrations in the western basin
(Bethoux et al., 1992). The nitrogen:phosphorus (N:P) ratio in the southeastern Levantine Basin deep
water ranges from 25:1 to 28:1, suggesting that the basin is phosphorus limited (Krom et al., 2005).
This severe nutrient deficit is apparently due to a combination of high N:P values in all the external
nutrient inputs and low denitrification rates in the Eastern Mediterranean Sea (Krom et al., 2010).
Additionally, the Atlantic inflow brings in nutrient-depleted surface waters, and there is very little
nutrient input from rivers in the eastern Levantine Basin (Krom, 1995; Tanhua et al., 2013), especially
after the construction of the Aswan Dam across the Nile River.

Total phosphorus (TP) and total nitrogen (TN) were found to be lowest in the near-surface, increasing
at mid-depth, and slightly decreasing at near the bottom (Table 1-14). This is typical of the
conservative biolimiting constituents, phosphate and nitrate, affected by biological and chemical
processes in which they are added to or removed from solution. TP and TN concentrations are similar
to the established Levantine Basin Baseline mean. Approximately 40% of TP was bound within
phosphate in the near-surface water, and 55% of TP was bound within phosphate in the near-bottom.

Concentrations of nitrogen bound within the nitrogen species (ammonium, nitrate, and nitrite)
averaged 12% of TN in near-surface water, and 55% in near-bottom water (Table 1-14). This
suggests that organic forms of nitrogen and phosphorus dominate the near-surface water due to
increased biological productivity and primary production. The organic forms are then recycled within
the water column by excretion and microbial breakdown of organic particulate matter (detritus),
which in turn changes the proportion in favor of inorganic species. Overall, nutrient concentrations
were consistent with previous studies from the Levantine Basin (Azov, 1986; Herut et al., 1999; Kress
et al., 2005) and were below the proposed MEWQS mean and/or maximum permissible levels, where
applicable.
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Table 1-14. Mean concentrations of total organic carbon, total phosphorus, phosphate, total nitrogen, nitrate, nitrite, and ammonium in seawater samples
collected at the Leviathan Field.

Depth Stratum Station Totgla(r)brg:mc Total Phospfzorus Phosphatle Total Nitro?en Nitrate1 Nitrite . Ammoniulm
i (mg P LY (mg P L) (mgNL?) (MgNL?) | (mgNL?) | (mgNL?
C01/89 0.95 0.0052 0.0019 0.06 0.0062 0.0007 0.003
B10/91 0.95 0.0070 0.0017 0.10 0.0022 0.0007 0.003
Near-Surface FO5/91 0.95 0.0048 0.0018 0.10 0.0048 0.0007 0.004
301/95 0.80 0.0041 0.0019 0.08 0.0143 0.0007 0.003
J14/90 0.67 0.0045 0.0019 0.09 0.0033 0.0007 0.004
Mean + Standard Deviation 0.86 +0.13 0.0051+0.0011 | 0.0018 £0.0001 | _ 0.09 +0.02 0.0062 +0.0048 | 0.0007 £0 | 0.003 +0.001
(Mean ';eg’tzmgf dBSZ'\?ia?i%Sri"SE;?tg;% cLy | 1170141154 | 0.008+0.004; 0018 -3 0.442 + 0.487; 1.70 -3 -3 -3
C01/866 0.64 0.0097 0.0071 0.13 0.0940 0.0007 0.002
B10/832 0.69 0.0122 0.0068 0.16 0.0828 0.0007 0.003
Mid-Depth F05/839 0.56 0.0121 0.0075 0.17 0.0945 0.0007 0.002
01821 0.64 0.0135 0.0086 0.15 0.0888 0.0007 0.003
JL4ITT5 0.37 0.0107 0.0082 0.15 0.0955 0.0007 0.005
Mean + Standard Deviation 0.58 +0.13 0.0116 +0.0015 | 0.0076 £0.0008 | _ 0.15 0.01 0.0911+0.0053 | 0.0007 0 | 0.003 0.001
(Mean ';eg’tzrr‘]t('jgf dBSSG'V”ia?i%Sﬁ;“SE;?S;% CL) | 089022145 | 0.014:+0002; 0.019 -3 0.482 + 0.465; 1.69 -3 -3 -3
C01/1554 0.45 0.0113 0.0063 0.12 0.0875 0.0007 0.002
B10/1495 0.60 0.0103 0.0058 0.13 0.0711 0.0007 0.005
Near-Bottom FO5/1505 0.61 0.0120 0.0059 0.15 0.0701 0.0007 0.003
301/1470 0.58 0.0137 0.0059 0.17 0.0832 0.0007 0.003
J14/1390 0.41 0.0101 0.0066 0.16 0.0691 0.0007 0.006
Mean + Standard Deviation 0.53 +0.09 0.0115+0.001 | 0.0061+0.0003 |  0.15+0.02 0.0762 +0.0085 | 0.0007 £0 | 0.004 0.002
. Levanine dBSZ'\;‘ia?iisri“SE;?tg;% cLy | 0842014121 | 0.011£0002; 0.016 3 0.476 +0.477; 1.71 -3 -3 -3
Proposed MEWQS in Israel? N/A 0.1;- N/A 1;- N/A N/A 05;24

1 Mean calculated from pre-drill and environmental baseline surveys conducted by CSA prior to December 2013; updated 20 August 2014.

2 Values denote Mean; Maximum permissible levels.
3 Pre-drill and environmental baseline data from previous surveys do not exist for these parameters as they have only recently been requested by the Ministry of Environmental Protection and

Ministry of National Infrastructures, Energy and Water Resources; therefore, the Levantine Basin Baseline mean cannot be calculated.

CL = confidence limit; MEWQS = Mediterranean Environmental Water Quality Standards; N/A = not applicable.
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Total Suspended Solids and Discrete Turbidity

The eastern Mediterranean Sea is a highly oligotrophic body of water with high water column
transparency. The low total suspended solids (TSS) levels and high underwater transparency
expected in the eastern Mediterranean Sea are attributed to low water column productivity and low
terrestrial inputs from riverine discharges. In the deep sea, near-bottom waters generally have few
suspended solids due to few disturbances that stir up the sediment on the seafloor; small particles
transported from the surface usually are entrained in subsurface currents or pycnoclines

(i.e., density gradient).

Mean TSS concentrations observed in the Leviathan Field were below the Levantine Basin Baseline
mean and in agreement with results from recent studies conducted in the northeastern Mediterranean
(Yilmaz et al., 1998; Uysal and Koksalan, 2006, 2010). TSS values averaged 4.7 £ 0.49 mg L in
near-surface water, 5.56 + 1.24 mg L at mid-depth, and 5.3 + 2.51 mg L in the near-bottom

(Table 1-15). Discrete turbidity measured on board the vessel (<0.37 NTU) was found to be
consistent with these TSS results and the turbidity readings taken during the CTD cast. Both TSS and
discrete turbidity values were well below the proposed MEWQS maximum permissible levels.

Table 1-15. Mean concentrations of total suspended solids, chlorophyll a, and discrete turbidity as
well as pH levels in seawater samples collected in the Leviathan Field for the Leviathan
Field Development Background Monitoring Survey.

Total Suspended Discrete Turbidity —

Depth Stratum Station / Depth (m) Solids (mg L) onboard reading (NTU) pH Chlorophyll a (ug L)
C01/89 53 0.39 8.08 0.56
B10/91 49 0.31 8.09 0.35
Near-Surface F05/91 43 0.43 8.09 0.41
J01/95 49 0.46 8.10 0.53
J14/90 41 0.27 8.10 0.23
Mean + Standard Deviation 47+0.49 0.37+0.08 8.09 +0.01 0.42+0.13
R R R i
(Vean & Standard Deviaion Upper s cL) | %79 %773 297
C01/866 54 0.37 8.05
B10/832 53 0.38 8.05
Mid-Depth F05/839 6.1 0.36 8.06 Not sampled
J01/821 7.2 0.34 8.06
J14/775 3.8 0.25 8.05
Mean + Standard Deviation 556+1.24 0.34 £ 0.05 8.05+0.01 Not sampled
R R R i
(Vean & Standard Deviation Upper sosecLy | 2% 713283
C01/1554 3.6 0.33 8.05
B10/1495 51 0.30 8.06
Near-Bottom F05/1505 8.6 0.39 8.06 Not sampled
J01/1470 7.0 0.40 8.08
J14/1390 24 0.30 8.02
Mean * Standard Deviation 53+251 0.34 £ 0.05 8.05+0.02 Not sampled
i i i 1
(Mean : Sancard Deviaton; Upper soss oL | %63% 821308
Proposed MEWQS in Israel? +10;oe 'f:’ ?Slr%eal_rl o seaffg;: mean ’ 7('16 2 S N/A
1 Mean calculated from pre-drill and environmental baseline surveys conducted by CSA prior to December 2013; updated 20

August 2014.

2 Values denote Mean; Maximum permissible levels.

3 Pre-drill and environmental baseline data from previous surveys do not exist for these parameters as they have only
recently been requested by the Ministry of Environmental Protection and Ministry of National Infrastructures, Energy and
Water Resources; therefore, the Levantine Basin Baseline mean cannot be calculated.

4 Acceptable pH range; permissible deviation.

CL = confidence limit; MEWQS = Mediterranean Environmental Water Quality Standards; N/A = not applicable.
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pH and Chlorophyll a

pH is an important property of aqueous solutions, including seawater, because it affects chemical and
biochemical properties such as chemical reactions, equilibrium conditions, and biological toxicity
(Bates, 1982; Dickson, 1984, 1993; Millero, 2001). The pH of most surface seawater in equilibrium
with the atmosphere is 8.2 £ 0.1, and the gross trends in pH are those expected from the surface pCO-
(higher carbon dioxide [CO-] would yield lower pH) (Millero, 2005). Onboard pH measurements of
seawater samples resulted in normal readings, consistent among depths and stations and averaging
8.09 + 0.01 at near-surface, 8.05 + 0.01 at mid-depth, and 8.07 + 0.03 at near-bottom. These results
are well within the given mean range provided in the proposed MEWQS.

Very low nutrient concentrations are the key factor in limiting the biological activity and primary
production in the area. Chlorophyll a concentrations ranged from 0.23 to 0.56 pg/L (Table 1-15).
Chlorophyll a concentrations coincide with fluorescence results and profiles shown in Section 1.7.1.1,
exhibiting highest concentrations at approximately noon (0.56 pg/L). However, while in situ
fluorescence and extracted chlorophyll a measurement show similar daily trends, the relation between
them is somewhat variable (Kiefer et al., 1989) as fluorescence in living cells depends on the ongoing
rate of photosynthesis (Mauzerall, 1990) and the physiological status of cells (Morales et al., 1994).
Following winter mixing and the injection of nutrients into the upper layers, in early to mid-spring
concentrations are expected to be higher than observed for the euphotic zone (0 to 100 m) off the
coast of Israel (0.06 to 0.12 pg/L) as recorded by Berman et al. (1986), and the 0.1 to 0.30

Mo/L observed by Kress et al. (2014). Near-surface water samples were collected between 90 and 95
m, in close proximity to the observed DCM presented in Section 1.7.1.1.

Cations and Anions

Major ions compose the bulk of most abundant dissolved constituents (approximately 99.9%; CI-,
S04%, K*, Na*, Mg?*, Ca*?, and Sr?*) present in constant proportions to each other and to the total salt
content of seawater. These proportions are constant because of the rate at which water is moved
through and within the ocean is much faster than any of the chemical processes that act to remove or
supply the major ions (i.e., freezing of seawater and dissolved riverine input). In turn, major ions are
removed from seawater by a variety of biogeochemical processes which collectively operate at slower
rates than those acting on the biolimited and particulate-scavenged elements, such as phosphorus and
iron. Overall, the total amount of major dissolved ions can vary from place to place in the oceans, but
the relative proportions remain virtually constant (Libes, 2011).

As an aqueous solution is always electrically neutral, the sum (in milliequivalents/liter) of the anions
and the cations should always balance, approximately reaching a ratio of 1.0. Thus, a balanced
sample would serve as an indication for steady, undisturbed seawater and as a good quality control for
laboratory procedures. Certain natural variation does occur among different water samples, and hence
it is accepted to consider an error of ion balance, or percent difference (criteria of acceptance by
American Public Health Association [APHA] for ion balance purposes). Based on ionic charge, ions
concentrations are converted into electrical charge and put into the following equation to produce an
error of ion balance value:

] Y Cations — Y, Anions
Error of ion balance (%) = x 100

Y. Cations + ), Anions

lon composition from water stations at the Leviathan Field were compared with the major ion
composition of average seawater under standard conditions (salinity = 35; pH = 8.1; and temperature
= 25°C) and typical eastern Mediterranean values (Table 1-16). According to ASTM Standard D
596-83, a clean water sample with an anion sum between 10 and 800 milliequivalents/liter (typical of
seawater) should not exceed £5%. The cation/anion balance for several water samples was slightly
greater than the recommended +5% analytical difference for seawater samples; however, all ion
concentrations were similar to average seawater and typical of the eastern Mediterranean Sea

(Table 1-16).
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Table 1-16. lon composition in the Leviathan Field compared with average standard seawater and eastern Mediterranean seawater.

Depth Station Cations (mg/L) Anions (mg/LY) Balance
Stratum Calcium (Ca?") | Potassium (K*) M?ﬁ;‘gﬂ;’ m Sodium (Na*) | Strontium (Sr*") |  Chloride (CI) | Sulfate (SO,2*) | Cations (meg/L) | Anions (meg/L) |% Difference
C01/89 473 442 1,410 11,500 8.7 22,500 3,110 651 702 3.7
B10/91 475 424 1,350 11,200 8.6 22,600 3,080 633 704 53
Near-Surface F05/91 472 419 1,340 10,900 85 22,900 3,160 619 714 7.2
J01/95 482 428 1,360 11,100 8.7 22,500 3,100 630 702 54
J14/90 495 448 1,420 11,300 8.7 22,300 3,020 645 695 3.7
Mean + Standard Deviation 479 + 9.56 432 +12.3 1,376 £ 36.5 11,200 * 224 8.64 £0.104 22,560 + 219 3,094 £50.8 635.61 £12.76 703.38 £7.13 5.06 £1.45
C01/866 468 424 1,360 11,000 8.4 22,300 3,050 625 695 53
B10/832 484 430 1,370 11,300 8.6 22,500 3,080 640 701 4.6
Mid-Depth F05/839 473 417 1,320 10,800 85 22,100 3,030 613 689 5.8
J01/821 465 415 1,320 10,700 8.4 21,900 3,040 608 684 5.9
J14/775 471 424 1,350 10,800 8.4 22,200 3,060 615 693 5.9
Mean + Standard Deviation 472 +7.26 422 +6.04 1,344 £23.0 10,920 + 239 8.46 = 0.092 22,200 £ 223 3,052 +19.2 620.17 £12.47 692.36 £ 6.63 5.50 £ 0.56
C01/1554 460 409 1,300 10,700 8.4 22,400 3,080 606 699 7.1
B10/1495 483 431 1,370 11,200 8.6 22,500 3,100 635 702 5.0
Near-Bottom F05/1505 468 424 1,340 10,900 8.5 22,400 3,140 619 700 6.1
J01/1470 470 430 1,360 10,900 8.4 22,300 3,060 621 695 5.7
J14/1390 477 415 1,330 10,800 8.5 22,200 3,080 614 693 6.1
Mean + Standard Deviation 472 +8.79 422 +9.58 1,340 £27.4 10,900 + 187 8.48 £0.08 22,360 £ 114 3,092 + 30.3 619 +10.7 698 + 3.7 6.00 £0.76
Average Seawater* 412 399 1,283 10,783 7.9 19,352 2,712 -- - -
EaSte”; LY AT 423 463 1,403 11,800 5-75° 21,200 2,950 - - -
eawater
! Millero, 2005.
2 Al-Mutaz, 2000.
3 Ladewig and Asquith, 2012.
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Dissolved Metals

Previous regional sampling indicates that metal concentrations in seawater are below detection limits
and/or below the relevant criteria and standards. The results from the Background Monitoring Survey
(Table 1-17) are consistent with previous findings. The results are compared with Israel’s MEWQS
(Ministry of Environmental Protection, 2002), European Union Commission Environmental Quality
Standard (EUCEQS) for priority substances in the field of water policy (Directive 2008/105/EC and
proposed amendment COM (2011)876), and toxicity reference values (marine Criterion Continuous
Concentrations [CCCs] from Buchman, 2008). Where the USEPA’s National Recommended Water
Quality Criteria (NRWQC) (Buchman, 2008) are not available for some metals, criteria from other
countries (e.g., Canada, New Zealand) are provided for reference.

All seawater dissolved metals concentrations were either below the laboratory’s quantification limit or
within the Levantine Basin Baseline SD and 99% confidence interval. Furthermore, all metals at all
depths (near-surface, mid-depth, and near-bottom) were well below Israel’s MEWQS, EUCEQS, and
CCC reference values. No unusual and or exceptional observations were made.

Hydrocarbons

Previous regional sampling indicates that TPH concentrations are below detection limits. Results
from the Background Monitoring Survey are consistent with previous findings. TPH was not detected
in any of the seawater samples collected for the Leviathan Field (Appendix D). In accordance with
the described methodology for hydrocarbons analysis and the approved Scope of Work, samples were
not analyzed further.

Radionuclides

Previous regional sampling indicates that radionuclide concentrations are below the relevant criteria
and standards. Results from the Background Monitoring Survey are consistent with previous
findings.

During the Background Monitoring Survey, approximately 15% of the seawater samples from the
Leviathan Field were sampled for Ra 226 and Ra 228 (n = 4). Station JO1 was the only sampled
station for the Leviathan Field area that was sampled at all water depths. Results of the seawater
analysis of radionuclides (radium [Ra] 226 and Ra 228) are presented in Table 1-18. Due to the high
natural concentration of sulfate in the ocean, radium has a low solubility in seawater (Neff, 2005) and
is unlikely to contribute to seawater radioactivity. All Ra 226 and Ra 228 concentrations were within
the Levantine Basin Baseline SD and 99% confidence interval. Combined Ra 226 and Ra 228 values
for seawater were well below the USEPA’s (1976) established maximum contaminant level of

5 pCil/L.
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Table 1-17. Metal concentrations in seawater samples from the Leviathan Field survey area during the Background Monitoring Survey (May 2014). Toxicity

reference values (Criterion Continuous Concentrations [CCCs]) (Buchman, 2008), Levantine Basin Baseline survey data, the proposed
Mediterranean Environmental Water Quality Standards (MEWQS) in Israel (Ministry of Environmental Protection, 2002), and European
Commission Environmental Quality Standard (EUCEQS) for priority substances in the field of water policy (Directive 2008/105/EC and
proposed amendment COM(2011)876) are provided for comparison.

Depth Stratum Station / | Silver Arsenic Barium Beryllium | Cadmium | Chromium Copper Mercury NicI_<eI Lead Antimony | Selenium | Thallium | Vanadium Zinc
Depth (m)| (Ag) (As) (Ba) (Be) (Cd) (Cn (Cu) (Hg) (Ni) (Pb) (Sb) (Se) (Th %) (2n)
CO1/89 | <0.02 | 1.40 9.80 <0.03 <0.03 0.30 031 0.0010 0.30 0.04 <1.0 <1.0 0.04 4.30 0.70
B10/91 | <0.02 | 140 9.10 <0.03 0.03 <03 03 0.0005 0.30 0.03 <1.0 <1.0 <0.03 <8.0 0.70
Near-Surface | FO5/91 | <0.02 | 1.50 8.60 <0.02 20.02 0.20 1.99 <0.0005 0.30 0.03 <1.0 <1.0 20.02 230 0.60
J01/95 | <002 | 140 9.20 <0.02 <0.02 0.30 0.22 <0.0005 0.30 0.03 <1.0 <1.0 <0.02 4.60 1.00
714/90 | <0.02 | 1.40 9.20 <0.02 20.02 0.30 0.2 <0.0005 0.40 0.02 <1.0 <1.0 20.02 2.00 0.6
Mean + Standard Deviation | <0.02 | 142 +0.04 | 918+043 | <0.03 <003 | 0254007 | 06+0.78 <006%°1%5;' 0324004 | 003+001| <10 <1.0 <g'gj’5‘ 424+025| 0.66+0.25
Levantine Basin Baseline Data' | 0.02 + | 1.27 +0.08; | 8.98 +0.43; . . . |0.42+0.15;| 0.0006 + |0.65+0.35;|0.08+0.05; . . . 2.95+ 5.1+5.5;
(Mean + SD; Upper 99% CL) | 0.01;—-| 1.8 14.65 <0.02;-- | <0.02;-- 1025+0.08, |\~ "0 g g000; - 155 0.21 <05, - | <05 | <002 4q 19.29
C01/866 | <002 | 150 12.30 £0.03 20.03 0.30 0.19 <0.0005 0.40 0.03 <10 <10 20.03 4.40 <0.60
B10/832 | <0.02 | 150 12.20 <0.02 <0.02 0.30 0.17 <0.0005 0.40 0.03 <1.0 <1.0 <0.02 4.90 <0.60
Mid-Depth | F05/839 | <0.02 | 1.50 12.20 <0.03 <0.03 0.30 0.19 <0.0005 0.30 <0.03 <1.0 <1.0 <0.03 <40 <0.60
J01/821 | <0.02 | 150 12.50 <0.02 20.02 0.30 0.48 <0.0005 0.30 0.03 <1.0 <1.0 20.02 2.00 0.70
14775 | <0.02 | 150 12.60 <0.02 <0.02 0.30 0.16 <0.0005 0.40 0.04 <1.0 <1.0 <0.02 4.00 <0.60
Mean * Standard Deviation | <0.02 | 15+0 | 1236%018 | <0.03 20.03 03+0 |024+014] <0.0005 | 0.36+0.05 ] 003+001| <10 <1.0 20.03 | 386+ 11| <06 0.70°
Levantine Basin Baseline Data’ | <0.02; - | 1.33 £ 0.27; | 118+ 0.28; _ _ ~1032009; ~ [0.88+0.66; | 0.05 £ 0.02; _ _ ~ [32+132] 3.18%3.99;
(Mean + SD; Upper 99% CL) | - 2.02 1252 e e T T 0.10 g = S ] S - 13.47
C01/1554] <002 | 1.50 12.60 0.02 20.02 0.30 0.22 <0.0005 0.30 0.03 <10 <10 20.02 <40 1.10
B10/1495] <0.02 | 150 12.20 <0.02 <0.02 0.30 0.25 <0.0005 0.30 0.03 <1.0 <1.0 <0.02 430 <06
Near-Bottom | F05/1505 ] <0.02 | 1.50 12.40 <0.02 20.02 0.30 0.18 <0.0005 0.30 <0.02 <1.0 <1.0 20.02 4.40 0.70
J0L/1470 | <0.02 | 150 12.40 <0.02 <0.02 0.30 0.24 <0.0005 0.30 0.04 <1.0 <1.0 <0.02 <4.0 0.90
J14/1390 | <002 | 150 13.10 <0.02 20.02 0.30 0.21 <0.0005 0.30 0.03 <1.0 <1.0 20.02 430 <06
Mean * Standard Deviation | <0.02 | 15+0 | 1254+034 | <0.02 20.02 03+0 |022+003] <0.0005 | 03+0 ]003+001| <L0 <1.0 <002 | 34+006| 066+02
Levantine Basin Baseline Datal [<0.02; - | 1.35+ 0.1, | 12.28£0.92; | <0.02, | <0.02, | 0.25+0.08, |0.23£0.05;| <0.0005, | 0.78 0.7, | 0.05£0.03,| <05, <05, | <002, |29+141| 12204,
(Mean + SD: Upper 99% CL) | - 1,60 14.65 - - - 0.35 - 258 0.12 - - - - 225
Proposed MEWQS in Israe? | 3,7 | 36, 69 - - 05,2 10, 20 5,10 | 016,04 | 10,50 5, 20 - 60; 150 - 50,100 | 40; 100
EUCEQS (Directive
2008/105/EC and Proposed -- -- -- -- 0.2;15 -- -- --; 0.07 8.6; 34 1.3;14 -- -- -- -- --
Amendment COM(2011)876)°
CCC Value® 0957 36 200BC | 100BC 88 50 31 0.9 82 8.1 500° 71 7NZ | 50BC 81

AAC = annual average concentration; CCC = Criterion Continuous Concentration; CL = confidence limit; EUCEQS = European Union Commission on Environmental Quality Standards; MAC = maximum allowable concentration; MEWQS =

Mediterranean Environmental Water Quality Standards; SD = standard deviation.

1 Mean calculated from pre-drill and environmental baseline surveys conducted by CSA prior to December 2013; updated 20 August 2014.
2Values denote Average; Maximum permissible levels.

3Values denote AAC; MAC.

“Sources of CCC toxicity reference values: primary entry is the U.S. Ambient Water Quality Criteria; BC = British Columbia Water Quality Guidelines; NZ = Australian and New Zealand Environmental Concern Levels and Trigger VValues.

5 A range is reported because the mean could not be calculated as the majority of the data were below the laboratory’s method reporting limit.

-- = concentration not determined.
P = proposed.

(%2 = CCC has been halved to be comparable to 1985 guidelines for minimum data requirements and derivation procedures.
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Table 1-18. Mean and combined mean concentrations (pCi L) of radionuclides (radium [Ra] 226
and Ra 228) in seawater from the Leviathan Field, with mean Levantine Basin Baseline
data for comparison.

. Depth Stratum / Combined
S depth (m) RAZAD R Ra 226 and Ra 228
Near-surface / 95 0.13 0.18 0.310
101 Mid-depth / 821 0.015 0.00 0.015
Near-bottom /
1470 0.086 0.22 0.306
Levantine Basin Baseline Near-surface 0.13 £ 0.09; 0.36 0.2+0.13;0.54 0.25+0.21;0.79
Data! (Mean + SD; Upper Mid-depth 0.17£0.1;0.43 0.16 £0.1;0.42 0.31 £0.16; 0.72
99% CL) Near-bottom 0.13+0.1;0.39 0.16 +0.13; 0.50 0.29+0.19;0.78
1 Mean calculated from pre-drill and environmental baseline surveys conducted by CSA prior to December 2013; updated 20
August 2014.

CL = confidence limit; SD = standard deviation.

1.7.2 Sediment Quality

Sediment sampling has been conducted at 117 grid cells in the Leviathan Field (Appendix D). This
includes 79 stations sampled during the Background Monitoring Survey, as well as stations previously
sampled near the Leviathan-2, Leviathan-3, and Leviathan-4 wellsites and near the ML-1X,
Leviathan-5, and Leviathan Deep proposed wellsites. The Leviathan-2 and Leviathan-4 samples
included post-drilling surveys. Sediment samples were analyzed for grain size, TOC, metals,
hydrocarbons (TPH and PAHS), radionuclides, and polychlorinated biphenyls (PCBs). Sediment
grain size was discussed in Section 1.4.6.

1721 Sediment Total Organic Carbon

Sediment TOC concentrations were low and uniform (0.43% + 0.05%) throughout the Leviathan
Field. TOC concentrations were within the 99% CL of the Leviathan Field mean and also within the
99% CL of the Levantine Basin Baseline for TOC concentration.

1.7.2.2 Sediment Metals

Means and standard deviations of sediment metal concentrations from the Leviathan Field are
summarized in Table 1-19. Concentrations of all metals were below effects range low (ERL) values
with the exception of arsenic, copper, and nickel, and only nickel exceeded the effects range median.
However, these three metals are within the upper 99% CL of the Levantine Basin Baseline and are
naturally found in high concentrations throughout the Levantine Basin (Table 1-19). Thus, ambient
concentrations of arsenic and copper are above the ERL, and ambient concentrations of nickel are
above the effects range median (ERM) (Table 1-19).

Selenium and silver concentrations generally were not detectable within the Leviathan Field

(more than 84% were non-detects). Additionally, most of the other metals with concentrations above
detection limits were within the 99% CL of the Levantine Basin Baseline (e.g., Al, As, Be, Cr, Cu, Fe,
Hg, Ni, V, and Zn). The metals that were found to have some concentrations above the 99% CL of
the Levantine Basin Baseline were antimony, barium, cadmium, lead, and thallium.

Antimony concentrations ranged from 0.2 to 1.8 parts per million (ppm), the majority were below the
Levantine Basin Baseline (0.62 + 0.25 ppm) (Table 1-19). Antimony concentrations near the
Leviathan-4 wellsite were elevated above the upper 99% CL for the Levantine Basin Baseline

(1.27 ppm), while concentrations surrounding the Leviathan-2 wellsite were not. Antimony
concentrations in drilling mud (from Tamar Field samples) are about twice the Levantine Basin
Baseline, and therefore elevated concentrations near a wellsite is not surprising. However, the Tso
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concentration (the chemical concentration that corresponded to the 50% probability of observing
sediment toxicity) for antimony is 2.4 ppm (Buchman, 2008). This indicates that elevated
concentrations of antimony (less than 1.8 ppm) within the field were low and do not pose a threat to
the environment.

Barium concentrations within the Leviathan Field were highly elevated in grid cells containing the
Leviathan-2 (12,263 ppm) and Leviathan-4 (8,218 ppm) wellsites. This was not unexpected because
barite is a major constituent of drilling mud and barium concentrations in drilling mud are much
higher than the Levantine Basin Baseline (173.4 + 30.1 ppm) (Table 1-19). The elevated barium
concentrations were primarily within 500 m of these wellsites, which is consistent with the dispersion
modeling that predicted that there could be bottom deposition of particles from the discharge plume
out to 676 - 775 m from the well site. Barium concentrations elsewhere within the Leviathan Field
ranged from 113 to 375 ppm. Barium is not considered to be toxic to marine organisms and there is
no established ERL/ERM concentration for this metal; therefore, the high concentrations of barium
reported around the wellsites are not expected to negatively affect the environment.

Cadmium concentrations ranged from below the detection limit (0.16 ppm) to 1.04 ppm. Cadmium
concentrations were slightly elevated at various locations throughout the field when compared to the
upper 99% CL of the Levantine Basin Baseline (0.36 ppm). Relatively high concentrations of
cadmium were found in close proximity to the Leviathan-2 and Leviathan-4 wellsites. Cadmium
concentrations ranged between 0.26 and 0.74 in proximity to the Leviathan-4 wellsite, and between
below the detection limit of 0.16 to 0.64 in proximity to the Leviathan-2 wellsite. These
concentrations may be due to drilling muds, as cadmium is a component of drilling mud barite.
However, other areas of elevated cadmium concentrations, relative to the Levantine Basin Baseline,
were located far from drilling activities and were relatively patchy in distribution. This finding
indicates that the distribution of cadmium concentrations above the upper 99% CL of the Levantine
Basin Baseline within the Leviathan Field may be due to natural variation of this metal within
seafloor sediments of the region. Cadmium concentrations within the Leviathan Field (Table 1-19)
were well below the ERM value (9.6 ppm) and ERL value (1.2 ppm) for cadmium (Long and Morgan,
1990), and therefore do not pose a threat to the environment. A concentration below an ERL
represents a minimal effects range where biological effects are very rarely observed, while a
concentration above an ERM represents a range where biological effects are likely to be observed
(Long and Morgan, 1990). Moreover, studies have shown that cadmium in barite has very low
solubility, leaches only slightly into the seawater, and has very limited availability to marine
organisms (Trefry and Smith, 2003; Neff, 2008).

Lead concentrations were generally below the upper 99% CL of the Levantine Basin Baseline

(49.1 ppm), with the exception of locations near the Leviathan-2 and Leviathan-4 wellsites. Lead isa
component of drilling mud and barite and has been found in cuttings, so its presence in the field near
the existing wellsites is unsurprising. A single high lead concentration (48.3 ppm), located in the grid
cell containing Leviathan-2, was just above the ERL concentration (46.7 ppm), but well below the
Tso concentration (94 ppm) and ERM concentration (218 ppm) for this metal. Lead concentrations
elsewhere in the Leviathan Field ranged from 11.9 to 39.3 ppm. These results indicate that lead
concentrations within the Leviathan Field are not expected to negatively affect the environment.

Some thallium concentrations were elevated above the upper 99% CL of the Levantine Basin Baseline
(0.86 ppm) in the northern portion of the Leviathan Field. Thallium concentrations reached a
maximum of 2.8 ppm in this region. This location is more than 10 km from any known areas of
previous drilling or anthropogenic activity; therefore, elevated concentrations of this metal within this
region likely reflect natural concentration variations within seafloor sediments. There are no
ERL/ERM values for thallium concentrations in marine sediments.
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Table 1-19. Mean (+ standard deviation) total metals concentrations (ppm unless noted otherwise) in sediments collected from the Leviathan Field. Metals
concentrations in seafloor sediments of the Levantine Basin (pre-drill and environmental baseline surveys conducted prior to December 2013),
effects range low (ERL) and effects range median (ERM) values (Buchman, 2008), and metals concentrations found in drilling muds and barite
used at Tamar SW-1 (in the nearby Tamar Field) are provided for comparison. Selenium and silver concentrations were generally below primary
analytical laboratory detection limits and, therefore, are not presented in the table.

Location Alu(rpA:;um Arsenic Barium Beryllium Cadmium Chromium Copper I([,(/Z;] Nickel Lead Antimony Thallium Vanadium Zinc Mercury

Leviathan Field 57+0.74 | 16.82+2.63 | 337.82+1338.81 | 0.63+0.17 | 0.21+0.14* | 4550+ 6.29 | 54.25+595 | 4.04+04 | 54.23+6.67 | 17.76+4.39 | 0.46 +0.18 | 0.44+0.39 | 86.35+9.83 | 66.87+5.73 | 0.04 + 0.007
Levantine Basin Baseline Mean | 6.85+1.64 | 19.32+3.81 | 173.4+30.1 | 1.16+0.5 | 0.18+0.07* | 65.4 +23.52 | 62.85+13.84 | 509+ 1.02 | 67.58 + 16.49 [22.35+10.38| 0.62+ 0.25 | 0.43+0.17 | 119.1+31.3 | 91.6+41.4 | 0.04+0.01
99% Confidence Limit of
S BTV 1.1 29.1 251.1 2.45 0.36* 126.1 98.6 7.72 110.1 49.1 1.27 0.86 199.9 1985 0.06
ERL N/A 8.2 N/A N/A 12 81 34 N/A 20.9 46.7 N/A N/A N/A 150 0.15
ERM N/A 70 N/A N/A 9.6 370 270 N/A 51.6 218 N/A N/A N/A 410 0.71
Drilling Mud 1.3+15 3+£23 1,202 + 409 1.0+1.1 1.0+1.1 3.0+£3.1 7.0£28 23+17 20£1.9 |123.0+856| 3.0+27 N/A 2.0£25 13.0+6.6 1412
Barite N/A 20 N/A N/A 1.6+06 8 121 N/A 7 165 N/A N/A N/A 109 N/A

N/A = data not available.

*An extrapolation method (Croghan and Egeghy, 2003) was used to determine mean, standard deviation, and 99% confidence limit due to the large number (>70%) of non-detects in the

relevant data sets.
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1.7.2.3 Sediment Hydrocarbons

Sediment TPH concentrations within the Leviathan Field ranged from 4.0 to 27.1 ppm, and had a
mean (+ SD) of 13.2 + 4.8 ppm. TPH concentrations throughout the entire survey area were within
the 99% CL of the Levantine Basin Baseline of 21.85 ppm. TPH concentrations in the middle of the
Leviathan Field were sampled prior to this survey and were analyzed by ALS Kelso. ALS Kelso had
a method reporting limit of approximately 50 ppm, which is substantially higher than the method
detection limit of 1.4 ppm for the analytical laboratory, TDI-Brooks. While all TPH concentrations in
these grid cells were below ALS Kelso’s method reporting limit, the usual substitution of half the
method reporting limit was not utilized because this value was above the 99% CL of the Levantine
Basin Baseline. Its inclusion in the interpretation would have grossly overestimated TPH
concentrations in the middle of the field.

Studies done in the Arabian Gulf have shown ambient background TPH concentrations of 10 to

15 ppm (Massoud et al., 1996; Tehrani et al., 2012), which are similar to those of the eastern
Levantine Basin. These studies have characterized TPH concentrations between 15 and 50 ppm as
“slightly polluted” and concentrations greater than 200 ppm as “heavily polluted.” Mean (£ SD) TPH
concentrations within the Leviathan Field (13.2 + 4.8 ppm) were comparable with Tamar Reservoir
mean (13.3 £ 10.6 ppm) (CSA Ocean Sciences Inc., 2014d). Using the classification scheme above,
TPH concentrations within the Leviathan Field would be classified as either ambient or slightly
polluted because several grid cells have TPH concentrations above 15 ppm. However, these terms are
highly qualitative and there are no official established toxicity thresholds for TPH concentrations.
The results indicate that TPH concentrations, even in the slightly elevated grid cells, were consistent
with the region and are at concentrations that do not pose a threat to the environment.

Hydrocarbons were analyzed further to determine concentrations of the 16 USEPA priority PAHSs.
Mean (x SD) PAH concentrations in strata sampled during the Leviathan Field Development Survey
are summarized in Table 1-20. PAHs were analyzed only in samples that had a TPH concentration
above the 95% CL of the Levantine Basin Baseline at the time of sample submission to the laboratory
(15.9 ppm). Individual and total PAH data are available from 44 grid cells within the Leviathan Field
(27 from previously sampled grid cells). Few individual PAHs had concentrations that were higher
than the Levantine Basin Baseline (Table 1-20). A 99% CL for the Levantine Basin Baseline of
individual PAHSs is not provided because many of the Levantine Basin Baseline samples had
individual PAH concentrations below detection limits. The total PAH concentration within the
Leviathan Field (72.9 + 45.4 parts per billion [ppb]) was above the Levantine Basin Baseline

(55.4 £ 23.4 ppb) and the Tamar Reservoir mean (48.9 + 45.3 ppb) (CSA Ocean Sciences Inc.,
2014d). Total PAHSs concentration was below the 99% CL for the Levantine Basin Baseline

(115.8 ppb) and was well below the ERL (4,022 ppb) and ERM (44,702 ppb) values for total PAHS in
marine sediment.

The Fossil Fuel Pollution Index (FFPI) was calculated to determine the percentage of fossil fuel PAHs
relative to total PAHs (Boehm and Farrington, 1984). The FFPI is based on the knowledge that
combustion-derived (pyrogenic) PAH assemblages are rich in three- to five-ringed PAH compounds
while fossil fuels (petrogenic) are rich in polynuclear organosulfur compounds

(e.g., dibenzothiophene) and two- to three-ringed PAH assemblages (Steinhauer and Boehm, 1992).
The FFPI is calculated from the following equation (Boehm and Farrington, 1984):

[Z naphthalenes(C,— C,) + X dibenzothiophenes(C,— C3) + %Z phenanthrenes(C, — C;) + X phenanthrenes(C, — C4)]

S PAH
An FFPI ratio of 0 to 0.25 indicates PAH assemblages dominated by pyrogenic sources, a ratio of
approximately 0.25 to 0.49 is indicative of intermediate PAH assemblages containing a mix of
pyrogenic and petrogenic sources, and a ratio of 0.5 to 1.0 is indicative of PAH assemblages
dominated by petrogenic sources (Boehm and Farrington, 1984).

The FFPI ratios for the Leviathan Field are summarized in Figure 1-32. Hydrocarbons from
sediments from the Leviathan Field are from a mix of pyrogenic and petrogenic sources. Elevated
FFPI ratios between 0.25 and 0.5 were found in undeveloped and developed grid cells, indicating that
this is due to natural variation in the region.

Leviathan Field Development Environmental Impact Assessment March 2016
Noble Energy Mediterranean Ltd 1-68
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001



Table 1-20. Mean (+ standard deviation) U.S. Environmental Protection Agency priority and total polycyclic aromatic hydrocarbons (PAHS) concentrations
(ppb) of samples with high total petroleum hydrocarbons (TPH) concentrations in the Leviathan Field. Bolded numbers indicate PAHs that
exceed the Levantine Basin Baseline mean.

Location

Number of Grid Cells
Naphthalene

Acenaphthylene

Acenaphthene

Fluorene

Anthracene

Phenanthrene

Fluoranthene

Pyrene

Benz(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(kj)fluoranthene

Benzo(a)pyrene

Indeno(123cd)pyrene
Dibenz(ah)anthracene

Benzo(ghi)perylene
Total PAHs

Leviathan Field | 27* |29+35

02+0.2

1.6+33

35+5.38

0.5+0.6

85+74

36+29

22+132

1.0+05

1.5+0.6

31+11

1.2+1.0

09+05

21+07 | 0502

1.9+0.7|69.2+41.1

Levantine Basin

Baseline Mean S28302

18+1.6

19+16

29+13

19+16

5.0+4.0

3.0+£1.0

26+1.0

22+13

25+10

3.0+£09

21+13

22+13

26+09 [ 2014

2.6+£0.9(55.4 +23.4

* Eight of the 27 grid cells contained or were adjacent to the Leviathan-2, Leviathan-3, and Leviathan-4 wellsites.
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Figure 1-32. Mean (* standard deviation) Fossil Fuel Pollution Index (FFPI) ratios from samples
with high total petroleum hydrocarbons (TPH) concentrations within the Leviathan
Field sampling grid. The red dashed lines indicate the boundary between sediments
that are of pyrogenic (0 to 0.24) or a mix of petrogenic and pyrogenic (0.25 to 0.5)
origins.

1.7.2.4 Sediment Radionuclides

A total of 10% of all sampled sediment stations in the Leviathan Development Program (Field and
proposed FPSO location; Pipeline; and nearshore) were sampled for radionuclides (Ra 226, Ra 228,
and thorium [Th] 228). Of that representative sample, eight stations were in the Leviathan Field.
Analytical results for each individual sampling station within the Leviathan Field and Levantine Basin
Baseline data are provided in Table 1-21.

Table 1-21. Concentrations (pCi/g) and mean concentrations of radionuclides (radium [Ra] 226,
Ra 228, and thorium [Th] 228) in sediment from the Leviathan Field and mean
Levantine Basin Baseline data.

Station Ra 226 Ra 228 Th 228
A01 0.41 075 050
ci1 022 0.84 058
E05 029 115 058
FOL 0.30 0.42 054
Go8 0.36 0.46 0.48
H13 037 043 0.48
104 0.47 092 0.62
a1 0.38 043 0.47

Mean £ SD 0.35+0.08 0.68+0.28 053+ 0.06
(I\hi‘;ﬁ”;'g%'?ﬁsgge?g;%zngi) 0.420.12;0.73 057 £0.22; 1.14 0.61 £ 0.08; 0.82

1 Mean calculated from pre-drill and environmental baseline surveys conducted by CSA prior to December 2013; updated
20 August 2014.
CL = confidence limit; SD = standard deviation.
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Ambient radium concentrations in most soils and rocks are approximately 0.5 to 5.0 pCi/g of total
radium (U.S. Geological Survey, 1999). Ambient concentrations of Th 228 in sediments range from
0.36 to 1.93 pCi/g (Agency for Toxic Substances and Disease Registry, 1990). The USEPA (1998)
established a protective health based level for radium and thorium of 5 pCi/g at the sediment surface
as a threshold for the clean up of the top 15 cm of soil from contaminated U.S. Superfund sites. Mean
radium and thorium concentrations within the Leviathan Field survey area were well below this
threshold. Mean radium and thorium concentrations generally were similar to the Levantine Basin
Baseline concentrations, and all samples (except for one) were within the 99% CL of the Levantine
Basin Baseline. The Ra 228 concentration from the EO5 sampling station was 1.15 pCi/g, just above
the 99% CL of 1.14 pCi/g. This minor deviation from the Levantine Basin Baseline is unlikely to be
biologically significant.

1.7.25 Sediment Polychlorinated Biphenyls

A representative 10% of all sampled sediment stations in the Leviathan Development Program
(Field and proposed FPSO location; Pipeline; and nearshore) were sampled for 44 PCB congeners.
Of that representative sample, eight stations were in the Leviathan Field. PCBs were not detected
from the eight sediment samples from the Leviathan Field sampling grid.

1.8 CULTURE AND HERITAGE SITES

As the cradle of civilization, it is little surprise that the Fertile Crescent (the Levant and Mesopotamia)
contains some of the oldest evidence of seafaring in the world. The shipwrecks and submerged
cultural heritage that lie on the seafloor of the eastern Mediterranean Sea often include intact ship
remains and cargo. The maritime trade routes of ancient seafaring cultures such as the Greeks,
Phoenicians, and Romans indicate heavy traffic in the region. The hull remains and artifacts from
wreck sites represent an enormous wealth of knowledge on ancient seafaring history, culture, and
technology.

Noble Energy contracted Geoscience Earth & Marine Services (GEMS) to conduct seafloor, shallow
geologic, and archaeological assessments in the Leviathan Field. GEMS used high-resolution
subbottom profiler, side-scan sonar, and multibeam bathymetry and backscatter data collected by an
autonomous underwater vehicle (AUV) for this assessment. An archaeological assessment was
prepared (Geoscience Earth & Marine Services, 2014). The survey encompassed 795 km? of seafloor.
High-resolution digital side-scan sonar, subbottom profiler, multibeam backscatter, and multibeam
bathymetry data were collected on 193 primary lines and 18 tie-lines. GEMS reviewed the side-scan
sonar data to delineate potential submerged cultural resources with dimensions greater than 5 m long
and 2 m wide, and a length to width ratio of at least 2.5 to 1. GEMS established these mapping
parameters to eliminate a potentially large number of smaller dimension contacts without significance
scattered throughout the Leviathan Field.

The archaeological assessment delineated 397 unidentified side-scan sonar contacts. While most of
these contacts met the size parameters mentioned above, a number of contacts were selected based on
other criteria such as object shape, side-scan sonar shadow (if present), or other distinguishable
characteristics. The multibeam bathymetry and backscatter data as well as the subbottom profiler data
were used to further analyze contacts noted in the side-scan sonar data.

Of the 397 unidentified sonar contacts, 38 were interpreted to represent possible cultural resources
with potential archaeological significance. Figure 1-33 shows a polygon surrounding the general
location of the sonar contacts. This map is also provided in Appendix F at a 1:100,000 scale, as
required in the Guidelines.
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Figure 1-33. General locations of side-scan sonar contacts interpreted to represent possible cultural

resources with potential archaeological significance.
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All of the information about side-scan sonar contacts that may represent wreck sites with high
potential for historical or archaeological significance was submitted to the Marine Archaeology Unit
at Israel Antiquities Authority for further assessment and evaluation (for Marine Archaeology Unit
approval, see Appendix F).

During operations, should any object be determined to likely represent an antiquity, Israel’s
Antiquities Authority will be notified. In addition, a 305-m archaeological avoidance zone will be
kept as instructed by the U.S. Minerals Management Service, Gulf of Mexico Region NTL No.
2005-G07.

19 METEOROLOGY AND AIR QUALITY

1.9.1 Existing Meteorological Conditions

There are no site-specific meteorological data from the Application Area. However, regional data are
available to describe representative conditions. Israel’s subtropical location between 29° and

33° north of the Equator generally brings long, hot, dry summers and short, cool, rainy winters, as
modified locally by altitude and latitude. Israel experiences a climate between the subtropical aridity
characteristic of Egypt and the subtropical humidity of the Eastern Mediterranean.

The climate conditions of the Eastern Mediterranean region can be divided into cold and warm
periods. The cold period (December to March) is characterized by the low circulation associated with
intense cyclogenetic activity. The anticyclonic type of circulation during this period is associated
with cold core anticyclones laying over the central Europe or Balkan region. The warm period

(June to September) is characterized by high circulation where the North Atlantic lows pass over
Europe and only edges of the fronts reach the northeastern part of the Mediterranean (Kallos et al.,
1993; Kassomenos et al., 1995). During the warm period, the entire Mediterranean region is occupied
by anticyclonic activity and large-scale subsidence. This period of the year is highly controlled by the
balance between the North Atlantic anticyclone (that extends toward the Mediterranean) and the
monsoon activity over the Indian Ocean and the Middle East. During the transitional seasons of
spring (April to May) and autumn (October to November), the synoptic circulation varies between
cold and warm types.

An oppressive hot, dry desert wind called the sharav or khamsin “east wind” blows from the Arabian
Desert from May to mid-June and from September to October. The sharav or khamsin can be
triggered by depressions that move eastward along the southern parts of the Mediterranean or along
the North African coast from February to June and lasts for 2 to 5 days at a time.

Meteorological data from 2007 to 2012 recorded at Haifa are available for reference (Israel
Meteorological Service, 2014; Weatherspark, 2014). Highest daily air temperatures range from
approximately 25°C in January to 42°C in April, May, and June. Lowest daily air temperatures range
from approximately 0.7°C in January to 16.6°C in August. The mean and extreme temperatures are
moderated by Haifa’s coastal location. Haifa receives an annual mean rainfall of 539 mm, with the
greatest amounts during the cold period (December to March) and virtually no precipitation during the
warm period (June to September).

1.9.2 Air Quality

No site-specific air quality data are available for the Application Area (as required in Guidelines
section 1.9.3). However, in the offshore environment of the Application Area, more than 100 km
from the coastline and urban areas, air quality is expected to be good. The major pollutant sources of
anthropogenic origin in the Mediterranean region are located in central and southern Europe, with
minor contribution from North Africa and the Middle East (Asaf et al., 2008). Because the
Application Area is approximately 120 km from the nearest shoreline, a description of coastal air
quality is not presented.
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There are no known special meteorological conditions that might cause conditions of dispersal that
will give rise to high air pollution concentrations in the Application Area. In a general sense, there
are three major synoptic weather types that are conducive to short-term air quality problems in coastal
Israel (Dayan and Levy, 2002):

¢ Red Sea Trough — occurs 29% of the time, mainly during autumn, brings regimes of light winds
transporting hot and dry air from eastern origins;

e Anticyclone — occurs 25% of the time, mainly during spring and is often accompanied by an
upper-air ridge, which usually leads to stagnation caused by the very weak pressure gradient
formed over Israel; and

o Shallow Persian Trough — occurs 20% of the time, typically during summer whenever the
extensive North-African upper-air subtropic anticyclone advances to the region leading to
subsidence and stabilization of the atmosphere.

Other weather types associated with air pollution periods (e.g., high-ozone days), and their frequency
of occurrence, include Turkish high (8%), Persian trough (7%), Col (4%), Egyptian low (4%), a
western axis Red Sea Trough (1%), and undefined (2%) (Dayan and Levy, 2002).

1.10 NOISE

There are no site-specific measurements of underwater noise in the Application Area. The most likely
dominant source of ambient noise is shipping. Shipping noise is ubiquitous in the world’s oceans and
is the dominant source of underwater noise at frequencies below 300 Hz in many areas (Wenz, 1962;
Ross, 1976; Hildebrand, 2009; McKenna et al., 2012). The Eastern Mediterranean region is one of
the busiest sea routes in the world, with a number of high-volume port facilities and crowded shipping
lanes. The opening of the Suez Canal significantly increased the volume of shipping traffic,
particularly in the Eastern Mediterranean region.

Broadband source levels for ships typically increase with increasing vessel size, with source levels of
160 to 175 dB re 1uPa for smaller vessels (less than 50 m), 165 to 180 dB re 1uPa for medium-size
vessels (50 to 100 m), and 180 to 190 dB re 1uPa for large vessels (more than 100 m) such as
supertankers, large bulk carriers, container ships (Richardson et al., 1995; OSPAR Commission,
2009). The main noise sources from shipping include propellers and thrusters, machinery,
sea-connected systems (e.g., pumps), and hydrodynamic noise caused by the movement of the hull
through the water (Spence et al., 2007). Propeller cavitation is usually the dominant source for large
commercial vessels (Brown, 2007).

Potter et al. (1997) measured ambient noise levels in shallow water (i.e., 4 to 5 m depth) offshore
Haifa. At low frequencies (a few hundred hertz or less), the ambient noise spectra exhibited
characteristics of medium to heavy shipping noise. Biological sound sources (i.e., snapping shrimp)
dominated the spectrum for frequencies above a few hundred hertz.

1.11  MARINE TRANSPORTATION SYSTEM AND INFRASTRUCTURE

Existing maritime infrastructure within the Application Area includes four previously drilled wells
(Leviathan-1 through Leviathan-4) and one telecommunications cable. Shipping lanes are present in
coastal waters inshore of the Application Area.

1.11.1 Telecommunications Cables

A MedNautilus submarine telecommunications cable passes through the middle of the Leviathan
Field in a west-northwest to east-southeast direction (Figure 1-34) and is part of a regional fiber optic
network connecting the Mediterranean region to Western Europe and the United States (MedNautilus,
2014a). The north-south oriented MINERVA cable shown in the figure is a subsystem of
MedNautilus (MedNautilus, 2014b). All of the drillsites are more than 1 km away from the nearest
cable (Table 1-22).
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Figure 1-34. Locations of existing marine infrastructure (telecommunications cable and previous
drillsites) within the Leviathan Field in relation to the initial wellsites included in the
Leviathan Field Development Plan. Proposed New Wellsite locations are preliminary;
final well locations may vary slightly. Contours indicate water depth in meters.
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Table 1-22. Minimum distances to the nearest telecommunications cable and existing wellsite for

each drillsite.
Proximity to Telecommunication Cables Proximity to Existing Wellsites
Drillsite Nearest Cable Di';g;m:rzté?m) Nearest Existing Wellsite Di';g;::rztérﬁm)

Leviathan-3 MedNautilus 3.36 Leviathan-3 0
Leviathan-4 MedNautilus 4.64 Leviathan-4 0
Leviathan-5 MedNautilus 8.81 Leviathan-3 5.79
Leviathan-6 MedNautilus 3.09 Leviathan-4 1.58
Leviathan-7 MedNautilus 3.12 Leviathan-4 1.60
Leviathan-8 MedNautilus 4.67 Leviathan-4 0.13
Leviathan-9 MedNautilus 1.04 Leviathan-3 3.24
Leviathan-10 MedNautilus 1.09 Leviathan-3 3.17

1.11.2 Existing Wellsites

There are four existing wellsites (Leviathan-1 through Leviathan-4) in the Leviathan Field

(Figure 1-34). Two of the proposed drillsites in this Application are existing wellsites (Leviathan-3
and Leviathan-4). These reservoir control points provide part of the basis for locating subsequent
wells in the proposed early stage of Leviathan development. The proposed Leviathan-6, Leviathan-7,
and Leviathan-8 surface locations are clustered around Leviathan-4. The proposed Leviathan-9 and
Leviathan-10 surface locations are near Leviathan-3. The lateral distances between these are shown
in Table 1-22, the lateral distance with other future (notional) Leviathan wells are tabulated in
Section 3.2. The proposed Leviathan-5 surface location is located on the northern flank of the
reservoir.

1.11.3 Shipping Lanes

The Leviathan Field is not located within a shipping lane as shown in Figure 1-3. The nearest
shipping lanes are those approaching the port of Haifa. Numerous shipping lanes cross Israel’s
territorial waters, including those from the ports of Israel to destinations in southern Europe, Cyprus,
and North Africa, and routes between Alexandria and Port Said in Egypt to destinations in Lebanon
and Syria.

1.12 MARINE FARMING

Fish farming locations are shown in Figure 1-35. No mariculture or fish farming operations are
known to exist within 30 km of the Application Area. Fish farming usually takes place in secure bays
to avoid damage to the cages, although there are exceptions. Using a special patented technique
developed in Israel, a submergible open water fish farm was developed and has become operational
approximately 5 nmi west of Palmachim. Total capacity is approximately 1,500 tons per annum when
fully operational. A second farm is located inside Ashdod port with a capacity of 300 tons and was
built as a temporary solution for the fish farms of Eilat. A third, experimental farm, located
approximately 1.6 nmi west of Michmoret, was established recently (2011) to support the rapidly
growing demand and uprising market. Mariculture production accounts for only 3% (approximately
2,300 tons) of total fish consumption in Israel valued at US$16.5 million (Shapiro, 2007). The main
cultured fish species grown is gilthead sea-bream (Sparus aurata), with some European sea-bass
(Dicentrarchus labrax). All fishes are inspected at the farm gate by a veterinary service for pathogens
and heavy metals; so far, no threats have been detected.
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Figure 1-35. Map of fish farming locations in Israel (Data from: Ministry of Agriculture and Rural
Development — Fish Ponds and Offshore Cages Geospatial Data, 2014).

The Israeli market consumes approximately 80,000 tons of fish per year, relying heavily on the import
of frozen fish (approximately 60,000 tons) but also obtaining approximately 20,000 tons from local
produce through fisheries and aquaculture (Shapiro, 2007). Along the coastal plain of Israel, mainly
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north of Kibbutz Ma’agan Michael and south Ha’bonim village, are fish ponds where several species
of freshwater and brackish water fish are cultivated, including the commercially important flathead
gray mullet (Mugil cephalus) and red drum (Sciaenops ocellatus). Not all ponds are operational as
some were abandoned and left as dry pits while others, such as the “Diple” at the Dalia stream
estuary, serve as a reservoir for the fish ponds, as agreed between the Israel National Parks Authority
and fish pond operators, and act as a natural marshland consisting of species of fish and marine
invertebrates unique to brackish water. The fish ponds attract many seabirds that pass through the
area while migrating south during the winter, while some stay to nest at designated sites. Excess
water from the fish ponds are routinely discharged into the Dalia stream estuary and the
Mediterranean Sea (Israel National Parks Authority, 2011).

1.13 LEVIATHAN-2 WELLSITE MONITORING SUMMARY

During drilling of the Leviathan-2 well in May 2011, wellbore integrity issues occurred prior to
drilling of the well’s reservoir section. Due to these issues, the drilling rig was removed from the
well. Following cessation of drilling operations (May 2011) and prior to the successful plugging
(plug-and-abandonment) of the well in September 2012, there was a flow of formation water and
subsurface sediments from the well. During the flow, formation sand and water settled in the area
surrounding the Leviathan-2 well. A brine pool formed immediately around the wellhead in a caldera
(approximately 15m across and 1 meter deep) created by the jetting of water immediately after
plugging operations to allow for a visual inspection of the wellhead. Similar brine pools, but much
smaller in size (1 — 3 min length; < 10 cm deep), occurred in natural depressions in the seafloor. All
of these smaller brine pools were found within a 200 m radius of the wellsite.

Noble Energy immediately implemented a monitoring program of the Leviathan-2 wellsite to
document the environmental conditions and provide a baseline for evaluating future changes and
recovery. After plugging activities were completed, six full surveys (November 2012, April 2013,
September 2013, February 2014, June 2014, and January 2015) and one hydrographic survey (June
2013) were conducted at the Leviathan-2 wellsite and surrounding region. Each full survey included
the collection of a combination of the following data: video, water column and near-bottom
hydrographic profiles, and physical collection of sediment and near-bottom water samples. Samples
were collected within 200 m of the wellhead, at two reference stations, and along three fault lines in
close proximity to the wellsite. The hydrographic survey was inclusive only of video data and near-
bottom hydrographic profiling at those same locations.

Findings from all post-plugging surveys conducted to date (November 2012 to January 2015) suggest
that the plugging was effective (i.e., no evidence of a leak), and that conditions are gradually
approaching normal conditions (i.e., decrease in size and salinity of caldera brine pool). It has been
repeatedly shown in previous reports that all environmental impacts are minimal and highly localized
within 200 m of the wellhead, and the area is showing signs of recovery. The effects of water and
sand discharges appear to be minimal, having no indicators of toxic levels of contamination from
compounds of concern.
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CHAPTER 2: REASONS FOR PREFERENCE OF THE LOCATION
OF THE PROPOSED PLAN AND POSSIBLE ALTERNATIVES

2.1 GENERAL

Noble Energy proposes to conduct well drilling and completion activities in the Leviathan Field. This
chapter explains the options that Noble Energy evaluated in selecting the initial well locations and
drilling technology.

2.2 WELL LOCATION ALTERNATIVES
2.2.1 Overview and Application Rationale

Noble Energy’s development plan for the Leviathan Field includes the drilling and completion of up
to 29 wells for full field depletion. The final number of wells will be selected based on factors such as
reservoir performance, reservoir connectivity, development phases, production profile, and future
appraisal. Specific locations of the wells will take into account these factors as well as shallow hazard
evaluation and avoidance of potential archeological contacts. Eight initial development drillsites in
this report were selected based on the interpretation of seismic data acquired in the Leviathan North
and South Leases as well as results from previous exploratory and appraisal wells completed in the
Leviathan Field. Details regarding the selection of the drillsite locations were explained in the
development plan and are outlined in the following sections. The detailed plans presented in this
report include the drilling of Leviathan-3 ST02 and Leviathan-5 through Leviathan-10 as well as the
completion of the previously drilled Leviathan-4 STO1.

2.2.2 Proposed Development Program

Reservoir simulation studies indicate that an initial group of eight well locations will satisfy early
production needs and can provide important reservoir surveillance for Leviathan Field. The planned
distribution, by reservoir zone, is as follows:

This initial development phase includes two well clusters generally centered around the existing
Leviathan-3 and Leviathan-4 appraisal locations. These are structurally high areas of the field, with a
concentration of gas-in-place that will ultimately require high well concentrations. Staying close to
these existing control points where high quality seismic data are available reduces uncertainty with
structure, sand deposition, and reservoir quality. Anchoring the initial development phase around two
clusters of four wells each also optimizes field facilities/infrastructure.

In order to optimimize gas production and minimize water influx, the following philosophy is used:

In general, completions in the lower sand zones will be done early in the field life. This will help
minimize the risk associated with drilling through sands that, based on reservoir simulation modeling,
are expected to show pressure depletion over the life of the field. It also will provide improved
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stratigraphic control on the shallower gas pay zones early in the field life and facilitate their
subsequent completion.

2.2.3 Completion Philosophy and Details of Well Planning

Early completions in the Leviathan Field are designed to efficiently drain the gas reservoir through
wells in the two key reservoir sands. Through careful monitoring, these initial wells will provide key
data relative to deliverability as well as vertical and lateral reservoir connectivity. Reservoir modeling
indicates that subsequent wells will likely be concentrated in the “A” Sand, wherein the majority of
the Leviathan Field resources occur. However, early well performance data will be used to optimize

subsequent completions relative to lateral position in the reservoir and specific sand zone for
completion.

Because the wells are located in different sectors (south, central, and northeast), production rates and
pressures can be collected and analyzed to provide a basis for understanding the reservoir
performance and connectivity. Analysis of production data from the initial producers will help
fine-tune later well locations to optimize gas production and minimize water influx.

Figure 2-1.  Schematic section through the northern well cluster. Black lines represent appraisal

legs and red lines are completions. Because wells are projected onto a common plane,
the diagram is somewhat distorted.
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Figure 2-2.  Schematic section through the southern well cluster. Black lines represent appraisal
legs and red lines are completions. Because wells are projected onto a common plane,
the diagram is somewhat distorted.
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Table 2-1 summarizes the planned activities, water depth, true vertical depth subsea, and the planned
completion zone for the initial proposed wells.

Table 2-1.  Planned activities, water depth, true vertical depth subsea, and the planned completion
zone for the initial proposed wells.

well. Noble Energy will make the best completion possible based on the data obtained during drilling.

2.2.4 Well Clearance and Environmental Sensitivity

The proposed location and borehole trajectory of each individual Leviathan Field development well
was selected and the well drilling program designed to include considerations minimizing the risk of
encountering the following shallow hazards:

o Seafloor instability — The selected locations are in relatively flat areas away from any seafloor
channel or fault scarp;

o Shallow faulting — The locations avoid all areas of shallow faulting at or near the seafloor; and

e Anomalies within salt — The proposed locations have been screened, using seismic interpretation,
to avoid areas of significant intra-salt deformation.

Casing and drilling program engineering were considered in the proposed development program as
well. Specifically, the 20-inch casing shoe has been designed to be set in a clean halite interval that is
free of clastic interbeds. In addition, the well locations were selected within an area of undulating
seafloor. The locations were chosen to avoid high dip magnitudes of the seafloor and any faults in the
area.

Geohazards and environmental sensitivities were considered during selection of the drillsite locations.
Gardline Surveys Inc. (2010, 2014) conducted a geohazards survey of the Leviathan Field and
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subsequently performed individual geohazard assessments for each proposed drillsite and an area
surrounding it with a 2,000-m radius, based on 3D seismic data. Site-specific well clearance letters
will be prepared and submitted as part of the application for a marine discharge permit for each
individual well. The drillsites are located in water depths ranging from 1,619 to 1,709 m. The
seafloor at the proposed drillsites is smooth and featureless. There are no significant seafloor features
(such as hard bottom areas or deepwater coral formations), and there are no high seafloor amplitude
signatures indicative of fluid expulsion within 500 m of each proposed well location. The seafloor
sediments are believed to be composed of silts and clays with interbedded sands, which become
firmer with increasing water depth.

Within the broader area, the Leviathan Field development drillsites were selected with respect to
seafloor characteristics, shallow subsurface intervals of possible concern, and the optimal penetration
point of the gas reservoir. An enlarged area encompassing the entire Leviathan Field was studied to
define the original drillsite locations, from which the proposed locations were set to avoid potential
gas hazards. The Leviathan Field drillsites were chosen to avoid active seafloor channels, shallow
faulting, and potential shallow gas hazards associated with amplitude anomalies and low-angle slump
escarpments or other seafloor topographic elements. The final location for each proposed drillsite was
adjusted to avoid deeper faults proximal to the original wellbore. The choice of drillsites effectively
avoids intersection with small faults in the shallow, post-salt section and allows for the setting of two
successive casing points in relatively clean salt that is expected to be clean of clastic interbeds. All of
these considerations help to minimize the safety, environmental, and drilling risks at each of the
proposed drillsite locations.

The following additional specific criteria cited in the “Guidelines for Preparation of Environmental
Impact Document” were taken into account by Noble Energy:

e Structural analysis issues; the size of the field and the location of the target stratum — these issues
were considered as part of the geological evaluation as described in Sections 2.2.1t0 2.2.3.

e Landslides and liquefaction — these and other potential geohazards were evaluated on the basis of
the geohazards assessment as described in the preceding paragraphs of this section.

e Marine reserves — none are present in the Application area.

o “Regions defined as special regions such as ridges, canyons or deep coral reefs, sponges, clams or
other sedentary organisms” — none are present in the Application area (see benthic communities
discussion in Section 1.6.1).

o “[PJroximity to towns and residential areas, visibility and appearance from the coastline” — not
relevant due to the distance from shore (122 km for the nearest well).

¢ “[H]abitats of animals in danger of extinction” — there are no specific “critical” habitats for
endangered or threatened species in the Application area. Endangered or threatened species that
may be present in the region are discussed in Section 1.6 and are included in the impact analysis
in Chapter 4.

e Shipping lanes — There are no shipping lanes in the Leviathan Field; the nearest shipping lanes are
those approaching the port of Haifa (see Section 1.11). Therefore, shipping lanes did not factor
into the selection of drillsites.

e Infrastructure, communications and energy lines — known regional infrastructure proximal to the
drillsites includes 1) a Med Nautilus telecommunications cable, which runs through the middle of
the field; and 2) the currently “as drilled” Leviathan subsea wells (Leviathan-1 through
Leviathan-4) (see Section 1.11). The drillsites have been selected to avoid any physical impacts
to the telecommunications cable; all of the drillsites are more than 1 km away from the nearest
cable. No seafloor-disturbing activities will be conducted near the telecommunications cable and
no impacts are expected (see Chapter 4).

e Current regime — the current regime was considered in the design criteria for drilling rigs and
support vessels, but there are no significant spatial differences in current regime within the
Leviathan Field. Therefore, it was not a factor in selecting individual drillsites.
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e Fish reproduction zones and times; fishing areas and marine farming zones — there are no fish
reproduction zones or fishing areas in the Leviathan Field, and the nearest marine farming zones
are along the coast (see Sections 1.6.3 and 1.12).

Table 2-2 presents a summary of the technical and environmental factors considered by Noble Energy
in selecting the initial drillsites for the proposed drilling and completion program.

Table 2-2.  Summary of technical and environmental factors evaluated in the selection of drillsite
locations. Because no formal location alternatives were evaluated, the proposed drillsite
locations (as a group) are rated as acceptable or not acceptable for each criterion.

Criteria Evaluation Reference Rating
Initial well locations were selected based on the interpretation of
Structure and  |seismic and geophysical survey data acquired in the Leviathan North Section 2.2 Acceptable
target layers  |and South Leases, as well as results from previous exploratory and '
appraisal wells at Leviathan and in nearby fields.
Noble Energy commissioned a 3D geohazards survey of the Leviathan
Field by Gardline Surveys Inc., and the findings were taken into
account in the siting of the proposed drillsites. Noble Energy will
prepare a site-specific geohazard assessment for each drillsite to be
submitted with the application for a discharge permit. The geohazards
assessment evaluated the seafloor and sub-seafloor conditions
- - . - Geohazards
including shallow hazards that may affect drilling and completion
L - A reports
Geohazards activities out to a radius of 2,009 m. No S|gn]f|cant geo_hazards were (Gardline Acceptable
identified at the seafloor; there is no known risk of gas in the area of
i A - Surveys Inc.,
the proposed drillsites; and there is little or no shallow water flow risk 2010, 2014)
based on offset wells in the area. Noble Energy used the information ' '
from the geohazards assessment to design the drilling program to
mitigate risks from geohazards. The subsurface team considered
numerous alternative locations for each well to avoid seafloor
anomalies and to avoid interpreted shallow sand accumulations and
possible fault intersections in the shallow section.
Marine reserves |None are present in or near the Leviathan Field. Chapter 1 Acceptable
. . No ridges, canyons or deep coral reefs, sponges, or other hard bottom | Section 1.6.1;
Special regions o - e - Acceptable
communities are present in the Application area. Appendix D
;Zt:rgztesrg; No gritical h_abitats for endangered species are present in or near the Section 1.6.2 | Acceptable
- Leviathan Field.
animals
E)/li’ﬁ)z;é]?sl,tgntg Not a factor in drillsite selection due to the distance from shore N/A Acceptable
. ; (122 km for the nearest well).
residential areas
Not a factor in drillsite selection because there are no shipping lanes in
Shipping lanes |the Leviathan Field (the nearest shipping lanes are those approaching | Section 1.11 Acceptable
the port of Haifa).
Infrastructure  |A Med Nautilus telecommunications cable runs through the middle of
including the Leviathan Field. The drillsites have been selected to avoid any
communications |physical impacts to the telecommunications cable, and all of the initial | Section 1.11 Acceptable
cables and energy |drillsites are more than 1 km away from the nearest cable. No
pipelines seafloor-disturbing activities will be conducted near the cable.
Not a factor in drillsite selection due to the distance from shore
Fishing and (122 km for the nearest well). There are no fish reproduction zones or | Section 1.6.3 Acceptable
marine agriculture [fishing areas in the Leviathan Field, and the nearest marine farming Section 1.12 P
zones are along the coast.
The current regime was considered in the design criteria for drilling
. rigs and support vessels, but there are no significant spatial differences .
Current regime in current regime within the Leviathan Field. Therefore, it was not a Section 1.5 Acceptable
factor in selecting drillsites.
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2.3 TECHNOLOGICAL ALTERNATIVES

Noble Energy evaluated technological alternatives including types of drilling rigs, drilling technology,
the drilling mud program, and cuttings treatment technology.

2.3.1 Type of Drilling Rig

Two drilling rigs, which have not yet been identified, will be needed to conduct the drilling and
completion operations as described in Chapter 3. One rig will conduct the drilling operations, and
the second rig will perform the well completions. Based on the technical requirements for the drilling
program, Noble Energy determined that a dynamically positioned (DP) drillship or DP
semisubmersible is preferred with the following minimum general specifications:

Minimum drilling depth capability in excess of 6,000 m;

Minimum working water depth in excess of 1,700 m;

Well control equipment rated at 10,000 psi capacity;

18%-inch blowout preventer (BOP) system with dual annulars and 4 ram-type preventers;
Minimum hook load of 1,500 kilopounds and 60.5-inch rotary table;

Top drive to deliver 50,000 ft-Ib of torque at drilling rpm of 130;

Three mud pumps rated at 7,500 psi;

Bulk storage for 10,000 sacks of cement and 6,000 sacks of barite;

Fluid storage of 17,000 barrels (bbl) for active and reserve pits and additional storage for
6,000 bbl of brine;

Zero-discharge capability;

Pipe and tubular handling for all drill pipe, casing, and tubing required for the project;
Completion and well-testing capabilities;

Drill pipe: 6%-inch designed for 7,500 m (approximately 25,000 ft) with 50,000 ft-1b of torque;
and

e Minimum personnel capacity of 180 persons.

Noble Energy is in the process of evaluating rig tenders that meet these requirements. The selection
will be affected by rig availability and Noble Energy’s additional rig operations in the Eastern
Mediterranean region. After the drilling rigs are selected, the specific rig detail will be submitted to
the ministries in the discharge permit application.

2.3.2 Drilling Technology

The new Leviathan wells (Leviathan-5 through Leviathan-10) are planned as vertical where possible,
but directional where required to avoid shallow hazards. A directional pilot hole will be drilled to
total depth, the reservoir will be evaluated, and the wellbore will be sidetracked back to vertical,
offsetting the original wellbore, down to the top of the reservoir (“A” or “C” Sand), as required. The
wells are planned with a generous target tolerance. Control drilling or sliding to maintain wellbore
vertical is not a requirement; however, care will be taken to minimize “dog legs.” Rotary steerable
technology will be used. A summary of the key drilling technologies are as follows:

o Rotary steerable systems are designed to drill vertically or directionally with continuous rotation
from the surface, eliminating the need to slide a steerable motor. With a steerable drilling system,
penetration rates are improved because there are no stationary components to create friction that
reduces efficiency and anchors the bottom hole assembly (BHA) in the hole. The flow of cuttings
past the BHA is enhanced because annular bottlenecks are not created in the wellbore.
State-of-the-art rotary steerable systems have minimal interaction with the borehole, thereby
preserving borehole quality. The most advanced systems exert consistent side force similar to
traditional stabilizers that rotate with the drillstring or orient the bit in the desired direction while
continuously rotating at the same number of rotations per minute as the drillstring. They offer
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precise steering control that maximizes reservoir contact for increased production. The
technology reduces the uncertainty of drilling away from the target, due to deviation prone
sections (salt sections). The precision steering system can be combined with polycrystalline
diamond compact bits, modular motors, near-bit sensors, measurement while drilling and logging
while drilling tools. Based on real-time formation evaluation, better reservoir navigation
decisions can be made.

e Polycrystalline diamond compact bits provide superior directional control, longer run life,
improved rate of penetration, enhanced durability, and better drilling efficiency. The synthetic
diamond disks shear the rock with a continuous scraping motion. Polycrystalline diamond
compact bits are effective at drilling shale formations, especially when used in combination with
oil-based muds.

e Modular motors are positive displacement drilling motors that use hydraulic horsepower of the
drilling fluid to drive the drill bit. Mud motors are used extensively in jetting in conductor casing
and directional drilling operations.

o Near-bit sensors placed below rotary steerable systems can accurately pick a casing point with
bit only 2.5 m below. The data are transmitted to the surface along with other logging while
drilling data further up in the BHA without any signal detection issues. This helps steer the hole
section to the best place in less time.

e Measurement while drilling (MWD) provides evaluation of physical properties, usually
including pressure, temperature, and wellbore trajectory in 3D space, while extending a
wellbore. MWD is now standard practice in offshore directional wells. The measurements are
made downhole, stored in solid-state memory for some time and later transmitted to the surface.
Data transmission methods vary from company to company, but usually involve digitally
encoding data and transmitting to the surface as pressure pulses in the mud system. These
pressures may be positive, negative, or continuous sine waves. Some MWD tools have the ability
to store the measurements for later retrieval with wireline or when the tool is tripped out of the
hole if the data transmission link fails. MWD tools that measure formation parameters
(resistivity, porosity, sonic velocity, gamma ray) are referred to as logging while drilling (LWD)
tools. LWD tools use similar data storage and transmission systems, with some having more
solid-state memory to provide higher resolution logs after the tool is tripped out than is possible
with the relatively low bandwidth, mud-pulse data transmission system.

e Logging while drilling (LWD) provides measurements of formation properties during the
excavation of the hole or shortly thereafter, through the use of tools integrated into the BHA.
LWD has the advantage of measuring properties of a formation before drilling fluids invade
deeply. Further, many wellbores prove to be difficult to measure with conventional wireline
tools. Timely LWD data can be used to guide well placement so that the wellbore remains within
the zone of interest or in the most productive portion of a reservoir.

2.3.3  Drilling Mud Selection and Cuttings Treatment Technology

To date, all but one of Noble Energy’s wells offshore Israel have been drilled using water-based mud
(WBM). A deep hole portion of Leviathan-1 was drilled using mineral oil-based mud (MOBM) with
the cuttings transported onshore. WBM has been used worldwide in offshore drilling for more than
50 years (National Research Council, 1983) and is adequate for many drilling programs. However,
WBM is inefficient and has resulted in large amounts of operational inefficiency (approximately

15% to 20% longer time to drill wells). To make WBM technically viable, Noble Energy has needed
to add a large number of specialty chemicals (e.g., glycols, bactericides, potassium, and special shale
inhibitors) that have increased the complexity of managing the drilling program in an environmentally
responsible manner.

In November 2013, Noble Energy drilled Tamar SW-1, a Miocene well from 3,620 to 5,377 m
measured depth (MD) in 157.3 rotating hours (on bottom) with WBM. Previously, between June and

August 2013, Noble Energy drilled Cyprus A-2a, a similar Miocene well, || EGcGcNGGEEE
I T s was 83.2 hours (3.5 days) less, or a 53%
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reduction in total drilling hours, due to increased rates of penetration with MOBM. This does not
include other potential reductions in time that could be achieved from reduced hole-stability issues.

These factors have led Noble Energy to pursue the alternatives of non-aqueous drilling fluids (NADF)
such as MOBM to maintain proper well control, rheological control, inhibition capability, and
lubricity. With the infrastructure currently being installed for use of MOBM for the deep drilling test
(ML-1X), Noble Energy is proposing to use MOBM for the drilling program in the Leviathan Field as
well. Use of MOBM could result in a reduction of as much as 20% of the time required to drill due to
increased rates of penetration, reduced hole-stability issues, and fewer electronic failures currently
experienced with the use of salt-saturated WBM.

When wells are drilled exclusively with WBM, all of the cuttings (and some of the drilling mud) are
typically discharged to the ocean (National Research Council, 1983; Neff, 1987, 2005, 2010).
Discharges of WBM and cuttings are routinely permitted offshore Israel and in nearly all countries
that have an offshore oil and gas industry. However, when NADF are used, the muds are recycled
rather than discharged, and cuttings discharges are subject to restrictions that vary from country to
country (International Association of Qil & Gas Producers, 2003). Under the Offshore Protocol of the
Barcelona Convention (which Israel has signed but not ratified), NADF cuttings discharges are
allowed, subject to a retention limit of 10% base oil content (by dry weight) on cuttings. A
well-established regulatory framework exists in the North Sea (Norway, United Kingdom, etc.)
through the Convention for the Protection of Marine Environment in the Northeast Atlantic (OSPAR),
which provides the basis for the option being considered by Noble Energy. In the OSPAR region,
NADF systems are widely used and include both MOBM and synthetic-based mud. Although NADF
cuttings can be discharged, the residual NADF on cuttings is limited to 1% (dry weight) under
OSPAR Resolution 2000/3 (OSPAR Convention for the Protection of Marine Environment in the
Northeast Atlantic, 2000).

Noble Energy’s preferred option is to use MOBM for the Leviathan Field Drilling Program due to
increased operational efficiency, shale inhibition, wellbore stability, and lubricity while reducing
drilling time and chemical usage. The initial well intervals still would be drilled with WBM as
explained in Section 3.7.2. The cuttings from MOBM well intervals would be processed to less than
1% base oil content (by dry weight) on cuttings and disposed of on site, as is currently permitted by
OSPAR. This objective would be achieved by installing a thermomechanical cuttings cleaner (TCC)
on the drilling rig which would process the cuttings prior to discharge. Further details of the selected
MOBM and TCC are presented in the following sections.

2331 Mineral Oil Based Drilling Mud System
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2.3.3.2 Thermomechanical Cuttings Cleaner

Noble Energy plans to use a TCC (or equivalent system) to process the cuttings to less than 1% oil on
cuttings for on-site disposal (see Appendix | for specifications). Figure 2-3 shows a flow diagram
for processing drilling mud and cuttings on the drilling rig. Drilling mud is circulated down the drill
pipe continuously during drilling and returns to the surface through the annular space between the
drill pipe and casing, carrying drill cuttings in suspension. On the drilling rig, the mud and cuttings
are passed through solids control equipment designed to separate the drill cuttings so that the mud can
be pumped back down the hole. The cuttings are initially separated using mesh screens on shale
shakers and then transferred to a process plant that uses mechanical action applied directly to the drill
cuttings to create temperatures (260°C to 280°C) that rise above the boiling points of water and oil.
Reaching these temperatures removes the hydrocarbons from the solids to less than less than 1% oil
on cuttings. The remaining water and oil vapor is then condensed into the relevant streams and
recovered separately. The recovered oil is pumped back into the mud system and the water is
disposed overboard if it meets the offshore disposal guidelines. Water that does not meet the
discharge limits is transferred to a holding tank and disposed of onshore. Typical oil in water content
of the recovered water is less than 30 ppm.
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Figure 2-3.  Schematic diagram of thermomechanical cuttings cleaner.

The process mill is the heart of the TCC process. Its main function is to generate friction heat to force
the evaporation of water and oils present in the feed material. The rotor operates with the rotational
speed of 600 to 700 rpm, which creates a ring-shaped bed of material along the stator wall. Due to the
intense agitation of the rotor, motor energy is transferred as heat to the material bed, allowing water
and oil in the material to be efficiently flash evaporated. The condenser module is broken into four
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stages with the oil scrubber being the primary vessel that removes the final solids from the recovered
vapor. From there, the vapor travels through an oil condenser, water condenser, and oil/water
separator (OWS).

Key advantages of the system are as follows:

Direct heating of the waste stream resulting in maximum energy efficiency;
Recovered base oil which can be directly recycled;

Dried solids that are clean and can be disposed of on site;

An easily relocated unit that is ideal for offshore use; and

Rapid start-up and shutdown, which facilitates simple maintenance tasks.

Data collected from previous operations where the proposed TCC technology has been used in the
U.K. North Sea show that the average oil content on cuttings is much lower than than 1% OSPAR
limit (Aquateam COWI AS, 2014). Noble Energy received information from the U.K. Department of
Energy and Climate Change that performance levels achieved from this technology achieved oil
removal to levels as low as 0.015% in 2011 and 2012 and 0.1% in 2013.

2.3.3.3 Riserless Mud Recovery System

Noble Energy is actively engaged in the investigation of the use of riserless mud recovery systems for
the Leviathan Development. Preliminary investigation with the world’s leading supplier of this
recovery system has been initiated. The initial investigation has discovered that the water depths in
the Leviathan Field are 250 to 300 m greater than the maximum depth of use of this system. Some
preliminary calculations have been made and have determined that the subsea pumps available are
capable of delivering the performance necessary for this project; however, new return piping and
deployment systems would have to be investigated to determine actual feasibility in these water
depths. Such a feasibility study would have to be performed prior to the economic benefit analysis. It
is estimated that this study and the ensuing analysis could be accomplished in a 6-month time frame.
Once the project is officially sanctioned, it will be submitted for budget.

2.3.3.4  Cuttings Disposal Alternatives

Noble Energy evaluated the alternative of transporting MOBM cuttings to shore for disposal
(Noble Energy, 2014). This would entail an energy cost to transport the cuttings by ship from the
drillsite to a processing facility in Haifa with further transport of residual materials to the Ramat
Havav hazardous waste disposal facility. The additional energy cost and air pollutant emissions (from
vessels and trucks) would add to the total environmental footprint of the project. In addition, the
cuttings would need to be disposed at the Ramat Havav hazardous waste facility (rather than a
conventional landfill) due to the probable high total dissolved solids (TDS) content. The expected
TDS content of the cuttings is less than that of seawater and will consist of salts of sodium, calcium
and magnesium, which would have minimal to no impacts if disposed offshore. The cuttings would
contribute to filling up the Ramat Havav facility, thereby accelerating the need for expansion of this
facility before its time. Therefore, the onshore disposal alternative is ranked as less suitable than
Noble Energy’s preferred alternative (offshore disposal of TCC-treated cuttings).

Noble Energy also considered reinjection of cuttings. However, reinjection requires a dedicated well
that has the ability to absorb the residual slurry. During drilling, such wells are not generally
available because they need a continuous flow of materials to make them feasible. Additionally, high
solids content of injected material makes it difficult to keep such wells operational. The reinjection
alternative is evaluated as not feasible for this drilling program.
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2.3.4 Blowout Preventer Technology

Detailed BOP specifications vary depending on the drilling rig. However, Noble Energy’s rig tender
included the following specifications: 1) minimum well control equipment rated at 10,000 psi
capacity; and 2) 18%-inch BOP system with dual annulars and four ram-type preventers. Details and
a diagram of the BOP stack are provided in Section 3.2.5. Noble Energy and the rig’s owner will
engage in a comprehensive inspection and testing of the rig’s subsea BOP system to ensure
compliance with the U.S. Bureau of Safety and Environmental Enforcement (BSEE) regulations. The
inspection and testing will be witnessed and certified by a third-party surveyor.

There are no alternatives to the use of a BOP for well control, although different configurations were
evaluated (see Section 3.2.5). The BOP specifications which were selected are based on best industry

practice and reflect Noble Energy’s commitment to safety throughout the drilling program.

24

SUMMARY

Table 2-3 summarizes the location and technology alternatives evaluated in this chapter.

Table 2-3.  Summary of location and technological alternatives evaluated for the Leviathan Field
drilling and completion activities.
Subject Proposed Action Alternatives Evaluated and Ratings Reference
Noble Energy’s development plan includes RATING: Acceptable
the drilling and completion of up to 29 wells |Noble Energy considered alternate placement of wells and larger
in the Leviathan Field. Eight well locations [and smaller total numbers of wells to develop the field. The number
are proposed for the initial development. and location of initial wells were selected to satisfy early production
Well The final number and locations of wells will |needs, provide optimal drainage of gas, and provide reservoir Section 2.2
locations  [be selected based on factors such as surveillance. Table 2-2 summarizes the factors considered. Initial |Section 3.2
reservoir performance, reservoir well locations were selected based on the interpretation of seismic
connectivity, development phases, and geophysical survey data as well as results from previous
production profile, shallow hazards, and exploratory and appraisal wells in the region. Geohazards and
futur7e appraisal. environmental factors were considered.
Two drilling rigs are required (one for . .
drilling and one for well completions). Due DP Drillship or DP '\Qfﬁﬂée-rt'esssbﬁ{;ﬂe
to the water depths in the Leviathan Field, Semisubmersible i :
. . A moored semisubmersible .
Type of  |Noble Energy plans to use a dynamically RATING: Acceptable it i 5 (arraiiteed] i (foeee Section
drilling rig |positioned (DP) drillship or A DP drillship or P 322
. . L . ! water depths and would create
semisubmersible. Drilling rigs have not semisubmersible can meet Noble o - -
. " L additional environmental impacts
been selected but Noble Energy has issued |Energy’s specifications. due to seafloor disturbance
detailed specifications. )
The initial drilling plan includes vertical and
sidetrack (directional) wells. The new wells .
(Leviathan-5 through Leviathan-10) are The design of individuzﬁvz:ll'\sl?vé? ggsgjt%w?\loble Energy’s
planned as vertical wells where possible but evaluatic?n of reservoirs and is intended to satisfy early p?gduction
Drilling |directional wher_e r_eqmred to aV(."d S hallow needs, result in optimal drainage of gas, and provide reservoir Section 3.2
technology |hazards. Key drilling technologies include A . .
- surveillance. Drilling technologies were selected based on Noble
rotary steerable systems, polycrystalline Energy’s experience as most suitable for the safety and efficiency of
diamond compact bits, modular mud motors, gy S Exp ty y
- - the drilling program.
near-bit sensors, measurement while
drilling, and logging while drilling.
WBM and MOBM Combination:
RATING: Acceptable WBM Only:
Noble Energy plans to use a combination of |This alternative will allow Noble Energy to RATING: L)(le'ss
water-based mud (WBM) and mineral drill efficiently while maintaining proper SuitaBIe
oil-based mud (MOBM). The MOBM well control, rheological control, inhibition Using WBM Section
Drilling  [system that Noble Energy is planning to use |capability, and lubricity. The MOBM excluqsivel would be 233
mud is system was selected based on its technical vely Section
. ; less efficient, extend
selection performance and environmental drilling time. and 3.7.2
characteristics. || NNNNEEE is a highly wouldgre uire the use |APPendix G
refined product with low toxicity and very 4 .
. . . e . of numerous specialty
would be the base fluid for this mud system. |low aromatic content; it is readily e
biodegradable and not expected to exhibit ’
chronic toxicity to marine organisms.
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Table 2-3.  (Continued).
Subject Proposed Action Alternatives Evaluated and Ratings Reference
Offshore Disposal Cuttings Reinjection:
RATING: RATING: Not
Acceptable Onshore Disposal Feasible
The proposed RATING: Less [Reinjection requires a
. . offshore disposal of Suitable dedicated well that has
gﬂ?}lee ig:;ggt%%pgrsi?fsit?egISEZ?{%ZEL#EE?S TCQ-treated MOBM | This would entail an |the abi]ity to absorb
MOBM well intervals will Be treated in a cuttings .to t_he ocean |energy cost that the (emdugl _slurry. )
Cuttings |thermomechanical cuttings cleaner (TCC) at tf_le drillsites, quld add to the During drilling, such |Section
treatment |on board the drilling rig to reduce the subjectto_MNIEWR enqunmental wel_ls generally are not 2.3.3
and MOBM retention on cuttings to less than 1% appr(_)val, is the r_nost foo@prmt of the ) available bepause they |Section
disposal  |by dry weight in accordance with the efficient alternative |project. The cuttings |need a contlngous 3.7.2 )
effluent limitations used in the North and meets Noble would need to be flow of matenal_s to |Appendix F
Sea/OSPAR region (OSPAR Ene_rgy’s disposed at the Ramat mak_e 'them fea§|ble.
Decision 2000/3) environmental goals |Havav. The cuttings |Additionally, high
' by reducing the would contribute to  |solids content of
retention on cuttings [filling up the Ramat |injected material
to less than 1% in Havav facility. makes it difficult to
accordance with keep such wells
OSPAR guidelines. operational.
Detailed BOP specifications will depend on
the drilling rig. Noble Energy’s rig tender
included the following specifications:
1) well control equipment rated at 10,000
Blowout |psi capacity; and 2) 18¥-inch BOP system RATING: Acceptable
preventer |with dual annulars and four ram-type The BOP specifications which were selected are based on best Section
(BOP) preventers. Noble Energy and the rig’s industry practice and reflect Noble Energy’s commitment to safety (3.2.5
technology |owner will engage in a comprehensive throughout the drilling program.
inspection and testing of the rig’s subsea
BOP system to ensure compliance with the
U.S. Bureau of Safety and Environmental
Enforcement (BSEE).
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CHAPTER 3: PROJECT DESCRIPTION

3.1 GENERAL

This chapter describes Noble Energy’s plans to conduct well drilling and completion activities for gas
production and development in the Leviathan Field offshore Israel. Noble Energy’s development plan
includes the drilling and completion of up to 29 wells for full field depletion. The final number and
locations of wells will be selected based on factors such as reservoir performance, reservoir
connectivity, development phases, production profile, shallow hazards, and future appraisal.

Although eight initial development drillsites were selected and are discussed in detail

(see Chapter 2), the Application covers the entire Leviathan Field and is intended to anticipate
additional future drilling in the field.

3.2 DESCRIPTION OF THE APPLICATION
3.2.1 General

Noble Energy plans to drill and complete six new wells (Leviathan-5 through Leviathan-10); drill a
second sidetrack (ST02) of the existing Leviathan-3 well; and complete the existing Leviathan-4 ST01
sidetrack well, for a total of eight early producers. The locations are shown in Figure 3-1 and the
planned activities, water depth, and true vertical depth subsea for each well are summarized in

Table 3-1.

Table 3-1.  Planned activities, water depth, and true vertical depth subsea of initial wellsites for
drilling and completion activities.

a Where two values are listed, the second is for the sidetrack (ST) well.
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Figure 3-1.  Locations of eight initial wellsites included in the Leviathan Field Development Plan.
Leviathan-3 and Leviathan-4 are existing wells and locations are shown “as drilled.”
Leviathan-5 through Leviathan-10 are “new” proposed drillsites and the final surface
locations may change within a 1-km radius, as shown. Contours show seabed depth.
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The full development of the Leviathan Field is currently modeled to require approximately

29 producing wells, including two phases of construction. Phase 1 will include Leviathan-5 through
Leviathan-10 as well as the completion of the Leviathan-3 and Leviathan-4 wells. It is also expected
to require replacements for several of the initial wells. In Phase 2, additional wells will be drilled.
The total number and locations for wells required in Phase 2 will change as production data are
incorporated into the reservoir model and demand for the gas is detailed. Reservoir modeling and
simulation have been run in order to forecast production performance and to help optimize possible
future well needs and their locations. Table 3-2 shows the distances between the well locations.
Distances to the nearest shoreline and to Rosh Hacarmel and Hadera for the initial wellsites are listed
in Table 1-1.

Leviathan Field Development Environmental Impact Assessment March 2016
Noble Energy Mediterranean Ltd 3-3
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001



Table 3-2.  Well spacing (distances in meters) between all current, planned, and possible future Leviathan Field wells (surface locations). Minimum distance to a neighboring well is highlighted in red; read along each row to the right
from the starting well in the left column. Distances calculated from preliminary well locations; final distances may vary slightly.

Distance (m) to Specified Well
Well - Min. Nearest
L I T I o = I - T I e |l g |l s | & | 2| s| 2 || x| s | & | s | & |oistarce| we
9 9 q 9 9 9 9 q 9 3 - - - - - - - - - - - - - - - - - - -
Lev-1 0 |13805| 9570 | 11592 | 9297 | 10820 | 10804 | 11661 | 7706 | 7681 | 7369 | 10520 | 10997 | 4867 | 5280 | 10873 3968 | 7004 | 11462 | 8009 10151 | 12387 | 11914 | 9075 | 2708 2993 6113 | 15808 | 8397 L17
Lev-2 | 13805 [ 0 4338 | 10623 | 7556 | 9142 | 9128 | 10534 | 7301 | 7250 | 7040 | 8559 | 6565 | 9364 | 10198 | 10606 9837 | 12092 | 4508 6571 10000 | 13657 9646 | 13823 | 11358 | 7694 | 18558 | 13321 L25
Lev-3 | 9570 | 4338 0 8113 | 5795 | 6530 | 6511 | 8065 | 3239 | 3165 | 2776 | 5877 | 4361 | 5026 | 5939 | 7829 5618 | 9257 | 3023 3636 8505 | 10908 | 3479 7716 | 9920 7366 3493 | 15841 | 9594 L18
Lev-4 | 11592 | 10623 | 8113 0 13479 5768 | 5864 | 6646 | 2238 | 4086 | 7698 | 6464 | 730 | 10850 | 6906 | 9399 | 15425 | 6139 11013 | 16034 | 3044 | 11333 | 15043 | 13592 | 11453 | 8724 | 7942 | 4730 Lev-8
Lev-5 | 9297 | 7556 | 5795 | 13479 0 7781 | 7682 | 6915 | 11317 | 10089 | 7263 | 8925 | 13049 | 9232 | 6767 | 6279 | 4773 | 8778 2481 2716 | 15952 | 4780 7998 6304 5234 | 20707 | 13557 L26
Lev-6 | 10820 | 9142 | 6530 | 1586 | 11952 4331 | 4423 | 5199 | 653 | 2577 | 6555 | 5555 | 1468 | 10089 | 5328 | 8230 | 14106 | 4635 9499 14536 | 4534 9755 13568 | 12609 | 10339 | 7335 | 9476 | 5131 Lev-7
Lev-7 | 10804 | 9128 | 6511 | 1604 | 11931 4310 | 4403 | 5178 | 634 | 2563 | 6536 | 5539 | 1481 | 10074 | 5309 | 8211 | 14086 | 4621 9479 14516 | 4549 9737 13547 | 12591 | 10320 | 7315 | 9492 | 5131 Lev-6
Lev-8 | 11661 | 10534 | 8065 [MEPIEM 13456 | 1536 | 1555 0 5761 | 5857 | 6639 | 2189 | 4006 | 7732 | 6517 | 822 | 10920 | 6863 | 9431 | 15441 | 6055 10994 | 16019 | 3143 | 11269 | 15033 | 13644 | 11492 | 8727 | 8027 | 4851 Lev-4
Lev-9 | 7706 | 7301 | 3239 | 5768 | 7781 | 4331 | 4310 | 5761 0 99 879 | 3754 | 3405 | 2855 | 2995 | 5286 | 7066 | 2123 | 4281 | 9813 | 3839 5300 | 10280 | 8179 6699 9278 | 8891 6412 3015 | 13000 | 6378 Lev-10
Lev-10 [ 7681 | 7250 | 3165 | 5864 | 7682 | 4423 | 4403 | 5857 [EECL] “ 782 | 3843 | 3460 | 2823 | 3020 | 5384 | 7046 | 2065 | 4224 | 9727 | 3841 5202 10182 | 8278 6620 9180 | 8839 6353 2927 | 13098 | 6462 Lev-9
L11 | 7369 | 7040 | 2776 | 6646 | 6915 | 5199 | 5178 | 6639 | 879 782 0 4610 | 4060 | 2526 | 3168 | 6164 | 6776 | 1904 | 3703 | 8988 | 4099 4434 9402 | 9037 6133 8398 | 8322 5792 2186 | 13833 | 7046 Lev-10
L12 | 10520 | 8559 | 5877 | 2238 | 11317 | 653 (KVSMl 2189 | 3754 | 3843 | 4610 0 2010 | 6112 | 5240 | 2057 | 9799 | 4677 | 7764 | 13557 | 4051 8871 13913 | 5154 9111 12953 | 12210 | 9889 6768 | 10103 | 5391 Lev-7
L13 | 10997 | 6565 | 4361 | 4086 | 10089 | 2577 | 2563 | 4006 | 3405 | 3460 | 4060 0 6220 | 5881 | 4042 | 10321 | 3330 | 7684 | 12932 | 2060 7751 12770 | 7100 7322 11898 | 12295 | 9811 6200 | 12026 | 7213 L12
L14 | 4867 | 9364 | 5026 | 7698 | 7263 | 6555 | 6536 | 7732 | 2855 | 2823 | 2526 | 6112 | 6220 7060 | 4255 | 4394 | 1702 | 7858 | 6601 5020 9295 | 9429 7997 8182 | 6129 3784 2164 | 13831 | 6391 L15
L15 | 5280 | 10198 | 5939 | 6464 | 8925 | 5555 | 5539 | 6517 | 2995 | 3020 | 3168 | 5240 | 5881 5775 | 4560 | 5018 | 3228 | 9434 | 6782 6615 | 10990 | 7881 9202 9876 | 7128 5086 3731 | 12168 | 4696 L14
L16 | 10873 | 10606 13049 | 1468 | 1481 | 822 | 5286 | 5384 | 6164 | 2057 | 4042 | 7060 | 5775 0 10131 | 6597 | 8762 | 14834 | 6098 10573 | 15565 | 3106 | 11136 | 14555 | 12900 | 10795 | 8188 | 8058 | 4100 Lev-4
L17 13356 9232 | 10089 | 10074 | 10920 | 7066 | 7046 | 6776 | 9799 | 10321 | 4255 | 4560 | 10131 0 8610 | 3547 | 7323 | 10854 | 7768 | 10279 | 11659 | 11569 | 9179 | 3287 2995 5671 | 15141 | 7691 Lev-10
L18 | 9169 | 5193 6767 | 5328 | 5309 | 6863 | 2123 | 2065 | 1904 | 4677 | 3330 | 4394 | 5018 | 6597 | 8610 0 5334 | 9782 | 2508 4427 9440 | 9668 4706 8573 | 9859 7288 3377 | 14596 | 8398 Lev-3
L19 | 3968 | 9837 | 5618 | 9399 | 6279 | 8230 | 8211 | 9431 | 4281 | 4224 | 3703 | 7764 3228 | 8762 | 3547 | 5334 0 6207 | 7753 4394 7989 | 11085 | 8032 6855 | 4623 2140 2144 | 15381 | 7841 L14
L20 | 7004 | 12092 | 9257 | 15425 | 4773 | 14106 | 14086 | 15441 | 9813 | 9727 | 8988 | 13557 9434 | 14834 | 7323 | 9782 | 6207 0 12209 | 5723 3825 | 17285 | 9391 4651 4647 6803 | 21553 | 13969 L26
L21 | 11462 | 4508 | 3023 | 6139 | 8778 | 4635 | 4621 | 6055 | 3839 | 3841 | 4099 | 4051 6782 | 6098 | 10854 | 2508 | 7753 | 12209 0 6656 | 11494 | 9160 5425 10733 | 12329 | 9765 5875 | 14081 | 9021 L13
L22 | 8009 | 6571 | 3636 9499 | 9479 | 10994 | 5300 | 5202 | 4434 | 8871 | 7751 | 5020 | 6615 | 10573 | 7768 | 4427 | 4394 | 5723 | 6656 0 5048 | 13471 | 4124 4146 | 7423 5165 2884 | 18238 | 11170 Lev-5
L23 | 10151 | 10000 | 8505 14536 | 14516 | 16019 | 10280 [ 10182 | 9402 | 13913 | 12770 | 9295 | 10990 | 15565 | 10279 | 9440 | 7989 | 3825 | 11494 | 5048 0 18381 | 7227 8204 7299 7493 | 23031 | 15685 L26
L24 | 12387 | 13657 | 10908 4534 | 4549 | 3143 | 8179 | 8278 | 9037 | 5154 | 7100 | 9429 | 7881 | 3106 | 11659 | 9668 | 11085 | 17285 | 9160 13471 | 18381 0 14240 | 17332 | 14740 | 12945 | 10903 | 4953 | 4143 Lev-4
L25 | 11914 3479 | 11333 | 4780 | 9755 | 9737 | 11269 | 6699 | 6620 | 6133 | 9111 | 7322 | 7997 | 9202 | 11136 | 11569 | 4706 | 8032 | 9391 | 5425 4124 7227 | 14240 0 6864 | 11543 | 9214 5992 | 19191 | 13070 Lev-2
L26 | 9075 | 9646 | 7716 | 15043 | 2102 | 13568 | 13547 | 15033 | 9278 | 9180 | 8398 | 12953 | 11898 | 8182 | 9876 | 14555 | 9179 | 8573 | 6855 | 3138 | 10733 | 4146 17332 | 6864 0 7238 6190 6430 | 21948 | 14572 L22
L27 | 2708 | 13823 | 9920 | 13592 | 7998 | 12609 | 12591 | 13644 | 8891 | 8839 | 8322 | 12210 | 12295 | 6129 | 7128 | 12900 | 3287 | 9859 | 4623 | 4651 | 12329 | 7423 8204 | 14740 | 11543 | 7238 0 6497 | 18403 | 10890 L28
L28 | 2993 | 11358 | 7366 | 11453 | 6304 | 10339 | 10320 | 11492 | 6412 | 6353 | 5792 | 9889 | 9811 | 3784 | 5086 | 10795 | 2995 | 7288 4647 | 9765 5165 7299 | 12945 | 9214 6190 | 2572 0 3925 | 17005 | 9404 L19
L29 | 6113 | 7694 | 3493 | 8724 | 5234 | 7335 | 7315 | 8727 | 3015 | 2927 | 2186 | 6768 | 6200 | 2164 | 3731 | 8188 | 5671 | 3377 6803 | 5875 2884 7493 | 10903 | 5992 6430 | 6497 3925 0 15545 | 8324 L19
L30 | 15808 | 18558 | 15841 | 7942 | 20707 | 9476 | 9492 | 8027 | 13000 [ 13098 [ 13833 | 10103 | 12026 | 13831 | 12168 | 8058 | 15141 | 14596 | 15381 | 21553 | 14081 | 18238 | 23031 19191 | 21948 | 18403 | 17005 | 15545 0 7601 L24
L31 | 8397 | 13321 | 9594 | 4730 | 13557 | 5131 | 5131 | 4851 | 6378 | 6462 | 7046 | 5391 | 7213 | 6391 | 4696 7691 | 8398 | 7841 | 13969 | 9021 11170 | 15685 | 4143 | 13070 | 14572 | 10890 | 9404 8324 | 7601 0 L16
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The six new drillsites form two clusters. Leviathan-6, Leviathan-7, and Leviathan-8 are near the
existing Leviathan-4 drillsite; distances to Leviathan-4 are approximately 1,586 m for Leviathan-6;
1,604 m for Leviathan-7; and 128 m for Leviathan-8. The other cluster, consisting of Leviathan-5,
Leviathan-9, and Leviathan-10, is near the existing Leviathan-3 drillsite; distances to Leviathan-3 are
approximately 5,792 m for Leviathan-5; 3,239 m for Leviathan-9; and 3,165 m for Leviathan-10
(Table 3-2).

3.2.2 Drilling Rigs and Strategy

Two drilling rigs will be needed to conduct the drilling and completion operations. One rig will drill
the wells, and the second rig will perform the well completions. Noble Energy has not selected
specific drilling rigs but plans to use a DP drillship or DP semisubmersible (Figure 3-2) with the
following minimum general specifications:

Minimum drilling depth capability in excess of 6,000 m;

Minimum working water depth in excess of 1,700 m;

Well control equipment rated at 10,000 psi capacity;

18%-inch BOP system with dual annulars and 4 ram-type preventers;

Minimum hook load of 1,500 kilopounds and 60%2-inch rotary table;

Top drive to deliver 50,000 ft-1b of torque at drilling rpm of 130;

Three mud pumps rated at 7,500 psi;

Bulk storage for 10,000 sacks of cement and 6,000 sacks of barite;

Fluid storage of 17,000 bbl for active and reserve pits and additional storage for 6,000 bbl of
brine;

Zero-discharge capability;

Pipe and tubular handling for all drill pipe, casing, and tubing required for the project;
Completion and well-testing capabilities;

Drill pipe: 6%-inch designed for 7,500 m (approximately 25,000 ft) with 50,000 ft-1b of torque;
and

e Minimum personnel capacity of 180 persons.

Figure 3-2.  Example of a dynamically positioned (DP) drillship (left) and DP semisubmersible
(right).

A DP drillship would mobilize to the Leviathan Field under its own power. A DP semisubmersible
would be towed to the site by platform supply vessels.
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3.2.3 Support Vessels and Helicopters

The drilling program will be supported by two MMC 87 Class platform supply vessels operating out
of the port of Haifa. The vessels have an overall length of 87 m, a design draft of 5.9 m, and
accommodations for 47 people. Helicopter support will be provided by a Bell 412SP owned by
PHI, Inc. and operated by LAHAK out of Haifa Airport. Specifications for the project vessels and
aircrafts are provided in Appendix J.

3.2.4 Drilling Schedule

Figure 3-3 shows the sequence of proposed drilling and completion activities. This schedule may be
modified based on project delivery or Noble Energy drilling commitments.

The wells will be drilled in two clusters, a southern cluster consisting of Leviathan-6 through
Leviathan-8 and a northern cluster consisting of Leviathan-9 and Leviathan-10 (both clusters are in
the Leviathan South lease area), plus one satellite well, Leviathan-5, on the northern flank of the
reservoir (in the Leviathan North lease area). The satellite well will be the first well drilled. Well
drilling of the northern cluster will finish next to allow completion operations to start while drilling is
being performed on the southern cluster. The first drilling rig will drill Leviathan-5, on the northern
flank of the reservoir (approximately 75 days), then the northern cluster wells (Leviathan-9 and
Leviathan-10) in sequence (approximately 75 days each) and then the Leviathan-3 sidetrack
(approximately 30 days). Each well will be temporarily abandoned pending completion (see

Section 3.9). The second drilling rig will begin completion operations on the northern cluster wells
(approximately 40 days per well) while the first drilling rig proceeds to drill the southern cluster wells
(Leviathan-6 through Leviathan-8) in sequence (approximately 75 days each, including sidetracks
where applicable).

The total time for drilling and completing all of the wells is estimated to be 556 days. Drilling
operations by the first drilling rig will require an estimated 480 days. The completion operations by
the second drilling rig will require an estimated 320 days. There will be a period of approximately
236 days during which both drilling rigs will be operating in the Leviathan Field.
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Task Name Start| Duration
New Rig One Odays 480days
Lev 5 Drill Odays 75days
Lev 9 Drill 75days  75days
Lev 10 Drill 150days 75days
Lev 3 Drill 225days 30days
Lev 6 Drill 255days 75 days
Lev 7 Drill 330days 75days
Lev 8 Drill 405days 75days
New Rig Two 244 days 320 days
Lev 5 Compete 244 days  40days
Lev3Complete 284days 40days
Lev9Complete 324days 40days
Lev 10 Complete 364days 40days
Lev6Complete 404days 40days
Lev7Complete  444days 40days
Lev8Complete 484days 40days
Lev4 Complete  524days 40days

Leviathan Field D&C Schedule

0 days 100 days 200 days 300 days 400 days

New Rig O e | H—

Lev 5 Drill

Lev 9 Drill

Lev 10 Drill

Lev 3 Drill

Lev 6 Drill

Lev 7 Drill

Lev 8 Drill

New Rig Two
Lev5 Compete
Lev 3 Complete
Lev 9 Complete
Lev 10 Complete
Lev 6 Complete
Lev 7 Complete
Lev 8 Complete
Lev 4 Complete

500 days 600 days

Figure 3-3.  Schedule for drilling and completion activities in the Leviathan Field.
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Figure 3-4 shows the depth of drilling as a function of time for the Leviathan-3 ST02 sidetrack well.
The total duration is expected to be approximately 30 days. Figure 3-5 shows a similar sketch for the
Leviathan-5 through Leviathan-10 wells, which are expected to require approximately 75 days each.
(No sketch is presented for the Leviathan-4 well because there will be no additional drilling, only
completion.) The general steps for drilling each of the new wells (Leviathan-5 through Leviathan-10)
are as follows:
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Figure 3-4.  Time vs. depth plot for drilling the Leviathan-3 ST02 sidetrack well.
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Figure 3-5.  Time vs. depth plot for drilling the Leviathan-5 through Leviathan-10 wells.
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3.25

Blowout Preventer

Noble Energy will use safe drilling practices during its activities in the Leviathan Field. Best industry
practice will be used during all drilling phases (e.g., setting of BOP; cementing of concrete between
bore and protective pipe). Noble Energy has not selected specific drilling rigs, and detailed BOP
specifications vary depending on the drilling rig. A typical blowout preventor (BOP) stack is shown
in Figure 3-6. A number of blowout preventer stacks have been evaluated and all were found to be
fit-for-purpose for the Tamar Field Development, as shown in Table 3-3. Final BOP selection will
depend on the drilling rig. Noble Energy’s rig tender included the following specifications:

e Minimum well control equipment rated at 10,000 psi capacity; and
e 18%-inch BOP system with dual annulars and four ram-type preventers (Figure 3-6).

Table 3-3.

Blowout preventer (BOP) stack manufacture, size and working pressure comparison by
rig.

BOP Conponent

BOP Manufacture, Size and Working Pressure

Noble Homer GSF Development | Atwood
ENSCO 5006 Ferrington Sedco Express Driller I Advantage
Shaffer Spherical

Hydril 18% in.x

18-3/4 in x 5,000

Cameron DL

Hydril GX 18% in.

Hydril 18% in. x

- 2
Annular 10,000 psi WP 28‘3’&’5 égip\"/’jg' Fl)fl/;‘/\'/’; X 5,000 116000 psiwP  |10,000 psi WP
(lower)
Cameron TL Shaffer SLX Cameron TL Hydril Hydril 18% in. x
Pipe Rams 18%in.x 15,000 |18-3/4inx 15,000 |18%in.x 15,000 |Compactl8% in x 15,000 psi WF;
psi WP psi WP psi WP 15,000 psi WP '

Noble Energy and the rig’s owner will engage in a comprehensive inspection and testing of the rig’s
subsea BOP system to ensure compliance with the U.S. Bureau of Safety and Environmental
Enforcement (BSEE) regulations. The inspection and testing will be witnessed and certified by a
third-party surveyor.

In deeper offshore operations with the wellhead just above the mudline on the seafloor, there are four

primary ways by which the BOP can be controlled:

o Electrocal Control Signal — sent from the surface through a control cable;
e Acoustical Control Signal — sent from the surface based on a modulated/encoded pulse of sound
transmitted by an underwater transducer;
o ROV Intervention — remotely operated vehicles (ROVs) mechanically control valves and provide
hydraulic pressure to the stack (via “hot stab” panels); and
e Dead Switch/Auto Shear — fail-safe activation of selected BOPs during an emergency or if the
control power and hydraulic lines have been severed.
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Two control pods are provided on the BOP for redundancy. Electrical signal control of the pods is
primary; acoustic ROV intervention and dead-man controls are secondary.

An emergency disconnect system (EDS) separates the rig from the well in case of emergency. The
EDS is intended to automatically trigger the deadman switch, which closes the BOP as well as kill

and choke valves. The EDS may be a subsystem of the BOP stack’s control pods or separate.

Pumps on the rig normally deliver pressure to the BOP stack through hydraulic lines. Hydraulic
accumulators are on the BOP stack enable closure of BOPs even if the BOP stack is disconnected
from the rig.

Noble Energy and the rig’s owner will engage in a comprehensive inspection and testing of the rig’s
subsea BOP system to ensure compliance with BSEE regulations. The inspection and testing will be
witnessed and certified by a third-party surveyor.

Noble Energy has committed to operating in Israel per BSEE regulations, unless superseded by
MNIEWR regulations. The BSEE specifications for maximum anticipated surface pressure (MASP)
are derived from 30 CFR 250.414 (f) (2) (vi), as follows: “The design criteria considered for the well
and for well control include... Anticipated surface pressures, (which for purposes of this section are
defined as the pressure which can reasonably be expected to be exerted upon a casing string and its
related wellhead equipment).”

It is left to the operator to calculate the MASP and to include in the Application for Permit to Drill the
assumptions, formulas, and results. The MASP calculations and results accepted by BSEE are
reported as the lesser of the pressures calculated using two methods:

1)

2)

Pore Pressure Method (MASPre): This calculation assumes the well is partially unloaded to gas
and equals the maximum expected pore pressure at the bottom of the open hole less the hydrostatic
head of the gas column and the mud column from the bottom of the hole to the “surface.”

Fracture Gradient Method (MASP+.): This calculation assumes the well is completely unloaded to
gas and equals the fracture pressure at the deepest exposed casing or liner shoe less the hydrostatic
head of the gas from that shoe to the “surface.”

The corresponding maximum anticipated wellhead pressure (MAWP) is equivalent to MASP plus gas
hydrostatic from surface to the wellhead. The maximum required casing and blind shear ram surface
test pressure will be equivalent to the MASP plus 500 psi or 70% of the minimum internal yield
pressure (MIYPzo) of the casing being tested less mud weight vs. pore pressure at the prvious shoe
difference at the wellhead, casing top or shoe, whichever is less. For production casing stirngs, the
casing test pressure will be determined by the completion requirements. The maximum required
surface BOP pressure test will be equivalent to the MASP plus 500 psi less mud weight vs. seawater
hydrostatic difference at mud line. Test pressures are not to exceed 70% of the annular rating or
100% of the ram rating at seafloor conditions.

3.2.6  Protective Casing and Cementing

3.2.6.1 Casing Design

The basis of the well and casing design for the future Leviathan development wells is as follows:

Water depths range from approximately 1,619 to 1,709 m with an estimated Rotary Kelly Bushing
(RKB) elevation of 30 m above mean sea level,

36-inch structural casing set approximately below the seafloor;
-w surface casing set at approximately

16-inch drilling liner set at approximately 100 m above the base of salt;
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e 13%-inch intermediate casing string set into the Serravallian; and
e 9%-inch x 10%-inch production casing string set approximately 3 m into the top completion the
sand.

Initially Leviathan wells were drilled with a four-string casing design. A five-string casing design
was adopted after the Leviathan-2 well, due to complications encountered. The initial five-string
design included an 117&-inch liner to case off the Middle Miocene (MM) sands before drilling into the
Tamar sands. The previous design proved to have some limitations, including the following:

e The narrow annulus resulted in slow running speeds and high equivalent circulating densities
while running the 11%-inch liner and 97%-inch x 10%-inch producton casing; and

o If a casing string was set early, no contingency string would be available to ensure the proper hole
size for the big-bore completion.

A 16-inch liner has been added to be set approximately 100 m above the base of the salt prior to
penetrating the MM sands. This design will allow for a larger hole size shallower in the well,
reducing risk as well as providing a high level of confidence that the well will be drilled as planned.
The new design utilizes a 13%-inch casing string set into the Serravallian to isolate the MM sands and
allow for a better cement job. The 97%-inch x 10%-inch production casing will be set into the targeted
production zone and will provide an 8%2-inch minimum inner diameter for the 12%-inch high rate
open-hole gravel pack completion. Additionally, this design allows for a contingency liner to reach
total depth with the required hole size if the casing strings cannot be set at the planned depths.

Figure 3-7 compares the old and new well designs. Figures 3-8 and 3-9 show “as-built” wellbore
schematics for the Leviathan-3/3STO01 and Leviathan-4 wells, respectively, and Figure 3-10 shows
the new wellbore schematic for the Leviathan-5 through Leviathan-10 wells.

Figure 3-7.  Wellbore configuration of current and planned Leviathan development wells.
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Figure 3-8.  “As-built” wellbore schematic for the Leviathan-3/3ST01 well.
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Figure 3-9.  “As-built” wellbore schematic for the Leviathan-4 well.
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Figure 3-10. Planned wellbore schematic for the Leviathan-5 through Leviathan-10 wells
(new five-string well design).

36-inch Conductor

The 36-inch conductor is jetted to a setting depth of approximately [l below mud line with
2.5 m of stickup above the mud line for the low pressure wellhead housing. The conductor is
designed to accommodate the full load of the 20-inch surface casing and inner cement string at land
out. The seafloor and sediments consist of clays, silts, and sands. Well locations have been chosen to
have minimal sand in the conductor casing interval.
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20-inch Surface Casing

The setting depth of the 20-inch surface casing is approximately ||| | I into the salt at
approximately 2,900 m, just above the Messinian Evaporite 40 (ME40) in a clean halite section. This
depth was chosen to provide sufficient fracture strength to use mud weights to control pressured salt
inclusions that may be encountered before setting the next casing string. This depth is approximately
300 to 400 m deeper than the original Leviathan wells. The casing string will be cemented back to the
surface to provide long-term isolation in the shallow formations and structural support for subsequent
casing strings, BOP, and riser.

16-inch Liner

The setting depth of the 16-inch liner is planned approximately [l above the base of salt. The
liner is designed to isolate the salt and clastic intervals prior to drilling below the base of salt into the
MM sands. This depth will provide sufficient fracture strength to drill the pressured MM sands, the
reactive shale section, and below the Serravallian markers into the pressure regression. This drilling
liner will provide a second barrier below the BOPs as is required prior to penetrating the pressured
MM water sands. The 16-inch liner top will be set 200 m inside of the 20-inch casing. The full
length of liner will be cemented across the salt section to isolate the remaining clastic interbeds in the
salt.

13%-inch Casing

The setting depth of the 13%-inch casing will be into the Serravallian. This intermediate casing string
will perform the following: 1) separate the MM water sands from the Tamar gas sands; 2) isolate the
pressured and reactive shales prior to drilling into the production interval; 3) provide the capability to
reduce mud weight prior to entering the lower pressure sections of the reservoir; 4) minimize the
over-balance to the formation; and 5) allow for sufficient distance to deviate the pilot hole through the
reservoir and then plug back and sidetrack for the vertical production hole. The desired departure is
approximately 10 to 25 m between the sidetrack and pilot wellbores at the top of the “A” Sand. This
casing string will be cemented approximately 150 m into the 16-inch liner providing long-term
formation isolation.

97%-inch x 10%-inch Production Casing

The 97-inch x 10%-inch production casing is designed to top-set the reservoir. The 97%z-inch casing
will be set approximately 3 m into the objective reservoir to isolate the shale and allow for a stable
open-hole gravel pack capable of flow rates ||| G
The 97-inch casing string incorporates an approximately 200 m chrome casing section to control
corrosion and erosion in the “wet” flow area between the gravel pack and production packers. The
9%-inch x 10%-inch crossover is set approximately [l below mud line, deep enough to allow for
installation of a 5%-inch surface-controlled subsurface safety valve (SCSSV) at a depth that provides
adequate hydrate inhibition. In addition to the 10%-inch casing hanger seal assembly, a bridging
lockdown hanger will be set. The casing string will be cemented approximately 250 m into the
13%-inch liner providing long-term formation isolation.

3.2.6.2 Testing of the Cement and Casing

Cement Laboratory Testing

Laboratory testing is a critical element in successful well cementing. Unless specifically indicated, all
cement testing procedures shall adhere to the latest version of the cement service provider’s Global
Laboratory Best Practices.

Formation Integrity Test

The purpose of a Formation Integrity Test is to determine the competence of the primary cement job
and the competence of the formation below the casing shoe. A Formation Integrity Test will be
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performed after running and cementing each casing string, cleaning out the rathole section, and
drilling 3 m [10 ft] of new formation below the casing shoes. If a leak-off pressure is obtained that is
lower than anticipated and the equivalent mud weight is less than that required to safely drill to the
next casing depth, consideration will be given to squeezing the casing shoe. Subsequent re-testing
should verify if the primary cement job was ineffective or if the formation fracture gradient was lower
than anticipated. A Cement Bond Log will be run on the production casing string to confirm cement
bond and top of cement.

Casing Test Pressures

Casing pressure tests shall be conducted to the MASP plus 500 psi or MIYP7o of the casing being
tested less mud weight vs. pore pressure at the previous shoe difference at the wellhead, casing top or
shoe, whichever is less. For production casing strings, the casing test pressure will be determined by
the completion requirements. A Cement Bond Log will be run on the production casing string to
confrm the cement bond and the top of the cement.

3.2.7 Well Completions

A single zone completion design is proposed for the Leviathan Field development wells. This design
is a continuation of the highly engineered and successful Tamar design. A schematic diagram is
presented in Figures 3-11 (for Leviathan-3 ST02), 3-12 (for Leviathan-4 ST01), and

3-13 (for Leviathan-5 through Leviathan-10). The wells will be completed as single zone open-hole
gravel pack completions with 7-inch tubing to enable high-rate gas production

Each well will be equipped with an SCSSV below mud line to prevent an uncontrolled release of
hydrocarbons. In addition, each well will be equipped with a dual downhole pressure and temperature
gauge for real-time downhole surveillance, included with chemical injection mandrels (CIMs) for
mitigation against the potential risk of scale or hydrates.
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Figure 3-11. Schematic diagram for completion of the Leviathan-3 sidetrack well
(Leviathan-3 ST02).
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Figure 3-12. Schematic diagram for completion of the Leviathan-4 sidetrack well
(Leviathan-4 ST01).
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Figure 3-13. Typical schematic diagram for completion of Leviathan-5 through Leviathan-10 wells.
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3.2.7.1 Upper Completion

The upper completion design requires 7-inch tubing in order to deliver the desired gas rate of

. The top segment of the upper completion will be equipped with a 5%2-inch SCSSV
and a CIM. The lower segment of the upper completion will be equipped with a downhole pressure
and temperature gauge and CIM immediately above a permanent production packer. The top CIM is
for injecting methanol above the SCSSV to mitigate hydrate formation. The lower CIM is a
contingency should chemical injection be required for scale inhibition or other similar related flow
assurance issues.

3.2.7.2 Sand Face (Lower) Completion

The sand face (lower) completion strategy for Leviathan is the same as Tamar; this manages the risk
of sand production downhole, which requires sand control. There are various applicable methods
employed by the industry when sand control is required. For ultra-high gas rates ||| [ Gz

, the open-hole gravel pack has been the technical preference, with a track record of
efficient completions (low drawdown, low skin) as well as high reserve recovery (+300 billion cubic
feet/well). The Leviathan completion design is based on highly engineered Tamar modeling that is
based on the successful elements of Noble Energy’s Mari-B #7, #9, and #10, as well as key BP wells
(Kapok and Cannonball) in Trinidad and the recent Shell Ormen Lange project. The Tamar design
also has yielded exceptional performance in the five producing Tamar wells.

3.2.7.3 Sand Control Requirement

The Leviathan sand face strategy is based on regional core control, which indicates that the reservoir
is weakly consolidated and prone to sand production. A core scratch test was performed, which
estimates an ultimate compressive strength of the core by passing a scratcher down the length of the
core and estimating the resistance encountered by the scratcher blade. Based on the scratch tests
performed by TerraTek on regional core sections from the “A” Sand interval, the ultimate
compressive strength is very low.

3.2.74 Completion Operations

Wells will be completed in a batch mode. All new wells will be temporarily plugged and abandoned
with production casings set at the top of the proposed reservoir. The typical completion steps are as
follows:

Ensure subsea tree has been installed (preferably offline prior to rig arrival);

Move on location with the drilling rig;

Run BOP and riser;

Run in hole with BOP test assembly. Test BOPs and all other well control equipment. Displace
riser to 11.9 pounds per gallon (ppg) brine. Pull out of hole with BOP test tools;

¢ Run in hole with packer retrieving tool and release upper retrievable packer (except on
Leviathan-4, run in hole with 9%-inch drilling BHA and drill surface cement plug at

I ith 11.9 ppg brine and gel sweeps). Pull out

of hole;

¢ Run in hole with packer retrieving tool and wellbore clean-out tools and release lower retrievable
packer (except on Leviathan-4, run in hole with 8%-inch drilling BHA and drill bridge plug at

MD-RKB and shoe track with 11.9 ppg brine and gel sweeps);

o Displace well to reservoir drill-in-fluid (RDIF);

e Drill 8%-inch hole to an estimated total depth ||l MD-RKB. Pull out of hole;

e Run in hole with 8%-inch x 12%-inch under-reamer with wellbore clean-out and enlarge 8%2-inch
open hole to 12% inches to an estimated total depth [ ilii MD-RKB;

e Spot solids-free RDIF (SFRDIF) in 12%-inch open hole and +150 m in the 97s-inch casing;
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Pull out of hole to top of SFRDIF and displace well to approximately 10.65 ppg NaCl/NaBr brine;
Pull out of hole and prepare to run gravel pack assembly;

Run gravel pack assembly to depth and set gravel pack packer;

Circulate SFRDIF out of open hole with 10.65 ppg NaCl/NaBr brine;

Pump open-hole gravel pack with 10.8 ppg gravel pack carrier fluid,;

Pull out of hole with wash pipe and close reservoir Model RB isolation valve;

Run in hole and install straddle seal assembly;

Displace well to 10.6 ppg NaCl/NaBr packer fluid. Pull out of hole;

Run upper completion with subsea test tree and landing string;

Set production packer. Land and lock tubing hanger;

Open Model RB isolation valve and flow test well to rig. Clean up well at ||| Gz s
required,;

Secure well; and

o Demobilize the rig.

The time for each well completion is estimated to be 40 days.

3.3 PRODUCTION TESTS
3.3.1 Method

The estimated duration of production testing or “flowback” is approximately 49.5 hours per well. The
surface well testing equipment will consist of the following:

Surface flow head,;

Coflexip hose production flow line;

Kill line to flow head,;

In-line surface safety valve;

Cyclonic desander;

Iso-split sampler;

Data header;

Double block choke manifold;

Chemical injection pumps upstream and downstream of choke manifold,;
Three heat exchangers;
I 2,000 barrels of water per day (bowpd)
separator;

Dual compartment surge tank;

Triple compartment gauge tank;

Four 4-mbtu (thousand British thermal units) steam exchangers;
Oil manifold;

Gas manifold;

Two burner booms and burners with ignition systems;

Two air compressors;

Surface well flow and monitoring system;

Sampling and fluid and gas testing equipment; and

Dual pot filtration unit.

Well production parameters are summarized in Table 3-4. Once all surface safety systems have been
tested, the landing string will be displaced to a lighter fluid to underbalance the well at approximately
500 psi. The overall strategy to the flow back is to bring the well online as quickly as necessary to
unload liquids and steadily ramp production to the maximum flow rate

Once at maximum
rate, the well will be monitored to determine when it can be considered “cleaned up.” After
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determining the well is clean, flow will be continued until condensate yield is determined and samples
are taken. The well will be stepped down in four steps as shown in Table 3-5. After shutting in at
surface for the pressure buildup, the bottom hole pressure will be monitored and recorded for a
minimum of 3 hours at a high frequency scan rate (1-second intervals). Methanol will be injected at
the subsea test tree as well as upstream and downstream of the choke manifold for hydrate inhibition.

Table 3-4.  Well production parameters.

API = American Petroleum Institute; CO2 = carbon dioxide; H2S = hydrogen sulfide; MMscf = million standard cubic feet;
MMscfpd = million standard cubic feet per day; MOL% = mole percentage; SG = specific gravity.

2 The Leviathan-5 well is planned as an “A” Sand completion; however, a “B” Sand completion is a fall-back option for this
well. Noble Energy will make the best completion possible based on the data obtained during drilling.

Table 3-5.  Timing of flow testing activities.

MMscf = million standard cubic feet; MMscfpd = million standard cubic feet per day.

All produced gas, condensate, and injected methanol will be flared off. Air pollutant emissions from
production testing are estimated in Section 3.5.4. Any brine, produced water, or condensate water
flowed back will be collected, filtered, and tested and discharged overboard as per Noble Energy
standards. Any fluid that does not pass will be collected and shipped to an approved waste disposal
facility.

Noble Energy will use a high-efficiency burner to minimize the potential for fallout. High-efficiency
burners have a unique nozzle design that uses compressed air to atomize the oil in a mixing chamber.
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Internal air mix atomizers produce much smaller hydrocarbon droplets than conventional burners.
Smaller droplets burn faster, eliminating the potential for raw hydrocarbons to fall out of the flame.
Carefully positioned multiple burner tips create maximum flame turbulence and air ingestion.
Multiple tips discharge the well effluent in a unique array. The combination of atomized droplets and
maximum air ingestion makes the burn very clean. An efficient pilot system with remote igniters
provides the ignition source for the finely atomized spray.

Well buildup will be monitored and recorded under a closed SCSSV via the intervention and
workover control system for a minimum time of 3 hours until rig activities force the cessation of
monitoring and recording bottom hole pressure data.

Once the final buildup period has finished, the SCSSV will remain closed and the tubing pressure will
be bled off. A 60% methylene glycol/40% seawater fluid will be lubricated above the SCSSV to the
subsea tree. Slickline will be rigged up and the nipple bore protector will be retrieved from the tubing
hanger. A 5Y%-inch tubing hanger plug will be run and tested to make the well secure. The landing
string with the subsea test tree and tubing hanger running tool will be retrieved. The riser will be
displaced to seawater and the BOP and riser unlatched from the Cameron subsea tree. The internal
tree cap with 5%-inch plug installed will be run and tested for final well safety. A lightweight debris
cap will be installed. The Cameron subsea tree would be made safe and the intervention and
workover control system will be retrieved.

3.3.2 Chemical Substances

Chemicals to be used during production testing/flowback are tabulated in Section 3.7.2.3 for well
completions. The flowback is a continuation of the completion phase and therefore the chemicals are
the same. During flowback, the completion brine and chemicals are flushed from the production
tubing, leaving dry gas in its place and leaving the well ready to flow down the production line.

A table of chemical substances planned to be used during drilling and production testing is included in
Appendix H, along with Safety Data Sheets (SDSs) for all chemicals.

3.3.3 Hydrogen Sulfide

To date, no hydrogen sulfide (H2S) has been recorded within the immediate vicinity and the low
thermal gradient in the area is not suggestive of H;S.

3.4 NOISE HAZARDS

3.4.1 Noise from the Drilling Rigs

To assess the impact on marine receptors of underwater sound during drilling, the propagation of
sound into the surrounding environment has been modeled by the engineering consulting company
Genesis. The sound sources were modeled using representative spectra from published noise
measurements. The propagation of this sound into the environment was calculated using Genesis’
noise model, which incorporates depth-dependent geometrical spreading and empirical functions for
frequency attenuation (Marsh and Schulkin, 1962; Richardson et al., 1995; Jensen et al., 2011). The
model was run for a muddy sediment environment in a water depth of approximately 1,700 m. A grid
size of 5 km x 5 km was used with a spatial resolution of 50 m.

The drilling program will use a DP drillship or DP semisubmersible. Propeller cavitation is a
dominant noise source on DP vessels due to the continuous use of thrusters to maintain position.
Drilling rigs also generate underwater noise from the vibrations of machinery and drilling equipment
such as pumps, compressors, and generators. On a drillship, these sounds are transmitted through the
hull, which is well coupled to the water (Richardson et al., 1995). Drilling noise is typically low and
continuous, with most energy below 1 kHz (Richardson et al., 1995). Source levels were found to be
less than 195 dB (rms) re 1uPa-m for a drillship (Nedwell and Edwards, 2004). More underwater

Leviathan Field Development Environmental Impact Assessment March 2016
Noble Energy Mediterranean Ltd 3-26
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001



noise is generated during drilling than during periods of non-drilling due to the use of additional
machinery and power demands (McCauley, 1998). Greene (1987) found that the sound generated by
a semisubmersible drilling rig did not exceed local ambient levels beyond 1 km, although weak tones
were detectable up to 18 km away. Drilling sounds will be continuously generated for long periods
throughout drilling.

Sound from Leviathan Field drilling activities was modeled by Genesis using measurements from a
drillship (Miles et al., 1987) (Figure 3-14). This is a conservative assumption because a drillship is
likely to be louder than a semisubmersible drilling rig (e.g., Richardson et al., 1995). The drilling
noise was found to have a peak sound pressure level (SPL) of 177 dB re 1 pPa (Figure 3-15).
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Figure 3-14. Sound source spectrum for a drillship (From: Genesis; based on: Miles et al., 1987).

Leviathan Field Development Environmental Impact Assessment March 2016
Noble Energy Mediterranean Ltd 3-27
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001



Sound pressure level
{peak) (dB re 1 uPa)

| 170-180
T 130 - | W 160-170 -
o illSD 160
E it A I. 140-150
2 'm130-140/
3 m120-130 ||
a T m110-120
2 130 - = 100-110
o 120
5 110 N
2 100 4 =
o [
'2 o
5 8
ja]
w

o T~ S PN
a , ~.7 AR
95 S g Y e, BT & &
Uisgy W, = g St BS G
g s - &
e, ¢ -2 oR 8
) N 22
NS
u

Figure 3-15. Modeled propagation of underwater sound during drilling (From: Genesis).

3.4.2 Noise from Supply Vessels

Figure 3-16 shows a calculated sound source spectrum for a marine supply vessel. Broadband source
levels for most small ships (a category that would include support vessels) are in the range of 170 to
180 dB re 1 yPa at 1 m (Richardson et al., 1995). Most of the energy is in frequencies below 100 to
200 Hz, but broadband sounds may include acoustic energy at frequencies as high as 100 kHz.
Propeller cavitation is usually the dominant noise source. The intensity of noise from vessels is
roughly related to ship size and speed. Large ships tend to be noisier than small ones, and ships
underway with a full load (or towing or pushing a load) produce more noise than unladen vessels. For
a given vessel, relative noise also tends to increase with increased speed. Support vessels are
considered transient sound sources as they move between the shore base and the drilling rigs.
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Figure 3-16. Calculated sound source spectrum for a marine supply vessel (Figure from: Genesis;
data from: Wales and Heitmeyer, 2002).

3.4.3 Underwater Noise from Helicopters

Helicopters generate both airborne and underwater noise, with the dominant tones at frequencies less
than 500 Hz (Richardson et al., 1995). Received SPLs (in water) from aircrafts flying at altitudes of
152 m (500 ft) were 109 dB re 1 pPa for a Bell 212 helicopter, with an estimated source level of

149 dB re 1 yPa (Richardson et al., 1995). Penetration of aircraft noise into the water is greatest
directly below the aircraft; at angles greater than 13° from the vertical, much of the sound is reflected
and does not penetrate into the water. The duration of underwater sound from passing aircrafts is
much shorter in water than air; for example, a helicopter passing at an altitude of 152 m (500 ft) that is
audible in air for 4 minutes may be detectable underwater for only 38 seconds at 3 m (10 ft) depth and
for 11 seconds at 18 m (59 ft) depth (Richardson et al., 1995). Figure 3-17 shows examples of sound
source spectra for helicopters typically used in offshore oil and gas activities.

Leviathan Field Development Environmental Impact Assessment March 2016
Noble Energy Mediterranean Ltd 3-29
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001



& A. Helicopters e

8 1 Bell 212

% vsoEde-

© 120, Bell 2068

§ —a—

i J S. Puma

® 1001

m

S {

[

>

S>3 80“‘

o0

Q * _

m .x

~ 60 SN RS oL 4
10 100 1,000 10,000

Frequency (Hz)

Figure 3-17. Sound source spectra for helicopters typically used in offshore oil and gas activities
(From: Richardson et al., 1995). The graph shows estimated 1/3-octave band received
levels at the sea surface from a helicopter flying overhead at 300 m altitude.

3.5 AIR QUALITY

3.5.1 Emissions from Drilling Rigs

The drilling rigs will produce emissions from internal combustion engines, including carbon
monoxide (CO), nitrogen oxides (NOy), sulfur oxides (SOy), volatile organic compounds (VOCs),
and particulate matter (PM), as well as greenhouse gases (GHGs) including carbon dioxide and
methane (CH4). Emissions were estimated using a worksheet developed by BOEM (2014a) based on
USEPA AP-42 emission factors. Because specific drilling rigs have not been selected, the emission
factors for a generic DP drillship were used, as provided by BOEM (2014b). The rating for a generic
DP drillship is 61,800 hp (46,084 kW) and the engines were assumed to be operating 24 hours per
day.

Table 3-6 shows the estimated maximum hourly air pollutant emission rates from each drilling rig.
Table 3-7 shows the estimated emissions from a single drilling rig on a per-well basis for three
categories of activities: 1) drilling of the Leviathan-3 sidetrack (30 days); 2) drilling of the
Leviathan-5 through Leviathan-10 wells (75 days per well); and 3) well completion (40 days per
well). Total emissions were calculated for each drilling rig based on the estimated number of days
that each drilling rig would be operating (Table 3-8). As discussed in Section 3.2.4, drilling
operations by the first drilling rig are estimated to require 480 days and completion operations by the
second drilling rig are estimated to require 320 days. The total time for drilling and completing all of
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the wells is estimated to be 556 days and there will be a period of approximately 236 days during
which both drilling rigs will be operating in the Leviathan Field.

Table 3-6.  Estimated air pollutant emission rates from a single drilling rig.

Source Maximum Emission Rates (kg/hour)
Cco NOx SOx VOCs PM CO2 CH4 GHGs
Drilling rig 148.50 | 680.61 | 90.83 20.42 19.80 |32558.56| 1.86 | 32597.54

CO = carbon monoxide; CO2= carbon dioxide; CH4 = methane; GHG = greenhouse gas; NOx = nitrogen oxides;

PM = particulate matter; SOx = sulfur oxides; VOC = volatile organic compound.

Maximum hourly emission rates were calculated using the U.S. Bureau of Ocean Energy Management (2014a) air emissions
worksheet and assuming a generic DP drillship (61,800 hp). CO2 and CH4 emissions were added to the worksheet using
emission factors provided by Wilson et al. (2007). GHG = CO2 + (21 x CHa4).

Table 3-7.  Estimated per-well air pollutant emissions from a single drilling rig for three categories

of activities.
Source Duration Emissions (metric tonnes/well)
(days) CO NOx SOx VOCs PM CO2 CH4 GHGs

Leviathan-3 sidetrack | 30 106.92 | 490.05 | 6540 | 1470 | 1426 |23442.16| 1.34 | 2347023
Le"'atha”ig through - 75 267.30 | 1,225.12 | 163.50 | 36.75 | 35.64 |58,605.40| 3.34 |58,675.57
Well Completion 40 14256 | 653.40 | 87.20 | 19.60 | 19.01 |31,256.21| 1.78 |31,293.64

CO = carbon monoxide; CO2= carbon dioxide; CH4 = methane; GHG = greenhouse gas; NOx = nitrogen oxides;

PM = particulate matter; SOx = sulfur oxides; VOC = volatile organic compound.

Emissions were calculated using the U.S. Bureau of Ocean Energy Management (2014a) air emissions worksheet and
assuming a generic DP drillship (61,800 hp) operating 24 hours/day. CO2 and CH4 emissions were added to the worksheet
using emission factors provided by Wilson et al. (2007). GHG = CO2 + (21 x CHa).

Table 3-8. Total estimated air pollutant emissions from each drilling rig during drilling and
completion of the eight initial wells.

Drilling Rig Total Duration Total Estimated Emissions (metric tonnes)
(days) Cco NOx SOx VOCs PM CO; CH.4 GHGs
#1 480 1,710.72 | 7,840.78 | 1,046.39 235.22 228.10 | 375,074.56| 21.38 | 375,523.62
#2 320 1,140.48 | 5,227.19 697.59 156.82 152.06 | 250,049.71| 14.26 | 250,349.08
Total 2,851.20 | 13,067.97 | 1,743.98 392.04 380.16 | 625,124.27 | 35.64 | 625,872.70

CO = carbon monoxide; CO2= carbon dioxide; CH4 = methane; GHG = greenhouse gas; NOx = nitrogen oxides;

PM = particulate matter; SOx = sulfur oxides; VOC = volatile organic compound.

Emissions were calculated using the U.S. Bureau of Ocean Energy Management (2014a) air emissions worksheet and
assuming a generic DP drillship (61,800 hp) operating 24 hours/day. CO2 and CH4 emissions were added to the worksheet
using emission factors provided by Wilson et al. (2007). GHG = CO2 + (21 x CHa).

3.5.2 Emissions from Support Vessels

The drilling program will be supported by two MMC 87 Class platform supply vessels operating from
the port of Haifa; specifications are provided in Appendix J. Each supply vessel is expected to make
three round trips per week between Haifa and the drilling rig(s). Each MMC 87 Class vessel is
powered by four 1,825-kW engines, for a total 7,300 kW (9,788 hp). Maximum hourly emission rates
(with all four engines operating) were calculated using the BOEM worksheet (Table 3-9). Total
emissions were calculated using the BOEM worksheet for each supply vessel based on the estimated
number of days the vessels would be operating and assuming that both vessels operate 12 hours/day
when in use (Table 3-10).

Table 3-9.  Estimated air pollutant emission rates from supply vessels.

Source Emission Rate (kg/hour)
CO NOx SOx VOCs PM CO: CH4 GHGs
Supply Vessel 23.52 107.80 14.39 3.23 3.14 5156.69 0.29 5162.86

CO = carbon monoxide; CO2= carbon dioxide; CH4 = methane; GHG = greenhouse gas; NOx = nitrogen oxides;
PM = particulate matter; SOx = sulfur oxides; VOC = volatile organic compound.
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Each vessel was assumed to operate for 12 hours/day on 240 days (3 trips per week times 80 weeks). Emissions were
calculated using the U.S. Bureau of Ocean Energy Management (2014a) air emissions worksheet, with each vessel assumed
to have engines totaling 9,788 hp. CO2 and CH4 emissions were added to the worksheet using emission factors provided by
Wilson et al. (2007). GHG = CO2 + (21 x CHa4).

Table 3-10. Total estimated air pollutant emissions from supply vessels during drilling and

completion of the eight initial wells.

Supply Operating Total Estimated Emissions (metric tonnes)

Vessel Days CO NOx SO« VOCs PM CO: CHa4 GHGs
#1 240 67.74 310.46 41.43 9.31 9.03 14,851.25 | 0.85 | 14,869.03
#2 240 67.74 310.46 41.43 9.31 9.03 14,851.25 | 0.85 | 14,869.03

Total 135.47 620.92 82.86 18.62 18.06 | 29,702.50 | 1.70 | 29,738.06

CO = carbon monoxide; CO2= carbon dioxide; CH4 = methane; GHG = greenhouse gas; NOx = nitrogen oxides;

PM = particulate matter; SOx = sulfur oxides; VOC = volatile organic compound.

Each vessel was assumed to operate for 12 h/day on 240 days (3 trips per week times 80 weeks). Emissions were calculated
using the U.S. Bureau of Ocean Energy Management (2014a) air emissions worksheet, with each vessel assumed to have
engines totaling 9,788 hp. CO2 and CH4 emissions were added to the worksheet using emission factors provided by Wilson
et al. (2007). GHG = CO2 + (21 x CHa).

3.5.3 Emissions from Helicopters

Helicopter support will be provided by a Bell 412SP operated from Haifa Airport; specifications are
provided in Appendix J. The Bell 412SP helicopter is equipped with two Pratt and Whitney Canada
PT6T-3BE Twin-Pac turboshafts, each producing 900 hp (671 kW). It has been estimated that the
helicopter will make one round trip per week between Haifa and the drilling rig(s).

Table 3-11 provides an estimate of air pollutant emissions resulting from helicopter flights based on
published emissions estimates for a Bell 412 helicopter (Rindlisbacher, 2009). Assuming a cruising
speed of 226 km/hour and a 250-km roundtrip flight distance, each round trip is assumed to require
approximately 1.1 hours of flight time plus one landing-takeoff cycle. With one weekly round-trip,
there will be 52 trips per year and 80 trips during the entire program (556 days, or approximately

80 weeks).

Table 3-11. Estimated pollutant emissions from helicopters (Bell 412) based on emissions
calculations by the Swiss Federal Office of Civil Aviation (From: Rindlisbacher, 2009).

Emissions (kg)
Source Fuel Usage (kg) NO. e co BV
Single LTO Cycle 77 0.64 0.54 0.69 0.019
One Hour of Flight 541 6.14 1.06 1.27 0.168
ﬁ(‘)':ﬁ'; Round-Trip (LTO + 1.1 672 7.39 1.71 2.09 0.20
52 round trips/year (1/week) 34,949 384.49 88.71 108.52 10.60
Total (entire program, 80 weeks) 53,768 591.52 136.48 166.96 16.30

CO = carbon monoxide; HC = hydrocarbons; LTO = landing-takeoff; NOx = nitrogen oxides; PM = particulate matter.

3.5.4  Emissions from Production Testing

Air emissions from production testing were estimated based on the flow volumes shown in Table 3-5.
The estimated volume of gas to be flared (per well) is 230.875 MMscf and the estimated volume of
condensate to be flared is 561.75 bbl, with a total flow duration of 49.5 hours. Calculations are
summarized in Table 3-12. Nearly all of the emissions are from gas flaring. CO> emissions from
production testing were estimated in Table 3-5 as 13,920 metric tonnes. Estimated emissions from
the 100 bbl of methanol injected during production testing are negligible.
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Table 3-12. Estimated air pollutant emissions from production testing (per well).

Source Amount Duration Emissions (metric tonnes)
(hours) CO NOy SOx VOCs PM
Gas flaring 230.875 49.5 40.64 7.47 0.06 6.31 0.00
MMscf
Condensate | 561.75 bbl 49.5 0.05 0.51 0.00 0.00 0.11
Methanol 100 bbl 49.5 0.00 0.00 0.00 0.00 0.00
Total| 40.69 7.98 0.06 6.31 0.11

CO = carbon monoxide; MMscf = million standard cubic feet; NOx = nitrogen oxides; PM = particulate matter; SOx = sulfur
oxides; VOC = volatile organic compound.
Emissions were calculated using the U.S. Bureau of Ocean Energy Management (2014a) air emissions worksheet.

3.6 HAZARDOUS MATERIALS

A table of hazardous chemicals planned to be used is included in Appendix H, along with SDSs for
each chemical. All hazardous chemicals will be handled in accordance with their SDS-specified
guidelines, as integrated into the drilling rig operator’s guidelines for handling hazardous materials.
Materials to be used in drilling (i.e., WBM, MOBM, and additives) are discussed in Section 3.7.2.

3.7 DISCHARGES

3.7.1  Overview and Discharge Sources

Discharges released into the sea during drilling operations can be divided into two main groups:

o Dirilling discharges, including drilling muds, cuttings, and excess cement; and
e Other routine discharges from the drilling rigs, including sanitary and gray water, cooling water,
desalination brine (reverse osmosis concentrate water), and deck drainage.

3.7.2  Drilling and Completion Discharges

Noble Energy plans to drill the new Leviathan Field wells (Leviathan-5 through Leviathan-10) using a
combination of WBM and MOBM. The Leviathan-3 sidetrack well (Leviathan-3 ST02) would be
drilled with WBM only. Completion of the Leviathan-4 ST01 well will not require additional drilling
muds.

For the Leviathan-5 through Leviathan-10 wells, the first two initial well intervals (before the marine
riser is set) would be drilled using a water-based “spud mud,” and the cuttings and WBM, as well as
excess cement, would be released at the seafloor. Once the marine riser is set, allowing mud and
cuttings to be returned to the drilling rig, the remaining well intervals would be drilled with MOBM.
Cuttings from MOBM well intervals will be treated in a TCC on board the drilling rig to reduce the
MOBM retention on cuttings to less than 1% by weight on dry cuttings in accordance with the
effluent limitations currently used in the North Sea/OSPAR region (OSPAR Decision 2000/3). For
reference, this limit is well below the discharge limit of 10% by weight on dry cuttings imposed by
the Barcelona Convention (Offshore Protocol). Specifications for the TCC are provided in
Appendix I. The cuttings with retained MOBM would be released below the sea surface, subject to
MOoEP approval.
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The following sections summarize materials consumed and discharged during drilling and
completion. A comprehensive table of chemicals and additives is provided in Appendix H, along
with SDSs.

Table 3-13. Selected physical, chemical, and environmental characteristics || GcENNGIGIG

I (From: Imperial Oil and ExxonMobil; see Appendix G).

ASTM = American Society for Testing and Materials; LLso = median lethal loading (equivalent to lethal concentration
50 [LCso0]); NOEL = no observable effects level; OECD = Organisation for Economic Co-operation and Development.

3.7.2.1 Leviathan-5 through Leviathan-10 Wells

Table 3-14 shows the representative well intervals for the Leviathan-5 through Leviathan-10 wells.
The table indicates the type of drilling mud for each well interval, and the estimated discharge rates,
volumes, and locations. The representative well consists of six intervals. The first two intervals will
be drilled using WBM, with the mud and cuttings released at the seafloor. The remaining well
intervals would be drilled with MOBM, and the cuttings would be treated in the TCC and discharged
from the drilling rig (at the sea surface), subject to MoEP approval. There would be an end-of-well
discharge of completion brine at the sea surface also.
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Table 3-14. Drilling program for an individual Leviathan Field well (representative for Leviathan-5
through Leviathan-10 wells).

Cuttings Drilling Fluid
Section Hole Diameter Discharge (Mud) Discharge | Mud )
: Release Location
(Interval) (inches) Vol. | Rate | Vol. Rate Type
(m®) |(m¥day)| (m°) |(m%day)
1 36 54 | 4576 | 48 | 4068 | wem |>cafloor released
continuously with cuttings
2,980 WBM |Seafloor, released
2 26 478 90.36 4,070 1332.72 Brine |[continuously with cuttings
Run 20-inch Casing and BOP/Riser
3 20 189 | 3573 | WA | nA | mom [Seasurface
(treated cuttings only)
Log and Run 16-inch Liner
4 175 181 | 3422 | NA | NA | MoBwm [Seasurface
(treated cuttings only)
Log and Run 13%-inch Casing
85 Sea surface
5 (pilot hole, drill, and core 21 1.98 NIA N/A | MOBM (treated cuttings only)
Log and Permanent Abandonment of
Pilot Hole
12.25 (Production Sea surface
6 Sidetrack Hole) 18 7.66 N/A N/A | MOBM (treated cuttings only)
Run 97%-inch x 10%-inch Production
Casing and Suspension (Temporary
Abandonment)
7 | End of Well Discharge N/A N/A 192 3815 Brine |Sea surface

BOP = blowout preventer; MOBM = mineral oil-based mud; N/A = not applicable; WBM = water-based mud.

Estimated Materials to be Consumed and Discharged

Noble Energy will be using several additives to facilitate drilling and maintaining well control of the
well. The type and volume of mud additives is determined primarily by the current state of the
drilling mud and existing or anticipated downhole conditions. SDSs for all drilling-related materials
are provided in Appendix H.

During the first two well intervals, Noble Energy expects to use a total of 1,277.7 metric tons of brine
and 1,587.5 metric tons of WBM and additives. Specific products, their function, packaging, and the
estimated weight of brine and WBM drilling-related materials to be used are outlined in Table 3-15.
The main WBM constituent (excluding brine) is barite (93% of the WBM materials by weight).
Because none of the WBM materials will remain in the well, the amounts discharged will be the same
as the amounts consumed for each material.

Table 3-15. Estimated per-well brine and water-based mud (WBM) total material consumed (and
discharged) for an individual Leviathan Field well (representative for Leviathan-5
through Leviathan-10 wells).
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During the MOBM well intervals, Noble Energy expects to use 1,545.6 metric tons of MOBM and
mud additives (Table 3-16). SDSs for all drilling-related materials are provided in Appendix H. The
main MOBM constituent is barite (73% of the MOBM materials by weight). There will be no
discharge of whole MOBM. The only MOBM discharged will consist of small amounts adhering to
treated cuttings (less than 1% by dry weight). It is estimated that 2.95 metric tons would adhere to
discharged cuttings (Table 3-16). The rest of the MOBM consumed would be recovered

(1,460 metric tons) or remain in the well (82.7 metric tons).

Table 3-16. Estimated per-well MOBM total material consumption and discharge for an individual
Leviathan Field well (representative for Leviathan-5 through Leviathan-10 wells).

HPHT FL = high-pressure high-temperature fluid loss; IBC = intermediate bulk carrier; MOBM = mineral oil-based mud;
WPS = water phase salinity. Amounts discharged are based on 1% MOBM retention on cuttings.

Noble Energy has identified a series of mud additives that may be used to maintain well control and
address specific issues or drilling problems during drilling using MOBM. These contingency
products are identified in Table 3-17. Volumes will be on an “as-needed” basis.
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Table 3-17. Contingency products that may be used during drilling of Leviathan-5 through
Leviathan-10 wells. VVolumes will be “as needed.”

F, M, C = fine, medium, coarse; S/F = super fine; R = regular. LCM = lost circulation material.

During the drilling phase, the estimated brine consumption is 2,000 bbl (29.9 metric tons), of which
780 bbl (11.7 metric tons) will remain in the well and 1,220 bbl (18.3 metric tons) will be discharged
(Table 3-18). These quantities are representative for all of the Leviathan wells.

Table 3-18. Brine materials consumed, remaining in well, and discharged for the end-of-well brine
discharge for an individual Leviathan Field well (representative for all of the Leviathan

wells).

For a representative Leviathan Field well, the estimated amount of cement consumption is 8,000 bbl
(901.6 metric tons), of which 6,200 bbl (806.0 metric tons) will remain in the well and 1,800 bbl
(95.6 metric tons) will be discharged (Table 3-19).
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Table 3-19. Estimated per-well cement products consumed, discharged, and remaining in the well for
an individual Leviathan Field well (representative for Leviathan-5 through Leviathan-10
wells).

Estimated Amounts of Cuttings to be Discharged

Estimated cuttings to be generated, by hole section, are outlined in Table 3-20. A total of

941 m?® (2,353 metric tons) of cuttings will be released during drilling. This includes 532 m?

(1,330 metric tons) of WBM cuttings released at the seafloor and 409 m? (1,023 metric tons) of
MOBM cuttings discharged from the drilling rig after treatment in the TCC. Cuttings weights were
calculated assuming a bulk density of 2.5 metric tons/m?3.

Table 3-20. Volume and weight of cuttings to be discharged for an individual Leviathan Field well
(representative for Leviathan-5 through Leviathan-10 wells).

Hole Wash-Out Cuttings Amount with Wash-out Factor '
RlanEEy Has el Volume (bbl) VRIS DI SMstjedm Rel:l)elzgz aLrggact)iron
(in.) (%) (m?) (metric tons) |
36 0 341 54 135 WBM Seafloor
26 25 3,008 478 1,195 WBM Seafloor
M Cuttings 3,349 532 1,330 WBM Seafloor
Sea surface (after
20 20 1,187 189 473 MOBM TCC treatment)
Sea surface (after
175 15 1,138 181 453 MOBM TCC treatment)
Sea surface (after
8.5 10 130 21 53 MOBM TCC treatment)
Sea surface (after
12.25 10 113 18 45 MOBM TCC treatment)
. Sea surface (after
Total MOBM Cuttings 2,568 409 1,023 MOBM TCC treatment)
. WBM,
Grand Total (all cuttings) 5,917 941 2,353 MOBM --
MOBM = mineral oil-based mud; TCC = thermomechanical cuttings cleaner; WBM = water-based mud.
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3.7.2.2 Leviathan-3 ST02 Sidetrack Well

Estimated Materials to be Consumed and Discharged

The Leviathan-3 ST02 sidetrack well will be drilled using WBM only. WBM materials to be used are
summarized in Table 3-21. The estimated WBM consumption is 7,200 bbl (980.08 metric tons), of
which approximately 250 bbl (34.03 metric tons) will remain in the well and 6,950 bbl (946.05 metric
tons) will be discharged.

Table 3-21. Estimated water-based mud (WBM) total material consumed, remaining in the well, and

The estimated brine consumption is 2,000 bbl (456.8 metric tons), of which 780 bbl (178.2 metric
tons) will remain in the well and 1,220 bbl (278.7 metric tons) will be discharged (Table 3-22).

Table 3-22. Estimated brine materials consumed, remaining in the well, and discharged for the
Leviathan-3 ST02 well.

The estimated cement consumption is 200 bbl (57.53 metric tons) of which 190 bbl (54.23 metric
tons) will remain in the well and 10 bbl (3.31 metric tons) will be discharged (Table 3-23).
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Table 3-23. Estimated cement products consumed, remaining in the well, and discharged for the
Leviathan-3 STO02 sidetrack well.

In addition, 61.80 metric tons of cement materials will be discharged due to the reentry of the cement
plugs from the previous temporary abandonment of the well (Table 3-24).

Table 3-24. Estimated cement material to be discharged from drilling through the cement plugs from
the previous temporary abandonment of the Leviathan-3 ST02 sidetrack well.

Estimated Amounts of Cuttings to be Discharged

The estimated amount of cuttings discharged for the Leviathan-3 ST02 well is 378 bbl (60 m®) or
150 metric tons (Table 3-25).

Table 3-25. Volume and weight of cuttings to be discharged for the Leviathan-3 ST02 well.

Hole Wash-out | Cuttings Amount with Wash-Out Factor Mud Discharge or
Diameter Factor Volume Volume Weight System Release

(in.) (%) (bbl) (m?3) (metric tons) Location

12.25 10 378 60 150 WBM Sea surface

WBM = water-based mud.
3.7.2.3  Well Completions

Estimated Brine and Completion Materials to be Consumed and Discharged

Completion of the Leviathan-3 ST02, Leviathan-4 STO1, and Leviathan-5 through Leviathan-10 wells
will require the use of brine materials and specialized completion fluids. Table 3-26 lists the
estimated quantities consumed, remaining in the well, and discharged for each well based on
calculations performed for the representative Leviathan-4 STO1 well.
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Table 3-26. Estimated brine and completion materials consumed, remaining in the well, and

Estimated Cuttings Discharges

There will be a small volume of cuttings discharged from completion activities as summarized in
Table 3-27 for each well based on calculations performed for the representative Leviathan-4 ST01
well.

Table 3-27. Estimated cuttings discharges for completion of the Leviathan wells.

Internal Wash-Out |Cuttings Amount with Wash-Out Factor| Discharge
Interval | Diameter Factor Volume Volume Weight | or Release
(in.) (%) (bbl) (m3) (metric tons) | Location

o Shallow | g gg 0 36.41 5.79 14.48  |Sea surface
ement Plug

Shoe Track | 8.625 0 18.02 2.86 7.15 Sea surface

Open Hole | 12.25 10 22.10 3.51 8.77 Sea surface

Total 76.53 12.16 30.40 --

3.7.2.4 Drilling Discharge Fate

There are two different locations for drilling discharges. In a representative well, during the first
two well intervals, WBM, brine, cuttings, and excess cement slurry will be released at the seafloor.
Small amounts of cement will be released at the wellbore during cementing operations. During the
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well intervals after setting of the marine riser, cuttings with small amounts of adhering MOBM
(less than 1% by dry weight) will be discharged from the drilling rigs.

Simulation modeling was conducted to predict the fate of drilling discharges, as described in
Appendix K. Chapter 4 includes a detailed summary of the modeling results, including the potential
environmental impacts. The following paragraphs outline the general fate of discharged drilling muds
and cuttings.

Seafloor Releases

During the first two well intervals, cuttings and “spud mud” will be released at the seafloor. These
initial discharges will create a mound with a diameter of several meters to tens of meters around the
wellbore. Also, during setting of the casing, cement slurry will be pumped into each well to bond the
casing to the walls of the hole. Excess cement slurry will emerge from the hole and accumulate on
the seafloor, generally within approximately 10 to 15 m around each wellbore (Shinn et al., 1993).

Surface Discharges from the Drilling Rigs

After the first two well intervals are completed, the marine riser will be set and the drilling mud
system will be changed over to MOBM. Setting of the riser will allow for muds and cuttings to be
returned to the drillship where they will be processed through solids control equipment to separate the
cuttings and recover most of the MOBM for reuse and recycling. After being processed through the
TCC to achieve less than 1% residual MOBM, and pending MNIEWR approval, the cuttings will be
discharged to the ocean. The maximum thickness of cuttings deposited on the seafloor (100 to

200 mm) is predicted to occur within 11 m of the discharge point. The total area of seafloor receiving
a thickness of 1 mm or greater is estimated to be 3.5 ha, with a maximum lateral distance of 149 m
from the discharge point (Appendix K).

Metal Content and Bioavailability

Barite (barium sulfate) is a major insoluble component of drilling fluids and drilling fluid discharges.
For the WBM to be released from the wellbore, barium concentrations will increase in bottom
sediments around the drillsite. However, barium is toxicologically inert and therefore is not a threat
to the viability of living organisms in the affected area. Concentrations of other metals in drilling
fluids are similar to those in marine sediments, but some metals such as cadmium, copper, lead,
mercury, and zinc may be elevated within a few hundred meters of the drillsite (Boothe and Presley,
1989). However, metals in drilling fluids show very low bioavailability to marine animals and do not
pose a risk to benthic organisms or their predators (Neff et al., 1989a,b; Neff, 2008). Additional
discussion regarding drilling muds and cuttings impacts is presented in Chapter 4.

3.7.25 Drilling Mud Testing

Testing will be conducted to verify that TCC-treated cuttings comply with the 1% retention on
cuttings limit in accordance with OSPAR Decision 2000/3. The analytical methodology will be
agreed upon with the MNIEWR. Applicable methodologies include the retort method specified in the
USEPA National Pollutant Discharge Elimination System permit for the western portion of the Gulf
of Mexico (GMG290000) (USEPA, 2012; U.S. Government Printing Office, 2014) and the gas
chromatography method specified in ISO 16703 (International Organization for Standardization,
2004a). Noble Energy will comply with discharge permit requirements including any specific
analytical methodologies.

Chemical testing of drilling muds will be conducted in compliance with discharge permit
requirements. The analytes and frequency of testing are outlined in Table 3-28.
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Table 3-28. Proposed chemical testing of drilling muds for a representative Leviathan Field well.

Frequency of Testing (minimum) | Type of Test/Target Analyte | Method/Standard
Drilling Muds/Liquids
Biological Oxygen Demand (BODs) SM-5210 B
Total organic carbon TOC Cell Test
Suspended solids 105°C (TSS) SM-2540 D
Mineral oil (FTIR) USEPA 418.1
Total oil and grease (FTIR) USEPA 1664A
PAH by GC-MS USEPA 8270
The sampling frequency below has Phenol SM-5530 D
been determined based on the stages Cresol SM-5530 D
of drilling and based on the drilling Nitrate (as N) SM-4500-NO3 B
plan. Nitrite (as N) SM-4500-NO; B
Grab sampling in each drilling Ammonium nitrogen (as N) SM-4500-NH3 C
segment: Kjeldahl nitrogen (as N) SM-4500-Norg B
e 36in.+26in. Total ni lculated SM-4500-Norg B + SM-4500-NO;
e 20in. otal nitrogen (calculated) B + SM-4500-NO3 B
e 17%in. Reaction value (pH) SM-4500-H+B
e 8%in. Total dissolved solids (TDS) SM-2540 C
e 12%in. sidetrack DOX/AOX Hach-Lange Cell Test
Total of at least 5 samples Chlorides SM-4500-CI-D
Broad screening for metals (ICP), including P USEPA 6010 B
GC-MS, probability percentages, half
quantity concentrations and total USEPA 8270

concentration
VOCs, probability percentages, half quantity
concentrations and total concentration

AOX = adsorbable organic halogens; DOX = dissolved organic halides; FTIR = Fourier transform infrared (spectroscopy);
GC-MS = gas chromatography-mass spectrometry; ICP = inductively coupled plasma (mass spectrometry);
PAH + polycyclic aromatic hydrocarbon(s); TOC = total organic carbon; VOC = volatile organic compound.

USEPA 8260

Noble Energy has been asked to perform toxicity testing of drilling fluids and drill cuttings in
conjunction with its drilling and production operations in Israel. At this point in time, there are no
existing laboratories in Israel that have the needed facilities, resources or training to conduct such
tests. As a result, it will be necessary to utilize laboratories outside Israel for such tests. Noble
Energy’s intent will be to contract with laboratories in the United States to perform the needed testing.
A report entitled “A Review of Toxicity Testing Evaluating Applicability of Indigenous and Foreign
Test Species” has been prepared to examine the use of toxicity tests for the project and is presented in
Appendix L. The report discusses toxicity test methodology, toxicity test strategies and objectives,
and test species selection. It reviews the use of local vs. foreign species and provides
recommendations regarding the proposed tests and their applicability to the Israel offshore
environment.

Conclusions of the report (Appendix L) are as follows:

1) Currently the Eastern Mediterranean lacks the structure needed to conduct toxicity testing. This
lack exists for both available labs with needed expertise and experience as well as any prior
history of testing with local species;

2) While there may be some data available for Mediterranean species, it is limited and additional
methods and species testing is required to establish suitable local standard test species;

3) Well-established laboratories exist in both the North Sea and Gulf of Mexico experienced in
conducting toxicity testing using internationally accepted methods for oil and gas operations
and chemicals;

4) Standard test organisms from these regions are not indigenous to the Eastern Mediterranean.
Gulf of Mexico uses temperate species, North Sea testing uses boreal species.

5) Research has indicated that sensitivities within species groups tends to be similar across
geographic regions (i.e. temperate, Arctic and boreal species show similar sensitivities to
chemical exposures).
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6) North Sea testing focuses more on toxicity testing against individual compounds while Gulf of
Mexico focuses on whole effluent toxicities.

7) Testing regimes adopted in the North Sea and Gulf of Mexico both use invertebrates and fish.
Invertebrate tests include pelagic and sediment dwelling organisms.

8) Crustaceans, particularly copepods and mysids have generally been shown to be the most
sensitive species; the copepod Acartia in the North Sea and the mysid Mysidopsis in the Gulf
of Mexico are the standard species used in their respective regions.

The recommended protocols follow those in the U.S. National Pollutant Discharge Elimination
System (NPDES) General Permit for the Gulf of Mexico (USEPA, 2012). This approach allows a
comparison of the tests with a large database from Gulf of Mexico drilling which is more comparable
to the local conditions than North Sea data. The proposed testing is presented in Table 3-29 and
includes testing of the base fluid, a suspended particulate phase of the used mud, and tests with the
solid phase. A schedule for each type of testing is also included.

Table 3-29. Toxicity tests and testing schedule for drill muds and cuttings (From: US Environmental
Protection Agency [USEPA], 2012).

MONITORED DISCHARGE TEST
IS ERARES PARAMETER SIS LIMITATION FREQUENCY o
Drilling fluids
. . toxicity test at 40
Drilling fluid 96-hour LCso Mysidopsis | 31 400 ppm Once/month CFR Part 435,
bahia Once/end of well
Subpart A,
Appendix 2
USEPA 1993.
Mysidopsis bahia
. . Mysidopsis Once/week when | acute static
Drill cuttings 96-hour LCso bahia 30,000 ppm drilling 96-hour toxicity
test, FR58 (41):
12507-12512
The ratio of the 10-
Stock limits for drill day LCso of C16 —
cuttings generated C18 internal olefin | Once/year on
using nonaqueous- | 10-day LCso Leptocheirus sp. | divided by the 10- |each base fluid élsgg\;l_g;ethod
based drilling fluids day LC50 of the blend
(base fluid blend) base fluid shall not
exceed 1.0
EthciEa;geeu?r:fegor The ratio of the 4-
usin %oga ueous- day L.CS0 of C16 —
base?j driIIi?] fluids C18 internal olefin Modified ASTM
e 9 4-day LC50 Leptocheirus sp. | divided by the Once/month. method E1367-
(drilling fluids,
4-day LCso of the 99
removed from :
- . base fluid shall not
cuttings at the solids
- exceed 1.0
control equipment)

3.7.2.6  Analytical Test Results for Drilling Mud and Cuttings

Data on the chemical characteristics of Leviathan Field drilling mud and cuttings discharges are not
available. However, data from the Tamar SW-1 well in the Tamar Field are considered representative
since this was the most recent well drilled in the area and it has virtually the same objectives as
upcoming Leviathan wells proposed in this EIA. The results are presented for organics and other
characteristics of drilling muds (Table 3-30), metals in drilling muds (Table 3-31), metals in barite
(Table 3-32), metals in cuttings (Table 3-33), and radioactive substances in drillng muds and cuttings
(Table 3-34).
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Table 3-30. Analytical results for organics and other characteristics of the Tamar SW-1 drilling mud.

. Sample Mineral | Total

Saggt'e'”g Reception R’fﬁf” [n:;?n\:,o] pH | BOD | Toc (1E§<’SC) oil Oil | PAHs | Phenol | Cresol | DOX | Toxicity | NHa-N | TKN-N | NOs-N |NO.N |TotaIN| TDS | cI (Tgaé_Gcl'e'\r"]; Jgtg's
Date/Time : (FTIR) | (FTIR) i

10/10/2013 10’;‘_);%013 C11878 | 2,688.6 |56 | 1,896 | 11,440 | 68340 | 140 | 197 | ~ | <02 | <02 | - 92 197 2 <1 | 199 | 301,896 | 193,750 935 -
1072472013

1012412013 | g e* 2% | C12587 | 1515 |78/ 1640 [10,000| - 11 | 188 | - | <02 | <02 | - - 85 302 3 <1 | 305 | 266,200 | 153,400 33 -

11/11/2013 | 11/12/2013 | C13601 | 525.7 |9.1| 7,750 |23,000| - 8 364 | - | <02 | <02 | - - 631 | 809 <1 | <1 | 809 |227,830 (117,300 | 3488.2 -

11/20/2013 11%%013 c14119 | 864 |93 6900 [19920| 155 | 283 | - | <02 | <02 | - - 33 740 2 | <1 | 762 |189.750 | 98,830 |  4,075.7 -

BOD = biochemical oxygen demand; CI- = chloride; DOX = dissolved organic halides; FTIR = Fourier Transform Infrared; GC-MS = gas chromatography-mass spectrometry; N = nitrogen;
NH4 = ammonium; NO2 = nitrite; NO3 = nitrate; PAH = polycyclic aromatic hydrocarbon; TDS = total dissolved solids; TKN = total Kjeldahl nitrogen; TOC = total organic carbon; TSS = total
suspended solids; VOC = volatile organic compound; -- data not available (analyzed in laboratory reports but not detailed in this table).

Note: units are mg/L unless noted otherwise.

Table 3-31. Analytical results for metals in the Tamar SW-1 drilling mud.

. Sample

Sampling | poception | REPOTL | Flow ol A1 |as|B| Ba | Be | ca | cd |co|cr|cul e | M9 | k | Li| Mg [Mn|Mo| Na [Ni|P|Po| s |so| se |si|sn|s|Ti|v|zn
Date " No. | [m¥mo] ICP

Date/Time
10/10/2013 10’2%013 11878 | 2,688.6 [0.1| 105 | 1 | 2 | 1,579 | <0.05 |16,829| <0.05 |0.3|0.2| 4 | 805 |<0.05| 2,296 | 0.2 | 198 | 36 |<0.1|175,714|0.2|58 | 8 | 671 |0.3|<0.05| 216 |<0.1| 92 | 1 |0.2] 6
10/24/2013 ;ﬂ’%‘_‘ﬁf&g c12587| 1515 [0.1| 111 | 1 {0.3| 1,529 | <0.05 | 3,263 | 0.1 |0.3|0.2| 6 | 1,048 | <0.05 |64,73L| 0.1 | 219 | 47 |0.05 |104,005|0.3|15 | 213 | 500 <0.05 <01| 75 | 1 |0.2| 8
11/11/2013 | 11/12/2013 | C13601 | 525.7 | <5[3,370 | <5| 5 | 903 | <2 |17,040| <2 |2 |6 | 9 | 4039 | <2 [32,301| <5 |1,005| 123 | <2 | 70781 | 4 | 60| 149 | 1,722 |<5| <5 | 41 | <5 | 140 |68 | 5 |16
11/20/2013 11%9‘/13013 c14119| 864 |<5|1632|<5|5 | 795 | <2 |21,918] <2 | 2|5 |10|3309| <2 |32,680| <5 | 878 | 91 | <2 | 65051 | 3 |57 | 123 |1,183|<5| <5 | 18 | <5 | 85 |28 4 |20

Ag = silver; Al = aluminum; As = arsenic; B = boron; Ba = barium; Be = beryllium; Ca = calcium; Cd = cadmium; Co = cobalt; Cr = chromium; Cu = copper; Fe = iron; Hg = mercury;
ICP = inductively coupled plasma; K = potassium; Li = lithium; Mg = magnesium; Mn = manganese; Mo = molybdenum; Na = sodium; Ni = nickel; P = phosphorus; Pb = lead; S = sulfur;
Sh = antimony; Se = selenium; Si = silica; Sn = tin; Sr = strontium; Ti = titanium; V = vanadium; Zn = zinc.

Note: units are mg/L unless noted otherwise.
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Table 3-32. Analytical results for metals in barite used in drilling the Tamar SW-1 well.

Date of Shipment | Analysis Report Date/Time Report No. | Hg - Cold Vapor Ag As Cd Cr Cu Ni Pb Zn
10/10/2013 10/ 19%%013 C-64124.13 2 <5 20 <2 8 121 7 165 109
11/4/2013

11/3/2013 17:00 C13127 15 1
12/4/2013 12/4/2013 C14760 0.7 <2

Ag = silver; As = arsenic; Cd = cadmium; Cr = chromium; Cu = copper; Hg = mercury; Ni = nickel; Pb = lead; Zn = zinc.

Note: units are mg/kg unless noted otherwise.

Table 3-33. Analytical results for metals in cuttings from the Tamar SW-1 well.

. Sample Reception .

Sampling Date Date/Time Report No. TOC Ag As Cd Cr Cu Hg Ni Pb Zn
10/29/2013 114%’, %%13 C13130 32,700 <5 <5 < 9 13 <5 5 98 14
10/30/2013 1143’, %%13 C13130 45,900 <5 <5 < 2 4 <5 < 96 7
10/31/2013 11{%’,2%13 13130 34,800 <5 <5 <2 2 4 <5 <2 94 6
11/6/2013 11’2122_’5813 C13602 14,000 <5 <5 <2 2 4 <2 <2 83 7
11/8/2013 11’2122_’12813 C13602 34,200 <5 <5 <2 46 63 < 35 207 80
11/11/2013 11/ %013 C13602 23,600 <5 <5 <2 34 a1 < 23 127 55
11/12/2013 11’12g_’22813 C14135 27,400 <5 5 3 43 56 < 38 161 89
11/23/2013 12{‘1’%%13 14759 31,800 <5 5 <2 40 58 < 26 249 83
11/24/2013 12£i’_§313 14759 32,700 <5 <5 <2 56 65 < 50 116 100
11/27/2013 12’8‘,’5813 14759 33,000 <5 <5 <2 48 50 < 26 118 72

12/7/2013 12’1253_’52313 C15700 36,000 <5 8 <2 17 44 < 9 206 79
12/9/2013 12’1213_’fgl3 C15700 53,000 <5 <5 <2 38 7 < a1 98 67
12/11/2013 12/ %?é%m C15700 33,800 <5 <5 <2 36 58 < 25 84 66

Ag = silver; As = arsenic; Cd = cadmium; Cr = chromium; Cu = copper; Hg = mercury; Ni = nickel; Pb = lead; TOC = total organic carbon; Zn = zinc.

Note: units are mg/kg unless noted otherwise.
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Table 3-34. Analytical results for radioactive substances in drilling muds and cuttings from the
Tamar SW-1 well.

Radionuclide Concentration (pCi/L)
Sampling Date Time Sample ID Ra 226 Ra Ra Th Pb

228 |226/228| 228 | 210
10/29/2013 20:30 70831.13-C 002 | 018 | 0111 | 0.06 | 0.23
10/30/2013 22:00 70832.13C 002 | -017 | -0.118 | 0.036 | -0.04
10/31/2013 10:40 70833.13C 0 2026 | 0,000 | 0.006 | 0.09
11/6/2013 22:00 73311.13C 005 | -0.01 | -5.000 | 0.028 | 0.12
11/8/2013 22:10 73312.13C 002 | 025 | 0.080 | 0.44 | 0.49
11/11/2013 5:50 73313.12-C 002 | 014 | 0143 | 038 | 046
11/12/2013 16:20 75340.13C 014 | 07 | 0200 | 0.44 | 0.74
11/23/2013 11:00 79078.13C 009 | 043 | 0209 | 053 | 043
11/24/2013 21:34 79079.13C 013 | 061 | 0213 | 037 | 037
11/27/2013 0:40 79080.13-C 015 | 039 | 0.385 | 036 | 052
12/7/2013 1252 | TamarSlSTOL WLZA3 | o052 | 044 | 0118 | 0179 | 0.61
12/9/2013 1140 | TamarSWLSTOLOAZAS | 021 | 044 | 0477 | 0404 | 104
12/11/2013 8:50 Targg%%"xl'\% ?:L‘)TlTll,l\l/ézgl3; 021 | 079 | 0266 | 057 | 0.85

Pb = lead; Ra = radium; Th = thorium.

3.7.3

3.7.3.1

Other Routine Discharges

Discharge Characteristics

Estimated routine discharges from each drilling rig, exclusive of drilling muds and cuttings and

cement, are summarized in Table 3-35. The table is based on actual discharge data from the

Leviathan-4 well. Discharges will include sanitary waste, gray water, organic (food) waste, cooling
water, desalination brine, and deck drainage (runoff). Bilge water discharges will be conducted in
accordance with international and local requlations.

Table 3-35. Estimated routine discharges from a drilling rig during Leviathan Field drilling and
completion activities (exclusive of drilling muds, cuttings, and cement).

. . Estimated Total Quantities for Planned
- a
Actual Discharge Data from Leviathan-4 Well Drilling and Completion Activities (m?)”
Drilling Each
; ; ; ; New Well Drilling ;
Discharge Type Average Daily Rate BT | By (Leviathan-5 |Leviathan-3 Completing
(m*day) H30ur|y DgaHy l\gonthly through Sl Each Well
(m3/hour) | (m%day) |(m3/month) Leviathan-10) | (30 days) (40 days)
(75 days)
Sanitary Waste 8.3
(Black Water) (=0.072 m®/day/person) 0.4 9.1 252.6 622.5 249.0 332.0
28.8
Gray Water (=0.250 m¥/day/person) 25 58.8 1,080.0 2,160.0 864.0 1,152.0
Organic Food
Waste 0.7 0.8 18.5 27.6 52.5 21.0 28.0
Cooling Water 2,974.6 1249 | 2,998.0 | 92,938.0 223,095.0 89238.0 |118,984.0
Desalination Brine 722 10.3 246.3 4,207.2 5,415.0 2,166.0 2888.0
Deck drainage 2.1 3.1 74.4 82.4 1575 63.0 84.0

(Runoff)

Average rate, maximum daily rate, and maximum monthly rate are based on actual discharge data from the Leviathan-4
well with an average of 115 persons on board. Maximum hourly rate was calculated as maximum daily rate divided by

24 hours.

b Estimated quantities for planned Leviathan Field drilling and completion activities were calculated by multiplying the
average daily rate from the Leviathan-4 discharge data by the number of days for drilling a new well (75 days), drilling
the Leviathan-3 sidetrack well (30 days), or completing a well (40 days).

Leviathan Field Development Environmental Impact Assessment
Noble Energy Mediterranean Ltd
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03

March 2016

3-47

LEV-BU-NEM-EIA-RPT-0001




The discharge pipe diameter will depend on the specific drilling rigs selected by Noble Energy;
specific discharge depths will be provided once the drilling rigs are selected. For this discussion, the
Atwood Advantage has been used as a representative example of a DP drillship. Table 3-36
summarizes the discharge pipe diameters using the Atwood Advantage as a representative example.
A diagram showing the flow of various discharge streams from the Atwood Advantage is provided in
Figure 3-18. Discharges occur through a series of 4-inch, 6-inch, and 12-inch diameter pipes.
Discharges are either gravity fed or pumped, with pipe orientation in a vertical, downward direction.
Cooling water is discharged through a 12-inch diameter pipe below the sea surface. Brine from the
potable water makers is discharged through a 4-inch diameter pipe below the sea surface. Treated
sewage (black water) is discharged through a 4-inch diameter pipe below the sea surface.

Comingling occurs only between gray water and organic food waste discharge. These discharges are
released through a 6-inch diameter pipe below the sea surface. Other discharges (e.g., sanitary waste,
desalination brine, and cooling water) have separate discharge streams.

Table 3-36. Types of routine discharges from a representative drilling rig (exclusive of drilling muds,
cuttings, and cement) during Leviathan Field drilling and completion activities.
Discharge pipe diameter are based on the Atwood Advantage as a representative

example.
Discharge Pipe Diameter
(using Atwood Advantage
Discharge Type Discharge Frequency and Treatment as an example)
Pipe Diameter
(in)*
Sanitary Waste (Black Water) | Periodic; chlorinated in IMO-approved sewage treatment plan 4
Gray Water Continuous; no treatment 6
Organic Food Waste Periodic; macerated to meet MARPOL requirements 6
Cooling Water Continuous; no treatment 12
Desalination Brine Continuous; no treatment 4
: Continuous; drainage from machinery areas passes through
Deck drainage (Runoff) OWS; no treatment for other deck drainage 8

* numbers are representative; the actual discharge pipe diameter will depend on the specific drilling rigs selected.
IMO = International Maritime Organization; MARPOL = International Convention for the Prevention of Pollution from
Ships; OWS = oil/water separator.
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Atwood Advantage Overboard Flow Streams

(when at normal drilling draft of 12meters)
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A: 8 meters below water line
B: 12 meters below water line
C: 8 meters below water line
D: 7 meters below water line
E: 8 meters below water line
F: 3 meters below water line
G: 8 meters below water line

Figure 3-18. Discharge streams for the Atwood Advantage.

3.7.3.2 Discharge Treatment

Both drilling rigs will comply with International Convention for the Prevention of Pollution from
Ships (MARPOL), Annex | (oil pollution prevention), Annex IV (sewage pollution prevention), and
Annex V (garbage pollution prevention). Compliance with Annex I and IV will be demonstrated by
certification from the rig’s flag state via the International Qil Pollution Prevention and International
Sewage Pollution Prevention certificates. Compliance with Annex V will be demonstrated by a DNV
Statement of Fact. The annual endorsement on the respective certificate stands as prima facie
evidence that each rig has been surveyed for continuing compliance with the applicable requirements
of that MARPOL Annex.

Specific treatment processes are detailed in the following subsections for individual waste streams.
With the exception of gray water and organic food waste, which are comingled, all waste streams are
discharged separately.

Sanitary Waste

Sanitary waste (i.e., black water or sewage) consists of human body wastes from toilets and urinals.
All sanitary waste will be treated using an International Maritime Organization (IMO)-approved
sewage treatment unit. The sewage treatment unit will comply with the applicable IMO effluent
standards and performance tests for treatment efficiency specified in IMO Resolution MEPC.159(55).
The Marine Environment Protection Committee (MEPC) resolution includes standards that must be
met for the following effluents: Thermotolerant Coliform Standard, Total Suspended Solids Standard,
Biochemical Oxygen Demand and Chemical Oxygen Demand Standards, and pH. Treated sewage
will be discharged overboard through the sewage treatment plant. On the Atwood Advantage (as a
representative example), treated sewage is discharged through 4-inch diameter lines located 7 m
below the sea surface.
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Gray Water

Gray water consists of the water generated from showers, sinks, laundries, and galleys. The gray
water discharge system is arranged by gravity directly overboard or is led to the sewage treatment
plant by manual valve. This valve is normally closed. A grease trap (1,000 L) is fitted on the drain
lines from galley, scullery, and mess service areas except for the drain from the waste disposer. On
the Atwood Advantage (as a representative example), discharge of gray water occurs through a 6-inch
line 8 m below the sea surface.

Organic Food Waste

Organic or food wastes are generated from galley and food service operations food wastes will be
ground up in a garbage disposal unit prior to discharge (i.e., comminuted), in accordance with Annex
V of MARPOL 73/78 requirements. Food waste is ground to less than 25 mm in diameter to meet
discharge requirements. Food waste discharges are allowed, when ground, if the vessel is 12 nmi or
more from land when within special areas (including the Mediterranean Sea). Aside from grinding,
no other treatment of organic food wastes is expected. On the Atwood Advantage (as a representative
example), macerated food wastes are discharged through a 6-inch line 8 m below the sea surface.

Cooling Water

Cooling water is used to control and maintain proper temperatures on internal combustion engines on
board the drillship and project vessels. Cooling water discharge effluent is expected to result in a
temperature increase of no more than 3°C at the edge of the zone where initial mixing and dilution
take place. Where the zone is not defined, the dilution zone typically is considered to be 100 m from
the point of discharge. Cooling water discharges consist of seawater that is not exposed to oil or other
contaminants. No treatment of cooling water is expected. On the Atwood Advantage (as a
representative example), cooling water discharges occur through a 12-inch diameter line 8 m below
the sea surface.

Desalination Brine

Fresh water will be generated on board the drilling rigs via reverse osmosis water makers, generating
brine (i.e., concentrated seawater) as a byproduct. At maximum rated capacity, each unit can generate
6.5 m%hour, or 156 m*/day, of freshwater. Total freshwater generation capacity is 312 m*/day.
Maximum feed water flow rate through the freshwater generating system is approximately

380 m*/day; maximum brine discharge flow rate is estimated at 318 m*/day. The actual daily
disché'a\rges during drilling of the Leviathan-4 well ranged from 0 to 246 m®day, with an average of

72 m°/day.

The excess seawater discharged from the water makers does not contain any added chemicals. The
discharge is through a 4-inch line 8 m below the sea surface.

Deck Drainage (Runoff)

Deck drainage from non-machinery areas is discharged overboard without treatment. Drainage from
machinery spaces passes through an OWS prior to discharge. All discharges will meet MARPOL
requirements for discharges from machinery spaces from fixed or floating platforms (MARPOL
Annex I, Resolution MEPC 117[52]). The OWS discharge is through an 8-inch line 12 m below the
sea surface.

3.7.3.3 Discharge Quality

All discharges from the drilling rigs and supply vessels will be in compliance with applicable
standards (e.g., MARPOL, Barcelona Convention) or consistent with best industry practice. Sanitary
wastes will be treated via chlorination in an IMO-approved sewage treatment plant, and organic
(food) wastes will be macerated to facilitate degradation in compliance with MARPOL. Other wastes
(i.e., cooling water, gray water) do not require treatment.

Effluent quality data collected by Noble Energy during drilling of the Tamar SW-1 well in the Tamar
Field are considered as representative for the proposed Leviathan Field activities. Data for sanitary
waste, gray water, and organic waste are presented in Tables 3-37 to 3-39, respectively.
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Table 3—-37. Analytical results for sanitary waste discharges for the Tamar SW-1 we

=} >89 o @ ] ~ll= = + Enterococcus Eecal
Sagp""g RseiZEfifin Time Report No. plo (A':r:rc:uwal) 2719 |8|8n| 852 | 855 | 25 |2 %.D—f %3.0:: 5 ZL,CZSN z, z .Tzs e coliforms DS | CF
ate Date [he] miyr] | TF | @ [ F | 7S EEE L"ﬁE G ogL|s ko 2z | 2 = I W/100 mL

10110/2013 | 10102013 | 9:30 | Sboard - CLLSST, 77 | 33 | 28| 59 46 0.66 25 12 | 02 711 | 15 | 40 | 111 | 3 | 240E+05 |1.70E+05 | 43405 |22,078
10/12/2013 Port 7 374 03 19

10/16/2013 Port 7 1984 079 11

10/17/2013 Starboard 7 324 29 64

10/23/2013 Port 250 250 7 324 0.85 19

1012412013 | 1012412013 | 8:00-14:00 | S@bo2rd - 12580 76 | 44 |49 | 90 | 563 1 145 53 | 03 12 | 32| 46 |472] 4 79 540 |39570| 704
1012412013 | 1012412013 | 8:00-14:00 | POt TA2981, 69 | 28 |36 | 48 | 457 35 6 56 | 03 18 | 13 | 244 | 261 3 11 51 |39,520 | 4305
1012772013 Starboard 8 2996 244 35

11/4/2013 | 11/4/2013 Starboard 75 56 28 192

11/5/2013 | 11/5/2013 Port 8 60 113 362

11/9/2013 | 11/9/2013 Starboard 75 59 233 253

11/10/2013 | 11/10/2013 Port 65 61 029 27

11/17/2013 | 11/17/2013 Port 84 a1 08 015

11/18/2013 | 11/18/2013 Starboard 265 | 515 | 73 20 16 289

11/20/2013 | 11/20/2013 | 1030 | S&rboard - C1A099, 72 | 32 |s5| 15 | 454 13 23 14 | 02 [34] 18 | 20| 114 |1158| 3 49 | 9.20E+05 | 41173 [22,025
11/20/2013 | 11/20/2013 | 10:10 Port - C14100, 71 | 23 | 31| 161 | 225 51 6 2 02 |56| 21 88| 63 | 65 |3 23 11 |40395 (22,338

FWC-11406.13 ’ '

11/2412013 | 11/24/2013 Starboard 73 50 26 18

11/25/2013 | 11/25/2013 Port 79 29 14 265

121472013 | 12/4/2013 | 10:20 | Starboard - C14731, 77 | 66 |54 | 108 | 702 11 16 6 3 28 |24 | 125 1278 5| 540  |160E+03 | 40,415 (21905

FWC-11975.13

12/412013 | 12/4/2013 | 10:00 FP\T\;(t:fll;?ig 72 | 15 |47 | 18 46 52 6 24 | 01 21 |135) 23 | 25 | 3 11 11 [38910(21345
12/7/2013 Starboard 72 50 03 095

12/8/2013 Port 64 | 779 [ 78 28 029 311

12/16/2013 Starboard 8 36 102

12/16/2013 Port 8 46 082

12/23/2013 Starboard 8 355 13

12/23/2013 Port 8 218 13

BOD = biochemical oxygen demand; CI- = chloride; DOX = dissolved organic halides; FTIR = Fourier Transform Infrared; N = nitrogen; NH, = ammonium; NO, = nitrite; NO3 = nitrate; NTU = nephelometric turbidity units;

P = phosphorus; TDS = total dissolved solids; TKN = total Kjeldahl nitrogen; TOC = total organic carbon; TSS = total suspended solids.

Note: units are mg/L unless noted otherwise.

Leviathan Field Development Environmental Impact Assessment
Noble Energy Mediterranean Ltd
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03

March 2016
3-51
LEV-BU-NEM-EIA-RPT-0001




Table 3—-38. Analytical results for gray water discharges for the Tamar SW-1 well.

: Sample Flow : MBAS -
Sag;)tléng Reception RE%OH [;!%\IO] (Annual) | TSS 105°C al ?Efjn%r)ease TDS | Anionic
Date/Time ) [mé/yr] Detergent
10/24/2013
10/24/2013 8:00-14-00 C12592 659 659 188 748 441 0.9
11/20/2013 11/128 /g(()) 13 C14128 697 1,356 8 96 192 1.9
12/4/2013 12{%/,23%13 C14755 694 2,050 102 40 422 6

FTIR = Fourier Transform Infrared; MBAS = methylene blue active substances (assay method); TDS = total dissolved
solids; TSS = total suspended solids.
Note: units are mg/L unless noted otherwise.

Table 3-39. Analytical results for organic waste discharges for the Tamar SW-1 well.

. Sample Flow Oil and
Sag;léng Reception Rﬁﬁ)on [kFI/OmWO] (Annual) | BOD | TOC 12;?5’(: Grease |Total N| Total P
Date/Time : 9 [kg/yr] (FTIR)
10/13/2013 | 10/14/2013 | C12014 43875|28,157| - 4,488 | 4,242 227
3293 | 3,293
1072412013 | 102412013 | 15594 6,300 | 5,900 | 14914 | 2771 | 500.2 66
8:00-14:00
11/20/2013 11%%013 C14120 | 3485 | 6,778 [21,400(22,835| -- 12,075 | 11,682 133
12/4/2013 121‘2')’_31%13 C14756 | 3,463 | 10241 | 3030 | 6214 | - 197 368 16

BOD = biochemical oxygen demand; FTIR = Fourier Transform Infrared; N = nitrogen; P = phosphorus; TOC = total
organic carbon; TSS = total suspended solids; -- data not available (TSS was not analyzed due to analytical difficulties).

Note: units are mg/kg unless noted otherwise.

3.7.4 Summary of Discharge Quantities

Total estimated per-well discharges are summarized in Table 3-40.

Table 3-40. Summary of estimated per-well discharge quantities.

Source

Frequency

Average Daily Rate
for Calculations?

Total Quantity

Leviathan-5 through Leviathan-10 (per well, duration = 75 days)

WBM: 1,160.3 tons

WBM and brine Continuous - Brine: 1.673.1 tons
Cuttings (WBM intervals) Continuous -- 1,330 tons
MOBM adhering to cuttings Continuous -- 2.95 tons
Cuttings (MOBM intervals) Continuous -- 1,023 tons
Cement (at wellbore) Periodic -- 95.6 tons
End-of-well (completion brine) Once -- 234.5 tons
Sanitary wastes Periodic 8.3 m¥/day 622.5 m*
Gray water Continuous 28.8 m¥/day 2,160.0 m®
Organic (food) waste Periodic 0.7 m¥day 525 m?
Cooling water Continuous 2,974.6 m®/day 223,095.0 m®
Desalination brine Continuous 72.2 m¥/day 5,415.0 m®
Deck drainage (runoff) Continuous 2.1 m¥/day 157.5m?
Leviathan-3 ST02 (duration = 30 days)
. . WBM: 946.0 tons
WBM and brine Continuous - Brine- 274.7 tons
Cuttings (WBM intervals) Continuous -- 150.0 tons
Cement (at wellbore) Periodic -- 3.3 tons
Cement (at wellbore) from TA plugs Periodic -- 61.8 tons
Sanitary wastes Periodic 8.3 m¥/day 249.0 m®
Gray water Continuous 28.8 m¥/day 864.0 m*
Organic (food) waste Continuous 0.7 m¥day 21.0m?
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Table 3-40. (Continued).

Average Daily Rate :

Source Frequency for Cgal cul at%/on ” Total Quantity
Cooling water Continuous 2,974.6 m®/day 89,238.0 m®
Desalination brine Periodic 72.2 m¥/day 2,166.0 m°
Deck drainage (runoff) Continuous 2.1 m¥/day 63.0 m®

Leviathan-4 ST01 (duration = 40 days)

Brine and completion fluids Continuous -- 1,887 tons
Cuttings (WBM only) Periodic -- 30.4 tons
Sanitary wastes Periodic 8.3 m¥/day 332.0m°
Gray water) Continuous 28.8 m¥/day 1,152.0 m®
Organic (food) waste Continuous 0.7 m¥/day 28.0 m®
Cooling water Continuous 2,974.6 m®/day 118,984.0 m®
Desalination brine Periodic 72.2 m¥/day 2,888.0 m®
Deck drainage (runoff) Continuous 2.1 m¥/day 84.0 m*

o

Average daily rate is based on actual discharge data from the Leviathan-4 well with an average of 115 persons on board.
MOBM = mineral oil-based mud; TA = temporary abandonment; WBM = water-based mud.

3.7.5 Alternatives to On-Site Discharge
Noble Energy has evaluated alternatives to on-site discharge for each effluent.

Available alternatives to the on-site discharge of drilling muds (and cuttings) include injection or
discharge into wellbores or subsurface formations, and transport of waste to shore for treatment and
disposal. These practices are characterized by their own set of environmental effects, costs, and
inherent limitations (e.g., practical and technical considerations). For example, the use of onshore
disposal methods requires that the material be transported to shore, with increased risks to the
environment and personnel safety through handling, shipping, and transport.

Noble Energy recognizes the potential environmental impacts of discharging WBM and treated
MOBM cuttings to the marine environment, and has implemented a series of mechanisms and
procedures to ensure that impacts to the marine environment from on-site discharge are minimized.
Mechanisms include proper containment (e.g., containment of all chemical storage areas; use of
catchment drains, particularly on the rig floor and in the mud pits), drilling mud treatment and
processing (e.g., use of solids control equipment to minimize the amount of drilling fluid retained on
the cuttings prior to discharge; implementation of chemical testing and toxicity testing protocols); use
of a TCC to ensure that MOBM retained on discharged cuttings is less than 1% by weight;
consideration of the receiving environment (e.g., assessment of impacts to water quality and benthic
communities); and simulation modeling of drilling deposition.

Alternatives to the on-site discharge of other routine effluents either are not practical or are limited.
There are no practical, viable alternatives to cooling water discharges. Alternative disposal methods
for brine, organic (food) wastes, and sanitary waste and gray water include containerization and
shipment to shore. The location of the drilling activity in deepwater, well offshore in an open ocean
environment indicates that only limited, localized impacts from these discharges are expected.
Containerization and shipment will produce their own set of impacts (e.g., air quality, onshore
processing, treatment, and disposal impacts), in addition to increasing safety concerns with loading
and offloading additional waste containers.

3.8 WASTE

All wastes will be handled and disposed of according to MARPOL and permit requirements. Wastes
that cannot be discharged overboard under MARPOL requirements will be shipped to authorized
waste disposal sites onshore in accordance with the regulations.

In order to meet the objectives of the Noble Energy Environmental, Health, and Safety (EHS) Policy,
the drilling rigs will manage the generation, storage, and disposal of all solid waste. Drilling and
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completion operations will be conducted under the preferred waste management hierarchy of “reduce,
reuse, recycle, recover” prior to designating waste for disposal, whenever possible. In principle, this
is accomplished by reducing the amount of waste generated through process efficiencies, reusing
waste materials in their original form, recycling by converting waste back into a usable material, and
recovering by extracting material or energy from the waste for other uses. Any waste remaining from
these efforts will be managed through proper disposal.

Waste streams generated by drilling and completion operations and processes will be identified and
classified. Each identified waste stream is to be classified and handled as scheduled waste or
non-scheduled waste in accordance with the drilling rig’s EHS management system. The waste
classification process includes the following steps:

o Determine if waste stream is scheduled waste (hazardous or toxic) or has characteristics that pose
threats to human health or the environment; and

e If waste stream is non-scheduled waste, determine proper classification or other type of waste
stream classification (e.g., industrial waste, domestic waste, etc.) according to any local waste
management regulations.

Waste classification is conducted by using the following methods:

e Process knowledge — Applying knowledge of the hazardous characteristic(s) of the waste in light
of the materials or the processes used; and

e Regulatory listing review — Determining if the waste is listed by waste management regulations or
authorities as being considered a hazardous, scheduled, or other type of waste.

Different waste streams will be segregated by type and will not be mixed together or managed in the
same container. Under no circumstances will non-hazardous wastes be allowed to be mixed in the
same container with hazardous or scheduled wastes. If this occurs, the entire mixture is to be
considered hazardous or scheduled waste.

Waste storage areas will be designated on the drilling rigs in areas isolated from other operations.
Waste containers will be stored in these areas prior to processing or shipment to the contract waste
management vendor. All waste materials will be stored properly in containers that are non-leaking
and compatible with the waste being stored. All containers will have their lids, rings, covers, bungs,
and other means of closure properly installed at all times except when waste is being added or
removed.

3.9 WELL CLOSURE (TEMPORARY ABANDONMENT)

After each new well is drilled, it will be temporarily abandoned and secured with multiple barriers
pending completion operations by the second drilling rig. Temporary abandonment will be conducted
in accordance with MNIEWR guidelines for “Abandonment of Offshore Oil and Gas Wells.” The
MNIEWR guidelines are based on sections 30 CFR§250.1710-1722 and 250.1740-1742 of the

U.S. regulations and on the APl BULL E3 standard.

After each well has reached total depth and production casing has been run, the wellbore will be
temporarily abandoned and secured with multiple barriers. A 9%-inch x 10%-inch production casing
string will be run to total depth and cemented in place. The cement will be displaced with sufficient
mud weight to provide a hydrostatic pressure equal to or greater than the pore pressure plus 300 psi
with a seawater column above the mud line. Two mechanical plugs (retrievable packers) will be set,
1) one at the bottom of the casing string; and 2) one within 300 m of the mud line. Both will be
weight and pressure tested. The wellbore will then be negative pressure tested with a seawater
column to the mud line prior to disconnecting the BOP stack and riser. The wellbore will be kept for
future gas production. The planned temporary abandonment wellbore sketch after drilling operations
have concluded is shown in Figure 3-19.
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The chemicals used during well completion activities have been tabulated in Section 3.7.2. SDSs for
all chemicals used in well drilling and completion activities, including temporary abandonment, are
included in Appendix H.

Figure 3-19. Wellbore sketch for temporary abandonment of Leviathan Field wells.
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CHAPTER 4. EVALUATION OF ENVIRONMENTAL IMPACTS

4.1 INTRODUCTION AND METHODOLOGY

This chapter evaluates the environmental impacts of Noble Energy’s proposed drilling and completion
activities in the Leviathan Field. The impact assessment includes both routine activities and
accidental events. The topics in the impact analysis are those specified in the “Guidelines for
Preparation of Environmental Impact Document for Production Drilling, Production Tests and
Completion — Development of Leviathan Field (Leases 1/14 and 1/15)”, dated 5 October 2014
(Appendix A). A table comparing EIA sections with the guideline requirements is presented in
Appendix B. The following definitions are used:

e Aspect — an element of an organization’s activities or products or services that can interact with
the environment (International Organization for Standardization, 2004b);

e Resource — a component of the natural or human environment that could be affected by any
aspect of an organization’s activities; and

e Impact — any change to the environment, whether adverse or beneficial, wholly or partially
resulting from an organization’s environmental aspects (International Organization for
Standardization, 2004b).

The following aspects and resources were included in the analysis:

Aspects: Resources:
e Production testing; e Air quality;
e Seafloor disturbance; e Water quality;
e Dirilling discharges; e Sediment quality;
e Other discharges; e Benthic communities;
e Air emissions; e Marine mammals;
e Safety and protection zones; e Seaturtles;
e Noise hazards; e Seabirds and migratory birds;
e Light hazards; e Fishes;
e Waste and marine debris; ¢ Fishing activities and marine farming;
e Well closure (temporary abandonment); e Culture and heritage sites;
e Support vessel traffic; e Marine transportation and infrastructure;
o Helicopter traffic; and
e Accidental fuel spill; and e Coastal habitats and infrastructure.
e Accidental condensate spill from well
blowout.

The first step in the impact analysis was a screening assessment to identify the resources potentially
affected by each aspect. Table 4-1 shows a matrix of potential interactions between aspects and
resources. Each interaction indicates a potential impact to be analyzed.

The next step was to analyze each potential impact by describing and quantifying each impact to the
extent practicable. This step included an assessment of the “consequence” (severity) and likelihood
of each impact.

Finally, the overall environmental risk posed by each impact was assessed using a risk matrix that
combines aspect likelihood and impact consequence (Table 4-2). The likelihood of each aspect
(taking into account all of the identified management and mitigation measures) was given a score
between 1 and 5 based on the definitions in the matrix. The consequence of each potential
environmental impact was also rated on a scale of 1 to 5. Each cell in the matrix (i.e., each
intersection of likelihood and consequence) was calculated as the product of likelihood and
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consequence. These risk values were grouped into three color-coded risk categories: Low, Moderate,

and High.

Table 4-1. Impact matrix showing potential interactions between aspects and resources. A bullet
symbol in a cell indicates a potential impact to be analyzed, and numbers indicate the
section number(s) where the impact is analyzed.
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Table 4-2.  Risk assessment matrix for impact analysis. Overall risk is rated as ] = Low, ___ = Moderate, or [JJi] = High.
LIKELIHOOD
1 2 3 4 5
Rare Unlikely Possible Likely Almost Certain
CONSEQUENCE -8 Never occurred or  |Possible to occur but | Likely to occur even if Has occurred in the Has occurred in
Sc prevented with unlikely if standard  |standard practices, industrv. Additional Noble Energy.
S = standard practices, |practices, procedures |procedures and safeguards safe ugrl ds are Additional
'é’ 5] procedures and and safeguards are are used. Additional e u?re d safeguards are
o safeguards. used. safeguards are required. a ' required.
z
[SR =l
£.2 € |Controls have Controls have Controls are unproven but |Controls have been | Controls are likely
Severity Environment 8 S 2 |historically been generally been are expected to be ineffective to fail or be
E § é highly effective. effective previously. |effective. previously. ineffective.
<
° Adverse permanent impacts on key
5 - g ecosystem functions and services in larger
> & |natural habitats (e.g., restitution time more
than 5 years).
o |Adverse impact on ecologically valuable
4 % natural habitats (e.g., restitution time 2 to
@ |5 years).
1S . L
3 _g Adverse impacts on a significant part of %
§ habitats (e.g., restitution time 1 to 2 years). =
|_
<
L
S . I
2 S |Adverse short-term impact on natural
S |habitats.
5
S |No or very limited impact on natural
1 ‘S |habitats. No impact on population level,
2 lonly on individual organism level.
c
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4.2 PRODUCTION TESTS

This section evaluates the impacts of production testing as described in Section 3.3. The issue of well
control and integrity are addressed elsewhere in this document. Detailed BOP specifications are
provided in Section 3.2.5. The detailed casing design and testing are described in Section 3.2.6.
Noble Energy’s methods for risk assessment and management are summarized in Section 5.2.1.

The estimated duration of production testing or “flowback” is 49.5 hours per well. SDSs for all
chemicals used in production testing are included in Appendix H.

All produced gas, condensate, and injected methanol will be flared off.

Any brine, produced water, or condensate water
flowed back will be collected, filtered, and tested and discharged overboard as per Noble Energy
standards. Any fluid that does not meet discharge criteria will be collected and shipped to an
approved waste disposal facility.

Resources potentially affected by production testing include air quality, water quality, and seabirds
and migratory birds (Table 4-1).

4.2.1 Impacts on Air Quality

Air pollutant emissions from production testing were estimated in Section 3.5.4. The total estimated
emissions for a single well are 40.69 metric tonnes of CO, 7.98 metric tonnes of NOy, 0.06 metric
tonnes of SOy, 6.31 metric tonnes of VOCs, and 0.11 metric tonnes of PM. Nearly all of the CO,
NOy, and VOC emissions would be from gas flaring, whereas condensate would be the source for all
of the PM emissions. CO, emissions from production testing were estimated at 13,920 metric tonnes
per well (see Section 3.3.1).

The magnitude of emissions from production testing (sum of all eight initial wells) is negligible in
comparison with annual regional emissions from shipping in the Mediterranean (Table 4-3). The air
pollutant emissions from flaring are expected to disperse rapidly in the atmosphere and may produce
localized, transient impacts on air quality near the drilling rig. Dispersion depends on factors such as
emission height, atmospheric stability, mixing height, exhaust gas temperature and velocity, and wind
speed (BOEM, 2012). Due to the distance from shore (greater than 120 km), no impacts on coastal air
quality are expected.

Table 4-3. Comparison of production testing emissions to regional emissions from shipping.

S Emissions (metric tonnes)

ouree CO, NO, S0, VOC PM
Production testing (per well) 13,920 7.98 0.06 6.31 0.11
Production testing of all 111,360 63.84 0.48 50.48 0.88
eight initial wells
Annual (2005) emissions
from Mediterranean 64,936,000 1,447,000 863,000 54,000 98,000
shipping industry?
Production testing of all
eight initial wells as 0.171 0.004 0.000 0.003 0.001
percentage of annual
shipping emissions

@ Total emissions from shipping (at sea, maneuvering, and at berth) in the Mediterranean Sea in 2005 (Entec UK, 2007).
CO: = carbon dioxide; NOx = nitrogen oxides; PM = particulate matter; SO2 = sulfur dioxide; VOC = volatile organic

compound.
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4.2.2 Impacts on Water Quality

There is the potential for water quality impacts during flaring due to “fallout” of oil droplets from the
flare. Noble Energy will use a high-efficiency burner to minimize the potential for fallout.

Any brine, produced water, or condensate water flowed back will be collected, filtered, and tested and
discharged overboard as per Noble Energy standards. Discharges from production testing will be
rapidly dispersed in the ocean and no significant impacts on water quality are expected.

4.2.3 Impacts on Seabirds and Migratory Birds

There is the potential for seabirds to be attracted to the flare (i.e., as a light source) during a
production test. This potential impact, along with other lighting impacts, are discussed separately in
Section 4.4.2. Due to the brief duration of flaring (49.5 hours per well), a single production test is not
likely to result in collisions or other significant adverse impacts on seabird or migratory bird
populations. Individual production tests are expected to be 40 days apart (the duration of well
completion).

4.2.4 Mitigation Measures

Noble Energy will use a high-efficiency burner for flaring to minimize the potential for incomplete
combustion and/or creating a sheen on the sea surface due to oil droplets. High efficiency burners
have a unigue nozzle design that uses compressed air to atomize the oil in a mixing chamber. Internal
air mix atomizers produce much smaller hydrocarbon droplets than conventional burners. Smaller
droplets burn faster, eliminating the potential for raw hydrocarbons to fall out of the flame. Carefully
positioned multiple burner tips create maximum flame turbulence and air ingestion. Multiple tips
discharge the well effluent in a unique array. The combination of atomized droplets and maximum air
ingestion maks the process very efficient. A pilot system with remote igniters provides the ignition
source for the finely atomized spray.

Any brine, produced water, or condensate water flowed back will be collected, filtered, and tested and
discharged overboard as per MARPOL and permit requirements. Any fluid that does not pass will be
collected and shipped to an approved waste disposal facility.

4.25 Impact Significance

The significance of potential impacts from production testing is summarized in Table 4-4. In
evaluating the likelihood of air quality impacts, a 100-m mixing zone has been assumed around the
drilling rig (i.e., it is referring to the likelihood of detectable impacts beyond the mixing zone). The
likelihood of air quality impacts is rated as possible (3). The likelihood of fallout of oil droplets is
considered unlikely (2) and impacts on seabirds are rated as possible (3). The consequences are rated
as insignificant (1) in all cases and the residual risk is Low for all impacts.
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Table 4-4. Summary of potential impacts from production testing.

[<5]
(S
8| &
Resources 8 A 5| 3 |=w
Aspect Affected Potential Impact Mitigation % g 3
L1583
J| O |
Localized, transient elevations in e Use of high-efficiency burner 3
Air quality |air pollutant concentrations near to minimize air pollutants from|{ 3 | 1 Low
drilling rig incomplete combustion
Possible sheen on sea surface due|® ::)sﬁl?r:cim%g'ﬁl;gﬁ'oeunt,c,yo?%ri?er
.. |to fallout of droplets during 2
.| Water quality i U droplets 211
Flaring flaring; localized impacts due to Low
discharge of treated effluent Treatment of effluent to meet
standards prior to discharge
. Possible attraction and/or
Seabirdsand | ,. . L T
miarator disorientation including circling e None recommended 3|1 3
girds Y Ibehavior and collisions with rig Low
structure

In evaluating likelihood for air quality impacts, a 100-m mixing zone was assumed around the drilling rig (i.e., it is referring
to the likelihood of air quality impacts occurring beyond the mixing zone).

4.3 ACCIDENTAL POLLUTION EVENTS

4.3.1 Spill Scenarios

Two accidental spill scenarios were evaluated: a fuel spill and a condensate spill from a blowout. The
fuel spill scenario assumed an instantaneous release of 8,415.6 m? from the drilling rig. The
condensate spill scenario assumed a blowout resulting in the release of icontinuing for a
period of 30 days.

The probability of the two spill scenarios has not been calculated. However, both scenarios represent
highly unlikely events. Historically, blowouts are rare, and most do not result in spills. Based on
North Sea data, the International Association of Qil & Gas Producers (2010) estimated the probability
of a blowout during development drilling (deep gas wells) is 7 x 10 per well. Data from the U.S.
Gulf of Mexico from 1992 to 2005 indicate that half of blowouts lasted less than half a day, and fewer
than 10% of blowouts resulted in spilled oil (Minerals Management Service, 2007). These statistics
were published prior to the Deepwater Horizon incident in 2010. However, following the

Deepwater Horizon spill, Eckle et al. (2012) revisited the historic spill data in order to integrate the
2010 spill event into the worldwide database and to re-evaluate accident statistics. The authors
concluded that the expected risk has not really been changed by the Deepwater Horizon incident.
Since then, additional preventive procedures, including many safety and well control protocols have
been implemented to assure that safety and environmental integrity are not compromised by
uncontrolled releases of hydrocarbons. Mitigation measures, including spill prevention and well
control measures, are discussed in Chapter 5. Detailed BOP specifications are provided in

Section 3.2.5 and the design and testing of the casing to prevent a loss of well control are described in
Section 3.2.6.

A large diesel spill, such as one releasing the entire fuel contents of a drilling rig, would also be a rare
event. Historical data from the U.S. Gulf of Mexico include no such incidents from 1964 to 2010,
with the volume of the largest platform or rig-related diesel spill being approximately

238 m* (1,500 bbl) (Anderson et al., 2012). The most likely type of spill during offshore oil and gas
activities is a small fuel spill (BOEM, 2012).

Trajectory modeling results for a fuel spill are available from modeling conducted by Dr. Steve
Brenner of Bar-llan University for the ML-1X wellsite in the Leviathan Field. Modeling of a
condensate spill was conducted by Dr. Brenner using the Leviathan-6 drillsite as a release point. All
of the modeling was conducted in accordance with the requirements specified in Section 4.3 of the
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“Framework Guidelines for Preparation of Environmental Document Accompanying License for
Exploration Purposes — Exploratory (Experimental) Drilling and Offshore Production” (Appendix A).
Spill trajectory modeling methods and results are presented in Appendix M.

4.3.2  Fuel Spill Modeling Results

The fuel spill scenario assumes the instantaneous release of the entire fuel supply of a drilling rig.
Based on the Atwood Advantage as a representative example of a DP drillship, the spill volume was
assumed to be 8,415.6 m3. The spill was assumed to occur at the sea surface.

Modeling of a fuel spill was conducted by Dr. Steve Brenner of Bar-llan University using MEDSLIK
Version 5.3.6. Spill fate was modeled for 30 days from the beginning of the spill. The following four
time periods representative of various climatic conditions were used in the model:

e Scenario 1 — 9 December 2010 to 8 January 2011, a period that included an extreme winter storm;

e Scenario 2 — 26 January to 25 February 2008, typical winter conditions;

e Scenario 3 —17 July to 16 August 2008, typical summer conditions with persistent northwesterly
winds and swell; and

e Scenario 4 — 25 September to 25 October 2007, autumn conditions typical of the transition
seasons and including at least one episode of strong easterly to northeasterly wind.

The model includes a spill weathering component to estimate how much of the spilled volume would
remain on the sea surface at various times following a spill. The weathering analysis does not take
into account any spill response activities. Noble Energy’s Oil Spill Contingency Plan (OSCP)
provides detailed information about the response capabilities and methods that Noble Energy would
use to minimize the potential for significant impacts. The drilling rig contractor will also implement
oil spill prevention methods as part of its Shipboard Oil Pollution Emergency Plan (SOPEP).

Table 4-5 and Figure 4-1 summarize the modeling results for a fuel spill under the four scenarios.
The model predicts that diesel fuel would evaporate rapidly, with approximately 45.6% of the spill
evaporating in the first 42 to 55 hours in the four scenarios. A spill is predicted to reach the shoreline
after 12 days under Scenario 4, after 20 or 21 days under Scenario 2 or 3, or essentially not at all
under Scenario 1. At the end of 30 days, all four scenarios show 45.6% evaporation, from 0% to
approximately 42% oil remaining on the sea surface, and between 2.5% and 11.9% dispersed. The
percent of the spill volume deposited on the coastline ranges from 0.003% (Scenario 1) to 51.8%
(Scenario 4), with impacts to the coastline of Israel, Cyprus, and Lebanon depending on the seasonal
scenario. The total length of affected shoreline ranges from negligible to 220 km. Potential impact
hotspots in Israel are Atlit, the southern coast of Haifa, parts of Haifa Bay, the Akko coast, and Rosh
Hanikra.

Table 4-5. Trajectory and weathering model results at the end of 30 days for a fuel spill under four
environmental scenarios.

DENS Length of
Percent Percent Until gm .
Scenario AL on Sea FaLEas Deposited | Initial CEEEAINE | e Impact Hotspots
Evaporated Dispersed P - Affected | Affected P P
Surface on Coast | Shoreline
, (km)
mpact
L Southern
extreme | 456 | 425 | 119 | 0.003 | Negligible |coastof | 2PNos. Cyprus (very limited
winter impact)
Cyprus
storm
2 Rosh Hanikra and southern
typical Ashkelon | Lebanon (typically
winter 456 188 8.2 212 20 220 to Beirut |15-20 m%/km; locally as high
conditions as 50 m3/km)
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Table 4-5.  (Continued).
Days
. Length of
Evaporated Dispersed P - Affected | Affected P P
Surface on Coast | Shoreline
(km)
Impact
3 Jieh, Lebanon
typical South of |(typically 1 m%km, locally
summer 456 0.0 9.8 44.6 21 61 Beirut as high as 200 m%km at
conditions Jieh)
4 Netanva Atlit, southern coast of
tvpical to Isra)(lel- Haifa, parts of Haifa Bay,
yp 456 002 | 25 51.8 12 110 Akko coast
autumn Lebanon . 3
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as high as 500 m%km)
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Scenario 3: Typical summer conditions.

Figure 4-1.

Scenario 4: Typical autumn conditions.

Mercentage of Oil on the Sea surfoce

Percentage of Oil Evaporated

Percentage of Oil Dispersed in the Water Column
Percentage of Oil Permanently Deposited on the Coast
Percentage of Oil on the Coast but Potentially Releasable

Spill fate parameters for the instantaneous fuel spill at a Leviathan Field wellsite for
four different scenarios representing various climatic conditions.
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Figure 4-2 shows the predicted extent and concentration of diesel fuel deposited on the coast for the
four scenarios. In summary:

e Scenario 1 (extreme winter storm) results in the slick moving to the north, with no shoreline
impact in Israel or Lebanon. A small amount (0.003% of the spill volume) is predicted to reach
the shore in southern and western Cyprus.

e Scenario 2 (typical winter conditions) is predicted to result in the maximum linear extent of
shoreline oiling (220 km), extending from Ashkelon to Beirut. Hotspots for shoreline deposition
are Rosh Hanikra and southern Lebanon (typically 15 to 20 m%km, but locally as high as
50 m3/km).

e In Scenarios 3 and 4, nearly all of the volume remaining after evaporation is predicted to be
deposited on the shoreline by the end of the 30 day simulation. Scenario 4 (typical autumn
conditions) had the shortest time period for a spill to reach landfall (12 days) and the greatest
volumes reaching shore per length of coastline (up to 500 m3km). In this scenario, 51.8% of the
spill would be deposited along 110 km of coastline between Netanya and the Israel-Lebanon
border. Local hotspots include Atlit, the southern coast of Haifa, parts of Haifa Bay, and the
Akko coast, where deposition of up to 500 m*/km may occur. Scenario 3 (typical summer
conditions) had the second highest volume reaching shore per length of coastline (locally up to
200 m3/km at Jieh, Lebanon).

The potential area of influence based on all of the modeling scenarios is within a box bounded by the
following coordinates: within a box bounded by the following coordinates: 31°30° to 35°45’N
latitude, 32° to 35°30°E longitude. The actual area affected by a particular spill would be much
smaller. For a fuel spill, assuming an initial spill volume of 8,415.6 m?, with 45.6% evaporating in
the first 2 days, the remaining volume would be 4,578.1 m®. Assuming an average thickness between
1 um and 0.04 um (the latter being the threshold for a visible sheen on the sea surface), the area of the
slick after the initial evaporation would be between 4,578 km? and 114,452 km?.
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Figure 4-2. Total amounts of diesel fuel deposited on the coast at the end of 30 days after an
instantaneous discharge at a Leviathan Field wellsite for four different scenarios
representing various climatic conditions.

4.3.3 Condensate Spill Modeling Results

The condensate spill scenario assumed a blowout of condensate ||| GGG

, continuing for a period of 30 days. The technical basis for the
condensate spill scenario is provided in Appendix N. Spill fate was modeled for 30 days from the
beginning of the spill.

Modeling of a condensate spill was conducted by Dr. Steve Brenner of Bar-llan University using
MEDSLIK Version 5.3.6. The Leviathan-6 drillsite was used as a release point. The following four
time periods representative of various climatic conditions were used in the model:

e Scenario 1 — 9 December 2010 to 8 January 2011, a period that included an extreme winter storm;
e Scenario 2 — 26 January to 25 February 2008, typical winter conditions;

e Scenario 3 —17 July to 16 August 2008, typical summer conditions with persistent northwesterly
winds and swell; and
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e Scenario 4 — 25 September to 25 October 2007, autumn conditions typical of the transition
seasons and including at least one episode of strong easterly to northeasterly wind.

For simplicity, the condensate modeling essentially assumed that the daily spill volume ([l
would be released at the sea surface. In reality, a condensate spill from a seafloor blowout would rise
rapidly through the water column and could be affected by dissolution, dispersion, adsorption to
suspended particulate matter, and dilution. Therefore, the actual volume reaching the sea surface

could be less than || EGzN

The model includes a spill weathering component to estimate how much of the spilled volume would
remain on the sea surface at various times following a spill. The weathering analysis does not take
into account any spill response activities. Noble Energy’s OSCP provides detailed information about
the response capabilities and methods that Noble Energy would use to minimize the potential for
significant impacts.

Table 4-6 and Figure 4-3 summarize the modeling results for a condensate spill under the four
scenarios. The model predicts that nearly 40% of the spill would evaporate in the first 24. A spill is
predicted to reach the shoreline after 7 days under Scenario 2, 13 days under Scenario 4, after 23 days
under 3, or after 25 days under Scenario 1. At the end of 30 days, all four scenarios show 44%
evaporation, from 25.8% to 41.5% oil remaining on the sea surface, and 11.6% to 14.2% dispersed in
the water column. The percent of the spill deposited on the coastline ranges from 0.3% (Scenario 1)
to 15.8% (Scenario 2), with impacts to the coastlines of Lebanon and Cyprus under Scenario 1, Israel,
Lebanon, and southern Syria under Scenario 2, Lebanon and Syria under Scenario 3, and Egypt,
Israel, and Lebanon under Scenario 4. The locations and magnitude of shoreline deposition are highly
seasonally dependent. Total length of affected shoreline ranges from 54.2 to 388.5 km. Impact
hotspots are Madfoun, Lebanon (up to 26.9 m3/km); Sidon, Lebanon (up to 39.7 m*/km); Latakiya,
Syria (up to 68.3 m%km); and Haifa Bay (up to 149.6 m%km).

Table 4-6. Trajectory and weathering model results at the end of 30 days for a condensate spill
under four environmental scenarios.

DEYS Length of
Percent |Percent Percent Until . .
. Percent - o Coastline | Coastline
Scenario |Evaporated| on Sea | . Deposited| Initial Impact Hotspots
Dispersed .| Affected | Affected
at 30 days |Surface on Coast | Shoreline (km)
Impact

1 northern Near Madfoun,
extreme Lebanon and |Lebanon (27
winter 44.1 aLs 142 0.3 25.75 542 southwestern|m3/km) (169
storm Cyprus bbl/km)

5 Haifa to Jieh,
tvpical Gazato mainly south of Jieh
o a4 258 | 138 | 158 75 388 |southern  |(> 16 m¥km)

o Syria (>100 bbl/km)

conditions
Lebanon
northern
¢ Si)cal CL(()ei)satn?)fn North ofLatakiya,
yp 44 402 | 14.0 1.8 230 | 10358 : Syria (> 16 m¥km)
summer from Jieh
o . (>100 bbl/km)
conditions north into
Syria
‘ Ailcal EI'A??Q’ Haifa Bay (up to
yP 44 306 | 116 134 132 | 3208 |[-9P 150 m3/km) (up to
autumn Jieh,
" 941 bbl/km)
conditions Lebanon
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Figure 4-3.  Spill fate parameters for a condensate spill at the Leviathan-4 drillsite for four different
scenarios representing various climatic conditions.

Figure 4-4 shows the extent and concentration of a condensate spill deposited on the coast for the
four scenarios. Each scenario resulted in approximately 44% of the condensate being evaporated by
the end of 30 days. In summary:

e Scenario 1 (extreme winter storm) produced the smallest coastal impact, with only 0.3% of the
spill predicted to reach the shore and only 54.2 km of shoreline affected in northern Lebanon and
southwestern Cyprus;

e Scenario 2 (typical winter conditions) had the shortest time period for a spill to reach landfall
(7.5 days) and the maximum extent (linear extent) of shoreline oiling (388 km);

e Scenario 3 (typical summer conditions) had the second smallest percentage of the oil impacting
the shoreline (1.8%) and impacted shorelines along the northen coast of Lebanon from Jieh north
into Syria,;

e Scenario 4 (typical autumn conditions) had the second shortest time period for a spill to reach
landfall (13.2 days), the second greatest length of shoreline affected (320.8 km), and the highest
maximum oiling concentrations (up to 150 m%km).
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Figure 4-4.  Total amounts of condensate deposited on the coast at the end of 30 days after a spill at
the Leviathan-6 drillsite for four different scenarios representing various climatic
conditions.

Although localized hotspots were predicted to receive as much as 150 m*/km of condensate, only 0.3
and 15.8% of the condensate is deposited on the coast and most shorelines were estimated to receive
condensate concentrations of 3 m3/km or less.

The potential area of influence under the four scenarios is within a box bounded by the following
coordinates: 31° 00’ to 36° 00’ N latitude, and 30° 30 to 36° 00’ E longitude. The actual area
affected by a particular spill would be much smaller. Assuming a total spill volume of

(i.e., | times 30 days) with 37% evaporating in the first two days, the remaining volume would
be 15,819 m3. Assuming an average thickness between 1 um and 0.04 um, the area of the slick after
the initial evaporation would be between 15,819 km? and 395,475 km?.
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4.3.4 Potential Impacts
4341 Impacts on Air Quality

A fuel spill or condensate spill would affect air quality near the spill site by introducing VOCs
through evaporation. Impacts would occur mainly during the first two days after the spill enters the
environment. Approximately 46% of the fuel spill volume and 37% of the condensate spill volume
are predicted to evaporate, mostly within the first 24 to 48 hours (Figures 4-1 and 4-3). Because the
fuel spill is a single, instantaneous event, most of the impacts on air quality due to evaporation would
be limited to that period. For the condensate spill, impacts at the spill site would continue throughout
the 30-day period as new condensate is released each day. It is estimated that a spill may travel
approximately 20 km from the spill site during the first two days. Therefore air quality impacts are
likely to be limited to an arc within a 20-km radius of the spill site (with the arc depending on the
direction of spill movement).

Little or no impact on coastal air quality would be expected due to the distance from shore and the
early evaporation of the most volatile components. The earliest landfall is 12 days for the fuel spill
and 7.5 days for the condensate spill.

4.3.4.2 Impacts on Water Quality

A fuel spill or condensate spill would affect water quality by increasing hydrocarbon concentrations
due to dissolved components and small oil droplets. The water-soluble fractions of diesel fuel are
dominated by two- and three-ringed PAHSs, which are moderately volatile (National Research
Council, 2003). Diesel fuel is readily and completely degraded by naturally occurring microbes
(National Oceanic and Atmospheric Administration, 2006). Natural weathering processes are
expected to eventually remove much of a fuel spill or condensate spill from the water column.

The maximum extent of water quality impacts has been estimated for both spill scenarios by assuming
an average thickness between 1 um and 0.04 um after the initial evaporation. For a fuel spill, the area
of the slick after the initial evaporation would be between 4,578 km? and 114,452 km?. For the
condensate spill, the area of the slick after the initial evaporation would be between 15,819 km? and
395,475 km?,

Both diesel fuel and condensate are toxic to water column organisms including plankton and fishes.
Based on SDSs for these products, mortality may be expected at concentrations of approximately 1 to
10 mg/L and above. Hydrocarbon concentrations in the water column are not estimated by the model.

4.3.4.3 Impacts on Sediment Quality and Benthic Communities

A fuel spill would not affect sediment quality or benthic communities near the drillsite because the
spill is assumed to occur at the surface in a water depth of 1,540 to 1,800 m. A blowout resulting in a
condensate spill could affect sediments and benthic communities in the immediate vicinity of the
drillsite. BOEM (2012) estimates that a seafloor blowout may resuspend sediments within a

300-m radius. Benthic organisms within this radius could be killed or buried by resuspended
sediment. The condensate is expected to rise through the water column and is unlikely to contact
nearby sediments or benthic communities.

The modeling indicates that either a fuel spill or condensate spill could be carried into shallow water
under certain meteorological and oceanographic conditions depending on the season, where it may
contact shallow coastal sediments. Diesel fuel or condensate that reaches coastal sediment is likely to
be highly weathered, with most of the volatile and toxic components either evaporated, dispersed, or
dissolved. By the time the spill reaches the shoreline, the concentrations of toxic hydrocarbons that
could come into contact with the sediment are likely to be below thresholds that could create sediment
toxicity.
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A spill that reaches the shallow subtidal sediments would cause increased hydrocarbon concentrations
and may cause impacts on benthic communities due to coating and smothering of organisms as well
as any residual toxicity.

4.3.4.4 Impacts on Marine Mammals

A fuel spill or condensate spill could affect marine mammals if they came into contact with an oil
slick on the ocean surface. The area of the slick after the initial evaporation has been estimated as
4,578 to 114,452 km? for the fuel spill and 15,819 km? to 395,475 km? for the condensate spill. In the
case of the diesel spill, most of the spill would be evaporated or dispersed within a few days. The
condensate spill would also be evaporated and dispersed, but the duration of potential exposure would
be longer because the spill is assumed to continue for 30 days. In the open ocean, although individual
marine mammals may come into contact with a spill, population-level impacts are unlikely due to the
low density of these animals in the offshore environment and the relatively brief duration of a spill
event.

Hydrocarbons can affect marine mammals through various pathways: direct contact, inhalation of
volatile components, ingestion (directly or indirectly through the consumption of fouled prey species),
and (for mysticetes) impairment of feeding by fouling of baleen (Geraci and St. Aubin, 1990). Direct
physical and physiological effects of exposure to diesel fuel could include skin irritation,
inflammation, or necrosis; chemical burns of skin, eyes, and mucous membranes; inhalation of toxic
fumes resulting in impaired pulmonary function; ingestion of oil directly or via oiled prey; and stress
from the activities and noise of response vessels and aircrafts (Marine Mammal Commission, 2012).

Ingestion of the lighter hydrocarbon fractions found in diesel fuel or condensate can be toxic to
marine mammals. Ingested hydrocarbons can remain within the gastrointestinal tract and be absorbed
into the bloodstream and, thus, irritate and/or destroy epithelial cells in the stomach and intestines.
Certain constituents such as PAHs include some well-known carcinogens. These substances,
however, do not show significant biomagnification in food chains and are readily metabolized by
many organisms.

Following the Macondo spill in the Gulf of Mexico, physiological impacts on dolphins were detected
in shallow, enclosed embayments with limited circulation where the animals were exposed to
persistent contamination (Schwacke et al., 2014). The impacts included adrenal toxicity and lung
disease. Similar habitats do not exist along the Israeli shoreline and it is unlikely that dolphins would
be exposed to persistent hydrocarbon contamination from either the fuel spill or condensate spill
scenario.

4345 Impacts on Sea Turtles

A fuel spill or condensate spill could affect sea turtles if they came into contact with an oil slick on
the ocean surface or along the shoreline during the nesting season. The area of the slick after the
initial evaporation has been estimated at 4,578 to 114,452 km? for the fuel spill and 15,819 km? to
395,475 km? for the condensate spill. In the case of the diesel spill, most of the spill would be
evaporated or dispersed within a few days. The condensate spill would also be evaporated and
dispersed, but the duration of potential exposure would be longer because the spill is assumed to
continue for 30 days.

In the open ocean, individual sea turtles may come into contact with a spill, but population-level
impacts are unlikely due to the low density of these animals in the offshore environment and the
relatively brief duration of a spill event. The main potential for impact would occur if a spill reached
shorelines that are used as nesting habitat by sea turtles.

A fuel spill or condensate spill could affect sea turtles through various pathways: direct contact,
inhalation of diesel fuel and its volatile components, ingestion of hydrocarbons (directly or indirectly

Leviathan Field Development Environmental Impact Assessment March 2016
Noble Energy Mediterranean Ltd 4-15
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001



through the consumption of fouled prey species) (Geraci and St. Aubin, 1987). Several aspects of
sea turtle biology and behavior place them at risk, including lack of avoidance behavior,
indiscriminate feeding in convergence zones, and inhalation of large volumes of air before dives
(Milton et al., 2003). Studies have shown that direct exposure of sensitive tissues (e.g., eyes, nares,
other mucous membranes) to volatile hydrocarbons may produce irritation and inflammation.
Hydrocarbons can adhere to turtle skin or shells. Turtles surfacing within or near a spill would be
expected to inhale petroleum vapors. Ingested hydrocarbons, particularly the lighter fractions, can be
toxic to sea turtles. Hatchling and juvenile turtles feed opportunistically at or near the surface in
oceanic waters and are especially sensitive to released hydrocarbons.

Loggerhead and green turtles are known to nest along the shoreline of Israel. Nesting starts at the end
of May for loggerhead turtles and in mid-June for green turtles, continuing until about the end of July
and mid-August, respectively. Specific locations for sea turtle nesting are noted on Noble Energy’s
ESI Atlas and range from Rosh Hanikra to Nitsanim. The spill modeling predicts that none of these
beaches would be contacted by a fuel spill or condensate spill under typical summer conditions
(Scenario 3) (Figures 4-2 and 4-4) when nesting is occurring. In addition, sea turtle nesting beaches
would be a high priority for protection in the event of a spill.

4.3.4.6 Impacts on Seabirds and Migratory Birds

A fuel or condensate spill could affect seabirds or migratory birds if they came into contact with an oil
slick on the ocean surface. The maximum extent of potential impacts was estimated in

Section 4.3.4.2. The potential area of influence based on all of the modeling is within a box bounded
by the following coordinates: 31° 00’ to 36° 00" N latitude, and 30° 30’ to 36° 00" E longitude The
area of the slick after the initial evaporation has been estimated at 4,578 to 114,452 km? for the fuel
spill and 15,819 km? to 395,475 km? for the condensate spill. In the case of the diesel spill, most of
the spill would be evaporated or dispersed within a few days. The condensate spill would also be
evaporated and dispersed, but the duration of potential exposure would be longer because the spill is
assumed to continue for 30 days.

Seabirds or migratory birds in the eastern Mediterranean would have the potential to contact
hydrocarbons from a spill. Direct contact of marine birds with hydrocarbons may result in the fouling
or matting of feathers with subsequent limitation or loss of flight capability or insulating or
water-repellent capabilities; irritation or inflammation of skin or sensitive tissues, such as eyes and
other mucous membranes; or toxic effects from ingested diesel fuel or the inhalation of diesel and its
volatile components (International Bird Rescue, 2014). In the open ocean, although individual marine
birds may come into contact with a spill, population-level impacts are unlikely due to the low density
of these animals in the offshore environment and the relatively brief duration of a spill event. The
main potential for impact would occur if a spill reached shorelines that are used as bird foraging or
breeding habitats.

Of the 15 IBASs designated in Israel, two include coastal habitats (BirdLife International, 2014c):

e Zevulun Valley IBA — an area of the coastal plain north of Haifa, largely developed or
agricultural, with fish ponds and some other small wetlands including the marsh at Ein Afeq
(a nature reserve and Ramsar wetlands site), approximately 8 km south of Akko.

e Carmel coast IBA — a 20-km-strip along the Mediterranean coast, from Atlit south to the Taninim
River Nature Reserve. The site includes the Atlit saltpans (8 km south of Haifa) and a large
complex of fish ponds at Ma’agan Mikhael and Ma’ayan Zvi, 25 km north of Netanya, as well as
some small islands off Ma’agan Mikhael.

The spill modeling indicates that both IBAs could be contacted by a spill during the typical winter,
typical summer, or typical autumn scenarios for a fuel spill or condensate spill.
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A detailed analysis of sensitive areas and focal points along the Israeli shoreline was completed by
Pareto Engineering Ltd. (2006) for the MoEP. In addition, Noble Energy’s ESI Atlas identifies
beaches, parks, and nature preserves (all of which may serve as bird habitat). These areas would be a
high priority for protection in the event of a spill. Noble Energy will work with national and local
agency personnel to provide labor and transportation to retrieve, clean, and rehabilitate birds and
wildlife affected by an oil spill, as necessary.

4.3.4.7 Impacts on Fishes

A fuel spill or condensate spill could affect fishes if they came into contact with an oil slick on the
ocean surface or hydrocarbons dissolved in the water column. The maximum area of the slick after
the initial evaporation has been estimated at 114,452 km? for the diesel spill and 395,475 km? for the
condensate spill. In the case of the diesel spill, most of the spill would be evaporated or dispersed
within a few days. The condensate spill would also be evaporated and dispersed, but the duration of
potential exposure would be longer because the spill is assumed to continue for 30 days.

Both diesel fuel and condensate are toxic to marine fishes. Based on SDSs for these products,
mortality may be expected at concentrations of approximately 1 to 10 mg/L and above. Hydrocarbon
concentrations in the water column are not estimated by the model. Most fishes inhabiting oceanic
waters have planktonic eggs and larvae. While adult and juvenile fishes may actively avoid a large
spill, planktonic fish eggs and larvae would be unable to avoid contact.

In the open ocean, individual fishes (as well as eggs and larvae) may come into contact with a spill,
but population-level impacts are unlikely due to the relatively brief duration of a spill event.

4.3.4.8 Impacts on Fishing Activities and Marine Farming

A fuel spill or condensate spill in the Leviathan Field would be unlikely to affect fishing or marine
farming activities because of the distance from shore. There are no known fishing or marine farming
areas in or near the Leviathan Field (see Section 1.6.3).

Fishing and marine farming areas along the Israeli coast could be affected in the event that a spill
reached coastal waters or shorelines. Potential impacts could include direct impacts to fish or
aquaculture species (e.g., toxicity or contamination) as well as temporary disruption or suspension of
fishing or marine farming due to spill response activities.

Israeli shorelines potentially contacted by a spill range from the Israel/Lebanon border south to
Ashkelon (fuel spill) or the Egyption border (condensate spill), with the most extensive impacts
during typical winter conditions. As discussed in Section 1.12, most fish farming takes place in
secure bays to avoid damage to the cages. Fish farms in secure bays are not expected to be contacted
by a spill.

Three open water fish farms are identified in Section 1.12. From north to south, they are: 1) 1.6 nmi
west of Michmoret; 2) approximately 5 nmi west of Palmachim; and 3) inside Ashdod port. The
Michmoret location is within the range of potential contacts for typical winter conditions and typical
autumn conditions for either a fuel spill or condensate spill. The Palmachim location is predicted to
be contacted by either a fuel spill or condensate spill under typical winter conditions, but in small
amounts (i.e., 2 m%km for a condensate spill). The Ashdod location is not within the range of
shoreline impacts for a condensate spill, but the fuel spill is predicted to contact this area under typical
winter conditions.

Fishing and marine farming areas would be a high priority for protection in the event of a spill.

A detailed analysis of sensitive areas and focal points along the Israeli shoreline, including
archaeological sites, was completed by Pareto Engineering Ltd. (2006) for the MoEP. Noble
Energy’s ESI Atlas also identifies sensitive marine areas including fishing and marine farming areas.

Leviathan Field Development Environmental Impact Assessment March 2016
Noble Energy Mediterranean Ltd 4-17
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001



The OSCP includes notification procedures. The response to a specific spill would take into account
the potential impacts on these areas in developing and implementing a response strategy.

4.3.4.9 Impacts on Culture and Heritage Sites

Potential culture and heritage sites in the Leviathan Field are discussed in Section 1.8. A fuel spill is
not expected to affect archaeological sites on the seafloor (such as shipwrecks) because the spill is
assumed to occur at the surface in a water depth of 1,540 to 1,800 m. A condensate spill from a
seafloor blowout is also unlikely to contact seafloor features because the condensate is expected to
rise through the water column to the sea surface. A blowout may physically disturb sediments within
a radius of 300 m around a drillsite (BOEM, 2012), but there are no known archaeological sites within
this radius of the drillsites (the nearest are 3 km away as discussed later in Section 4.7).

The modeling indicates that either a fuel spill or condensate spill could be carried into shallow water
under certain meteorological and oceanographic conditions depending on the season, where it may
contact shallow coastal sediments. There is the potential for culture and heritage sites along the coast
to be contaminated or disturbed by spill response and cleanup activities.

A detailed analysis of sensitive areas and focal points along the Israeli shoreline, including
archaeological sites, was completed by Pareto Engineering Ltd. (2006) for the MoEP. In addition,
Noble Energy’s ESI Atlas identifies archaeological sites along the Israel coast. Most of the sites are
within the range of potential shoreline contacts for a fuel spill or condensate spill during the typical
winter or autumn scenarios. These areas would be a high priority for protection in the event of a spill.

4.3.4.10 Impacts on Marine Tranportation and Infrastructure

A fuel spill or condensate spill could temporarily disrupt vessel traffic because of oil spill response
activities. The Leviathan Field is not located within a shipping lane as discussed in Section 1.11.3.
The nearest shipping lanes are those approaching the port of Haifa. Numerous vessels pass through
Israel’s territorial waters, including those from the ports of Israel to destinations in southern Europe,
Cyprus, and North Africa, and routes between Alexandria and Port Said in Egypt to destinations in
Lebanon and Syria. Depending on the trajectory of a spill and the level of response activities, some
areas might be temporarily closed to vessel traffic.

A detailed analysis of sensitive areas and focal points along the Israeli shoreline, including
transportation and infrastructure sites, was completed by Pareto Engineering Ltd. (2006) for the
MOoEP. In addition, Noble Energy’s ESI Atlas identifies coastal infrastructure including ports,
marinas, anchorages, power plants, and desalination plants along the Israel coast. The main port
within the range of potential shoreline contacts is Haifa, and there are smaller ports at Acre, Tel Aviv,
and Jaffa. These sites are within the range of potential shoreline contacts for a fuel spill or condensate
spill during the typical winter, summer, or autumn scenarios. Ashdod is not within the range of
shoreline impacts for a condensate spill, but the fuel spill is predicted to contact this area under typical
winter conditions.

The deepwater coal loading pier at Orot Rabin Power Station is within the range of potential shoreline
contacts for typical winter conditions and typical autumn conditions for both a fuel spill and
condensate spill. The deepwater coal loading pier at Rutenberg Power Station is beyond the range of
predicted shoreline contacts.

In accordance with Noble Energy’s OSCP, coastal resources and infrastructure would be a high
priority for protection in the event of a spill.

Leviathan Field Development Environmental Impact Assessment March 2016
Noble Energy Mediterranean Ltd 4-18
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001



4.3.4.11 Impacts on Coastal Habitats and Infrastructure

Table 4-7 summarizes the occurrence of ESI shoreline types along the coast of Israel and the spill
response considerations. Approximately 30% of the total shoreline length is fine-grained and beaches
(ESI = 3) and this is the predominant type along 14 of 24 shoreline segments, especially south of
Haifa. Coarse-grained sand beach (ESI = 4) and mixed sand/gravel beaches (ESI = 5) account for
approximately another 18%. Rip-rap and other man-made shoreline structures (ESI = 6B or 8)
account for approximately 24% of the shoreline length and are predominant near Haifa, Tel Aviv, and
Ashdod.

Table 4-8 provides further details concerning the coastal habitats and infrastructure along the coast of
Israel. The shoreline is divided into 24 segments according to Noble Energy’s ESI Atlas. The table
also lists the amount of condensate predicted to contact each shoreline segment for a condensate spill
in the Leviathan Field under each seasonal scenario. The amounts of condensate reaching each
shoreline segment are based on a separate geospatial analysis of data from the condensate spill
modeling discussed in Section 4.3.3. The following discussion focuses mainly on the condensate spill
results as a worst case because the total spill volume is larger than the fuel spill and the range of
coastal impacts is similar.

Of the four scenarios, three (winter storm, typical winter and typical autumn) are predicted to result in
condensate contacting the shoreline of Israel. In the typical summer scenario, condensate is predicted
to contact the Lebanese coast to the north of Jieh. The potential shoreline contacts in Israel during
one or more seasons range from the Israel/Lebanon border to the Israel/Egypt border. Segments
predicted to receive the greatest amounts of condensate (1,000 m®/km or greater) range from the Acre
south to Tirat Karmel (i.e., segments 4 through 6), including Haifa.

The shorelines potentially contacted by a condensate spill include a variety of natural habitats such as
beaches as well as sensitive coastal areas including national parks, bathing and recreation areas,
marine research centers, marine aquaculture facilities, and archaeological sites. Coastal infrastructure
includes ports, marinas, anchorages, power plants, and desalination plants. The main port within the
range of potential shoreline contacts is Haifa; shoreline contact is possible in three of the four
scenarios.The smaller ports at Acre, Tel Aviv, and Jaffa are also within the range of potential
shoreline contacts. Acre and Tel Aviv are within the range of shoreline contact for a condensate spill
under typical winter and typical autumn conditions. Ashdod is within the range of shoreline impacts
for a condensate spill under tyical autumn conditions; a fuel spill may also contact this area under
typical winter conditions.

In addition to cities such as Haifa and Tel Aviv, there are numerous coastal villages along the
potentially affected shoreline. These areas serve coastal and marine-related tourism with lodging,
restaurants, and other facilities. The main tourist attractions along the coast of Israel are bathing
beaches, heritage sites, archaeological sites, nature reserves, and national parks. Tourism and
recreation in the nearshore waters and on the coast of Israel are spread all along the coast from north
to south. In nearshore waters, tourism is mainly based on marine sporting activities and recreation.
Water sports include mainly diving, surfing, and sailing. Recreational activities and resources could
be affected, resulting in temporary exclusion from these areas due to oil spill response and cleanup
activities.
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Table 4-7. Percentage occurrence of Environmental Sensitivity Index (ESI) shoreline types along the coast of Israel (from Noble Energy’s ESI Atlas), and
the associated response considerations (Adapted from: National Oceanic and Atmospheric Administration, 2010, 2014).

Percent of

ESI Ranking Description Israel Coast

Impact and Response Considerations

The intertidal zone is steep (more than 30° slope), with very little width. Sediment accumulations are uncommon and usually
ephemeral, because waves remove the debris that has slumped from the eroding cliffs. There is strong vertical zonation of
intertidal biological communities. Species density and diversity vary greatly, but barnacles, snails, mussels, seastars, limpets, sea
anemones, shore crabs, polychaetes, and macroalgae are often very abundant. Oil reaching this shoreline type is held offshore by
wave reflecting off the steep cliffs. Any oil that is deposited is rapidly removed from exposed faces. The most resistant oil would
remain as a patchy band at or above the high-tide line. Impacts to intertidal communities are expected to be short-term in duration.
An exception would be where heavy concentrations of a light refined product came ashore very quickly. Cleanup is usually not
required. Access can be difficult and dangerous.

The intertidal zone consists of a flat rock bench of highly variable width. The shoreline may be backed by a steep scarp or low
bluff. There may be a beach of sand- to boulder-sized sediments at the base of the scarp. The platform surface is irregular and
tidal pools are common. Small amounts of gravel can be found in the tidal pools and crevices in the platform. These habitats can
support large populations of encrusting animals and plants, with rich tidal pool communities. Oil reaching this shoreline type will
not adhere to the rock platform, but rather be transported across the platform and accumulate along the high-tide line. Oil can
penetrate into beach sediments, if present. Persistence of oiled sediments is usually short-term, except in wave shadows or where
the oil has penetrated sediments at the high-tide line. Cleanup is usually not required. Where the high-tide area is accessible, it
may be feasible to remove heavy oil accumulations and oiled debris.

These beaches are generally flat and hard-packed. There can be heavy accumulations of wrack present. They are used by birds
and turtles for nesting and feeding. Upper beach fauna are generally sparse, although amphipods can be abundant; lower beach
fauna can be moderately abundant, but highly variable. For this shoreline type, light oil accumulations will be deposited as oily
bands along the upper intertidal zone. Heavy oil accumulations will cover the entire beach surface; oil will be lifted off the lower
beach with the rising tide. Maximum penetration of oil into fine-grained sand is approximately 10 cm. Burial of oiled layers by

1 Exposed rocky shores 7.52

2 Exposed rocky platforms 11.41

Fine- to medium-grained

3 sand beaches 30.78 clean sand within the first week after a spill typically will be less than 30 cm along the upper beach face. Organisms living in the
beach sediment may be killed by smothering or lethal oil concentrations in the interstitial water. There may be declines in infauna,
which can affect important shorebird foraging areas. These beaches are among the easiest shoreline types to clean. Cleanup
should concentrate on removing oil and oily debris from the upper swash zone once oil has come ashore. Activity through oiled
and dune areas should be limited, to prevent oiling of clean areas. Manual cleanup, rather than road graders and front-end loaders,
is usually advised to minimize the volume of sand removed from the shore and requiring disposal.

4 Coarse-grained sand 8.49 Same as ESI 3.

beaches
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Table 4-7.

(Continued).

ESI Ranking

Description

Percent of
Israel Coast

Impact and Response Considerations

Mixed sand and gravel
beaches

9.96

Because of the mixed sediment sizes on these moderately sloping beaches, there may be zones of pure sand, pebbles, or cobbles.
There can be large-scale changes in the sediment distribution patterns depending upon season, because of the transport of the sand
fraction offshore during storms. Desiccation and sediment mobility on exposed beaches cause low densities of attached animals
and plants. The presence of attached algae, mussels, and barnacles indicates beaches that are relatively sheltered, with the more
stable substrate supporting a richer biota. During small spills, oil will be deposited along and above the high-tide swash. Large
spills will spread across the entire intertidal area. Oil penetration into the beach sediments may be up to 50 cm; however, the sand
fraction can be quite mobile, and oil behavior is much like on a sand beach if the sand fraction exceeds approximately 40%. Burial
of oil may be deep at and above the high-tide line, where oil tends to persist, particularly where beaches are only intermittently
exposed to waves. In sheltered pockets on the beach, pavements of asphalted sediments can form if oil accumulations are not
removed, because most of the oil remains on the surface. Remove heavy accumulations of pooled oil from the upper beachface.
All oiled debris should be removed; sediment removal should be limited as much as possible. Low-pressure flushing can be used
to float oil away from the sediments for recovery by skimmers or sorbents. High-pressure spraying should be avoided because of
potential for transporting contaminated finer sediments (sand) to the lower intertidal or subtidal zones. Mechanical reworking of
oiled sediments from the high-tide zone to the middle intertidal zone can be effective in areas regularly exposed to wave activity.
However, oiled sediments should not be relocated below the mid-tide zone. In-place tilling may be used to reach deeply buried oil
layers in the mid-tide zone on exposed beaches.

6A

Gravel beaches

0.85

Gravel beaches can be steep, with multiple wave-built berms forming the upper beach. The degree of exposure to wave energy can
be highly variable. Density of animals and plants in the upper intertidal zone is low on exposed beaches, but can be high on
sheltered gravel beaches and on the lower intertidal zone of all beaches. Stranded oil is likely to penetrate deeply into gravel
beaches because of their high permeability. Rapid burial can occur at the high-tide and storm berms. Long-term persistence will
be controlled by the depth of routine reworking by the waves. On exposed beaches, oil can be pushed over the high-tide berms,
pooling and persisting above the normal influence of wave washing. Along sheltered portions of the shorelines, chronic sheening
and the formation of asphalt pavements is likely where accumulations are heavy. Heavy accumulations of pooled oil should be
removed quickly from the upper beach. All oiled debris should be removed. Sediment removal should be limited as much as
possible. Low- to high-pressure flushing can be effective if all released oil is recovered with skimmers or sorbents. Mechanical
reworking of oiled sediments from the high-tide line to the mid beachface can be effective in areas regularly exposed to wave
activity; the presence of multiple storm berms is evidence of wave activity. However, oiled sediments should not be relocated
below the mid-tide zone. In-place tilling may be used to reach deeply buried oil layers along the mid-tide zone on exposed
beaches.

6B

Rip-rap structures

10.12

Riprap is composed of cobble- to boulder-sized blocks of granite, limestone, or concrete. Riprap structures are used for shoreline
protection and channel stabilization (jetties). Attached biota are sparse. Oil reaching this shoreline type adheres readily to the
rough surfaces of the blocks. Deep penetration of oil between the blocks is likely. Uncleaned oil can cause chronic leaching until
the oil solidifies. When the oil is fresh and liquid, high pressure flushing and/or water flooding may be effective, making sure to
recover all liberated oil. Heavy and weathered oils are more difficult to remove, requiring scrapping and/or hot-water flushing. In
extreme cases, it may be necessary to remove heavily oiled blocks and replace them.
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Table 4-7.

(Continued).

ESI Ranking

Description

Percent of
Israel Coast

Impact and Response Considerations

Exposed tidal flats

3.40

Exposed tidal flats are broad intertidal areas composed primarily of sand and minor amounts of gravel or mud. The presence of
sand indicates that tidal currents and waves are strong enough to mobilize the sediments. They are usually associated with another
shoreline type on the landward side of the flat, though they can occur as separate shoals; they are commonly associated with tidal
inlets. The sediments are water saturated, with only the topographically higher ridges drying out during low tide. Biological use
can be very high, with large numbers of infauna, heavy use by birds for roosting and foraging, and use by foraging fish. Oil does
not usually adhere to the surface of exposed tidal flats, but rather moves across the flat and accumulates at the high-tide line.
Deposition of oil on the flat may occur on a falling tide if concentrations are heavy. Oil does not penetrate water-saturated
sediments, but may penetrate coarse-grained sand and coat gravel. Biological damage may be severe, primarily to infauna, thereby
reducing food sources for birds and other predators. Currents and waves can be very effective in natural removal of the oil.
Cleanup can be done only during low tide, thus there is a narrow window of opportunity. The use of heavy machinery should be
restricted to prevent oil mixing into the sediments. Manual removal methods are preferred.

Sheltered rocky shores and
sheltered man-made
structures

13.79

These structures are solid man-made structures such as seawalls, groins, revetments, piers, and port facilities. Most structures are
constructed of concrete, wood, or metal, and their composition, design, and condition are highly variable. Often there is no
exposed beach at low tide, but a wide variety habitats may be present. Attached animal and plant life can be moderate to high. Oil
reaching this shoreline type will adhere readily to the rough surface, particularly along the high-tide line, forming a distinct oil
band. The lower intertidal zone usually stays wet (particularly if algae covered), preventing oil from adhering to the surface.
Cleanup of seawalls is usually conducted for aesthetic reasons or to prevent leaching of oil. Low- to high-pressure flushing at
ambient water temperatures is most effective when the oil is fresh. Hot water is needed for heavy or weathered oils.

Sheltered tidal flats

3.69

These habitats consist primarily of mud with minor amounts of sand and shell. They are usually present in calm-water habitats,
sheltered from major wave activity, and frequently backed by marshes. The sediments are very soft and cannot support even light
foot traffic in many areas. There can be large concentrations of bivalves, worms, and other invertebrates in the sediments. They
are heavily used by birds for feeding. Oil does not usually adhere to the surface of sheltered tidal flats, but rather moves across the
flat and accumulates at the high-tide line. Deposition of oil on the flat may occur on a falling tide if concentrations are heavy. Oil
will not penetrate the water-saturated sediments, but could penetrate burrows and desiccation cracks or other crevices in muddy
sediments. In areas of high suspended sediment concentrations, oil and sediments could mix, resulting in the deposition of
contaminated sediments on the flats. Biological impacts may be severe. These are high-priority areas for protection since cleanup
options are limited. Cleanup of the flat surface is difficult because of the soft substrate; many methods may be restricted. Low-
pressure flushing, vacuum, and deployment of sorbents from shallow-draft boats may be attempted.
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Table 4-8.

Coastal habitats and infrastructure along the Israel coast. The coastline is divided into 24 segments as indicated in Noble Energy’s
Environmental Sensitivity Index (ESI) Atlas. The table also lists amounts of condensate predicted to contact each shoreline segment under each
seasonal scenario based on a geospatial analysis of data from the condensate spill modeling discussed in Section 4.3.3. Shading: ___ = shoreline
contact predicted,; - = no shoreline contact.

Coastal

Condensate on Shoreline (m*/km) after

30 days under each Spill Scenario

Segment

No. Ex

Winter

1 2 3 4
treme | Typical | Typical | Typical
Winter |Summer| Autumn

Coastal Area
(Point-to-Point)

Habitat Type
(Sandy/Rocky)

ESI
Shoreline
Types and
Lengths

Infrastructure

Major Streams
and Estuaries

Comments

3 454 165

Israel-Lebanon Border to
Gesher Haziv

Sandy and
rocky

1:1,214m
2:3,908 m
4:3551m
5: 3,405 m
6A:99 m
7:97m
8:477m
9:2,504 m

Marine aquaculture (upland)

Betzet Stream
Chziv Stream

Sandy beaches, swimming, fishing; Caverns (Rosh
Hanigra); Betzet Beach; Achziv National Park; Achziv
Beach; Offshore islands, including Achziv, Sgavion

511 452

Gesher Haziv to Shavei
Zion

Sandy and
rocky

1:56 m
2:1,900 m
4:6,008 m
5:5,201 m

6B:1,811m
7:27m
8:354m

9:1,159 m

Marine anchorage
Wastewater drainage pipe

Gaaton Stream
Beit Haemek
Stream

Achziv reef; Gali-Galil Beach; Sokolov Beach; Shavei
Zion Beach; Archaeological site

472 153

Shavei Zion to Acre

Sandy and
rocky

1:1,989m
2:4,177Tm
3:1,963 m
4: 4,566 m
5:2,779 m
6B:933 m
7:205m
8: 650 m

Wastewater drainage pipe

Yasaf Stream
Naaman
Stream

Old Acre City Walls; Argaman Beach; Archaeological
sites

337 1176

Acre to Kiryat Yam

Sandy

1:142m
3:3,501 m
6B: 16 m

Marine anchorage
Drain pipe

Zvulun Municipal Beach; Kan Municipal Beach;
Confined Area

<1 306 2881

Kiryat Yam to Haifa

Sandy and
rocky

1:6,551 m
3:3,837m
6B:7,112m
8:10,340 m
9:2,241 m

Kishon Port and Marina

Haifa Port (container, oil, chemical
terminals)

Fishermen anchorage

Kiryat Haim (North, Central, South) Municipal
Beaches
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Table 4-8.

(Continued).

Coastal
Segment
No.

Condensate on Shoreline (m3/km) after
30 days under each Spill Scenario

1 2 8 4
Extreme | Typical | Typical | Typical
Winter | Winter |Summer| Autumn

Coastal Area
(Point-to-Point)

Habitat Type
(Sandy/Rocky)

ESI
Shoreline
Types and
Lengths

Infrastructure

Major Streams
and Estuaries

Comments

42 1042

Haifa to Tirat Karmel

Sandy and
rocky

1: 643 m
2:951m
3:3,707 m
4:1,791m
5:2,336 m
6B: 3,568 m
8: 4,386 m

Haifa Port
Marine aquaculture
IOLR

Haifa Municipal Bathing Beach (including Bat Galim);
Carmel Beach; Zamir Beach; Dado Beach

316 601

Tirat Karmel to Megadim

Sandy

3:4,013m
4:3,323m
5:993m
6A: 363 m
7:47m
9:88m

Oren Stream

Bathing beaches

233 474

Megadim to Habonim

Sandy

1:4,381m
2:4,675m
3:3,917m
4:204 m
5:958 m
6A:28 m
7:59m
8:198 m
9:48m

Marine aquaculture (upland)

Nahal Mearot
Stream

Atlit Fortress; Neve Yam Beach; Habonim Beach;
Archaeological sites

158 169

10

Habonim to Ma'ayan Tsvi

Rocky and
sandy

1:1,955m
2:5,227m
3:5,807m
4:730 m
5:1,224 m
7:284m
9:1,722m

Anchorages

Dalia Stream

Archaeological sites; Nahsholim Beach; Dor (North,
Central, South) Beaches; Dor-Habonim MPA and
national park;

Many inlets, bays, and abrasion platforms

268 155

Ma'‘ayan Tsvi to Or Akiva

Rocky and
sandy

1:245m
2:805m
3:6,547 m
4:645m
5:2,204 m
6B: 501 m
7:1,143m
9:579m

Marine aquaculture (upland)
Anchorages

Ma’agan Michael Beach; Jisr az-Zarga Beach;
Archaeological sites; Fishing
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Table 4-8.

(Continued).

Coastal
Segment
No.

Condensate on Shoreline (m3/km) after
30 days under each Spill Scenario

1 2 8 4
Extreme | Typical | Typical | Typical
Winter | Winter |Summer| Autumn

11

Coastal Area
(Point-to-Point)

Habitat Type
(Sandy/Rocky)

ESI
Shoreline
Types and
Lengths

Infrastructure

Major Streams
and Estuaries

Comments

305 122

12

Or Akiva to Hadera

Sandy and
rocky

1:457m
2:2,764 m
3:5,135m
4:1,171m
5:1,894 m
6A: 158 m
6B: 2,389 m

7:142m
8:1,900 m
9:2,555m

Anchorages

Hadera-Orot Rabin Power Plant
(offshore anchorage)

Desalination plant/discharge pipeline
Municipal wastewater discharge
pipelines

Hadera Stream

Caesarea Beach; Sdot Yam Beach; Bathing beaches;
Kfar Hayam Beach Resort; Giv’ at Olga (North,
Central, South) Beaches; Islands facing the beach

72 227

13

Hadera to Beit Herut

Sandy

1:131m
2:2,783 m
3:6,277m
4:357m
5:2,069 m
6A: 750 m
6B: 1,224 m
7:492m
8:657m
9:88m

Alexander
Stream

Mikmoret (North, Central, South) Beaches; Beit Yanai
Beach; Neurim Beach Resort; Alexander Stream
National Park and Beit Yanai Beach Park; Long
beaches under high calcareous sandstone cliffs

203

14

Beit Herut to Netanya

Sandy

1:144m

2:108 m
3:7,828 m
5:2,400 m
6B:1,020 m

Municipal wastewater discharge pipe
and runoff drain

Neurim Beach; Kiryat Sanz Beach; Four Seasons
Beach; Herzl Beach; Zvulun Beach; Argaman Beach;
Long beach under calcareous sandstone cliffs; Two
breakwaters in the city beach; Hotels

184

15

Netanya to Yakum

Sandy and
rocky

2:4,161m
3:5,718 m
4:1,938 m
5:1,641m
7:149m

Poleg Stream

Poleg Stream National Park; Poleg Beach; Long beach
under calcareous sandstone cliffs; The area between
Poleg and Ga’ash is proposed as an MPA (extends to
the end of the territorial waters)

<1 327

16

Yakum to Herzliya

Sandy

2:4,330m
3:4511m
4:2,138 m
5:359m
6A: 1,366 m
6B:792 m

Ga’ash Beach; Nof-Yam (military); Apollonia National
Park; Sidney Ali Beach; Sharon Beach; Acadia Beach;
Zvulun Beach

496

Herzliya to Tel Aviv

Sandy

1:2,536 m
3:3,660 m
4:399 m
5:1,947m
6B: 2,680 m
7:610m
8:5,957 m
9:417m

Marina

Anchorages

Municipal wastewater discharge
pipelines

Herzelia Beach; Bathing beaches
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Table 4-8.

(Continued).

Condensate on Shoreline (m3/km) after

Territory Border

. . ESI
S(izoanizar:t 3f GV (Il B ez S3p||| Scenazlo Coastal Area Habitat Type | Shoreline Infrastructure Major Streams Comments
9 . . . (Point-to-Point) (Sandy/Rocky) | Types and and Estuaries
No. |Extreme | Typical | Typical | Typical Lenaths
Winter | Winter |Summer| Autumn 9
1:2935m Multiple beaches (Sheraton, Hilton, Gordon, Frishman,
3?- 44228mm Jaffa Port Bograshov, Trumpeldor, Jerusalem, Geula,
650 Tel Aviv to Bat Yam Sandy a4 i04 m Promepades ) ~ Dophinarium, Char.les Klo_r. Givat Aliyah); Tel_ AV|v_
6B: 6.509 m |Municipal wastewater discharge has 11 breakwaters; Abrasion platforms are evident in
Ll pipelines south Jaffa; Multiple beach hotels, resorts, seaside
7:355m
8:3,230 m residences
Multiple beaches (Jerusalem, Le’dugma, Riviera,
1:994 m Marina, Bat Yam, Rishon LeZion)
Sandyand | 3:3,317m Abrasion platforms are evident in Bat Yam and Rishon
508 Bat Yam to Gan Sorek rocky 5:615m | - Le-Zion; Resorts, hotels, and seaside residence;
6B:335m Restricted military area (highly undisturbed area)
Sea turtles nesting observed
1:67m
2:834m ; . iaal citac:
32027 m |Municipal wastewater discharae Palmachim Beach; Archaeological sites; Sea turtle
573 Gan Sorek to Palmachim Sandy 4647 m ineli ngs g Soreq Stream |nesting observed; Rubin Stream National Park;
5 889 m Pip Palmachim Beach National Park
7:102m
6B: 3,474 m :
554 Palmachim to Ashdod Roscalﬁ:j;nd 8:6,071 m E/I;rilr?;ﬁ)qeusaculture - Beaches; Eshkol Power Station
9:157m
Ashdod Port
3:5,490 m | Anchorage Mey Ami Beach; Lido Municipal Beach; Oranim
. g y p
Sandy and 6B5: 247114rlnm Desalination plant and Municipal Beach; Kshatot Municipal Beach; 11
470 Ashdod to Nitsan rog|/< 7-215m discharge pipe Lakhish Stream|Beach; Archaeological site; Sea turtle nesting
y 8 .6 907 m |Coal harbor observed; Areas in industrial regions are reinforced
9: 158 m |Municipal and industrial wastewater with concrete; Fish cages 11 km offshore
discharge pipelines and runoff drain
Nizanim Beach; Long sandy beach backed by sand
338 Nitsan to Ashkelon Sandy 3:8,626 m - Evtach Stream | dunes; Nizanim Sand Dunes National Park/Nizanim
Sands Protected Area
) Natural gas receiving terminal
3é-5é‘(1)‘51;6mm Crude oil port, coal harbor
376 Ashkelon to Zikim Sandy 6B: 3,908 m Anchorage ) ~ B_ar rohva Beach; Anchorages; Shimshon Beach;
8:3.656 M IEC power station ) ) Pipeline landfall
9:235m |Desalination plant and discharge pipe
Marina
g0 | Z'Kim to Israel-Palestinian Sandy 3:4237m |- Shikma Stream |Zikim Beach

ESI Shoreline Classifications: 1 — Exposed cliffs and rock walls; 2 — Exposed abrasion platforms; 3 — Fine- to medium-grained sand beaches; 4 — Coarse-grained sand to mixed sediment beaches;
5 — Irregular rock platforms or diverse formation beaches; 6A — Gravel or pebble beaches; 6B — Embankments and breakwaters; 7 — High-drainage estuaries or beaches with high biodiversity;
8 — Marinas, harbors, anchorages, or protected beaches; 9— Highly sensitive coastal or other areas.
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4.3.5 Miitigation Measures

Mitigation for accidental spills includes both spill prevention and response measures. Noble Energy
will use safe drilling practices during its activities in the Leviathan Field to reduce the likelihood of an
accidental spill. Best industry practice will be used during all drilling phases (e.qg., setting of BOP;
cementing of concrete between bore and protective pipe). Detailed BOP specifications are provided
in Section 3.2.5. The detailed casing design and testing are described in Section 3.2.6. In addition,
once the drilling rig to be used has been identified, Noble Energy and the drilling rig’s owner will
engage in a comprehensive inspection and testing of the rig’s subsea BOP system to ensure
compliance with the U.S. BSEE regulations. The inspection and testing will be witnessed and
certified by a third-party surveyor. Noble Energy has committed to operating in Israel per BSEE
regulations, unless superseded by MNIEWR regulations.

A detailed analysis of sensitive areas and focal points along the Israeli shoreline was completed by
Pareto Engineering Ltd. (2006) for the MoEP. In addition, Noble Energy’s ESI Atlas identifies
coastal habitats, infrastructure, and sensitive areas that would be a high priority for protection in the
event of a spill. Some of these have been cited in the preceding impact discussions, including sea
turtle nesting beaches, coastal bird habitats, fishing and marine farming areas, archaeological sites,
and coastal infrastructure sites. In the event of a spill reaching the coast, the response would take into
account the predominant habitat types and the response and cleanup strategies that are most effective
and appropriate for those areas. Noble Energy’s OSCP provides detailed information about the
response capabilities and methods that Noble Energy would use to minimize the potential for
significant impacts.

4.3.6 Impact Significance

Impact significance for accidental spills is summarized in Table 4-9. The likelihood of a large fuel
spill or a worst-case condensate spill from a blowout is rated as unlikely (2), taking into account
Noble Energy’s well control, blowout prevention, and other spill prevention measures. The
consequences range from minor (2) to medium (3) depending on the resource, with a condensate spill
considered to have greater consequences because of the extended time period (30 days) and the
general greater volumes of oil reaching the shoreline. The residual risk is rated as Low to Moderate.
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Table 4-9. Summary of potential impacts from accidental pollution events.

Aspect Resources Affected Potential Impact Mitigation Likelihood | Consequence | Residual Risk

Elevated volatile organic compound (VOC)

Air quality concentrations due to evaporation of volatile 2 2
hydrocarbons (mostly in first 24 to 48 hours)

Water quality Sheen or slick on Water_surfe_lce; elevated 2 2
hydrocarbon concentrations in water column
Potential impacts due to inhalation, ingestion,

Marine mammals direct contact with skin, or ingestion of fouled 2 2
prey items Spill
Potential impacts due to inhalation, ingestion, prevention

Sea turtles direct contact with skin, or ingestion of fouled measures 2 2

. prey items Drilling rig
S’i‘)?ﬁlsd‘?:njzll _ _ _ P_otential impact_s due to inhalation, ing_estion_, Shipbpard Qil
spill frbm the Seabirds and migratory birds | direct contact v_wth eyes or feathers, or ingestion Pollution 2 3
arilling ri of fouled prey items Emergency
rilling rig —— - —
3 . Potential impacts due to direct contact with oil or Plan
(8,415.6 m3) | Fishes . - . A 2 2

ingestion of fouled prey items Oil Spill
Potential disruption of fishing due to response Contingency

Fishing Activities and activities; potential contamination of fishing Plan 2 2

Marine Farming areas or marine farming areas if a spill reached
shoreline

Culture and Heritage Sites Roteqtial contaminatiqn of coastal heritage sites 2 2
(if spill reached shoreline)

Marine Transportation and Potential disruption or rerouting of ship traffic 2 2

Infrastructure due to response activities

Coastal Habitats and Potential contamination of beaches, shorelines, 2 3

Infrastructure parks, preserves, marinas, ports, etc. Mod

Leviathan Field Development Environmental Impact Assessment March 2016

Noble Energy Mediterranean Ltd 4-28
CSA-Noble-FL-16-2679-13-REP-01-FIN-REV03 LEV-BU-NEM-EIA-RPT-0001



Table 4-9.  (Continued).
Aspect Resources Affected Potential Impact Mitigation Likelihood | Consequence | Residual Risk
Elevated VOC concentrations due to evaporation
Air quality of volatile hydrocarbons (mostly first 24 to 2 2
48 hours)
. Sheen or slick on water surface; elevated
Water quality S 2 2
hydrocarbon concentrations in water column
. . Physical impact to sediments within 300 m of
Sediment quality blowout site; sediment contamination unlikely 2 2
Physical impact to benthic organisms within
. ., 300 m of blowout site; benthic community
Benthic communities : - A 2 2
impacts due to sediment contamination are
unlikely
Potential impacts due to inhalation, ingestion, 6
. Marine mammals direct contact with skin, or ingestion of fouled Blowout 2 3
Accidental : Mod
woills: prey items preventer and
Con?ienéate Potential impacts due to inhalation, ingestion, well control 6
. Sea turtles direct contact with skin, or ingestion of fouled methods 2 3
spill from a - e Mod
prey items Oil Spill
blowout ——— - — - :
Potential impacts due to inhalation, ingestion, Contingency 6
for 30 days) Seabirds and migratory birds | direct contagt with feathers, or ingestion of Plan 2 3 Mod
fouled prey items
Fishes Potential impacts due to direct contact with oil or 2 3 6
ingestion of fouled prey items Mod
Potential disruption of fishing due to response
Fishing Activities and activities; potential contamination of fishing 4-6
. - . . - . 2 2-3
Marine Farming areas or marine farming areas if a spill reached Mod
shoreline
. . Potential contamination of coastal heritage sites
Culture and Heritage Sites (if spill reached shoreline) 2 2
Marine Transportation and Potential disruption or rerouting of ship traffic 2 2
Infrastructure due to response activities
Coastal Habitats and Potential contamination of beaches, parks, 2 3
Infrastructure shorelines, preserves, marinas, ports, etc. Mod
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44 LIGHT HAZARDS

Light sources on offshore drilling rigs and vessels include navigational lighting; helicopter flight deck
lights, and safety and performance lighting (for work areas) (Golder Associates et al., 2007).

All drilling rigs maintain exterior lighting for navigational and aviation safety. The total time for
drilling and completing all of the wells is estimated to be 556 days (see Section 3.2.4). Drilling
operations by the first drilling rig will require an estimated 480 days. The completion operations by
the second drilling rig will require an estimated 320 days. There will be a period of approximately
236 days during which both drilling rigs will be operating in the Leviathan Field. The drilling
program will be supported by two MMC 87 Class platform supply vessels operating out of the port of
Haifa (see Section 3.2.3). Each supply vessel is expected to make three round trips per week between
Haifa and the drilling rig(s).

In addition to the exterior lighting on board the drilling rigs, light will be emitted due to flaring during
production testing. The estimated duration is 49.5 hours per well (see Section 3.3). Due to the short
duration at each wellsite, flaring is considered negligible as source of lighting impacts.

Resources potentially affected by artificial lighting include sea turtles, seabirds and migratory birds,
and pelagic fishes. Marine mammals are unlikely to be directly affected as they are not known to use
lighting cues (in air) in their foraging, reproduction, or other activities.

4.4.1 Potential Impacts on Sea Turtles

Adult sea turtles spend most of their time submerged (Renaud and Carpenter, 1994; Polovina et al.,
2003) and are therefore unlikely to be exposed to artificial lighting from drilling rigs and supply
vessels. Some sea turtles may be attracted to offshore structures (Rosman et al., 1987; Lohoefener
et al., 1990), but it is unknown whether artificial lighting plays any role in this attraction.

Sea turtle hatchlings use lighting cues for navigation, and artificial lighting can disrupt their nocturnal
orientation (Witherington, 1997; Tuxbury and Salmon, 2005). It has been suggested that sea turtle
hatchlings could be attracted to brightly lighted offshore structures, including drilling rigs and
platforms, where they may be subject to increased predation by birds and fishes (U.S. National
Marine Fisheries Service [NMFS], 2007). However, when offshore, hatchlings may rely less on light
cues than when they are emerging on the beach (Salmon and Wyneken, 1990). Once hatchlings swim
away from the nesting beach, they inhabit mats of flotsam (Carr and Meylan, 1980; Bolten and
Witherington, 2003) and their ability to swim toward drilling rigs or other offshore structures would
be very limited. Due to the distance of the Leviathan Field from nesting beaches (greater than 120 km
from the nearest shoreline), it is unlikely that large numbers of hatchling turtles would be affected. In
the Gulf of Mexico, where thousands of offshore structures are present, drilling rig and platform
lighting has been evaluated as unlikely to appreciably reduce the reproduction, numbers, or
distribution of sea turtles (NMFS, 2007). Any exposure of sea turtles to light emitted from supply
vessels would be brief and typical of normal maritime activities in the Mediterranean.

4.4.2 Potential Impacts on Seabirds and Migratory Birds

Seabirds can be attracted to offshore structures because of both the lights and the structure itself
(Wolfson et al., 1979; Tasker et al., 1986; Baird, 1990; Wiese et al., 2001), as well as to the increased
concentrations of fishes around the structure (Baird, 1990; Montevecchi et al., 1999). Seabirds use
mostly optical cues for migrating between breeding and wintering areas; navigation aids include
internal maps, sunlight and sunrise/sunset cues, starlight and celestial navigation, topography, and an
internal magnetic compass (Greer et al., 2010). Birds migrating through an environment that is
otherwise flat and very dark at night find offshore platforms an attractive visual cue. It should be
noted that visibility is important in itself, to prevent collisions.
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The presence of offshore structures can have both positive and negative impacts on birds (Baird,
1990; Montevecchi et al., 1999; Fraser et al., 2006). Some birds may be attracted to offshore
structures because of the lights, as well as the fish populations that aggregate around these structures.
Particularly sensitive species would be petrels and other procellariforms that forage on vertically
migrating bioluminescent prey. Birds may use offshore structures for resting, feeding, or as
temporary shelter from inclement weather (Russell, 2005). However, birds migrating over water at
night have been known to strike offshore structures, resulting in death or injury (Wiese et al., 2001;
Russell, 2005; OSPAR Commission, 2012).

A study in the North Sea indicated that offshore platform lighting can cause circling behavior in some
birds, especially on cloudy nights; apparently the birds’ geomagnetic compasses are upset by the red
part of the spectrum from the lights currently in use (Van de Laar, 2007; Poot et al., 2008). The
numbers varied greatly, from none at all to tens of thousands of birds per night per platform, with an
apparent effect radius of up to 5 km. A study in the Gulf of Mexico also noted the phenomenon
(Russell, 2005). The overall consequences of circling behavior are unknown but the impact is
unlikely to be significant based on the limited scope and duration of drilling and completion activities.

While the bulk of the bird migration over Israel occurs inland, the edge of the migration routes passes
over the nearshore portions of the eastern Mediterranean Sea. The radius of the bird monitoring radar
located in Latrun, Israel, reaches to approximately 30 km off the shoreline and regularly detects
activity up to its margin (Dinevich and Leshem, 2010). The bird migration period extends from
March to the end of May and from August to the end of November. Because of the distance between
the Leviathan Field and the nearest shoreline (approximately 120 km), it is expected that the drilling
rigs will not be visible to migrating birds that routinely migrate along or near the coast.
Consequently, drilling rig lighting is unlikely to have significant impact on seabird or migratory bird
populations.

4.4.3 Potential Impacts on Fishes

Offshore structures typically attract epipelagic fishes such as tunas, dolphin, billfishes, and jacks
(e.g., Holland et al., 1990; Higashi, 1994). Drilling rigs, as floating structures in the deepwater
environment, essentially act as fish aggregating devices (FADs). Day/night variations in fish
populations around platforms suggest that lighting may be part of the attraction (Wilson et al., 2006).
Offshore structures also provide shelter and food in the form of attached fouling biota (Gallaway and
Lewbel, 1982).

Positive fish associations with offshore rigs and platforms are well documented (Gallaway and
Lewbel, 1982; Wilson et al., 2003, 2006; Peabody and Wilson, 2006). The FAD effect could possibly
enhance the feeding of epipelagic predators by attracting and concentrating smaller fishes. Because
the drilling rigs are temporary structures and will be moving between wellsites, any impacts on fish
populations are likely to be insignificant.

4.4.4 Mitigation Measures

Navigational lighting onboard both the drilling rigs and supply vessels will meet International
Convention for Safety of Life at Sea (SOLAS) requirements as per IMO Resolution MSC.253(83) or
equivalent requirements. No mitigation is proposed for this type of lighting, as the requirements are
essential for navigational safety.

Helicopter flight decks use perimeter lighting in accordance with international standards such as
International Civil Aviation Organization Annex 14, Volume Il (Heliports) or APl Recommended
Procedure 2L. No mitigation is proposed for this type of lighting, as the requirements are essential for
aviation safety.
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To the extent practicable without compromising safety or work performance, safety and performance
lighting in open deck areas will be shielded (i.e., oriented downward) to minimize excess light
emissions into the environment.

445 Impact Significance

Impact significance for light hazards is summarized in Table 4-10. The consequence of potential
impacts to sea turtles, seabirds and migratory birds, and pelagic fishes is rated as insignificant (1).
The likelihood of impacts on sea turtles and birds are rated as possible (3). Although the attraction of
pelagic fishes is almost certain, the likelihood of any adverse impacts on them is also rated

possible (3). The residual risk is assessed as Low in all cases.

Table 4-10. Summary of potential impacts from light hazards.

- | 8|2
8| 3| &
Resources . S el | =
= o [s+
Aspect Affected Potential Impact Mitigation S| 8 E;
= S i
13| &
To the extent
practicable without
compromising safety or
Possible attraction of hatchlings vyork_ per.formance,
Lo lighting in open deck 3
Sea turtles resulting in exposure to - - 3|1
discharges and predation areas W.'” be shiglded Lo
Artificial (i.e., oriented
lighting on downward) to minimize
drilling rigs and excess light emissions
supply vessels into the environment.
Possible attraction and/or
Seabirds and  |disorientation including circling 3
. : ; L s Same as above 311
migratory birds |behavior and collisions with rig Low
structure
Pelagic fishes Attraction to I_|ghts resulting in Same as above 3|1 3
exposure to discharges and noise Low
4.5 NOISE

Sources of underwater noise during the drilling and completion program include the drilling rigs,
supply vessels, and helicopters. The source characteristics are summarized in Section 3.4. Resources
potentially affected by underwater noise include marine mammals, sea turtles, and fishes.

To evaluate potential impacts of noise, it is necessary to distinguish between different types of sound
sources because different criteria have been developed for them (NMFS, 2013; Popper et al., 2014).
Transient sounds are short-lived and can be impulsive or non-impulsive. Impulsive sounds (such as
those made by explosions, seismic airguns, and pile driving) are typically abrupt, of brief duration,
and may contain a wide range of frequencies. Near their source, such sounds often have a rapid rise
time, quickly reaching a maximum value, followed by a period of decay. Continuous sounds can be
tonal (consisting of one or more frequencies, with or without harmonics), or broadband (containing a
wide range of frequencies), and can change in amplitude with time. All of the sound sources
considered in this analysis are considered continuous, broadband sources for the purpose of impact
analysis. As noted by Richardson et al. (1995), the distinction between continuous and transient
sources is not absolute; although noise from drilling rigs, supply vessels, and helicopters is
continuous, it could be considered transient insofar as a stationary receiver is concerned.
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45.1 Source Characterization

Drilling Rigs. Drillships and semisubmersible produce primarily continuous, broadband sound, with
strong tonal components at low frequencies (Richardson et al., 1995). Sound from Leviathan Field
drilling activities was modeled by Genesis using measurements from a drillship (Miles et al., 1987).
This is a conservative assumption because a drillship is likely to be louder than a semisubmersible
drilling rig (e.g., Richardson et al., 1995). The drillship noise was estimated to generate a peak SPL
of 177 dB re 1 yPa (see Section 3.4.1).

Drilling rigs will be a noise source in the Leviathan Field during the entire period of drilling and
completion activities. The total time for drilling and completing all of the wells is estimated to be
556 days (see Section 3.2.4). Drilling operations by the first drilling rig will require an estimated
480 days. The completion operations by the second drilling rig will require an estimated 320 days.
There will be a period of approximately 236 days during which both drilling rigs will be operating in
the Leviathan Field. Each drilling rig will emit sound from a fixed location when drilling or
completing a well, but the location will change as the rig moves between wells. The duration of
activities at individual drillsites is 75 days for drilling the Leviathan-5 through Leviathan-10 wells,
30 days for drillng the Leviathan-3 sidetrack, and 40 days for each well completion.

Supply Vessels. The drilling program will be supported by two MMC 87 Class platform supply
vessels operating out of the port of Haifa (see Section 3.2.3). Each supply vessel is expected to make
three round trips per week between Haifa and the drilling rig(s). Broadband source levels are
expected to be in the range of 170 to 180 dB re 1 puPa at 1 m (Richardson et al., 1995). Most of the
energy is in frequencies below 100 to 200 Hz, and propeller cavitation is usually the dominant noise
source. Although support vessels are considered continuous sound sources, an individual animal’s
exposure to the sound would likely be occasional and transient as the vessels move between the shore
base and the drilling rigs.

Helicopter. A Bell 412SP will make one round trip per week between Haifa and the drilling rig(s).
Received SPLs (in water) from aircrafts flying at altitudes of 152 m (500 ft) were 109 dB re 1 pPa for
a Bell 212 helicopter, with an estimated source level of 149 dB re 1 pPa (Richardson et al., 1995).
Penetration of aircraft noise into the water is greatest directly below the aircraft; at angles greater than
13° from the vertical, much of the sound is reflected and does not penetrate into the water. The
duration of underwater sound from passing aircraft is much briefer in water than air; for example, a
helicopter passing at an altitude of 152 m (500 ft) that is audible in air for 4 minutes may be
detectable underwater for only 38 seconds at 3 m (10 ft) depth and for 11 seconds at 18 m (59 ft)
depth (Richardson et al., 1995). Realistically, an individual animal’s exposure to the sound from the
helicopter would likely be occasional and transient as the helicopter moves between the shore base
and the drilling rigs.

45.2 Potential Impacts on Marine Mammals

The impacts of underwater noise on marine mammals have been studied and reviewed extensively
(Richardson et al., 1995; National Research Council, 2003, 2005; Southall et al., 2007; Ellison et al.,
2012). However, there are some key limitations: 1) most impacts are not readily predictable, except
for the potential for injury or auditory trauma from high-energy sources; and 2) the biological
significance of lesser impacts such as behavioral responses is difficult to assess.

Richardson et al. (1995) defined four zones of potential noise effects on marine mammals. In order of
increasing severity, they are 1) audibility; 2) responsiveness (behavioral effects); 3) masking; and

4) hearing loss, discomfort, or injury (physical effects). The levels of sound produced during drilling
and completion activities are sufficient to be audible to marine mammals, to produce behavioral
responses, and possibly to contribute to masking effects; however, the source levels are much lower
than those known to cause hearing loss or injury as discussed in the following subsections.
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4521 Potential Impacts: Injury Including Auditory Trauma

Source levels for a drillship were estimated as a peak SPL of 177 dB re 1 pPa, and source levels for
supply vessels are expected to be in the range of 170 to 180 dBms re 1 uPa (see Section 3.4.1). For
comparison, the NMFS has historically used a received level of 180 dBms re 1 uPa as a minimum
threshold for potential auditory impacts. The 180 dB criterion is very simplistic and was developed
prior to the more sophisticated assessments of auditory sensitivity and impacts. The source levels for
the drillship and supply vessels are at or below this threshold, indicating that an animal would have to
be 1 m or less from the source to be exposed to potentially injurious sound levels. More recently, the
NMFS (2013) has proposed draft criteria for the onset of two types of auditory impacts: permanent
threshold shift (PTS) and temporary threshold shift (TTS). Dual criteria were proposed based on peak
SPL and cumulative sound exposure level (Table 4-11). The sound exposure level criteria are too
complex to be used here, but the peak SPL criteria can be evaluated. Specifically, source levels are
well below the peak SPL criteria for PTS or TTS onset, indicating that neither of these impacts would
be an issue for the drilling rig or supply vessels.

Table 4-11. Criteria for permanent threshold shift (PTS) and temporary threshold shift (TTS) onset
for cetaceans in response to non-impulse sounds (From: National Marine Fisheries
Service, 2013).

PTS Onset Threshold

Hearing Group

Examples in the

TTS Onset Threshold for

Mid-frequency
cetaceans
(150 Hz - 160 kHz)

Short-beaked common dolphin
Risso’s dolphin
Striped dolphin
Rough-toothed dolphin
Common bottlenose dolphin
Cuvier’s beaked whale
False killer whale
Killer whale
Indo-Pacific humpback dolphin

230 dBpeak and
198 dB SEL cum

(and Functional Hearing Levantine Basin for Non-Impulse Sources®
Range) (see Section 1.6.2) Non-Impulse Sources?
Low-frequency Fin whale 230 dB peax and 224 dBpeak and
cetaceans Minke whale 198 dB SEL 178 dB SEL
(7 Hz — 30 kHz) Humpback whale cum oum
Sperm whale

224 dB peak and
178 dB SEL cum

High-frequency

(75 Hz — 100 kHz)

Mediterranean monk seal®

197 dB SEL cum

cetaceans Dwarf sperm whale® 201 dBpeak and 195 dB peak and
icab

(200 Hz - 180 kHz) Harbor porpoise 180 dB SELcum 160 dB SELaum

Pinnipeds in water 235 dB peak and 229 dB peak and

183 dB SEL cum

2 Dual acoustic threshold levels: Use whichever level [dBpeak or dB SEL cum] is exceeded first. All SELcum acoustic
threshold levels (re 1 uPa?-s) are weighted.
b Indicates vagrant species whose presence is in the Levantine Basin is not confirmed (see Section 1.6.2).

4522

Potential Impacts: Behavioral Responses

Low-frequency noise from drilling rigs and vessels can be detected by marine mammals (Richardson
etal., 1995). Mysticetes (baleen whales such as the fin and minke whale) are more likely to detect
low-frequency sounds than are most odontocetes (toothed whales and dolphins), which have their best
hearing in high frequencies.

The NMFS has historically used a criterion of 120 dBms re 1 piPa as a threshold for marine mammal
behavioral responses to continuous noise. This is based on the lowest received levels at which
responses have been observed. Based on the estimated source levels, marine mammals within
approximately 1,000 m of the drillship or supply vessel may be exposed to sound levels sufficient to
elicit behavioral responses (Table 4-12). Although the NMFS criterion does not distinguish between
mysticetes and odontocetes, it applies most appropriately to mysticetes such as the fin whale and
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minke whale, which are low-frequency specialists. Because most odontocetes have their best hearing
in mid- or high frequencies, they would have to be closer to the source to be affected.

Table 4-12. Sound sources associated with the Leviathan Field drilling program and calculated
distances to the current U.S. National Marine Fisheries Service criterion for behavioral
response to continuous sources.

Criterion for Behavioral .
Sound Source Source Levels Response (dBums re 1 Calculated Distance to
(dBms re 1 pPa at 1 m) uPa) Threshold (m)?
Drillship 177 120 708
Supply vessels 170-180 120 316-1,000

2 Distance calculated assuming spherical spreading (i.e., transmission loss = 20 log r).

The NMFS 120-dB criterion is very simplistic. There has been considerable research about the levels
of received sound that can cause behavioral responses in marine mammals, as well as the biological
significance of those responses (Richardson et al., 1995; National Research Council, 2005; Southall
et al., 2007; Ellison et al., 2012). There is evidence that many factors other than received sound level,
including the activity state of animals exposed to different sounds, the nature and novelty of a sound,
and spatial relations between sound source and receiving animals (i.e., the exposure context) strongly
affect the probability of a behavioral response (Ellison et al., 2012).

In conclusion, underwater noise from the drilling rig and supply vessels may elicit behavioral
responses in marine mammals in the immediate vicinity of these sound sources. The most likely
impacts would be short-term behavioral changes such as diving and evasive swimming, disruption of
activities, or departure from the area.

45.2.3 Potential Impacts: Masking

Masking refers to obscuring of sounds of interest by interfering sounds, general of similar frequencies
(Richardson et al., 1995). Payne and Webb (1971) first raised the possibility that noise from
anthropogenic sources might affect marine mammal communication. Acoustic masking from
shipping noise and other anthropogenic sources is increasingly being considered as a threat to marine
mammals, particularly those most able to detect low-frequency sounds such as mysticetes

(Clark et al., 2009; Castellote et al., 2010).

Noise from ships is ubiquitous in the world’s oceans and is the dominant source of underwater noise
at frequencies below 300 Hz in many areas (Wenz, 1962; Ross, 1976; Hildebrand, 2009; McKenna
et al., 2012). On the scale of ocean basins, shipping noise is increasing as the level of ship traffic
increases (McDonald et al., 2006).

Although vessel noise can be considered a point source, distant shipping noise (where no single ship
dominates the spectrum) is the broader concern (Clark et al., 2009). Distant shipping primarily
consists of frequencies below 100 Hz, since sound attenuation increases exponentially with increasing
frequency (Southall and Scholik-Schlomer, 2008).

As individual sound sources, the drilling rig and supply vessels are not likely to result in significant
auditory masking effects. However, the underwater noise would be an incremental contribution to the
overall noise from shipping in the region.

4.5.3 Potential Impacts on Sea Turtles

Three sea turtle species are known to occur in the Levantine Basin: the green turtle, leatherback turtle,
and loggerhead turtle (see Section 1.6.2.2). Turtles are low-frequency hearing specialists with their
best hearing at frequencies less than 1 kHz (Ridgway et al., 1969; Lavender et al., 2012; Martin et al.,
2012).
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Sound exposure criteria for marine mammals historically have been applied to sea turtles. If the
marine mammal criteria discussed in the preceding section are applicable to sea turtles, the levels of
sound produced during drilling and completion activities are sufficient to be audible to sea turtles and
to produce behavioral responses; however, the source levels are much lower than those known to
cause auditory impacts such as TTS or PTS. There is no direct evidence of mortality or potential
mortal injury to sea turtles from ship noise (Popper et al., 2014).

Recently, Popper et al. (2014) proposed preliminary sound exposure guidelines for sea turtles.
However, no quantitative criteria were proposed for shipping and other continuous sources. Instead,
the risk of impacts was qualitatively characterized as low, moderate, or high based on proximity to the
source, as summarized in Table 4-13.

Table 4-13. Relative risk of auditory impacts on sea turtles exposed to shipping noise and other
continuous sound sources (From: Popper et al., 2014).

Proximity to Source
Type of Impact Near Intermediate Far
(tens of meters) (hundred of meters) | (thousands of meters)

Mortality and potential mortal injury Low Low Low
Recoverable injury Low Low Low
Temporary threshold shift (TTS) Moderate Low Low
Masking High High Moderate